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THE PURIFICATION OF TANNERY WASTES. 

INTRODUCTION. 

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

The Ohio and Potomac waters2ieds were selected for extensive 
study, the Ohio on account of the nunher and size of the industrial 
cities located on its watershed, and the Fotomac on account of the 
large oyster industl.y located at iik mouth. The cities and towns 10- 
cated in the Ohio Valley contribute large volumes of domestic saw- 
age and industrial wastes to the river, and, in order to preserve i t  as 
a source of water supply for the riparian cities, it is quite evident 
the time will come, if i t  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 Potonlac Biver, nevertheless 
the possibility of the contamination of oysters by the sewage of Wash- 
ington has given the oyster growers in tho lower part of the river 
much concern. Thus it will be noted that the authorities interestc ' 
in the purity of the water in the two rivers viewed the situation froax 
different angles, those along the Ohio from tho standpoint of d~ainlc- 
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 brcornc rxtcnsi~elg 
polluted. This was very well stated by John D. Watson. I!. Inst. 
C. E., chief engineer to the Tame and Rea Diitrict Drainagc~ 130ard7 
Birmingham, England, in a paper presented at tllc 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 
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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. Wat,son, to inquire into tho 
pollution of tlne rivers, mas the appointment of the royal com-
mission in 1867, and it came as the result of frequent and loud 
connplaints from tho 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 ourselres on the progress made." Some of our great 
towns have still much to do in perfecting their sewage disposal 
worlrs, while some are only beginning to taclckle the subject in 
earnest, but " a lion is in the way." The clnief obstacle to the coun- 
try reapin ,~ a full reward for the money which has been spent on 
sewage p~lrification mlorlrs is the discharge of unpurified trada 
waste into the streams. 

Referring to  the tow11 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 r o ~ a l  connrnission 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 ia England in 6910, as follows: L'Local authorities are fully 
alive to the need for p u r i f y i ~ ~ g  domestic selvage and much has been 
done i11this direction. They are desirous also that trades waste should 
be tacliled, but they are bewildered by the nebulous state of the lam, 
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 prcposed 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. Watscm'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 dificult 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. I n  our country the Govern- 
ment may well profit by tho experience abroad, and may, at least, as- 



sist in protecting the interstate rivers against extensive pollutioii, by 
determining the extent of purificntion of sewage and wastes required, 
and the type of plant best suited for meeting the req~~irement 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- 
clition in many of the smaller rivers, and to soiile extent in the inter- 
state rivers tliemselves, similar to that referred to by Mr. TV'atson in 
his description of the sanitary condition of sonic of the livers of 
l<ngland at the time of the first survey. Local sentiment, the fish anCX 
gamo clubs, and tlia State boards of health were exerting pressure on 
the State legislatures to pass laws prohibiting the discharge of all in-
(lustrial wastes into the rivers and streams. The mt~nufactu~ers, on 
ilze other hand, r e c o ~ n i z d  the seriousness of tllc situation but claimed b
that the cost of purifying their wastes would force thein to abandon 
tlieir business, and some of the schemes proposeci for treating the 
wastes a~ould have required the expe~iditurc of large sums of money, 

A situation had developed along many of the trik~utaries where 
neither side to the controversy understood the full significance of the 
problem of purifying the industrial wastes. As the solution of this 
Iroblem had a direct bearing on the quality of the water dischargecl 
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 polhition, direct or indirect, of tlie 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 
wliich there was no known method of purification or where the n~etll- 
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, 
Euray, Va., in the summer of 1914, and closed on August 9, 1916. 
Another as constructed at the American Strawboard Plant, Kobles- 
ville, Ind., in the fall of 1914, and closed July 1, 1916. testingA% 

station m~asbuilt a t  the ITaffner Bras. Tannery, cincit~nati, Ohio, in 
the spriiig of 1916, and closed December 1,1917. At &ore City, Pa., 
a station was operated to purify creamery ~ a s t e ,  and another a t  
Amelia, Ohio, to treat tomnto canning waste. Tho data obtained from 
operating the testing stations at  the tmcr tanneries are included in this 
report. 



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. I~ollowingthe 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 tho 
t,esiing station operated at the I-Iaffner Bros.' tannery in Cincinnati. 
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-
hell were responsible for the chemical analyses of the samples remived 
Prom the testing stations a t  Luray, Va., and Cincinnati, and f3anit:zr.y 
Bacteriologists E. E. Smith, 2d, and E. M. Meyes made the hacterio- 
logical examinations. 

Sanitary Engincer I-I. H. Wagenhals assisted in the preparation 
of the data contained in the report. 

The officials of the Deford Leather Co. and the IPaffner Gros.' 
tannery took an active interest in the tests conducted at their respec- 
tive tanneries, and through their hearty cooperation contributed 
much toward the successful 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. 



PARTI. 

EXPERIMENTS AT THE DEFORD TANNEXY, LURAY, VA. 

1 i b ~ U ' ~ bO P  IIESULTS. 

The te.;ting station at  l~ i l ray ,  Va., was put  in operatioil in Srp-
te~nber,1914, and discontinued August 9, 1916. During this time n, 
method of purifying tannery wastes, slnch as are E ) Y O ~ L I C ~ ( ~I)y tile 
organic tanning process, was developed that  gave s:ztisfactory results 
and the cost of construction and operation of a plant to treat all tlla 
~ a s t e sloas considered reasonable by tanners interested in the puri -
fication of their wastes. 

The Deford Go. make belting leatllcr Prom the sides of cowhide; 
and sole leather from the heads and bellies. Tan  liquor leached frolii 
oak bark a t  thc. plant is inicd in tanning the siclos, ant1 chestnnt 
extract for tanning the head and bellies. There is 110 batiiig and 
the lirrling process is the ordinary procedure of practically all tan-
nerics. The rcnloval of tho hair is dorle entirely by nlachinelg and 
the fleshing is practically all dono by machines. 

I n  preparing the hides for tanning there are two different kinds 
of wastes produced, one horn  the liming of the hides and the re- 
moval of the flesllings. and the other fro111 washing the hair after 
emo oval from the hides. I n  the tanning process proper there arc, 
wastes produced in  the various stages but  the characteristics of all 
are tho same, each one having as its principal constituei~t tali liquors 
that have been ex'hamsted, or washed from the leatlier after l e a v i n ~  
the tanning vats. 

The volume of wastes Prom the three different soxllccs varied ac- 
(.ording to the number of hides tanned, but the average daily dis- 
charge of total waste during the tests mas approxinlately 106,000 
gallons. This was divided as follows: Beam house wastes (lilning 
and fleshing), 65,500 gallons ; hair washing, 23,500 gallons ; spent 
tail liquors and wash water from the sides after tanning, 14,000 gal-
lons; and was11 water from rinsing the heads and bellies, 2,900 
gallons. The average nurnbrr of hides tanned per day during tho 
tests was 275. The total amount of wastes discharged, per hitie 
tanned, was 385 gallons, composed of spent tan liqllors and wt~ts r  
from rinsirig the letither alter tanning, 61 gallons; waiteb tlischarged 
from the beam house and liming vats, 238 gallons; and wastes from 
washing tho hair, 86 gallons. 
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As the tests progressed i t  developed that  it was not feasible to 
treat each waste separately, on account of the acidity and excessive 
oxygen clcmand of the spent tan liquors, and i t  further becarne evi- 
(lent that  the ordinary methods of purifying sewage would not bs 
:tl;)i~licable in  treating tannery wastes. During the last six months 
of the tests, referred to later on in the text as Period Five. which 
exr;ended from February, 1916, t o  August, 1916, a method of treat- 
~neli twas 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 
liouse, 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 wastm or 1part  of the 
treated spent liquors to 8.2 parts of the other wastes. This mixture 
-was treated with ferrous sulphate a t  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 pnrt 
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, varying 
in  depth from 2 to  5 feet, a t  rates during the latter part of the 
tests ranging from 280,000 to 426,000 gallons per acre per day. 

The effh~ents 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 toihl suspended matter was on the average not more than 32 
p. p. n ~ . , ~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+. Fish (sunfish and 
minnows) lived in the undiluted effluent of the sand filters more 
than a month without any apparent discomfort. 

I n  consiciering the results given above and those in the tables in 
-the body of Chis report i t  must be borne in mind that  the spent tan 
liquors contain organic compounds that  are very difficult to break 
down in the filters and thati the discharge of the effluents of the 
filters into streams of water will not be attended by the sarne rapid 
tlocoml?osition 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 

The ahbreviat12n p. 11. m is e m p l o y ~ l  throughout the text for " parts per million " o r  
more accurately, milligrams per lit< r." 



The organic nitrogen ordinarily ran from 2.5 to 8 p. p. rn., hut the 
example given above shows that the intcrprctation of cheillical results 
obtained from purifying some industrrial 7v:~stes rrlust be considered 
froni the standpoint of the effect the purified waste will have on 
the receiving body of water rather than the ainount of organic 
lr~atter present in the effluent. 

The color of the sand filter effluents was that of very wealr h a ,  
cnd there was no change in color when a solutioii of an iron salt 
was added to them. 

All of the wastes containing tanning solutions from the Deford 
Tunneqr could not be talien 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 coulci be treated a t  the above ratio, 
and tanneries producing spent liquors in excess of the ratio of 1 
to 8.2 will find i t  necessary either to cut down the waste liquors 
k~y using a part back in the "leaches" or else pump enough water 
to bring the dilution up to 1to 8.2. I n  using river water to dilute 
the spent liquors the dilution required would undoubtedly be less 
tliaiz 1to 8 but this could only be determined by actual test. Sonw 
tanners are returning the W : L S ~water from rinsing off tlie strong 
liquors adhering to the hides when removed from the lay away 
yards, back to the " leaches," and if this were done a t  Luray the total 
amount of spent tan liquors discharged per day mould 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 
seemrd 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 niediurn for the 
preliminary filters.) 

* 	 I t  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 
maxirriunl rate a t  which wastes could be applied to the filters on 
a large area; and to learn tlie arnount of technicnl srxpervision re- 
quired to obtain the most efficient risnlts. 

The tanners readily saw the advantage that would result from 
the operation of a larger unit than wa? used in tho tests, and the 
Deford Co., at Luray, the Leas and McVitty Co., of Salem, and 



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 
conlpany contributed one-third the estimated cost of the plant, anti 
it was located a t  the Deford Co.,s plant, Luray, Va., on the site for-
merIy 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 a t  a later date. 

The permanent unit was completed the latter par t  of June, 1917, 
znd the results obtained during the summer following have shown 
the wisdom of building the larger unit. The  plant on the ~11010 
has given results that  check very closely those obtained in  the tests, 
and i t  no~v  seems assured that  :r, sand filter 3 feet deep will yield as 
satisfactory a n  effluent as a bed 5 feet deep. The results have also 
intlicated that  a roughing filter 4 feet deep will yield an eauont 
that can be purified on sand filters 3 feet in  depth. The roughing 
filter and sand fiIter mere cscll opcratecl 24 hours a day at  net 
rates of 200,000. gallons per acre per day, enough wastes being storotl 
during the day time to supply the filters during the time the tannery 
was closed down a t  night. 

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

No further studies were made relating to the drying and disposd 
of sludge as i t  is considered that  existing data on sewage sludge is 
sufficiently appIicable t o  this case. 

THE PROCESS OF TANNING HIDES, AND WASTES PRODUCED AT 
TH-IE DEFORD LEATHER CO., LURAY, 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- 
ployed a t  the Deford Leather Co. and of the nature of the wastes 
produced is, therefore, irrlportant in order that those interested in 
the purification of tannery wastes a t  other plants will be in a pos i t i o~~  
to use the results contained in this report to the greatest advantage. 

TANNIKG TTIE IIIDRS. 

This company tans cowhides only, produciiig belting butts, with 

some sole leather from the heads and bellies. The normal rated ca-




of this figure, averaging 275. 
The rawhides arc received, heavily salted to prevent decomposi- 

tion, and are first thoroughly soaked and washed with fresh water 
to remove the salt and dirt. Aftcr soaking they are roughly fleshed 
to remove the larger pieces of fa t  and flesh adhering to them and 
passed on to the Iiming tanks. These are a series of Lanlrs containing 
limewater in solution of gradually increasing strengths, through 
which the hides pass from the weakest to the strongest, the object 
being to loosen tho hair sheaths. In  this condition the hair is very 
readily and quiclcly removed by an  unhsiring 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. 

Tho hides aro then refleshed by hand or  by a fleshing machine t o  
reriiove 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 t,ali.cn from tlle beam 'Iloi~se t o  
the tanyards. Here they are first placed on the rockers. These c o n  
sist of a series of raclis arranged on a central shaft over a vat con- 
taining a tanning solution. As the shaft  rotates back and fort11 
through a small arc the arms of the racks are raised and Io~vere~l  so 
that tho hides suspended from them arc raised and lowcred i n  the 
tan liquor. The liquor in which tho hitlcs 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 nest 
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, mhich is carried on in  the handlers. 

I n  the handler pits the hides are hung i n  the liquor and are con- 
tinuously submerged. The first handler p i t  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 rocliers 
the hides in  tho handlers are treated with solutions of gradually 112-

creasing strength, so that  by the tinle the strongest solution has conl- 
pleted its action the hides are completely struck tllrough or tanned, 
and are passed on to the layer$. 

Here they are sprclad out i n  pits and dusted with jrrou:ld bark, 
the layers of hides and bark alternating. When the pit is full, con- 
centrated liq~xor is run in till the hides are completely covered. I n  
this condition they are left undistnrbed for  about 130 days or lnlztil 
they have taken up as much as possiblc of the tannic acid and other 
material. On removal from tho last tanks or layers the hides are 
transferred to vats containing clean water, where they are left to 
soak overnight. Tlle next niorning they are rinsed and drained. 



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- 
phuric acid. The heads and bellies are then rinsed in water to re- 
move the excess acid, and dewatered in a centrifugal machine. 

At the present tirne tan liquor leached from oak bark is used ex- 
ch~sirely at the Deford Leather Co., except for a small amount of 
cllestaut extract for tho heads and bellies. However, the supply of 
oak bark is beconling 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 a t  the tannery. This change will tend to 
reduce the arrlsunt of this waste, as the liquors made from the ex- 
tract do not sour as quickly as those made from the bark a t  the mil ,  
and there will be less Ieakagt due to the less handling of the liquors. 

From the t a n y a ~ d  tlie hides are takon to the drying loft, where 
they are thorougllly dried, rubbed, filled m-lth oil, and otherwise pre- 
pared for marliet. As there is no waste produced beyond this stage, 
the description of the further processes will be omitted. 

WASTES PIZODUCED. 

From the process outlined above different and distinct wastes 
are produced which present varied problems for treatment studies. 
The construction or arrangement of the factory itself, mrhereby 
different wastes are mixed, is also an important factor. At the tan- 
nery of the Deford Leather Co., in particular, the wastes may be 
surnmarized 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. 
Excess tan liquors carried by the heads and bellies when removed 

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

water. 
Spent alliali and acids from bleaching vats. 
Wash water porn green, hides.-The hides are received, bundled 

separately, and heavily salted. At the tannery they are unfolded 
and thoronghly washed with clean water to remove tho salt and 
dirt. These wash waters, therefore, are heavily chargeil 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 strongcr wastes from other 
I sections of the beam house with which they are mixed. 
i Waste from 7iming vats and mka i6ng  ma~hi~w.-~l'l~eunhairiiig 

waste niay be divided into three distiiict classes. Two result from 
the linring process, the liquor which is emptied from the vats when 
the liquors becotne 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. I t  contains in suspension sniall 
p:~rticles of insoluble lime with some hair, and in solution, the sol- 
uble portion of the lime not absorbed by the hides, together wit11 

> some organic matter dissolved from the hides. The solids in this 
n7aste, which constitutes the bulk of the waste from the bean1 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 

4 	 this machine, which js wide enough to cover the whole hide, small 
streams of water play over it and carry the hair away to the screen 
2nd wash out the lime. 

The screen, built of %-inch mesh galvanized-iron wire covered 
~ i t l ia fine-mesh screen, is attached to a shaft which rotates bacli 

s m d  forth through a half circle. I n  this way the screen is dropped 

9 

3. into the water in which the hair is floating, and allowed to rest mo- 
Y rnentarily in this submerged condition until the hair nlat is formed 

over the surface again. It is then lifted out, picking up  the hair, 
e 	 carrying it over, and dumping it to the rear of the screen. The 

operation is, therefore, automatic and the screen self-cleaning, rc- 
yuiring little attention beyond the removal of the accumulation of 
hair. The waste from the tank passes under a submerged baffle, and 
then np to the overflow. 

10 This effluent should contain the h e l y  divided lime and dirt washed 
from the hair wit11 a Yery small amount of hair itself, but the 

d cleposits of hair along the sides of the ditch to the pond, in the 
settling pond itself, and on the banks of I-Iawksbill Creek are strong 

h 	 evidence that the apparatus is not very efficient. 
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 
d c o ~ ~ p l eof hours, leaving a supernatant capable of satisfactory treat- 

ment by filtration. 
Although a part of 'the beam house operation, the waste fro111 the 

unhairing machine a t  this tannery is not discharged with the beam 
house waste, but has a separate outlet. 

116508°-19-2 



Wash water from tkc fleshing urui gmining floors.--The waste 
from the graii~iilg and fleshing floor consists of the wash water 
used for cleaning at the close of the working clay. Although the 
total volurrle is small, it is of a highly polluting character owing 
to tho lieavy suspended nratters, which are composed largely of small 
pieces of fleshings trimmed from tho hides. Tlie presence of a lwge 
nunlber of buzzards, at times 18 or 20 or more, around sludge shoals 
of the settling pond into which this waste enters is sufficient evi- 
dence of this fact, although there is no odor noticw~ble. 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 llours' 
settling, it is evident that but little flesh can escape a sedimentation 
tank. 

Exi~austedor spent tan liquors amd .i.imvng water f ~ o m  vats in 
7ay-atoay yarrd.-Waste containing tan l i q~~or s  at the Deford Plant 
co~ilcs from t\?ro different sources. The nlost important of these is 
tlle exhausted liquors frorrl 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 beconies 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 rrlain yards. Tlie total cluantity of water used in these tanks is 
about the same. as that in the vats in t l~e  handler yards, but the 
amount of tan extract is much less, as it is only that carried over 
from the lay-away yard by t,he hides. The tanks in the main yard 
are also errlptied at  night and into tho same ditch receiving tho 
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 i t  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 blaclr liquor, from 
the fact that tho leakage has come in contact with iron. There is 
only a out asmall amount of this liquor which is p ~ ~ m p e d  once 
meek. 

Excess tacn Mquws carried by the heads and bellies z o h ~ n ,rerrwved 
from the taming uats.-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 wastaae of a small amount of fairly strong waste. 

b
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 



the excess spent tan and dirt is rrrnoved from the heads. This, 
because of the wash water used, is nluch greater in quant,ity, 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 irlLo a separate ditch 
from the one receiving the spent tan from the rockers and the rinse 
water from the lay-away yard. 

Leakage from t h  leaching vats and a srnalil amoumt of wash, 
/water.-The waste from tho leach house is small in volume and con- 
sists principally of the leakage from the vats in whicli the tan 
liquors are leached from the ground bark. T o  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 is no reason why i t  can not be diverted to the ditch carry- 
ing the spent tan liquors from the rotkers 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. 

Xpent aZkdi and acid f r o m  bbuching vaGs.-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 i t  is discharged into tho ditch carrying the beam-house waste, 
which is strongly alkaline, i t  is neutralized and its treatment must be 
considered with the latter waste. 

CEIARACTER O F  T?rL%ST1QSAS DISCIIARGED FROM TIIP: TANNFRT. 

The waste or n~ixtures of wastes upon which treatment studies 
were made were cliscliarged through five separate outlets. 

Beam-house zoaste.-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 tanlis, and a srrlall anrount 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 ancl is dis- 
charged into the spent tan outlet. 

This waste is brown colored and contains insoluble particles 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. 

I lair  washing waste.-The second outlet discharges hair washing 
waste exclusively. This waste is grayish in color due to the limo 
washed frorrl 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 efficient screening. 

Waste containing tan  iiquor.--Spent tan, rinse water and black 
liquor from the main and lay-away yards con~prise the entire waste 
of the tllird 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 excess 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 difficult 
to remove, single filtration serring 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 color 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. 

VOLTJME O F  WASTES DISCHARGED FROM DIFFERENT OPERATIONS I N  TITE 

TANNERY. 

The important wastes a t  the Deford Co.'s tannery may be includecl 
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 i t  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. 

I n  Table 1are given the average daily volume of the four wastes 
lty months. 

j TABI,E1.--Average daily volzcmze of wastes by months. 
$ 

Beam Rair Spent Leather Ream Hair Spent Leather 
house. wash. tan. wash. I)ate. house. wash. tan. wash. 

1914. Gallonr. Gallons. Gals. Gallom. 1915. Gallonr. Gallons. Gals. Gallonr. 
September............................... 2,640 November........ 68 800 20 300 ............... 

November............................... 6,080 December.. ...... 56: 700 19: 000 ............... 

December.. ...... 69,000 23,400 ....... 4,.790 

1916. 
1915. January. ......... 61,400 16,400 ............... 


January.. ........ 66 500 27 600 ....... 3,310 Fobruary......... 60, 800 18,400 ............... 

February.. ....... 57: 700 26: 200 ....... 3 410 March.. .......... 68 300 24 800 ............... 

hiarch.. .......... 85,100 26,400 ....... 2' 810 April.. ........... 64' 000 24' 700 ............... 

April.. ........... 73,400 29,100 ....... 1:360 May.. ............ 64:400 23: 600 ............... 

May .............. 67,000 27,600 ....... 2,710 June.............. 60,900 27,000 ............... 

June.............. 66,200 27,500 ....... 2 060 July .............. 51 100 19 800 ............... 
............ .......
~ u ~ y . .  72 700 19 700 I:GGO ~ u g u s t........... 60: 800 23:500 .......,. ....... 

August.. ......... 65) 000 23' 200 ....... 2 450 -- --- -

September........ 74: 200 25: 000 ....... 1' 790 Averago.... 65,400 23,500 14,000 2,910

October.. ........ 76,300 20,300 ....... 2: 760 


I 




It will be noted that only an average figure is given for the s p ~ n t  
tan waste. This is due to the fact that i t  was discharged during the 
night, when it was impossible to take continuous readings throughout 
the tests. Special series of measurements were, therefore, made a t  
ilifferent 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 tlle 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 
m r e  frequently. 

The average total rolunie 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 
\Tashing 8 per cent. Adding the leather wash to the spent tan, mak- 
ing 16 per cent, the ratio of the thrce class~---spent tan, hair wash, 
:~nd beam house-was 1:1.4 :3.9. 

During the period covered by the table there were handled, on an 
average, 215 hides per day. Computed on a basis of product, there- 
fore, the total waste per hide was 385 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, re5pecti~~ely. 

DESCRIPTION O F  THE TESTING STATION. 

The testing station was located in the rear of the tannery, between 
it and EIawksbill Creek, into which the wmtes are discharged. By 
building the deep settling tanks partially in excavation i t  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 warious devices. 

The wide range in volumes to be measured, varying from the total 
wasto 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 vol~unes, rectangular weirs of various 
lengths were used. The triangular notch weirs were best adapted for 
measureme;lts of tank-treated wastes and for the inAuents or effluents 
of the larger filters. The readings on the smaller filters were made 
with graduated cylinders in which the waste was caught for n 
tlefinite period. 

For a laboratory the Deford Lesthor Co. permitted the use of one 
of their offices, wlzich was arranged and equipped with sufficient labo- 
ratory apparatus to make the more important tests, such as sus- 
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pendod 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 a t  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. I n  this way the laboratory work was 
lcept 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 t,o conduct tests. (See Plate I.) As is always tha 
case with such work, results of operation suggested changes. These 
are included in the description of the various devices. 

PLAIN SEDIMENTATION AND CHEMICAL PRECIPITATI9W TANKS. 

TmTe 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 46 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 frorn 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 eflu- 
ent, necessitating some form of baffle to protect the outlet. This 
baffle 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. IPoles were cut at the four in- 







tersection points to avoid changjng the arrangement of the outlet 
The baffle walls extended down 2 feet below tlie flow line and 


terminated in a t rap  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 t rap  as the flow of the waste was in  an  up- 

ward direction through the trap. This  change u7as made Novem- 

ber 18, 1913, about two and one-half rnonths after the beginning of 

the tests. 


Tank 23.-This was of similar construction t o  tank A, but slightly 

l:~rger, being 7 feet in diameter and 10 feet -deep. The  total capacity 

was 2,687 gallons 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 cubic feet and a flow chamber of 1,583 gallons. The arrange- 

nlent 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 jn 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. 


Tan& (7.-This was a circular mood stave tanls 7 fcet in diameter 
and 14 feet deep and with the flow line 8 inches from Ihe 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 
chanlber of 1,583 gallons. The  tank was operated as a Dortmund 
tank with b d e s  arranged the sarrle as in tank A; that  is, a wooden 
partition 1 foot from the side of the tanls, extending down 2 fcet 
below the water line and slanting to the side of the tank, wi th  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 tost 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. 

Tm7c D.-This was identical in constrllction and dimeiisioiis witla 
tank C. It had, therefore, a total capacity of 3,848 gallons, of which 
1,583 gallons was considered as the flow c l ~ ~ m b e r  and 301 cubic f ~ c t  
as the sludge chamber. Baffles were insttllled a t  the same time as 

Thp design and conqtruction details ~ ~ e r c  
same and are cleicribccl rrnder tank 3. 

During the first, year the influent t o  this tank was frorn the beam 
house, consisting mostly of the waste from the soak tanks, the lime 

- they were in tank A. tile 



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. I n  fact, these two tanks were operated in series, the effluent 
from tank C being the influent to tank D. 

Tank E.-In connection with the study of the spent-tan liquor, 
~~Eiichincluded cllenlical treatment and mixture of it  with othcr 
wastes, there was constructed a spent tan storage tank. This tank 
was 7 feet 4 inches by 7 feet 7 inches in plan and 2 feet 2 inches deep. 
This gave a capacity of 117 cubic feet, or 871 gallons. It was neces- 

i 

Pnry to fill this tank a t  night when the tan va.ts in the rocker and lay- 

P 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. i 

PRIMARY AND SECONDARY FILTERS 

r 
1 Pi7ter 1.-This filter was 5 feet square and had an area of 0.000571 

acre. At the beginning of the tests this filter conttined 3 feet of 
1 spent-tan bark. The results, however, were so lnnsatisfactory that 

a" i t  was at once thrown out of operation and the tan bark replaced 
by 7 feet of cinders screened over a &-inch screen. 

The inflinent was regulated and controlled by a triangular. weir, 
and mas distribuktl by :I set of radiating troughs or cross arms set at 
90 degrees to each other. The waste was applied a t  the center, 
filled the troughs and flo~~ecl out through notches cut in thc 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- 

1 ing drum and centrifugal drier. 
PiJter $.-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 effluent from tank B, consisting of the 
spent tan liquors from the roclier pits and the lay-away yards. 

Filter 3.-This filter was also 5 feet square and had an area of 
0.000674 acre. The filtering medium through the entire period of 
the tests consisted of 7 feet of cinders screened over a &-inch screen. 
The methods of coitml and distribution were the same as already 
described for filter 1. The influent was the effluent froin tank @ 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. 

I Filter &-This was a sprinkling filter 7 feet square and had an L 

area of 0.001125 acre. The filtering material was 1to 2 inch broken 
limestone laid ta a depth of 6 feet. The waste was measured by x 

$ 
r trian,plar weir as it entered a siphon box in which was located :I 

i; 3-inch Miller siphon that discharged the waste over the filter 
\ through a Taylor clover-leaf nozzle. The influent could be talien 
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times as the studies progressed. 
Filter 5-CY.-This filter was 3 feet square and l ~ a d  at1 area of 

0.000574 acre. The filtering rrinterit~l was altered s ~ v e r a l  times during 
the tests, both in cIl:\r:l('t~r and dcpth. A t  the start i t  was 7 feet of 
cinders, screened over a one-fourth inch screen. This was changed to 
7 feet of coke retained by the same size screen, and later the coke was 
replaced by 5 feet of cinders. 

The influent was measured by a triangular ~ e i r  till late in the tests 
when i t  was eauglit directly into a graduated cylinder and the exact 
flow for one minute measured in  cubic centimeters. Distribution wai 
effected by means of troughs already described. The influent was, 
thronghout the test, the effluent from tank D, and it varied with the 
character of the wastes treated in that  tank. 

Filter &#.-To s t ~ ~ d ythe effect of double filtration, sand follow- 
ing coke or  cinders, filter 5-8was constructed directly beneath filter 
5-C. I t  was of the salne size, 0.000574 acre in area, and the top of the 
filtering inaterial was 13 inches below the bottorrl of filter 5-C. Two 
sides of this opeiiing were boarded up. The fiitcring nlaterial con- 
sisted of 5 feet of sand taken from a sand pit on a farm belonging to 
the tannery. This  sand was washed, and llad an effective size of 0.34 
millirrieter and a uniforrriity coefficient of 1.5. 

Distribution ~ ~ r a s  means the cracks between theeflected by of 
boards forming the bottorrl of 5-C which was located over 5-S. Sep-
arate measurenlents of the volunle treated were not necessary as it 
was the same as for  filter 5-C. 

FiJter 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 eflluent from filter 8. It was 3 feet square and had an 
area of 0.000207 acre. The filtering niedium was 3+ feet of sand, ob- 
tained frorvi the same source as that  used in  filter 5-C. F o r  distribu- 
tion a board drilled with holes mas used, and the influent was meas- 
ured a t  first by a triangular weir, but later by a graduated cylinder. 

Filter &'.--This unit was originally constructed to  study sand fil- 
tration of settled waste without preliminary filtration. It was 2 feet 
9; inches square, giving an area of 0.000024 acre. Sand was placed 
i a  i t  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 screened over a one-fourth inch screen. 
It mas during this period that  the efluent served as the influent to 
filter 7. 

The method of distribution for  both the sand and colic was to apply 
the influent to the center of the bed on a board 2 feet square and allow 



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 r e d i n g  in a graduated cylinder. 

FiZt~rs15 and 16.-Dlaring the early part  of the test the results 
obtained from sand filter 7,  treating the effluent from a coke filtcr, 
were so rnuch better tlian those from sand filter 5 4 ,  treating tho 
effluent frorn a cinder filter, that  it seemed desirable to verify them 
by two  sand filters similar in construction and operation. Filter; 
15 and 16 were, therefore, installed. Both consisted of 12-inch sewcr 
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 5-8, had an effective size of 0.34 millimeter and a uni- 
formity coeficient of 1.5. The  effluents from filters 5-6 and 8 were 
caugllt in  buckets and applied to 16 and 15, respectively. The volun~e 
was so srnall that  it was easily measured in a graduated cylinder, 
and the area to which i t  was applied was not large enough to require 
any distributing device. 

SLUDGE BEDS. 

Four sludge bbcs, each 10 fect square and 1 foot deep, were con- 
structed convenient t o  the outlet pipes froin the bottom of the set- 
tl ing 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 
Ihe sludge over the filtering medium. This was composed of 10 
inches of cinders that  passed over a $-inch screen with 2 inches of 
the cinders that  passed through the :-inch screen on top. 

TREATMENT O F  THE WASTES. 

The studies at  Luray, Va., may be roughly divided into two parts; 
first, the treatrvlent 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 O F  THE INDIVIDUAL WASTES. 

i?eani2 house.--This waste was treated sep~r>~te1y be-from the 
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 
i t  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 
tlie teqt units from March 18 to April 6, 1915. From the latter 
date till June  18, 1916, 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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a superiority for either the cinders or stone as a filtering n~ediunl. 
While the reduction effected by filtration is fair, the r.crnaining con- 
tent of solid matter is still too high to call this treatment succ&ssful, 
even when considered in connection with this one determination. It 
4s 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 tho filter effluents. 

Prom the more important standpoint, that of oxidation, the re-
sults of filtration are even less satisfactory. Only very oc~casionallp 
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 metl~ylene blue was obtained 
only with dilutions, and &he dilution factor was being rapidly in 
creased with the approach of warrner woather a t  the time this serio , 
of tests was conchxded. 

Typical alkalinity results are tabnlated in Table 3. An average 
of the total alkalinity would be of very little value as the degree is 
relatively I e s  important than the state, whether hydrate, carbonate. 
or bicarbonate. The table was, therefore, prepared showing analyses 
of isolated samples. I n  the selection of t,he results tabulated the 
one for the tank ofAuent is that obtained from a sample taken 2 oy 
4 hours after the sample of raw waste, depending on the settling p3-
riod of the tank and those for filters 4 and 5 from samplw 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. 

TABLE3.-A7.7~aZinity o f  heal?%-house waste in .r;a?%ous stages of Weatmefzt. 

1 Parts per million as CaC08. 

Raw waste. Effluent tank D. Emuent filtor 4. Effluent filter 5. 

Date and time. 
Bi-

ate. ate. ate. 

1915. 

Peb. 1: 


9 a. m........................ ............ 486 23 ...... 374 31 

11 a. m... .............. 214 516 ...... 230 580 ............ 456 22 ...... 286 8' )  

1 p. m... ..................... ............ 360 59 200 600 ...... 


I'eb. 5: 
7.45a. m.. ............. 1 ............ 370 728 700 ...... 213 622 ...... 422 540 ...... 
8.15 a. rn. ............. .(4,554 1,472 1 ...... 558 G84 ...... 114 486 ............ 752 40 

8.45% m ............... 560 670 628 644 ...... 350 484 ............ 6 3 5 ,  32 

9.15% m. ..............!.-i5k4 428 ...... 624 680 ...... 48 764 ...... 44 484 1 ...... 


May 28: 
8 a m... ............. ..I . . .  1 2 32 234 852 ............ 364 3% ...... 

9 a. m................. .I 716 1:0ii0 ...... 152 916 ............ 392 296 ...... 

I0a.m................. 76 888 ............ 996 100 ...... 432 228 ......
111a.m.. 400 142 214 796 ............ 320 292 ...... 372 ' 1118 


196 348 ...... 112 350 ............ 452 ............1 432 


8a. m ............ 156 408 ............ 500 ............ 434 

9a. m. ...... 188 280 1 ............ 480 ............ 514 

10a. m................. 386 ......' 1763 208 ............ 482 ............. 471 


,...... 4701 1 a . m  ................. 2 ~ 3......I 120 I 330 1.. .......... 466 ...... 
I
1 1t 




The data from which this table was prepared consisted of sets of 
1- analyses made at half-hour intervals throughout the day. The wide 
I, variation of the alkalinity figures for the raw waste is well illus- 
t trated. 
e 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 volunie 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 

Y converting the bicarbonate to  the carbonate. This mixture in proper 
'3 
 proportions could be responsible for a reduction in the total alka- 
~1 linity. The reverse of this reaction would also ba true. I f  the tnjlk 
I contained a solution high in hydrates, bicarbonates in the influeni 

might take a long time to rernove all the hydrates. On the othcr 
hand instances occurred where hydrates in the influent were noted 

:o in the effluent in a much shorter time than the stated period of de- 
is tention. This was duo both to the fact that the detention period 
c. was computed on a total displacement basis and consequently was in 
PS excess of the actual, and to the diffusion in tho tank whereby the 
~e chemical reaction ran ahead of the current. 
DL' The two-day composite saniple showed, as in the case of the raw 
e- waste, the presence of carbonates and bicarbonates. This is qrobably 
10 typical of samples covering long periods. 
te I n  the filters the hydrates show marked decrease, though present 
at a t  times. The composite sample of June 5 and 6 furnishes the best 

results for comparison, as the period covered is of sufficient length to 
rninimize any error in estimating the time required for the different 

-	 steps in the treatment. I n  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.

6. 
- respectively, which are practically the same as the total of 462 in 
3i- the tank effluent in which 112 parts were carbonates. This conver- 
ar- sion could occur only in the presence of CO,, which could be obtained 011-


-
te. from the decomposition of organic matter within the filters. 

Taken as a whole, tho final effluent from this treatment of tlze 
beam-house waste was not satisfactory, nor in a condition to be dis-3q 


R 1 charged into a small body of watcr without creating a nuisance. 011 

Ilair-washing-waste.-The unhairing machine was provided with 

away to an open channel in the floor in which it was caught up by 
:I stream of water and taken to the screen. Tlie effluent fro112 this 



togetl~er with some hair passing the screen. P. 
From September 1, 1914, to April 28 following, this waste was det 

treated alone in tanli C. The detention period, computed from total 
displacemerit, was 2 hours till March 18, 1915, and 4 hours from 
April 6 to April 28, the interval between March 18 and April 6 
hcing devoted to reconstruction work and ths station not operated. 

The effluent from the tanks was applied to  filters 3 and 4. Filter 3, 
consisting of 7 feet of cinders, received this waste during the entire 
period of this series of tests; and No. 4, tricliling filter, from Sep- 
tember 1,1914, to January 15,1915. 

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

TABLE4.-Results of analfjses of hair-washhg waste  before and af ter  treatment. Fel 

A1 

The tank rerrlovecl 41 per cent of the suspendcd matter during the 
nine months tabulated. A %-hour period of sedimentation is suffi- 
cient to remove all the econon~ically settleable matter. 

Filters 3 and 4 removed 56 and 48 per cent respectively of the slxs- 
pended solids in tho tank effluent and the conlbined removals by the 
tank and filters were 74 and 67 per ccnt, 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 senrage. 



The maximum average oxygen demand shown in the tables is 66 
p. p. nl. for 48 hours, for the month of March, 1915. Several isolated 

dete~minations of the 96-hour or 4-day denlalid gave values in the 

neighborhood of 150 p. p. m. 


As the waste from this department is derived entirely fro111 one 

operation, the alkalinity is more fairly uniform than was the case 

with the more complex waste from the beam house. Table 6 gives 

typical results of alkalinity determinations. 


TARI,~:5.-dZl;ali~%il2~o f  hair w a s l ~ i n g  ?r:arta in various stagcs o f  treatment. 

Kaw waste. EfHuent tank U. / Emuent hlter 3.Date and time. 

I I I I 6 

5 p . m...-........ 7 '22")-'....... YZLj 1401..........j . 

APT. U )and 21, cum- 1

b . - A  * "A * n* 

Two typical days were selccted---one, February 10, illustrative of 3 

the colci winter weather and with a 2-hour sedimentation period, and 1 
the other, April 22, illustrative of the warm weather and with a 

i 

3-hour sedimentation period. The data froni analyses of sanlples 
f e Itaken at half-hour intervals during half of each day are tabu- I 

lated. 1 

During the time mhen the unhairing machine was in operation the k 


results were fairly uniform, the alkalinity being duo to hydrate and 
e carbonate, owing to the presence of the limo washed from the hair. 
e Bicarbonates were found dnring eac 

sisted solely of the fresh water in the conveyor trough. This water I e 
31650S0-19-3 ; 4 
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was unusually soft. The minor variations a t  other timee were due 
to the operation of the unhairing machine. t 

After mixing in the tank, such variations as were obser~ed in the 
raw wwnqte diqappeared. The alkalinity was uniformly duo to hy- 
drates and ctlrbonates, and the amounts of t h a e  showed cornpara- 
tirely slight changes, the hydrates varying with few exceptions he- -
tween 200 and 300 p. p. rn. and tho carbonates between 150 and 200. 
Slight reductions in the total alkalinity over that of tho raw waste 
can be accounted for by the settling out of suspended limo psrticlw* 

Between the 10th of February and the 22d of April a marked 
change occurred in the alkalinity of the filter effluents. At the first 
data bicarbonates were present only in the first sample each day, 
prol~ably due to the practice of thawing out the filter with hot water. 
At all okher 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 sinlilas rwults obtained in the treatment of the beam- 
house waste, this conversion was no doubt due to tho absorption of 
CO, frorn the air and to destructive fermentation of organic maktcr 
within the filter during the warm months, with the production of 

Spent tm Ziquor from rocker pits ard r i n s e  water from lay-away 
?lord.-These form by far  the greatest part of all the wastes of this 
character. The leather-washing liquors from the ccntrifrlgal dryer 
and wash drum were also studied separately, but it is evident that 
in a permanent plant they ecan be included with the tan-pit wastes 
without mt~terially affecting the composition. The sarne is true of 
other tan-liquor wastes, such as lealiago from the bleach house and 
from the tan vab, the latter commonly Bnown 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 efficient for the liquors from the tanning vats. 

These wastes were studied as a separate problem during Septern- 
b ~ r ,1914, and from November 27 of the same year to March 18, 
1915. The tan tanks were emptied during- the night and flowed to 
Lailk 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 tho top and applied to filter 2. I n  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 2'1 and the bed 
filled to a depth of 7 feet with screened cinders. 



XB Table 6 contains the data from the analyses of the suspended mat- 

ter in the effluent fro111 tank B and filter 2, togother with other 


le data relative to operation. 

Y-
a- TABLE6.-Results obtaimed in, t h e  t r e a t m e n t  of .went tam liquor. 


e-
 p-

'0. 	 Raw Settled ~ m u o n tfilter 2. 

te 
B. 	

Date. volume 1 susl 

(gallons rn&&~=~ per acre matter
:d 	 per day)- (p.p. m.)+ dally). (p. p. m.). 3 

s t  
1914.


71 December.. ............................................ 14,004 485 951,000 450 


:r. 	 1 ~ 1 i  

Average.. ....................................... .......I ,..1.. ......./ 465 1.. ........../ 570 

-	 1 I I 

n- 1 Averaee ofa series of readings made durine two vears. Geotember. 1914. t o  A u ~ u s t .1918. 

No a~ialyses were made during September when the filter consisted 	 i 

Q,Y analyses show an average increase in suspended solids of 100 p. p. I 

lis m. in the filter efRuent over the influent. This was due to the sour- 


ing of the liquors i n  the filters. 'The reaction of this waste was con- i 
er 

at sistently acid and remained so throughout all states of treatment, 

:es though there was some slight reduction acconlplished by the filtcr. iriof Occasional putrcscibility determinations gave results showing that  
nd very little oxidation took place witllikg the filter. These determina- 
se, tions wero confirmed by oxygen-consumed tests which showed, whcn I 

of tho 30 minutes in boiling water method was used, values ranging i 
zt- from 15,000 to 49,000 parts per million. 1 

Leather washina wastes.--The leather washing waste consisted of \ 
rn- the efluent from the revolving drum in  which the heads were placed 
18, to wash off the tan  liquor carried over from the tan vats, and other E 
to foreign matter. To  this was added the efnuent from the laundry 

'he ccnt r i fu~al  drver in  which the heads and bellies were freed from 
)at water mixed with a small amount of tan liquors carried over from 
ffi- the bleaching tanks. The latter was, of course, much stronger 
ter than the rinse water from the revolving drum, as there was no dilut- 
re- ing water, but i t  was correspondingly small in volume. ei 
ich This waste was treated in  tank A from September 1, 1914, to i 
,er. October 28, 1915. During about one month of this period, May 1 I 
)th 24 to June 30, 1915, lime was added a t  rates varying from 40 to t 
lot 120 grains of CaO per gallon, but during the remainder of thar I 



filter 1,a 7-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 'l. 

T ~ n r . 1 ~  obtained b 1 ~treathg leather mashing waste.7.-Results 

1 aaw v a s ~ e .  / Settled waste. / Eflluent filter 1. 

1 Stability by 
methylene blue. oxygen

Dale. Total Sus- Total Sus- Rate Sus-
vol.dme pended volume pended (gallons pended de 
(qallons solids (gallons solids per acre solids mand, 

perday). (p. p.m.) perday) :p.p.m.) daily). (p.p.m.1 Dilu- F::." ,:drs. 
colorize. 

1914. 
September.. ........ 2,640 ......... 2,640

November.......... 1 0 0 
1 6,011 1 ; 4: 790December.. ......... 4,790 


1915. 
January. ....-....... 

February.. .......... 

Mnrch............... 

April. ...........-... 

May.. ............... 

June.. .............. 

July ................. 

hngust. ............. 

September.. ........ 

October.. ........... 


The tank effluent contained, on tlie average as much suspended 
matter as tho raw waste, the average value for tho elitire 10 nlontlls 
during which analyses were made being 480 p. p. m. This was partly 
due to 611s presence of oil and grease which were very difficult to 
filter in a, Gooch crucible in the suspended mntker determination, 
:~nd partly to  the progressive souring of the liquors which precipi- 
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- 
tliirds as much as average dornwtic sewage. The 24-hour oxygen 
demand of 418 p a r k  per million was far  from satisfactory. While 
regular analyses .were not made to dotelmine the acidity or the alka- 
linity of this waste, a sufficient number of determinations were made 
to sliow that the reaction was wid throughout the entire treatment, 
though there mas some slight reduction in both the tank and filter. 
During June when lime was added to the raw waste tho effluents 
from the tank and filter were allialine. From them results it is 
obvious that the treatment affected the character of this waste very 
slightly, and that the filter effllient was in no condition for final dis- 
posal in m y  srrlall body of water or stream. 

While it seemed evident from the beginning of tho test t,hat this 
I\ aste could not be purified sufficiently by sedimentation and filtra- 



tion through cinders, still it was considered advisable to continue the 
operation, making occasional analyses to determine -m-hether i t  would 
be possible to develop oxidizing bacteria in  the beds after prolo~iged 
operation. Hero, as m7as the case in  the tests with the liquors treated 
in tank B and filter 2, it developed that  the concentration of the tail 
liquor was too great to permit tlie ordinary oxidation processes to 
start in  the filter. 

TREATMENT BY COMBINATION O F  'WASTES. 

1 

The general unsatisfactory results obtained from tlie treatment of 
the v a r i o ~ ~ s  wastes separately, and the knowledge gained of their 
cliaracteristics and relations, led to some laboratory tests of the ad- 
-\.isability of combining tmo o r  more wastes, utilizing the alkalinity 
of one to  neutralize the acidity of another. The results of these tests 
n ere promising and the experiment was continued on a larger scale 
Allay 1,1915, by treating in tank C a combination of acid spent tan 
waste and alkaline hair-washing waste. Many changes were subse- 
quantly niade; the beam-house waste was added t o  the two mentioned 
xl~ore;the ratio of the three was varied from time to t ime; new filters 
were constructed to allow treatment by double filtration; cl~emicnl 

- precipitants were added; and the operation was frequently altered to 

Roughly these changes can be grouped into five periods of opera- 
s tlon distinguished in  their main features as follows: 
Y Period 1, May 1to June  IS, 1915: Treatrnent of the combination 
3 of spent tan  liquors and hair-washing waste i n  tank C with 4 hours 
17 detention period; no chernical 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; 
n no cherulical treatment. 

e Period 3, September 15 to Decernber 1, 1915: Same as period 2 

1- except that  iron in the form of ferrous sulphate (copperas), was 

e added to the mixture of the beam house and hair wash wastes before 

t 3 the spent tali was added. 
I-. Period 4, December 2, 1915, to February 2, 1916: Treatnleiit of 
s .the conlbination of beam house and hair washing \r:istes vrithout 

as ferrous o r  ferric sulphate. 
Period 5,  February 3, 1916, to the end of the ksts,  August 9, 

1916: Treatnlent of a combination of spent tan neutralized with 
lime, hair washing and beam house wastes; the mixture treated with 



I n  all the above periods filtration through sarisus types and com-
binations of filters followed tho tank treatment. 

Period 2-Tr*c?ntrn~ntof hair1 tonsking tuaste and spwnt tan Ziquor 
together.-In order t o  store the spent tan liquors discharged a t  night 
for trcatnient with the hair  washing waste during the daytime, 
tank R, 7 feet 4 iriclles by 7 fect 7 inches in plan and 2 feet 2 inches 
deep was construcLed adjacent to the flume carrying the hair  wash 
to sunulv ilccessarv storage. This tank was filled a t  night when the 
tan vats were emptied and used the next day. Tho  supernatant 
liquor was siphoned over into the flume carrying the hair  wash 
and tho mixture passed illto tank C. The  efflnent 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 constnzcted, which 
also treated this eftluent during June. 

Table 8 shows the volurrle of each waste tha t  was used and the 
suspended matter in the components and in the mixture. 

Tbnr.lc 8.-IZcsults obtained by  nzising spcmt tam m d  hair washing waste 
together. 

1 Compononls. ! Combination. 

1 Spent tan. 1 H?ir wash. 1 Volume(gallonsper dey).  1 I 

1 Average of a series of measurements made during two years, September, 1914, t o  August, 1916. 

The results obtained in  treating this mixture in the tank and filters 
are contained in Table 9. 

TABLE9.--Results ohtailred by settling a%d filtering a n t i ~ t u r eo f  sgm6 tan and 
hair washing wastes. 

Tank C.  Filter 3. Filter 8.I 
 I I 

1 Mixture of spent tan and hair washing wastes. 1 
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n- Ihc  a\er:lge rcnloval t~ccoinplisi~ed by the tank during the two 
ll~onths was 77 per rent. This conlpares verp favorably with a re- 

or nlo\ral of but 41 per cent accomplished by the same tank when set- 
ht tling hair washing waste alone. (See Table 4.) This removal is not 
1% due Lo differences in the suspended matter in the tank influent, as in 
~ e s  both cases they were practically the same, 892 and 856. The sus- 
sh pended matter in the tank effluent, when treating hair washing 
he wastes alone, was 527 as compared with 168 when treating the com- 
nt bination. 
sh As no analyses were made of the raw spent tan during the period 
7as when i t  was treated alone, it is not possible to make a complete 
)d. comparison. Sorne index is, however, to be found in the suspended 
ch matter of the tank effluents which (see Table 5)  was 465 with sep- 

arate treatment against 168 with combined treatment. 
,110 Referring to Table 8 i t  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 

Ste 	 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 i t  is apparent 

-	 some change took place in the character of the solids. The most 
reasonable explanation seems to be that the finely divided c a 1 clunl ' 

us-	 carbonate in suspension in the hair washing waste was dissolved by
lded 
ilas 	 tlre acid in the spent tan liquors and that the precipitated calciuln 
. P. 
1 ) .  tannate, being more settleable than either the calcium carbonate or 

the organic suspended matter in the spent tan liquors, carried with 
- it ill settling much of the finer matter that remained in suspension in 

590 the separate wastes. 
K59 Filter 3, filled with cinders to a depth of 'I feet, accomplished no 

further reduction of the suspended matter contained in the tank 
,ers 	 efluent. Those solids which, in the separato treatment of the hair 

was11 (see Table 4) mere removed by this filter, had already been 
talien out in the tank. 

and 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 i t  did not seem advisable to 
--	 continue it in operation. It was, therefore, dismantled and when 

the sand was removed i t  was found to be black and muddy to a depth 

While no oxygen demand determinations were made of the influent 
to the filters the results obtained f r o ~ n  the effluents indicate that 
very little oxidation was accomplished. A comparison with the 



relatively low oxygen demand of the hair wasliing waste, as sliown 
in Table 4, shows the effect of adding the spent tan liquor with a 
T-ery high demand. 

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

Tan13 10.-Alkaliwktu results lor period 1. 

Parts per million as CaCO*. 

I 
Ratio of Tanlc C. Efluent of filters. 

spent 
Date and time. tan to 

hair m u ~ t .  / Emuat. j 
1 

wash. 

1 C!a,;:n- 1 Bicar- 1 Bicar- 1 Bicar- 1 Bicar-
bonate. bonale. bonate. 

This table inclicatw that one of the ol~jects 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 
effluents was higher than that of the influent which came from 
tank C. 

Period .Z-Trieatmemt of beam house wmte, hair washing waste, 
and spent tan Zipwrs together.--On June 19 construction changes 
were made wherebv the beam house waste was added to thc mixture 

T ~ Ohours' storage was allowed in each tank. The object of mixing 
all three wastes was twofold, first to treat thg total wastes from 

waste with which to dilute the spent tan liquor. 
Secoizdary treatment was provided by filter 3, with 7 feet of cin- 

ders; filter 4, a triclsling 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) 



-- 

-- 

- - - -  

1 A t  a ratio of one part  of spent t an  to four of thc hair washing 
t waste i t  would be possible to treat but 6,000 gallons of spent 

tiin, as there were roughly 24,000 gallons of hair washing waste dis- 
e charged daily. (See Table 1,) This was but little more than one- 

third of the total spent tan, considering the leather wash as spent t an  
for treatment purposes. By adding the 65,000 gallons of beam house 
n~aste i t  wonld be possible to dilute the entire amount of spent tan 

- at  a r ~ t i o  of 1to 5, o r  to treat a portion a t  a much higher dilution 

-	 rati 0. 

Table 11shows the total volunles and the volumes treatedl of each 

- waste, with the ratio of the mixture during this period. 

TAI~LE 	 2.l l . - 1 1 7 a ~ t e ~  t r e a l c d  d u r i n g  period 
-

Gallons per day. 
Ratio 

-	 spent tan, 
Date. lleam lio~~se. ( IIair luasll. / Spent tan. 1 I Combined. w:&e, 

- S 
1 Not including leather wash. 	 I

'g i 

With the ratios roughly 1:3 : 6 of spent tan, ha i r  washing and i 

I .
le beam-house waste, respectively, or 1of spent tan to 9 of the other 
ol two combined, i t  would be possible to treat about 11,000 gallons of 

spent tan. This is 3,000 gallons less than the waste from the handler i 
er and lav-awav vards and 6,000 less than the total spent tan, including 
n1 the leather-washing waste. i 

The effect of mixing the wastes, as affecting the suspended solids, i 
te, is shown in  Table 12:  
yes 
,re T A B I , ~ ~  so l ids  w a s t e s  c o m b i n a t i o n s12.-Suspended in v a r i o u s  and d u r i n g

period 2. 

U .  	 Suspended rollds Mlxture or s ent onixLule ol spenL
t a n  wi lh  gal, tan and h ~ i rwash 

ng 	 I ( P  P. m 1. wash. with beam house. ! 
)m 	 Date. 

Sus. 
ng Spent IIan Beam Ratio of pended Ratio 

tan. wash. house. wmtes. solids wastes. solidsof 	 (P. p.m.). ( P . P . ~ . ) .  I 



---- 

-- 

------- 

mixed waste in tanks and treating the effluent on filters. 

Taii~,is15.-Resulta obtnined from treatirb,g roastcs during period 2. 

Tanks C-D. Effluent filter 3. Effluent filter 4. 

I Stabilit by Parts per Stability by 
Parts per methyloneInflu- Emu- million. methyzne million.blue. 	 blue.ent: ant: 	 RateData. 	 I ~ n s .  (mfiion


pend- pond- $2;::: gallons 


pDC SC'U 
SIIS-

Oxygen =ours per acre SUS- Oxygen =ourss,fds s$tdsdaily). pend- czd,Dilu- to daily). pend- $&d, Diln- to 
( p ,  (p. p, zd tion. decol- ed tion. decol-m.). m.). solids. 24 orme. solids.

hours, 	 h:$,, -orize. 
1 1 - _  _ _ . _ _ _ _ - - ---

1915. 

Tune. ........ 6% 212 0.408 190 490 1:49 91 1.86 168 280 1:49 171 

July.. ..................... ............................ 1.69 ............................
.418 
August.. .... 884 542 .429 233 781 1:49 240-t 1.61 226 656 1:49 248 
September. ., 956 202 .418 124 209 1:19 148 1.66 100 249 1:19 100 

_ _ I _ _ _ _ - I _ _  , . . . . . . . .  	 ......1. ......
Avorage.. 8'25 1 319 .418 182 493 I .  70 165 395
I 	 I _______ -_ .  	 -- -

1Tanks C-D. I Emuent filter 5 .  Emuent fdter 8. 

parts Stability by 1 / P,,ts 
Stability bT 

T I ~ ~ U -Emu- million. methylen0 million. "ethylene
enl: ent: blue. 

Rate 
blue. 

Date. I sus- sus- Itate 
vend.. (million millionpen+ gallons Oxygeil (gallonsed ed Sus- TIours peracre 811.3-O $ Y  Eoursde- Dilu- to daily). pend- D i l ~ r  to

ma,d,;FE g~TliE;;.' p e d -ed m;2d7 tion. depol- ed 24 tion. de~ol-m.), m.). solids. orize. solids. orlee.
hours. hours, 

I _ _ _ I _ . _ _ _ _ _ _ - - -
1915. 


June. ........ 636 212 0.418 130 290 1:49 181 0.294 152 555 1:49 98 

Iuly ....................... .429 ............................ .213 ............................ 
August.. .... 884 542 .429 333 541 1:49 240+ .213 175 551 1:49 2 4 0 f  
Seplember. .. 956 202 .429 164 281 1:19 124 .I05 112 ..................... 

525 I 319 I .426 176 3 . . . . . . .iy 146 ( 5 ............. 


1 Mixlure of spent tan, hair wash,and beam-house wastes. (For proportiorls see Table 12.) 

The suspended matter in the tank influent averaged for the period 
885 p.p.ni., practically the same as for June in period 1, but the 
rernoval was but 61 per cent as compared with 77 per cent in tll? 
earlier period. The filters, however, performed much more ef-
ficiently. 

I n  period 1the effluent 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 acconxplished in the tank. I n  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 effluent. This gare a totdl removal for the corrlbined treat- 
merit of 78, 80, 79, and 82 per cent respectively or about the same as 

http:p.p.ni.


-- - 

------ - ---- 

for period 1. I n  spite of the high removals, the final effluents froin 

the filters were fa r  from satisf actow from the stant3noint, of finnl tlis-

posal by dilution. The anlount of suspended matter mas abot~t  tlze 

sairle as tliat found in arz average dornestic sewago, and tlrc oxygen 

dcmand for  24 hours varied between about 308 and 700. part., per 

rriillion. 


The marked improvement in  the results obtained with the filters 

during Septenibcr was due to the fact that  all of them were tho:- 

oughly washcd and cleaned the 1st of September. This  was dono 

with a fire hose, and large amounts of black material which had bee11 

retained by the filtering material were removed. This subject is 

discussed i n  detail in  the conc~usions. 


Period 3-2'reatn~nt of' aTZ the wastes mixled t o g e t h ~  with thc7 
additior~of ferrous sulpLk.-The treatment of the combination of 
the same three wastes, hair  washing, spent tan  and beam house, as ~ I L  

period 2 was continued through period 3, and in  addition ferrous 
sulphate (copperas) was applied a t  a rate of about 10 grains per 
gallon. The settling period was the same as in  the preceding periocl, 
2 hours in  tank C followed by 2 i n  tank D, making a total of 4 
hours. The  effluent from the tanks wk~s 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, 5-8 and 7. 

Filter 5-S was 5 feet square in plan and contained 5 feet of santl 

as filtering ~nedium. It was constrrlcted directly beneath, and re-

ceived the effluent from cinder filter 5-C. 


Filter 7 was 3 feet square and received the effluent from coke filter 
8. The filtering medium was 3&feet of sand, obtained from a differ 	 I1 

-	 ent source but  similar t o  tha t  used in  5-S. 
The  total volume of wastes ~ r o d u c e d  and tho amount of each 

- treated during this period are shown in  Table 15. 

i Tani,lc 15.-Total ?oa.stcs and volume tl-eotcd during p o h o d  3. 

e 
S 	 Gallon., por day.I 	 I 

A 

tohalr SU'P" L'e 	 I 

Data. Spent tan.! lXalr wash. Doam houae. Combined. 
wash and 	 f 

f 

f 	 Total. Treatcd. Total. Trcateg. 

1-	 I II Total. Treated Total. Treated. . gaKn). 
r 

1. I I I 

to I I I I I I I I I 	 B 
1 Not including leathor wash. 	 1 

During September and Noverrlber the ratio relation between the : 
three wastes was ~rac t ica l ly  the sanre as during period 2. I n  Octo- i 





-- 

- - - - - - - - 

TABLE 17,-A?zalyses of c f f l u o ~ t s  frowl tunics uqld pl-elb~irilar?/ filters during 

p c ~iod 3-Continued. 


ELIluent filter 5-C (cinders). Emuent filter 8 (coke). 

I n  the results of suspended matter determinations period 3 paral-

lels very closely period 2. The tanks accorrlplished a removal of 

62 per cent compared with 61 per cent, but the suspended matter 

i11 tlle influent was greater in  period 3 so that the absolute quantity 

in the effluent was slightly greater than in period 2. I n  the latter 

period the filters ranged as regards the efficiency of tlleir 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 11per cent, while 

filter 3 was high with 66 per cent, filters 5 and 8 showing 38 per 

cent and 60 per cent, respectively. 


The oxwen demand in the effluents shows some improvement, 
dropping from an average of above 450 p. p. m. to ail average of 1 

4 
nbouL 230. It nxust be remembered that during October the dilu- 8 

tion of spent tan was much gretlter than at any time during period 

2, ancl it is the October results that lower the average. However, 


e 	 c ~ e nexcepting the October results, there is a marked decrease in the 4 

-	 oxygen demand. I n  the final analysis of the polluting effects upon 
a receiving body of water the best of the filter eguents can make i 

ibut a poor comparison with an average untreated domestic sewage. 
6 The new feature in period 3 was the introduction of double fil- I 

i 

tration. Filter 7 was operated as a secondary sand filter following , 
-	 coke filter 8 during the entire ~ e r i o d ,  and in November 

5 was reconstructed and n sand filter placed directly beneath it. 
!3 
LS 	 This new filter was designated 5-8 s~nd the old cinder filter 5 as 
15 - filter 5-C. 

1 -



-- 

'I'ARI,I,: llq.--Res'~~Il~ohtn, ined by secondary f i l t rnt io??, thro?hn71 so?zd du.P'ing
period 3. 

I-______-- -- --
Influent (cmuent filter 8). 1 Elnuent 

- -. ~ I I 
I Stability hy Stal~ilityb y  

Date. 
I P. P. nl. methylene blue. I" In' mothylono bli~e. 

Rate Rate --- -
n%illinr~ - million 
gallorrs Oxy- gallolls Ilours 

per Sns- gcndc- Hours 
Dil,l- to $ge Sns- gondo- to 

~ G;. pmdad
solids. 

mand 
24 

hours. 
tion. daily. {?gddecol-

orize. l1onrs. 
",$:tion. 

I -- . - - 

1915. 

September.. ......... 
October.. ........... 

0.106 
. I05 

113 
111 

249 
170 

................ 0.102 

................. 102 
18 
12 

45 
31 

1:Q 
0 

42 
+240 

......Novornbor.. . .  0 196 162 1:9 45 .I02 
- _ I _ _ _ - - .  

41 39 1:9 +210 
~ -

. .. 7 1 r / =  1..I I 
38 1..A~erago. -1%
 1 24............. 
 .............. 


-
 --- - .. -- -
3 

--- 

Filter 5-5. 

. . .  ~ 

-- 

I d u e n t  (cmuent filter 5 - C ) .  1 
I - I 

Emuent. 
-

These results show a niarked 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 con~bined ciIiciency 
of the total treatment was 98 per cent for filter 7 ant1 91 per cent 
for filter 5-S. The residual suspended solids are sufficiently low to 
permit dischai-ge into rL body of water even when the dilution is 
small. 

Tho oxygen demand values show a great irnprovenlent, being well 
below that of an average domestic sewage. The putrescibility resulLs 
in filter 7 were also very promising, indicating a relative stability 
of more than 95 per cent. Filter 5 did not give as satislactory re- 



-- 

-- 

45 

sults sn this respect, as it was not put in operatloll untll November 
9 and hence had been running less than a month. 

tg Keducing the concentration of the spent tan liquors in October 
_ 11ac1 the desired eflect m pcrmittiizg nitrification to start, but opera- 

tion difficulties developed with tho approach of freez~ng weather and 
- it mas thought advisable to discontinue the addition of the spent 
- tan liqnors, which caused pooling on the surface, and treat only the 
J beam-house and hair-washuag wastes. No doubt remained at this 
ire 

-	 lime that the spent tan liquor was the controlling factor in treating 
tannery wastes, and it was likewise evident that the strength of the r b  

tan liquor would have to be reduced before tho whole amount could )I-

e be treated along wit11 the other wastes in the proportions discharged 
- from the tannery. The next two months were devoted to research 

worlc in the laboratory in an effort to find a precipitant that would 
cut down the strength of the tan liquors. 

250 
-	 Period &--Treatment of bem-house  and ?mi"/--wmhingwastc, 

together, with tho addition of fcwous sulphate.-During this period, 
which covered the months of December, 1915, and January, 1016,. 

-	 the harr-~vttsh and beam-house wastes were treated together, with tho 
addition of an iron salt. No spent tan liquor, however, was in-
clucled. This change was made, ar noted above, because considerabic 

Y 
luo 	 clogging and pooling of the sand filters occurred toward the end of 
- period 3, and, during the cold weather, this gave difficulty by freee-
lrs lxlg. The clogging of the surface layers of the sand a t  that timo ) 

ol- 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- 

I C  

-
prrvious layer on the surface. 

Ferrous sulphate was added to the hair-washing waste previous to 
mixing with beam-house waste up until Decernber 11, and ferric 77 

sulphate frorn that date to the end of this period. This mixturo 
-	 was settled in tanks C and D, connected in series, giving a total 

,b-	 detention period of about four hours. Primary filtration was ac-
compliihed in filters 3, 5-C, and 8, which wore followed by the sec- :nt 
ondary sand filters 5-S and 7. Laboratory tmts usiiig ferric sul- 

ly, phate showed considerable promise in the laboratory, but in prac- 
LCy 

tical operation t h o  results were not sufficiently better to warrant the :nt 
Lo 	 difference in cost between the ferric and ferrornr sulphate. 

is 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. 



TABLE19.-Total wmtes 	discharged and  volumed treated d u r h g  perrod 4.-- TI 
1 Gallons per day. 

Date. Hair wash. Beam house. 

Total. Treated. Total. Treated. Total. 

_ _ _ _ _ _ _ _ -
neorm~m1915 . 19,000 2,150 56,700 4,760 75,700 

. . . .  16,400 61,400 5,000 78,800~ a n u & r ~ , l b l b  1,970 

1 Ferrous sulphate till Dec. 11. 

I tlle I 
Treat-

house. 
Treated. 

- - _  prnc 

6,910 I: 2 2 I, 	 the 1 

6,970 1:2.5 	 bun1 

side 
~n.he

Tho ratio of hair washing to beam-house wastes in the mixture T
used is lower than that of the total wastes for either of the t + ~ o  tanr
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 trstr 

Table 1.) The ratio of the average washs during 1915, however, lea' 

Lis
but 2.6, which is closer to those in the tabl'es, and it was this neri

ratio upon which the operation was based. t l~ei
The results obtained from the analyses of the two wastes and the 

composite are contained in Table 20. 
11111( 

T 
TABLE20.-Average analyses of raw w a t t s  during period 4. sctt 

-
1 E d r  wash. / Eair wash and ferric sulphalo 1 

filt€ 

Li 
Stability by 	 Stability by 

9.p. m. methylene 	 P. p.m. methylene
blue. 	 blue. .z 

e 
Date. 

.----	 -------
Decrmber,l915.. ............. 1028 ............ 0 45 1,404 ...... 8 0 240 10 

January,1916 1iW4 197 ...... 0 82 1,378 389 8. 0 126 10 


-
Beam house. H a ~ rwash,iron solution and beam-house mixt~ve 

(influent io tank C). 

Stability by 
P. p.m. methvlene 

blue. 

----pppp---- -
December 1,011 ............ 0 34 1:2.2 1,134 1,020 ............ 0 65 

January 1,088 555 37 0 40 1 : 2 . 5  1,171 1,175 418 68 0 28 


1 Ferrous sulphate till Dee. 11. 



The effect of leaving out the spent tun llquor is very evident from 
the results given in this table, and the improvement in the operating 
conditions was even more satisfactory. The spent tan liqllors above a 
certain concentration form a hard incrusting layer on the sand and 
llialie it almost impervious. The amount of suspended matter was 

The most important conclusion to be drawn from this table is that 
tanneries using similar methods in the beam house to those where the 
trsts were made, but not discharging spent tan liquors, can more 
readily purify their wastes than those discharging exhausted liquors. 

! As a natural corollary to the above statement it is evident that tan- 

The results obtained by chemical precipitation with an iron salt, 
settling the waste in tanli C, and applying the effluent to roughing 

- filters, are given in Table 21. 

TABLE21.-Average analyses o f  tanb and primary filter efLuents during 

,.. 
p. m. Stabil- P. p.m. Slabil-

ity by i ty  by 
- D3e. 2-6 G methy- mcthy-

lcne , , lene 
10 a 3 blue blue. 
10 I ! z l b  

-- __________-------
Tlocmmber, 1915.. 1,020 . . . 0 65 292 .-...96 / ;:0 47 0 4 0 R  10 
Jcwsa:y, 1916. ... 1,176 418 61 0 28 364 180 59 0 11 ,498 83 ..iif.( O0 (a68 

1 1 6 5 0 S o - 1 9 4  

1'. 




period +-Continued. 


Effluentfilter 5-C. Effluentfilter 8 .  


The tank acconrplished a removal of 69 per cent of the suspentled 
solidis in the influent, which was slightly higher (7 to 8 per c.er)f) 
than was obtained when spent tan liquor was ilzcludecl. 'This diEw 
ence is not greater than would bc cxpectetl in comparing the resrllii 
from two difTerenL periods treating the same wastes. 

The oxygen consumed value shows a reduction in the efflffuent oC 
tho tank o1,er tho ixlflrreni, of 57 per cent, while the oxygen denianri 
of the same samples was reduced only 3 per cent. This differenc i! 
may be taken as an index of the suspended organic matter whicah 
would be included in tho deterniination of the oxygen consurncd by 
the action of the permanganate in the hot acid sollltion but worrld 
affect to a much smaller degree the 24-hour oxygen dernand values, 
where the action is much slower. Following thc tank the oxygen 
consumed values remain very uniform in all the filter effluents, wiriict 
the oxygen demand values show an increase as tho remaining sus-
pended organic solids become available for normal oxidation w i t h o ~ ~ t  
the assistance of eherrlical reagents. The putroscibility valucs reprch-
sent the average of widely different results, so that too much impoy- 
tance can not be given to  them; their general trend in the filters, 
however, as would be expected, is toward a slightly increased st:i.-
bility. 

Tho filters effected consitlerably better suspendcd matter remov:sls 
than they did during tho preceding period. Filters 3 and 8 w(~cl; 
practically the same with 74 and 73 per cent, respectively, as compared 
with 66 and 60 per cent for  period 3. Filter 5 again showctl thc 
poorest removal, with but 37 per cent, which was 3. per cent lower 
than in period 3. I n  period 3 the suspended matter in the influerli 
was higher than this period, so that for the same per cent removal 
in the two periods the actual suspended solids prwonf; in the efliwnt 





suspended matter, and there was a material reduction of the oxygen 
consumed and oxygen demand, although not quite so low as No. 7, 
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 
liquor treated in the waste during this period and that the problem 
of purifying all the wastes except spent tan liquors from a tannerj 
of this kind is not a serious one. The effluents from either filter 
:i-Xor 7 could be discharged into any stream, no matter horn small, 
~ i t h o u tdanger of creating a nuisance, ancl -lien the dilution factor 
is large in t l ~ e  winter months the effluent from a preliminary cinder 
filter could be discharged without danger of creating a nuisance. 

Period 5.-Spent tan Ziquors treated with Iirne sludge and mixed 
with beam-house a d hair washing waste to which ferrous sulphate 
loas added.-During period 4, when no spent tan was treated, 
laboratory tests were conducted with a view of preparing this waste 
for  nlore 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 1, 1916, and constitutes by far the 
most impor~ant part of the tests. The results obtained by treating 
the various wastes separately and in combination durlng the pre- 
ceding periods, and the operating experience obtained from previous 
tests, afforclcd essential clata for the schedule finally adopted and 
by vhich satisfactory results were obtained. I n  fact, the operation 
during this period was the logical outgrowth of the earlier experi- 
ments. 

Plate I1 shows the arrangement of units during this period. 011 

the extreme right of the picture the weir in the main ditch from 
the tannery can be seen. The two trorrghs leading to the tanks car- 
ried el~e 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 
tc,p of tank C contained the ferrous sulphate solution. The over 
flow weirs for regulating the wastes treated are shown in the fore- 
ground and directly in front of the attendant. The wastes, mixed 
in definite proportions and t,reated with the iron solution, first 
passed t h r o ~ ~ g h  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 thromm 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.-GENERAL VIEW OF TESTING STATION AND POND FOR SETTLING THE 

WASTES FROM TANNERY. 


FIG. 3.-VIEW SHOWING DEVELOPMENT OF CORN FERTILIZED W I T H  TANNERY 

WASTE SLUDGE. FERTILIZED HILLS IN  THE CENTER. 






aIlo~\~cdto settle and the supernatant liquor was then siphoned o\7er 
and added to the hair-waslling waste. To this mixture an iron salt 
mas added to act as a coagulant, and this composite was mixed 
with the beam-house waste just before entering tank 6. The settled 
elfluent was given prelin~inary treatment through filters 3,s-6, and 8, 
and the secondary sand filters, 5-S and 7, received the effluents from 
5-6 and 8, respectively. Inconsistencies in the results obtained from 
5-8 and 7, i n  that  7, a sand filter containing but  3.5 feet of filtering 
medium, gave distinctly better results than 5-8, which was also a 
sand filter, but contained 5 feet of filtering medium, led to the con- 
struction of two new sancl 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 
cfiuent from the same filter as filter 7, and filter 16 from the same 
as filter 5-53. 

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

TABLE 23.-Total w a s t e s  and v o l u m e s  treated during period 5. 

Spent tan.1 Hair wash. Beam house. Combined. 

Gallons per .% Gallons per .g Gallons per Gallons per 23 
day. aa day. E day. day. g%g

M*.
Date. -cl 

_ _ _  --__ -__ -- -
1916. 

February...... 14,000 240 220 18,400 2,200 10 60 800 4,900 03 200 7 340 1. 9.220.4 
hlarch ......... 14,000 240 220 24 800 2 650 10 68'300 4 930 107'100 7:820 1111.1:20.5 
April .......... 14,000 240 230 24'700 2:600 10 74'000 4'470 102'700 7 370 1:11 1:18.6 
May ........ . . . 14,000 380 220 23:600 2,680 10 64'400 4'440 102'000 7'500 1:  7.0:13.4 
June........... 11,000 420 230 27,000 2,530 10 60'900 4'800 101'900 7'750 1:  6.0:11.4 
July ........... 14 000 730 220 19 800 2 450 10 54'100 4'740 87'900 7'920 1: 3.5:  6.5 
August ........ 14:000 1,130 220 23:500 3:850 10 60:800 5:400 98t300 10:380 1:  3 .4:  4.8 

1 Not incl i~d~ng lcathor wash. 
2 Waste hme from unhairing vats used a t  rate of 0.063 pound per gallon of spent tan. Average moisture, 

50 per cent. CaO 39 per cent. 
2 Ferric sulphate during February. 

The procedure adopted during this test relative to the propol-- 
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 tlie filters. This is well illus- 
trated by the last column in the above table. Starting with ratios 
of about 1part  of tm to 10 of hair washing and 20 of beam-house 
maste, the conce~trat ion was worked up to about 1 to 3 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 1to 
2.4 t o  6.1, or of 1part  of tail 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 
gallons 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 
clition, though the amount of hair wash treated was proportionately 
high and that  of the beani-house waste correspondingly low. A rnucll 
closer agreement was very difficult to  obtain, owing to  the variations 
in tho flow of the different w s t w  and to difficulties ill operatiou 
and control of the test units. 

The  results obtained from the analyses of the iridividual raw 
wastos and the mixtures of these wastes are shown in Tablo 24 : 

TABLE24.-AnaZgses o f  the raw wastes and mixture of the wastes  treritcd 
d u r i n g  period 5. 

-
Spent Hair Trcated tnn hairSpent tan Spent tan and treated and '  t>3amwas 1 1 ~ ~

rocker pits hide was s;t;ge tan ( p t r G . ) .  house (p. p.m.) with 
( P  P. m,). (p. p. m.). (p. p. m.). (p. p.m.). ferrous sulphato. 3 

1916. 
February. ................................. 0 0 ............. 8 1  455 1,150 710 76 7.13 

March.. ................................... 19 000 ............. 

April...... 1,780 13,500 1,248 5,900 926 11: 900 1,300 1,630

May....... 1,320 16,700 893 10,000 832 11,000 9fi8 1,180 

June.. .... 1 062 15 800 790 13 700 946 10 100 1,147 1,953 

July ....... l:055 17:100 755 d700 576 12'700 750 1,860 

August .... 2,565 19,800 570 7: 600 985 17:400 ............. 


1 Mixture of spent tan from rocker pits and hide wash about half of each. 
For ratio of wastes in composite see Table 23. This 6omposlte oonstituto.; tho influent to setlllng taub. 

8 Ferric sulphate during February. 

The  results given in  the preceding table show where the problem 
lies in purifying tannery wastes where tannic acid is used for  t,anning 
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. 13'. 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 redncr.s 
the oxygen consunling 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 lirrie sludge, however, the strength of 
the spent liquors is high as measured by the oxygen consumed. Some 
difEcult,y was experienced in judging the correct amount of the wet 
lime sludge to add to each tank of spent liquors, and lthe results given 
in this table are not as  typical of what can be aecomp!ished when the 
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3se given in  Table 25, where special precautions were tzhken 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 frorn the liming vats. T o  learn how f a r  these results could 
be duplicated under actual )working conditions wihh the ,exact 
strength of the lime sludge and t an  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. 

TABLE25.-XF,o%dng the  results obtained by  mixing l imo s k ~ d g a  from nnhairing 

va t s  with spent tan liquor. 

I I I I 

Oxygen consnmed, 30 minutrs. 

I 

Gallons Pounds Per Grains Before lime s1ud.e After limo sludge 
Days covered b y  of spent of lime per gal- x a s  aildcd (parts v:as aiir!od (part8 

oach analysis. tan siudge Ion dry. por million). poi- million).T",;"sgf
treated. added. bdsis. 

T i m .  31 Fob. 1.. ..... 591 21.6 49.2 126 6 004 3 239 3,476 1,501 
Ireb. 5,'6, m d  7....... 88.5 55.3 41.6 182 11: 771 7:268 5,609 3,160 

Feb. 13 11 and 12 .... 885 0 50.6 300 5 925 3 C81 5 060 2 i65 
Fob. 15' 16' and 17.... 8S5 55.3 53.0 232 10'9~2 6:001 4:2~6 2'528 
Beb. 17'anh 18........ 855 65.3 53.0 232 10'902 6 004 3 397 1' 817 

Fob. 19,20, and21 .... 835 53.3 52.8 231 15'287 8'532 4'898 2:686 
Fr:b. 2,; a n d 2 i  ........ 885 55.3 52.8 231 7:350 4:270 4'820 2 530 

Bob. 28, 29, and 30 .... 885 55.3 53.7 234 7,347 4,266 4:108 2:449 

The results given i n  the preceding table indicate the nlaximurn 
results tha t  can be obtained in  treating spent tan  liquors with lirnu 
sludge. I n  each of the tests which covered two o r  three days tho 
lime sludge was analyzed and an amount added tha t  gave the most 
efficient results. I n  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. I n  all the analyses except one i n  
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 dil- 
ferent wastes, i t  was impossible to include t,he monthly average of  
this deiermination in Table 24. A special table, No. 26, has there- 
fore been prepared to show the alkalinity or  aciclity as determined 
in individual samples. During February and March this table is 
not complete. Early in  March the laborat,ory a t  Lrlray was closed 
and analytical work, with the exception of the putrescibility test on 
the filters, was done a t  the central laboratory a t  Cincinnati, Ohio. 
I n  making this change the sampling schedule was revised so as to 
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i of yielding satisfactory results. 
(

TABLE26.-Acirlitfj OT alkaliniity o f  raw wastes and mimtures o f  wastes trealed 
dt~rinigperiod 5.  

Parts per million as CaC03. 

Spent Spent Treated tan and Treated tan, 
tan.1 tan.2 Troatsd tan.g boam house.& Beam house. hair wash and 

beam ho;se.s 
7-


Acidity .Zcidity Acidity Bicar- Hy- Car- Bicar- Ry- Car- Bicar- Car- nicer-
,bB,"$i: :;:::::;:%: bonate. drale. bonate. bonate. drale. bonate. bonate. bonate. bonate. 

1916. 
Peb. 2 ...................................................... ........................ 210 


21 ...................................................... .............. ........ 80 236 

Mar.10 ................ / ............................................................ 170 265 


17 ................1 ............................................................ 320 380 

Apr.17 1 076 202 ........ 1 980 .............. 600 600 540 ........ 850 70 


25 2'790 825 1,140 ...t... . 170 310 .............. 340 110 ........ 450 

29 2:390 1,125 650 ........ 85 180 .............. 420 60 ........ 560 


Bfay 5 2 280 650 ........ 400 365 230 .............. 290 665 ........ 650 

15 2:850 2,100 ........ 338 .............. 640 ...... 130 250 ........ 520 

19 2 800 1 540 (6) .............. 100 470 .............. 620 ........ 600 

29 3: 225 ...................... 680 110 ...... 175 145 ........ 450 


June 10 3,200 3::: (6) .............. 180 480 ...... 440 25 ........ 450 

16 2,400 2,390 ...................... 270 720 ...... 400 10 ........ 480 

26 2,350 2 0 6 0  ........ 410 480 200 .............. 320 110 ........ 440 

30 3,000 2:250 ........ 630 ...... 420 300 ...... 620 ........................ 


July11 3 200 ................ 800 140 250 .............. 130 395 ........ 400 


( 
2:375 2,375 ........ 125 ...... 790 .............. 520 120 ........ 

. j  
720
B 2,500 750 1,475 ....... 110 40 .............. I80 270 ....... 640 


Aug.  8 3,000 1,290 288 ........ 250 315 .............. 75 90 ........ 695 


1 Spent tanfrom rocker pits. 
a Spenttan fromhidewash. 

a Mixtilroof spent tanfromrocker pits and spent tanfrom hide wash, treated with limesludge. 

4 Mixture of treated tan and halr wash. 

5 Mlxtureoftreated tan, h a ~ r  mash, and beam house with ferrous sulphate. (For ratiossee Tablo 23.) 

8 Keutral. 


The acidity of the spent tan from the rocker pits varies consider- 
ably but in the average i t  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 yards are slid back and forth 
to rernore excess tan and foreign particles, this difference is readily 
understood. The wide variation in these solutions which, with a 
niixturc of half and half, would range from about 600 to 2,900 parts 
per anillion of acidity, made i t  very difficult to judge the dosage of 
lime to effect cornplete 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 ~ i i t ~  
in the beam house, and that i t  was subject to variations in the mois- 
ture content. I11 every case the excessive alkalinity of the lin~e- 
saturated hair-washing waste was sufficient to take care of this 
acidity and to produce an alkaline mixture. 

Tlic 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, ancl both carbonates and bicarbonates 
in the remainder of the determinations. The final mixture which 
constituted the influent to the settling tanlis contained after March 

I 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. 

-
TABLE27.-Acerage analyses  of t f l ~ ~ e n t s  f r o m  set t l ing tan7c arzd p r i m a r y  fi7ters 

1 dur ing  period 5. 

- TREATED TAN, HAIR WASII, BEAM HOUSE (INFLUENT TO SETTLING TANKS). 

Parts per million.e. 

-
Nitrogen as-

SO 
70 

EFFLUENT SETTLING TANKS. 

EFFLUENT FILTER 3 (CINDERS). 

ICBFLUENT FILTER. 5-C (CINDERS). 
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TABLE27.-Average analyses of efluents from settlir~y ta~rk  and primwy filters 
during period 5--Continued. 

EFFLUENT FILTER 8 (COKE). 

Fcbrunry .......... 0.192 215 .  .  I  . .1 . .... ./...... 1 3 1 0 3 3 0  ........ 

March.............. .150 251 ......I.. ................... ...,........ 420 ........ 0 10 

April L.............. .212 198 48 ............0.003 ....../ 429 2.50 ........ 0 25 

M a y  ................ 2 7 0  480 44 33 I ............ 2 2 6  ........ 0 1 8 
1
Julie. .............. .30S 243 32 0 32 .080 2 .0  443 247 ........ 0 148 

July ................ ,314 537 29 5 22 .070 1.1 492 ........ 1:l 20 

August............. .311 150 22 6 16 0 0 150 7.0 
 ........... 


Average........ .251 297 35 ll 20 .038 1.0 ....................
1 
- -- . -.. --

By moving the laboratory work frorn Luray to Cincinnati it waq 
possible to make rnuch more connplete analyses of the samples. The 
stability determinations were still made in the field, but the tinrle 
lost in transportation prevented satisfactory results from oxygen d\. 
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 tho spent tan Is treated with limo 
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 donlestic sewage, the suspended solids 
are about 6 times as great, tho total nitrogen 4 timm, free ammonia 
3.1 times, and oxygen consumed 6.1 times. 

The effluent from the tank in this period contained 444 p. p. m. 
of suspended solids. This value is 14 parts higher than the tank 
rffluenL in period 3, but because of the higher amount of suspended 
rnatter in the tank effluent tho reduction in the amount of susperlded 
matter removed is 64 per cent as compared with 62 per cent during 
period 3. The solids removed were largely minerd 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 fonn a precbipitatc, 
with the lime to  assist in carrying down the suspericled matter. The 
iron tannate exists in the colloidal state and that part which i s  not 
carried down with the suspended rnatter in the wastes escapes with 
tho effluent and is removed by the filters. The free ammonia and 
organic nitrogen also show reductions contparable with that, of tlno 
organic solids. As would be expected, the alkalinity remained con- 
stant. 

The removal of suspended solids in filter 3 was more or lws 
erratic and unsatisfactory. While foul. out of tho sever, months 



sl.10~ 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 

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 efluent, such 
as occurred during May and June, is another indication that tho 
solids were a t  least partly oxidized. 'L'he stability dropped in 
July to 57 hours with a 1:1 dilution owing to the increased dosags 
of tan liquors. During period 3 the suspended solids were rnuch 
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 reinoval of suspendecl 
solids, 63 per cent of that in tho influent heing removed, and the 
actual amount present was 164 p. p. m., as compared with 228 p. p. m., 
in the same filter efluent during period 3. This filter had seen less 
service than filter 3 and wss 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 

it will be noted that tha suspended solids contents lies about halfway 
between these two. The total nitrogen was about the same as for 
filter 3 but higher, about 50 per cent, than for filter 5-C, when 
corresponding months are averaged. The oxygen consumed is the 
highesl obtained for any of the three primary filters in operatio11 
during this period, and the stability stands, for the most pt -tJ, 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 Beep in mind the 
difference in rates. Thus it will be noted that filtel-s 8 and S-C, 
a1.0 fairly close together during this period, but that from May on 
they were both treating an appreciably larger volume than filter 3. 
Atoreover, a comparison of rates for the same filters dm-ing periods 5 
and 3 shows that for filter 3 i t  was lower drxring period 5, for filter 
5-C lower, and for filter 8 considerably higher, amonnting to Inore 
than twice as much. 

Viewing the results of primary filtration as a tvhole it may b9 
said that the efluent from these filters was ap~roximatelg twice as 
strong as an average untreated domestic sewage. 
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sand filters. Sand filters 5-S and 16 followed 5-C, and filters 7 and 
15 followed 8. The analyses of the effluents of these filters are given 
in Table 28. 

TABLE28.-Average analyses of effluents from' secondary sand fitters duving
period 5. 

EFFLUENT PILTER 5-S (INFLUENT FTLTER 54). 

LI 


?+ Parts per million. 
- -.. 

rii 

Nitrogen as-

Date. d 1 . 
.- * 

1916. 
February ................... 0.209 67 36.0 ...... ...... 0.004 Tr. 380 89 1:l 69
' B'ia~eh....... . ............. . .I88 40 38.0 ...... ...... .045 Tr. 445 76 0 240 
hnril ................. ...... .I94 28 57.0 ...... ...... .240 25.0 565 47 0 240 

May........................ .253 30 15.0 4.0 11.0 .520 34.0 301 30 0 240 

June.. ..................... -289 22 4.0 3 .3  . 7  .300 18.0 285 32 0 240 

Jnly ........................ .285 33 4.5 3.7 .8 .050 33.0 393 41 0 240 

August ..................... .289 15 6.8 4.9 1.9 .060 4.1 490 80 0 37 


Average .............. .244 32 23.0 4.0 3.6 .I70 22.8 408 56 ...... 187 

EFFLUENT FILTER 7 (INFLUENT FILTEIZ 81. 

February................... 0.186 34 38.0 ............ 0.160 Tr. 3 8  68 1:l  240 

htaleh ...................... .I45 47 24 0 ...... ...... .I60 Tr. 382 62 0 240 

April ....................... .201 20 29.0 ...... ...... .620 26.0 414 58 0 240 

May........................ .256 31 8.0 2.5 5.5 .370 36.0 371 60 0 240 

June.. ..................... .291 15 2.4 ............ .050 12.0 381 88 0 184 

July........................ .299 30 7.3 5.1 2.2 .I20 16.0 387 44 0 148 

August ..................... .301 15 7.2 6.4 . 8  .220 3.5 410 53 0 83 


Average .............. ,240 27 16.6 4.7 2.8 .240 18.7 390 59 ...... 196 


EFFLUENT PILTER 16 (INFLUENT FILTER 5-C).l 

IMarch. ..................... 0.186 ...... ...... ........................ ........ ........ 0 100 

April ....................... .I85 15 10.0 ...... ......0.1lO 7.6 189 42 0 240 

May........................ .304 15 .................. .062 21.0 105 ........ 0 240 

June.. ... . ................. .379 15 2.4 1 .4  1.0 .410 13.0 260 ........ 0 240 

July........................ .386 15 3.0 2.7 . 3  .I20 4.2 390 35 0 184 

August ..................... .426 15 5.2 2.7 2.5 .200 .7  470 158 0 70 


Average .............. .311 15 5.2 2.3 1.3 .I80 9.3 295 78 ...... 179 
I 

EFFLUENT PILTElt 15 (INFLUENT FILTER 8). 

Bfqrch. ..................... 0.182 

April.. .. . . . . . ..... . . . ... . .. ,185 
Nay. .. . . . . . ...... . . . ...... . .%O6 
3iino.. . . ........... . ....... ,383 
July.. . . ... . ... . ... . ........ .353 
August .... . ..... . ... . .. . . .. ,426 

1 luiluent changed t o  filter 3 June 22. 



These results indicate a wholly satisfactory efflaent, and they m7ere 
further confirmed by the physical condition of the filters observed 
during operation. 

The highest average suspended solids content mas 32 p. p. m., ob- 
tained from filter 5-8, and this figure includes results obtained dur- 
ing February and March, before routine operation was well estab- 
lished. It seems safe to say tliat 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 tho results 
clrop below 1part  per million. I n  this connection it should be stated 
that tho 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-S 
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 August, results in tlie above table with those 
rhown 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 hi&, so 
that an average of about t l~ree 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 organic nitrogen results in 
filtcr 5-S for the average between May and June and the other 
filters betmeen April and May. While this drop was not so pro- 
lio~rnccd in tlie 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 thoro was an in- 
crease to 25 and 26 parts, respectively, and in May, with the nitrates 
increasing, the organic nitrogen dropped from 57 to 15 p. p. nm, in 
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5-8, 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 
Apri l  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 spent 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 frorn sand filter 7 (9 
square feet in area and 3; feet deep), in  a largo filter, No. 5-S was 
constructed with an area of 25 square feet, and 5 feet deep. Tho 
effluent frorn the deeper filter was not as satisfactory as was an-
ticipated; in  fact the analyses for  the first two rr*oxlklls showed l o ~ ~ c r  
oxidation than the shallower filter. Tlie only difference in  the two 
becls besides the areas and depths was that thc sands were obtained 
from different sources. To learn how f a r  the diflemnce in the salitl 
might affect the results, filters 15 and 16 wero installed. IB'l~rl 
consisted of two 12-inch sewer pipes filled to a depth of 2 feet svit'il 
the same grade of sand and received the eauents from filters 8 and 
5-C, respectively. Tho 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 conlparison of the average monthly results for  tho periotlv 
during which the three differeirt depths of filters were in service is 
interesting. Filter 7 gave uniformly good results from the bo-
ginning. Filter 5 did not develop nitrification to  any extent until 
after several months of operation, while filters 16 and 16 gave ex 
cellent results immediately after being pu t  in  operation and con- 
tinued to give a satisfactory effluent throughout the test. The  two 
shdlow filters received settled waste during 10 hours, while 7 :znd 
5-S were dosed during the entire 24 hours. The  evident concl~lsion 
to be drawn frorn the results obtained from the operation of all the 
sand filters is that  a shallow bed of sand gives better results than u 
deeper bed. This subject is discussed further in tlle conclusion:i. 

The early attempts to purify each wasto separately ploved con-
clusively that  tlie spent tan liquors were too concentrated for trcut- 
rnent in  filters; the lime waste from washing the hair contained so 
much lime that  the sludge could not be removed from the tank5 
except by shoveling i t  out, and the beam house wastes contained i o  
much coarse material that  it was difficult to rernove the sludge 
through a 4-inch pipe. During the last period, February 3 t o  August 
15, 1916, all the above wastes were mixed topether to overcorne the 



From an operating standpoint the combination worked out admir- 
ably. By treating the spent tan liquor with lime sludge and diluting 
it with tho other wastes, to which ferrous sulphate was added, the 
concentration was reduced so that a stable effluent could he 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. 

I 

I 

I 

I n  the treatment and disposal of concentrated industrial wastes, 
which contain large quantities of suspended solids, tho disposal of 
the sludge is of extreme impox-tance. Throughout the tests at  kuray 
frequent measurements were rnade of the sludge deposited in tho 
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 sucll a condition as to mmit eco-
nomical handling. Tho necessary degree of moisture reduction anel 
duration of the drying period were tlzus established suflielontly closo 
to use in the design of permanent units. Investigations were alio 
mads to study the value of the sludge as an ingredient or filler for 
fertilizers. These studies consisted of field tests, on a small scale, 
nsing the sludge as a fertilizer in growing various grains, eLc. 
Samples of the sludge used in the growing tests were analyzed for 
those coi~~tituents which are of value as a fertilizer. 

VOWTMW A N D  ANALYSIS O F  SLUDGI!! DEFOSITED. 

A 

, 
t 

i 
I 

, 

XZudge deposited in, tan7c A.-During the time when tank A was 
operated, treating the leather wash or diluted tan liquor from tho 
revolving wash drum, three satisfactory sludge measurements were 
ok~tained. These results are tabulated in Table 29. 

1 

Y 

----- --. ,-.-" -* - - -c- - ..- . . -
liquors.

r ( 7 ~ i a ~ ~79-R7?1rJn~ denositod in tank A-Treatina merit tan and leather wash X 

I 

Volume af waste tre atcd (thousand gallons) .......... . ......... . ..-



deposited Ts 13.1 cubs  yards. Cornpared with sewage sludge, this 
sludge is of low moisture content, and consequently of high specific 
gravity. I n  physical characterisbics, 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. 

XZzcdge deposited in tanlc 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, aye shown i11 
Table 30. 

T m ~ n30.-Sludge depos i t ed  h tan7c C while opera ted  as a s tpara, te  unit. 

I Dec. 16 / Peb. 13 I Mar. 8 / Apr. 10  
Type of waste treated- to t o  to  to  

Jan. 5. Mar. 8. Mar. 26. June 2. 

Volu~neof waste treated (thousand gallons). ................ 112 118 

Average suspended solids influent (p. p.m.) ................ 751 

hveiage suspended solids) eflluent ( .p. m) .............. 555
-/ 1
~usmxnded so1idsremove6 co. a. m.?. ....................... 366 196 


Per cent water. ................................. ....... . . .  

Specific gravity.. ............................ ..... ......... 

Dry solids accumulated (tons per million allons) ........... 

Ratio ofd r y  solids occumulsted to smpenCfed solidsremovod. 

1 Hair washing spent tan from rockers. 
2 Computed frdm analyses of sludge at different depths in tank. 

I n  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 f i e  
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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141tring tlle period 1~11enhair w;~sh\\-as trcxtecl alone, in w,\:hicll 
k~eriodthe first three columns of the abore tablo are included, tho 
dutlge was heavy ancl of comparatively low n~oisturecontent. It 
R~ecarnecompacted in the bottom of the tank and was very difiieult 
to remove. I n  fact, at. one time, Apri l  10, it was necessary to cut a 
ilole in tho siclo of tho tank ancl remove the sJu~1goby shovels. This 
siuclgo was grayish in color from the lime; it was for  the %nostpar t  
liomogcneous and. smooth, but  contaiuecl a large amount of Iiair, 
rllich Frequently y a s  matted together in stringy Icrmps. "With tliesc 
cscey:tions the mass cf sludge was granular. Tliere, mas very little 
gas and praeticaliy no oclor? what little there x a s  beiiig inoffensive.-

Shortly after the lastShortly after the last ru-n was begun, spent tan  ITas added towas begun, spent tan  ITas added toru.n 
the n7Zliehn7Zlieh resirlied inint!ie hair ~ ~ s i s h ,hair ~ ~ s i s h ,  resirlted a sludgea sludge entirelv differentdifferententirely frornfrorn 
rhak previously obtained. This sludge was cl~ocolate,-broxrnin co lo~ ,  
ircm the tan liquor, and streakecl vith veins of grayish-~vhitclime 
seiliment. It ran freely and \.;as for the most part free from hnnps, 
tllongh there \\rere present slsnall stringy masses, I~eldtogekher by-
a h aa h a  murThe oclor was putricl, resembliilgThe oclor was putricl, resembliilg s w r  tan, andtan, quiteand quite 
o$cnsive. As isAs is s h o ~ ~ n  was con-was con-ofYcnsive. shown inoisture ibontent 
siderably higher, due to the addition of t l ~ ospent tan. The volunie 

in  the table, thein  the table, the inoiiture {&ontent 
U U , 


of the dcposit, 70.8 cubic y:trds per li~illiongallons, is too large too f  the dcposit, 70.8 cubic y:trds per li~illiongallons, is too large to 
lie accepted on the basis of one rwi. The actnallie accepted on the basis of one rwi. The actnal au~~onrztauuonrzt depositeddeposited 
niis probably nearer that  computed frona tllc clifference betweer, 
the solids in the influLent.and tha t  in  the efnuent. 

GZudge cleeposi8ed ifi,tadc 27.-Dnring the period covered by Tllble 
:iO, tank D was operated as a separate unit, treating tile beam-ho'ilse 
waste. The sludge record fo r  this 17-aste is shown in Table 31. 

TAB?^ 31.-Sludge deposited in tan76 D .~ci i i leo2)crcllcd a s  a scpwrale unit .  

[Type of wasto treated, beam-house vasta.] 

1 1eriocl (1914-15).Period (1914--15). 

Oct;. 16 to Jan. 5 to Mar. 28 to May 3 to 
Jan. 9. Jan. 16. May 3. June 2. 

Volume oi ~va';lotreate8. (thousand gallons). .................. 79.3 41.0 70.4 

\verago srrspondodsolids, influent fp.p. m.). ..............-.-1,024 686 

Averagesuspencisdsoiids. emuent(p. p. rn.)........- .-.I I 8;; 1 408

Suspcnded solid. 278 
Suspondedsolid, I. 16 
S:n~tgoaccumulatcd(cubic yards),.. .......................... 1 . 4 4  .'33 

SlodgeaccumuIated (cubic yards per milliongallons).......... 18.2 19.9 13.2 

Perernt wator. ............................................... 86.9 86.9 86.7 

Spemficgravlty.. ............................................. 

Dry sohiis accumuisted (tons per million gallons). ............ 2.10 2.30 1.66 

Ratioofdry solids accumulated to  suspended solids removed.. I. G5 2.28 1.34 

The beam-house \.;astc conta.inec1 considerable quantities sf lime 
?judge from the u11hairi.n~vats. There were also pr-went other Ilea;-y 

r ' 
suspenclecl solids, as pieces of P?shings, etc. lhsse are respon-

l10608"-3.9--5 
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sible -hi.i-hc liigll speciiii: c5''ai-Ety a;ud losv moi:;lure coi~terit sliol;,:~ - 1 1  

the abo~-e  I:~k;le, Tlmr.oughoui; tT:e acc~11:lul:~todPour runs tile sl~~c?ge 
remniiled -fairly constaaik, sa~lghilgfrom 13.2 to 19.9 cubic yards per 
x:zll!ion gdlons xild fro111 1-56tc1 2.30 tom of dry solids. Tile ra.tio of . .
t hc  sluclge acerin~~rlatcd i i l&s the suspended soiicls rerno~icdis agrm 
f 7  of the elif-a ro r  of the sludge nccunxlul:~ted. Th.s same explnnati<~il 
icrei~ccal,plies, ,k11e free lime in sol~eiionI~aviugbeen precipitatecl as 
ca!ciu:il carbonate. smooth a n ~ lPhysica.ilf, this shtdgc:1 ~ ~ ~ ~ s  free frnijx 
gas, It h a d  :2 unifor1-n d-arli-l~ro~vn color., nnc! a slight odor., prliigcmlt 
bti!; not uiTcusi;-e. 

Kluclge cc!~posiledin tanks C and D.-;Bft,,cr 9 ~::ls19, 1915,mheil 
turr!rs @ anti D mero eonncct:tci'r iun series ancl at12 three of t ! ~  pri1:cip:il 
wastcs \\-ere tleat,ed in co~r~bkna.&ion,the greater l3ar:t of t h e  s l u d s ,  
abo~i t99 per cent, was deposited in kaak C. From August B8?191.j1 
to :8ugnst 1,1916,approxi:n~.telyone year, 11sludge mc:.isura~-;lent? 
and cxanlinutioas were nlnde. During this period d:.l~el.ctio of spent 
t an  iiquor to hair-washing r~ilcllioi~mi-housomastes was varied, as a~liib 
be srcn bgr reference -to Tables 11,1 5 , I h n d  23. The areragc results 
of thcso rile:tsurernents, togethcr wit11 certain xaa,lytical data. en t l~e  
inlluent, ar:d eflluelat wastes, are recorded in Table 32. These results 
are by i'zr the 111ost ililportalit obtailzecl, ns tllcjl represent the treat-
nlent best suited for purifying avasdes from tanneries sinrilar to t h e  
one where tile tests mJere ntnde. 

,I
4 olnl rc111111icof n-astcs trcated (thousand gallons) 1,656 

S~lsy-)c~~ctcd in influent, taisli $: (TI .  D. m.)  1 ,  140
so!itls 

Slrspc'niretl soiitis i n  effluent, tank 13 (p. p. m.) 3'70 

Sl~sl?el~c!eclsoiiils removed (p. p. m.) 810 

S i ~ s ~ ~ ~ ~ l i i j c ~ I  3. 33
euiitls renlovcd (tolls per mililoli gallons) 

Slridpc. ;~cci;in~~l:ited (cubic yards) _------..---- '82. .? 

Slnclpe :icaci~!milnied(cubic yards per mil!ion gallons) --------_----_ '49.7 

I'ei- c>ci-,t :vt~trr 91.0 

i i j ic~if icgrar i ty  -- . E.OS9 

Dry so!iOs ucc41~r?,nlntctl (tons i)FI" mjliion gallcrlls) '3. 95 

ftatio of dry eoiiiis accumulateci to susgcmtled solids re~uovcd---..---- 1 . 3 7  


%!tc a~-erileevalues show abont Ll'i tin:es -, accurnll.-as fiiuch ~ S u r l ~ a  
1:ttecl ns is estimated from the suspended m.lcc.ttcrdetc;.uliaat;ioris, tl:o 
~ ~ l i n i ~ n n ~ n  having been 0.83 and the ~zzaxil~ium, ratio for one ~i~saltl? -
1.62. Taking tile average of k .11~dry  solids conten$ in the sludge ac-

c.ci\lul;tt~~l gsllons o f 
in tanks C azld D lo be 3.95 tons per n,iE!icn . * m-n$t,etl erited, I\-it11 91 per cent sf matcr and a spe:.;fle gravity of 1.04, 
there would be deposited 50 cubic yards pr:r million gki,,llons, or about 
5.2crtbie yards per dzy, Iron1 Li~e total d:k,ily flow of this tsimr~erj. of 
:ik~oritiiOG,000 gallons. On the !,asis of the nvzrage nu-nlbes of hide:.; 
taliiixl. pcr dayl 275, the :rxnount of sludgt: dcposiled per 100 I?ic?lcs 
n.oV1,3, <, Xx apr\r~;~xEirl:l,ic:jy 8cvc-r:ll ::n:~E~scs2 vrlkic: gnrtls. 11;ora:conk-

* 82.6 or ec i l t  in tniik C ,  10.4 per cent iir tc:i!c r). 

TI' 
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from tailk @. The33 aunIy-,cs were anxtlc to  deteri~~inetile fertilizer 
jngrrtliei~te,and 2rc Itlelrrclctl with the disc~lcsionof bc i is  1;laiIe ccd 

c l e i i h r n i i ~ i ~tlte ferlilizing value o f  the 5111dge. (See T ~ b l e35.) 
h/c ~ I J P~ C ; ~ G Z ; ~ ( { Zi?% t ) d ~ b : 1 1 , ( , 9 /  / O , L / C ~ -11)7'h( f f ! # l - i i q ~ l O ~  ~ T I % L $ -

illcriL { J f  tile ~ p c c ttar1 M ill1 Ih:e s indg~prei;nllnary to iLz 1l1ixtrir.3 
~ r j ~ h  a terolu~:?cof h'sv,clgc$.the ]lair was11 therc was prodlrcccl l ~ ~ r g e  
Phis tsunl; in which tha slr~dgesettlcd out as eo~iipar:~ti:'ily slrllell, 

lzar ing a cayncity o E but 68; gnBEons. This was tilled 1-Tth .,pent t . t a 1 ,  

lime slndze ncldcd to it 2nd ihcroughly stkrre?, ilnd t h e  p~*cc ip i fns~~ i 
a l i o ~ e dto sctLle o * ~ ~ ~ ' n i g l ~ t .  tl13 P~. ,~CIEI, I~013. certain t y p i a l  d::grs 
shtdga wa.7 measured 2nd nlin8yzxl for anoistnrc. i 

r 1 7 

1 I IP recurd o P  thew arlc:iiu~e"iilillts:ind ans~i\sc;is : ~ i \ c l ii n  T , ~ i ~ l c  1 I 

Ponn!ln of :irw sl.;il~eadded.. ........... 

.......... 


V O ! V . ~ ~  .....~p:,;,ttrut,rc:;ted ( E ~ ~ ~ I o I I s J  .......... 

7 i m o  q l ~ , < ? v nnww? cirv Imwq  lm ' s in~,>or-.,... "- - . J  

. \O^ I -- ' 
galloii).. .............................. 123 192 300 232 231 .......... 


SIud~caccumidaletl(cui~icfecl)......... 23.1; 13.54 41.71 2'i.SO 20.85 .......... 

S1a(?ooacc~irnulatc.( prr
1 (cu1:ic y:irds

m11liongellonu). ...................... 1,$50 0 I , l,lil 883 i,1-30 

Pcr ccnL mato;. .................................. 07.0 YS.9 93.7 .......... 96.3 

Specificgravity.. .. / 1.021 , 1.034 1.001 ..........
..................... .......... ...... 1.01G 

Dry solids,(to~isper r~i l l iongalio~rs): 

r?uo !....................., 

> \ < l ( i ~1 ,-cIY,*o ql:;,3,70 I 1 - ........ I - - - . - 


". ..,.....................,.-......-.-..---...... 


I)e!iositrO asslil-,-. ............... .,. ......... 3.5.6 


I 1 

Li-4 no:~ltl1w cxpecteil, tile iar;a,iionr in tlie compositizn of t l i c  

spe~:tt an  censcd large differcneec in the volume of sludge deposited, 

I ,Iho \~.i-i.igh!t-c& fhc file rcqult.; gives %bout 1,300 csr5ir:arel*sge of 


art15 O P  s l ~ ~ d r ; ~ ~ ,  gal-
contninlxlg 35.6 tons of dn.1 solit2s per ru:iliion 

lons, 1% pcrn>anmltplant to treat :dl the i ~ ~ a s t c s 
o E the te.nslery 71 0c11~1 

h a r c ~to c n i ~for 14,000 g:illo-n.; d ;~i lyof sp'c~lltail lici:lor under pr&.-

cnt nj:ciht:ng condjtions, so t h ~ tthe slitdge accilrn~tIatlorl t .y~idd 

:ti?:orn?t to lfE.7ctlk)ic ytrrds 3 d ~ y .Jl'iQhlarger bar) s for  t11c sltc~z?-

line .;i";::'rgc trenivx:.ullt in svllicb the res~rltrrg sludge could is2 3mld 

till i t  hzid becer~iemore dense, or  if this slaidge \TWO ~ i ~ i x e d 
with dh:rt 

d r . : l \ ~ n  I ~ o l i ltile main settling tnnk, it could Le brougl~tto a water 

c~nte116ci abol-xt 39 per cenL alld a spccii<c gravi ty  of about 1.04. 

rn r 11j3 .;could rcclnce the voltxnle of slndgo from 16.7 cubic yards to 
: ~ b o ~ i i5.7 ex,bia -yards per h y ,  or ul)proxiill&tely 2.1 cubic yards con-

tain;;-p : I C f  E- r ie , tnc l~dry saI'scls per LOB lticles t:irl:led. 


**,, ..,..,.,,li2m.C. 
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chocolate-brown color, was homogeneous and flocculent, and flowed 
readily through :L 2-inch pipe. There was a faint tan-bark odor to 
the sludge when first drawn, bv.t at no time during the drying period 
did offe~zsfve odors rlevrlop. 

Ts detcriIline the Ie~gi -hof time required to dry the shtdge lrom 
the various settling tanks it r n R r  drann to beds prepared, as alreacly 
clwcribed, and the time recpiretl for  the sludge to dry to a spildablo 
c.unditio11 was recorded. 

Table 34 gives the nekults of tirieie tests Inpoll si;lJgc froni the 
tanks during ~3;11"1:1 ent perioils of operation and r~ndc rv:t.rious kinds 
of weathex-conditions. 

1 Wct \'oather-rain or snow. 

2 Llcavy limo siudge: had to be s h o ~ ~ e i e d 
out throngh hole cut in 1;&. 
a Cold and s~iol;~. 

The first seven ~ u n srecolded in the a b o ~e table .i\ ere made during 
the iirlie nhen each w a ~ t eas treatcd by scy>uratrc l c ~ices. Fo r  most 
of them the ~ a t e r  cctnter~tof the applied shndge mas appreciably 
!over than when ttlic Bastes were treated in cornbioat,ion and con-
tained nnuc11 of tho flocculent precipitate formed by the reaction be-
tween them. Tho water cantent of tllc sludgo of the combination 
rlaeatinent,aberages about 92.5 per ceiit. I t  i b  probable, liox:<e~:er, that 
111 larger tanks this could b t  r e d u c 4  tc  about 90 pel cent. 



conlbined wa~ tes  are treated, ancl 6.7 cnbic garcls fro111 the tank ill 
11hicll the sl?ent tan is given p re l i~~ l i i~a ry  treat~nent  with lime sludgc. 
rt would be necessary to handle 11 cnbic yarcls of sli~tlge daily in tlie 
cipcriltion of a plant caring for the entire waste fro111 the tannery. 

Considering the results obtailzeil dxaring the \\inter rnontlls of 
January and February, i t  ~voulcl seen1 snfe to ncsnine th:~t sli~clgc 
beds a t  Euray, Va., could bo used the year. rol~nd,  and that  even during 
the -orinter inontlzs 20 cl:lys ~ ~ o u l d  educe tlie wet sluclgc to suflice to 
ivcll n state of dryl~ess that i t  T\-ou!d be ~>ractical to remove i t  \\-it11 
sho~els  and haul i t  %way in the  ? a m  type of wngon tha t  is 
l o r  Ilat~ling ntanure. With a daily tleposit of 11 cubic yards, a11c1 
;,llo\ving a period of 20 d a y  between closes, the total sluclge to be 
taken care of at each dose ~ o u l d  be about 220 cubic yards. Applied 
to a deptl! of 12 iucllcs, there \~oulcl be required 5,400 square feet of 
.,!udge Itcd ;Ire:% or x bed 71- fect sqnare. This d r j ing  trcatv-re~t 
~ ~ ~ ~ u l c lbring the sliiclge to a co~lditlonin 1v11ich i t  could be spaded 
and  shox-eled illto wagons For fin81 clisposnl. 

Tlierc is also the possibility a t  this tanllcrg of handling {he sludge 
i1-i tank ~\agoms ~ ~ i t h o l l t  ,a plant could be de- prelin~inary clrying. 
signed n hereby the slndga nould flow directly from the tanks into 
a x~-\-iigr)n,:inel in the tests tlist are to be coiltinucd a t  the tannery iL 
is pliln~led to compare the cost of hauling the slndge di~zcct froill the 
tanks as clrsmn q i th  that of drying i t  on beds, venlo\ ing it, and 
hauling the dried sl~~clgc be farm.to 

The Deforcl Co. has-e hail  in L3.e for several ?pars t:~o settling 
ponds, one 100 fect and the other 6.5 feet in clixrneter, For removing 
the solids f r o ~ n  their wastes. They are usecl alternately, one being 
in operation \~\-hile the other is drying and being emptied. The con?-
pany OWES a large far111 011 which all the sludge froni the ponds. is 
r~tilizecl, and the results have been so satisfactory that  their farm is 
prod:lcing more allcl better grain than any of the land adjoining. 
'JPlrcy ];aye foullcl it raluable not only for  g r o ~ i n g  grain anid hay but 
lfi  lnulcbing apple aticl peach trees, of \~lzich theg- have several thou- 
~ancZ,all in excellent condition. 

q-o deternlille the comparative value of the slliclge taken from the 
settling tar& in g r~r i l lggrain n it11 alzd without the kludge, :L strip 
of clay grouncl was prepared containing sewr::l arens of 20 square 

eac!l. TIlcplo{s were planted in wheat, corn. ancl oats. Six plots 
nc:e clevstcd t o  the nixe;it and oats, four of IT-l-riich lzad fertilizer 
rkc{dcc?,TI l e  rpnluil1ing two beiljw curitr-oli. The fezlili:r,er. n a i  acl(lc.tlh 

the Jlilis of corn, ollc plot, b a n g  l i lec!. Tlze 1:lanti irr endl 01thr: 



bod&carno I I ~ )r,t abovi the same time, brjl a t  LlLc ea~d of ~\T;E) rnec!~~  
Lbe Celtil~zcclllili. sl~cwc-litrovlger g r o \ s ~ l ~ salicl Fron~ that  time on 
niain^Lai~aeda 'uctter grosrth, bu t  r~nforlunatelyan extremely dry LC:,-

son ret in and er en vibh vvate~ing the wheat and corn did not develop 
to niairxity. The osks n@rc 1701 afl'ected to thc same extent a i  t!le 
wheat and corn uncl tbc  re2ult.j showed an  ij~crease of 30 per ce;,i; 
in ti,c fertilized plots. A pir,te;re t:ilien early in the summer, repro- 
~ L I C C C ~in Plate 111,shorno the tliffctence in growl11 of the co;.n, k112 
ttnlcrtilizcil s.o.r~~sbeing on Illc end and llle Pertibized l~illi; in 0 h ~  
micldlz. Tlie axuontat of d-rg fectilizer used on an acre basis w:ai, 3; 
arid. 41 t<>ils;Stit tile c2iscasaicn al;oi-c refcli  ordy to the larger quan 
t i ty as ii, 1 ~ : ~ son the plots usicg tlris nnlount th'it the beit rcsul ts nre,cl 
oblnined. 

'd'hcre is no clottlst a; to  t!lc rn l t~eoS the solids removed f r o m  tttn-
rlery vp. i" tes  as a fertilizer, especially for  clly ground. Coizlpared 
a- :ih ordlnt~ry manlire futiliser-, they rank highr than stabla: 
xnanure, pouncl for  ponncl of dry maicrial, in d l  the essential con- 
stituent? except po0t-,sii1l?, 2nd tllc prerencc of the calcium carbonali, 
in the tannery sludga is a distinct ndvani:ige. The followiny 
analyses of sluclge show the con-iplcie results of several de.i;errnin:>,- 
tions and in adclition an ;kn:tIj~si,s01 hor:;c manure lalieii from Ohio 
Agriealtural Experiment Station Ilulletin No. 24G9 page 222: 

I 
I 1 Pcr ccnl dry hasis (100" C . ) .  

i>atcicf analysis. I 
Nou. IG,SY1.5 ........ Tank C . .  ...................... 86 3.5 1 O.S%1 0.56 1.3 ........ 


.................. ........................ ....... 

&Tar. 2,18!6. .............do.. ........................1 23 2 . 4  .47 .22 ........ 2. ti 

Apr. 28 1916.. ........... do. ......................... 2% 2.8 1 ,4Y .3Y 1 . 3  2.0 

3fny 2(19lti.. ..... . I . .  ...do.. ........................ 2% 2. G 1 .43 .38 ........ 2.6 

Junc XO,LQIB.. ..... .'.....do.. ....................... 28 2.5, 1 .72 .10 ................ 


.Do.. .......... ... 33 . 9 ~  .R2 .27
Spcnt tan,  l imo-trcatcdsl~~dgc ................ 

n'ov.6,1913.. ....... LLorsc mau!,re, including litter 1 .  ....... 

., 
1.7 / .26  1.50 ................ 


P i

L he $gut-cs g i ~  Ille ~nalgses  ak~ove for tank C cover z, perioden i : ~  

of operstion cxtefiding froin November 16, 1015, to June  30, 1926, 
and g i ~ ~  fair average for the composition of the solids in thea ~ e r y  
waste ever 811 extc-ild~d period. I n  conip:irison with l~orse manr~rc 
snch us is cbLaine~Ifrom the ordinary horie stable the avert3ge of 
t a rncry  shdgc rcsalts shows slrvrost Lwice as m c l 1  nitrogelz, and 
moro thnn t~ r i co  as r?.lucI: phosphate, but only about om-Eo~~r th2s 
much pctassiunl. 111 oclclition t11cl.e is n high perccningc of litr~c 



1ai:ci itwl:iclr ~ i l b ~ t  recjulrc.~~:19-1~-3 direc{;l2-oi-cr bllc;;: of E;::,?.. 

Tilere is always it sinrill. aanorln"; of hair prcserii, in tzii:sj.w~tgc., 
which it impossibl@to rslnove, so il; is not Jil;ely this, niabl.ialwi? [ 
fiiitl a ready market as a Gllcr for conrnlereial fertilizers, bul; tlreri. 
is a ~>~~~i ik l iEi tya mariick being de-s-olopd ill tile naipllhoibltooitof 
wh~ri: i;lii: tannery is iocxted. 111 soirle co:npxri~tix,,~B;e:;ts t o  di.c.rr-
llrino tlie v;tloe or' diEercnt kinds of f e r k i i i ~ ~ i . ~tI!e Ollie .Zgricnlt?r:,:\i 
Exper.iment Station, in Cixcnlsr KO, 96,re~cairrrr:ea<~cc~ ('Ot;i.:c u.;i: of 

bons of 1-ai'd ~naiinreper asre erery four years and tc:;is slio7;l-r.rn 
that ~ 6 t htl:e zddition of lixr~eto tho nlanure tl1el.e vq:ls a good I . ~ L I ~ L : ~  

over t h e  ccr::t; ni' i~pplyingtilo liille zi.i?.rl li;a?:liibe. %hing  &iic:,otest!; ;I': 
a basis and cs;?sidea.ing the liaiie zklreatly present 4~:the ~vnste, t?r:,. 
solids from a ta,n!~erysettlilig ~jcandor disposal plant will. he a t  Be:ts$ 

ciru:~carbonate, was tile excess added to the spent-tan liyiiors, and the 
l a ~ g eamount fo~il1~1sllox~squite pplaialy t j l t d  it ill be nccessargr Irr 
large plant installations to rnix water with the slacige froiu tlno 
liirlii~g\ - a h  til S ~ r n la \v:~tci~' before adcling i t  to  the spents~~spensioii 

was necessary. 

WASWING PXEITE~XS, 

a_'p to  the beginning of pcrioii 3 t!~e Gli-crs ~+*l?Lcll C: LitSnue.c3.l ~ ~ d  

in opsra"ijsr~to this time h:tcl 'Sam i:~si!rvics more than :t year, a 


cloggccl. To learn how m ~ ~ c h ,  tho solirk c:ol!ccttdof i n  the. fiike?; 

eoulcl be ~emovedl.by flu.sl~ingtllc beds -cvit\l water, xrrnngr:nents 

-\vcre n~.;in:!~~ ~ ~ i t h  011 September I, 1915, ko rlie
the tniinerg c.:~ter 
fro111 their fire protection punips for  washing tllc filter::;. 

Filter 3, j:l]ed nrith cinder:; sc~ccned to remore the d i ~ s t  a:>d Rao 
particles, ivas fioodecl v:..;itltwater for 1-2 hours. Thf: fi;-sdi \ i . : ~ s ? ! ~ t ~ g ~  
were &.i.]r-co]orccJ, contained a large a~norrnt0-L" Iz'!'aek pa~:l't:'d", 
a1qcl had a sligr& @dorwhi& epilsted only when tho fi:.sl: writer c:an:c 
t,hr.ougia. d.t the e ~ l daf the washing periatf {,hero ws3 no si?diirrerri 
iii the water no color. The rolds in tli~etop 1ap.e.~of- cinia?:lrs 3. 
fcot dova y;Cre and, as Ulr, bed ~ " i . 2 , ~  fro:nf r e ~  j"in,;hc:! 

- 7

tEre for minxlees a t  the end of t%e .w: ;~s~~?~I ;sfemla p e i l ~ t l~had 
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1 1 ~ ~ srcstauocl to its original condition by washing. This bed mas 
operateLI for  aln?oit a year after this period without showing tho 
canle arnsunt of clogging that  took place up to this time and tho 
j~iferencc is t?lnt the wspendod matter in the i~zfli~ent follo~ving 
period 3 -,-, as in better conclition for  to ring and nriloading. 
rnIluterial in the cinder beds shonld kje v\.a~hed once a year, and the 
wash ~v:iter either settled i n  separate t a d i s  or ~?u~?lped  back into the 
main settling tank. 

Filter. 4 (-r,rir~kitngfilfcl) Ilaci ~.eeci\~e~S the settled cfllrent f r a ~ l  
the hair--8vaihing rl1:tchine for a lorag tii-i~e prcvioris to period 3 

llad become so c l o ~ g e d  with hair and iixcrn~talfons on tlze hair 
and stolle that  was'rling ant  the clogging ruaterinl hccame a very 
di%cult matter. Ts open up holes t h rough the  upper B inches re-
al~"ired a ftill stream tIrroup:l% a 43-inel1 hose under CO pounds pres- 
sure. ?17hile fiooding wa5 suflieiellt to  clean oltt filter 3, it  required 
the full force of the nozzle yrcqiure to clenl~thiq filtcr. After 1 7  
holrvi waslaing this becl v a s  practically free elf clogging material. 
The e~idence  obtained d n ~ i n g  the mashing of r31Ic filter shows con- 
clusively that l\-aste containing large amounts of hair and caustic 
114n1e can not be treated on sprinklilzg f i l te~s  on account of the in- 
crustations. Filter 3. treating the hair-vaihing waste over n longer 
period than 4, did not s h s ~ v  the same amount of cloggil1.g. 

Filter 5 (coke, inch) TTXS flooded for  I$ hours with n7r?ter, ancl! 
al l  the material in the voids of tho filter were T T R ~ ~ P ~out in this time. 

The  even size of the coke permitted a domln\~ard fl114li that  rzt.rried 

rliost of tho solids away in the first i e ~ ~  
minl~tec, but in ordcr to  
.tart tho filter in period 3 as free a. posqjble fro??r the accumulation 
of fornler periods thc waching wa. continued f a r  1: hours. 

Filter S (coke, :inch) \\as washed in the same nlanner as 5 ,  and 
tile rcqulti wele the <;lme. The mathifig 11-2ii coutimce4 for  one how,  
but 90 per cent of the soli(li.; IT ere reriioved from the becl in  the firit 
1.7nLinL~tw. 

From observatjans alade a t  the tllilc the filters \\-ere svaihecl it T T R ~  

evident that i t  mill bo practical acci perhaps necesary to Wnsh out 
cinder filters q i t h  water onre a year. The tjme the filters: mere 
treated \ ~ i t h  vi-ater \~:li:nlucE~ 1ongc.r &:in will bc leqi~iredin prtxe-
tite, as nt that  kirne i t  was desired to get the filter.. in a.; near their 
criginal concljtion :IS pociiblo for a n e v  peliocl. Qrig i n  the spring 
VI ill be the b e ~ t  time to wa+h the filter.., as the oxid:ttion ~vitllin the 
beds is 40nest in the cold lviontbs ancl therefore the nccunlnlation of 
kolic!s i z  greatest, and mllen life first begins to stir in the clepoiit i t  
en11 be Illore c2sily cletaclled from the filter xlledium. 

&itthe Close of tile teiks :dl the filters in service n"ere exzlllined tc, 
cieterminc the extcnt of r*logging. Filter So .  3 llacl an :~pp~.eciab!e 



aho11t 6 inchei;, ancl below that  a eonstanlly decrewsing 81~101111~to 
tllc botto111, Tllere wos no srlrface clogging. I n  the 111iddle of  the 
bed theine was some odor, enough when corlsicleretl with tlle deposit 
to aqilll-ile tllat this brtl 7 ~ a s  ~vo~lc ing  11pto capacity, but with ~.vash-
ing oncc :L pcxr not I ~ ~ y o n d  its capacity. Fiitess 5-C axid 8, in oper- 
) I ~ ~ O M  ofa little less th~xll one year, dicl not show the sarne arr lo~~nt  
tloggi~~ga s  Ko. 3, biit in tt general way tlie contlition of these filters 
can be s a i d  to be the same as KO.3. Whcn disriiantlecl all tho filters 
has1 carth~~on!lbancl other forms of small lvorms wid bugs scattered. 
thrst?gl-llouLthe upper lialf of the beds. In the spring and ewrlj snn3-i-

1l:er Jyorms and bugs \yere 11111~11 nlore i l l  e v i d ~ ~ i c erban cluring the 
~ c ~ i o i lwhen thc fillers ti-ere esnrr~ined a t  "sic close of the teits. 

Tho su~nniaaized conclusions from this portion of the invssligation 
%illbe brought together in xnotlier portion of Il)is rcpori. in order 
t h a t  tlze detailed seiults of tlie other. branches of the investigation 
may fir5k be prcsentcd and the conc.lnsions consicler.eil as a whole. 

CONTINUATIOX O F  TESTS I N  A LARGER U111'. 

There are certain features of the problem of purifying tiillne~'y 
wastes that  can not be clefinitely determined with small test nnits. 
Tllc general principles upon wl~ich the clesign oP a treatment plaizt 
could bo made having been established, it seemed advisable to ve13ify 
the results in a f ull-;scale plant before cleeiding tlefiriitely upon the 
best type of settling tamli, the necessary depth of the filters, and 
the most advantageous rate of filtration. 

DESCRIPTION O F  PLANT. 

h preliminary miit for the treutn~eilt of 10,000 gallons per day 
of combined ~ ~ a h t e  tllerefore coi~structecl a t  the Deford C0.kwas 
pInnC at TJuray, Va., by t31e Deford Leather Co., the Leas & McVitt~'  
PO.of Salern and G. R. @over & Sons of Elkton, Va. Its design 
1\85 bated Prpon the results obtalliecl in  tho experimental trsts. I t  
('onsisted of the follo-cving cleviccs: 

(1) Storago tanks for  the spent tall liquors. 'Tbese wastes 
were discharged a t  night and duplicate tanlis 1Ter.e re-
quired to hold the spent ljquors over for  treatment dur-
ilig the entire 2%hours. Each tank as 113 by 6 by 
31 feet deep, and there \\-as a doqing apparatus, con- 
sisting of float valve :md c o ~ ~ ~ r o l l i n g  \ a1.r es, att:~ched to 
ille outlet piping from tho tank. These tanli~,were :ilsa, 
ubeti for  trerting tllc spent liquors 2:-ith tho lime s l ~ ~ ~ l p : e  
from thc urlliairjng %at';. The bottom of each tank 
sloped to a sluclge outlet pipe. 
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( 2 )  	Y ~ i otLmii\,,eacli 1; IsJ- 2; by 2 Pec~ deep, 
b i r  ucted for  storing nud applying tile f erroils 
solutior~to  the waste. Their \Ttls installed the I 
ifoaf,arid x7aives for colzt~oliingthe arnouat of iron so 
tion added to the waste. 

(3 )  ,I 	settli~zgtank, 20 by 8 feet by 11feet clecp, was provi 

tvcrc pro\ icled three 6-lncll sludge outlet fripei, and 
lirottolr, of the tank was slopecl to conccixtvake the d r  
ucar ii>r_.sc piincs. There wns one scurri "hafie ac:.os, 
tan!< mitiway bctween tlie inlet and ollllct pipe;. 
inlet to  the tank was a trough zeros-, tllc t a n k  n t  
top nnqi t h  outlet was a %inch pipe extent1 
the ciii! n nl!, Ci fcct 3 inches below the rap 
A flo:jt i-;lve aLtacliked to the s i ~ dof this o~ l t l c  
con"zlollcr1 tile rat^ on the filters. bnMc mxll 
row o f 1-kc11 l~oles bored tllrough it levcl wiC11 the 01 
pipe mas set in grooves i a  tllc bottssz~ax<! sit1 
tank, 4 fcet 4 inches from tile encl sva11, to ilo!c! 
back ant1 to liecp thr slndgc from piling VQ :k 

ou!lrt pip?. The level oP Lhe waste i n  the t: 
dosrlr to witliiri t foot of the outlei pipe durir, 
the tannery is closed down at night. 

(4) 	Sipkoii box and sipl?otz attachecl to the onllct h o i  
set!iixtg tank to corltrol the rate on Clm roughing 

(5)  	Ronghii~gfilter. This filter is 42 by 30 feet 
cleep. The  material ~o~~nprisi izgthis btcl is blast f 
nace ilap, varying in size from to 2 incl~es, 
iilnterial predominntirtg. The total depth of fi 
rnatarial is 4 feet, and the total d~?thof the bcu, 
e l u d i ~ i ~:he tile and coarse stone ~ ~ ~ l t l c r d r a i ~  
fro111 5 feet aL the outlet to 4; feet oak t 
~ i t l cof tile bed. Xhc naste is appl;cd to 
Iiic:lns of tr'ougll5 on thr siIrface. C11:iler.; ~vorrld11 
been prcfeiablo Tor tllis filter, but they coultl not be 

sl:lg, \J 1 8 1 ~ 1 ~  available wikhin 30 miles 0% the t a m e  W:IS 

.;\ nq sui?slltutcd. Tllc slag 7 \ 9 5  pornus anrl t l~cre3 

srrl-lrcicnt snzall material in it l o  rrtnin the solid? in t 
w:rste. 

( 6 )  A\ sip1:on cba~nber and bou were in~tz l lcdf o roceire 
w:>sic from tho prclirninary filtar and apply i t  t o  
.,,in(: filters. 



80 feet in area and 2: 3, and 4 -Eeeb tlceys, rcsl)ccti\,ely, 
r 7Ehe bocl:; were separated :LC tho stirface by %inch p1:tl;"a.r. 
nailed to posts set on tllc i?ividi~?gliuic., The vinstc is 
applied by i:~>ngIlssct on tlie snr.f:~ce of t1i.e bcds nl~ci 
supported on posts, :lnd tllo :inionnt e:~eilheti receivei 
i s  nreasureil by weirs ill the box rceeiving ?he i l iucl ia~~g,~ 
from %he'siphoa. Tiii: sand ~isetllras an eilSe6tia.c six;:. 
of 0.1 nnd :il unifsr~i i i t j -r-coeiXicieilt of LOG. Tlrc umicr-
clrain.ge, consisting of f a r m  bile c o ~ a r e dwie'l.i apprasi-
n~atelyA inclles ef coarse ancl fine stone, is not incl?~cl.:>.tl 
i j l  the: clei,khs o-f tire beds given above, 

(8) Sludge beds mere noi 'inci!:dcd in tllc or.igin~lc!c-:g , 
i)iri will be i~zstallkJlater. 

P'hi~,1)lant ~ a . ;piit in opcr n i io i~July 15, 1947. Un-foriunaiel: 
it sr:ls ncceLc6:r.gto dic,contil?ue l i i e  sciontifie stlpcr\-isio~~ -01this 1: 
~es t iga t io .~  f : ~ \ n rcf nlow inupoitant war nctii\vitiei, Tb-, plnrn. 
nas  tlleleforz 1,laccd 411 charge of" attend:ini, and h:is bc:n opcl-
ated co~z t i~ !uov~lyto  clate, Jiinuaryi, 1919. 

Fi.e set, of corllposite s:uup!cs TI et c :in:~!yzctl ( luring July :I?. 7 

hugnit,  1917,ant1 during the last four izlontkli of 491P, a serie5 cP 
10 co~~lpoi;ite~anl l j leswere t . 3sent Lo TVashingkon and i i~bn~l t tc t i  
p ~ ~ ( i x 1  11 i s  ap-cua:~ljqation. T11e results are sllovn in Tuble 36. 
parent illad- tlrc plallt is capable of continnor~ss,ttis-i?actoryopcrntirra

eet ~;znngclnentas is rendily lwciible :tt any t s n n e ~ y ,under S L ~ C ~  
t1r-

[!'arts prr rrliiiion.1 
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EXPERIMENTS AT HAPFNEE BBOS. TAI6MERY, CINCINNATI, OHIO. 

Tlie results &\en  in  the preceding section of tliis rcport nere 
obtained from stetdies made aL a. tannery producing as its principal 
product belting leather, There gre, however, many other grades of 
leather made nhere the same kinds 01 raw make~ial  are used and 
tho processes ef manufacture are similar, bnt difieri~rg in certain 
detail<. depending on the dvuallty desired i*r the finic-lled product. 
Soia-leather tannerlez, for  example, r m s t  procluce a leather than will 
stanti the Ileexgr friction of walking, while belting leather must be 
pliable nl1d Ilr111. I?ixrnc~: leather has other clistinetire chsmeter- 
istics. These s a i i a ~ ~ s  leather nre often made in &he same gasdes eC 
tannery, and :LS the proceises sf ~nant r fac tu~eare practically the 
sa:ite, i t  .ei-orlld he exg>ectec% that  the wastes prccluced ~-otalcl also 
be sin~iltzr. T h e ~ e  ~ t i s ,however, so much skepticism among tanners 
c:n this po:i,t that  it seen~ed advisable to repcat the tests conducted 
a t  zha Deford Leather Co., Luray, Va., at  another tannery where . .
suu;llar raw pilaterials were used but a different grade of leather 
medc. The  HTafE,er Brcs. Tnni?ery, located convenient lo the 
laboratc;ries of the ITnited States 1'1:blic Health Service in Cinein-
nati, alialme ha~ness  leather, ant1 a l~hougkthe wastes froin this tan-
nery are disdlarged into the city sewers and will not require treat- 
ment, the ovners we1.e irxfficiently interested in the subject of tan. 
nery wastes' purification to cooperate in  further studies at  their 
tannery. .i2, testing station was, therefore: designed on the basis of 
the d&a obtained tho Deford Leather Co., and coi~structed at 
tho Raflner Bms. Thnnery a few il~onths bcfore the Luray tests 
xverc? coi~pleted. 

The loc:~tion cf the tannery in Cincinnati n n s  not as favorable 
for coneiuceing ttepti .,as that of the lZePord Go. a t  Euray, Va. At 
the latter place the wastes were discharged from the t a ~ n e r y  in 
different cutlets, and there v a s  si~ficieutfa l l  between the outlets 
and the cJitcEies and pot16 receiving the ~vastc. to  opernte the various 
tanks end filter.. by gna17il.y flo;~. Ad- the I-Bntlner Brris. Tannery 
811 i.11~washes are collected in  a manhole unc;l.er the hide Iiouse in 
thc rear of tile t anne~y ,  and fronl there discharged through a 12-
inch semen into a nnanhole in the city sewer En the qireet, about 50 

(74) 
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feet away. It na9: therefore, neeesqa1.y to rernore a portion of the 
tannery sewer, install n 1~~1rnpingbox, itilcl C I ) ~ L I ~ ~ C ~ ~ O I ~ S ,:tnd 
pump the waste:; required for the tests. 

'The total I o l t~~ l l e  setof n aitps discharged ITas measrrred by a ~ v ~ i r  
in ,z box in the sener line, aacl the 17olunle of the indiriclual .;v;~stc.s 
vas detcrnrinetl fro111 the capacity of the t:~nlrs eniptied or by measrir-
111gthe discharge fl-oul those processes where there \\--as a continrious 
flow. The  total average diiily volmilie of waste discharg~cl from 
,iug~~st,11916, to ,hugust, 1917, mas 58,400 gallons. The  average 
n11n:ber of hides tanned daily for the pcriocl given above was 163, 
:mil the number of g:lllons of lTaste per hide v:es 350. I n  ihe  tests 
~rla~le the a-tTernge nurfiber ofa t  the D ~ f o r d  Leather Co.'s Taniie;.y 
gallonls disclzarxgecl per hide iaillrecl daily v a s  385. The proportion 
oC the wastes discha~~ged from different processes a t  tlie two tanner- 
ies, however, slto~~t-cd Tpron~ the bean1 house at  the more s-ariation. 
1faRner Bros. rb'aline~y thew were clischarged 235 gallons per hide 
tanned; froin the unhairing machine 55 gallons; fronr the roelier 
pits 20 gallops of spent tan liquor; and from the r e~o lv ing  drum 
~iseclfor  riniilig the tan liquor off from the hides wl~en  reliloved fro111 
the l ay -a~my yard, 40 gallons. Tlie eorresgontling volnnies dis- 
rhargec! from the Deford Co, were: Bear11 liouie, 238 gallons; hair 
rrashing or  waste from unhairing machine, 86 galloili; spent t an  
iiciuors f ~ x ~ m  rocker pits, 46 giilloils; rinse water froin hides removed 

horn  lay-away yard, 2 1  gallons. The  only significant \-ariation is 

thc difference in strength and volulile of the spent tan liquors from 

the rocker pits. This  subject is discussecl in detail later on in this 


astes \\-ere trentecl in the ]?l'oportioil in ~~--hichthey viere 
discbarget1 Sroslz the tannery thr-oughout the teqts, exce1)t for  two 
period. ; one in August, \-<hen the plant was started in operation and 

io of the ipent tan liquor treated to the otllrr va5tes v7ns less 
than the discharge ratio From the tannery; and the othcr fro111 I Iarch  
2L to April 10, 1917, -\\-henno tan liquors from tlie rocker pits were 

. Ferrous sulphate \\-as also adcietl to the ~ ~ ~ a s t e s  a t  tlie rate 
of 10 grains per gg;tllon tl:riniql!out the period of the tests, exc*ept for  
the interval b e t ~ ~ c c l r  Fr.l,lu:lry 1and 16, 1017, \I hen 110 iron solution 

'6"n storage l,e~*iod in tile ietlling ttinli, colupntctl on a clisplllce-
n as 4 ho1lr5. I,i~t thc actual :leielition was about two hours, 

as cietrrnlineti by the Icngth of tin^ recyliiretl f o r  dye solutions to 
pass tllrough tho tci~lli~.The cleter~liiilarions made a it11 the I-illhoff 
settliiig glaises indicated tlaat all the sol;cls that  IT o111tl settle out of 
the influefit IT.;er- remr,vecl :it the end of two I~o:~rs, tliid In the analyies 
of elle efiIuent frol l~the tnnlis it \\:IS fo~ri:d t l ~ t  ill? scltleable soiicls 
ncre recluced 95 per  cent. I n  large iastallutions the tanks can be 



compl.izh in. -Ule lest tztnk, 2nd. a ilig1lc.r per cent rerr:c;\.:r 
f o r  the sc3ttleable so?icls nllny obtained. B!oi*ewaste w 
In tile ttrnics than cvas i~sec!611 ti12 illiers, a s  i.';wizs &:;ire 
sil!ficlc:nt wxste in tlae taliks to obtain a I x ~ g e  voii!me of dildge 
rllensnre~;len/-,ancl t,reat~iient on drying beds. Tlie outlet 
sett1irl.g ~;:.;:I*~cs -was st snch ail clevatiola thto the filters 
wastes n-ere stored in Llle banks d~ i r ing  the daytime to operate 
fillers dlri.illg tile I$ Ilours Llie &~tu~ner:yw:~sclosed down each day. 

x .  

-\ o dii!'lcii:t.~ was experienced in remoi7ing the s1~1dgefr 
t]ixlg tnnks ii:rocgh the J-i:~c!l s!t-idgt: line. 7.'!ie sll~dgedr 
bods t o  a i-pt;."lsblecondition, ut.lder average iveaiher cbo 
20 to 2s ~1%:-s. 

r- 7 . 
~ ' V T C Iri?Ctig!iingfikL(:rs 17-erc operaictl, one filled with cilriil 

over a ~ut.;-h;~LF-in~hscretm, and tlie other- filled wiih eo 
biz:: aboui: c;rie-Ila?f incln. Tlzefirstone is refer3:ed to  in the 
a, and Lls:: second - as fihtcs.4, 5 feet clccp exclt~slvc Et.:nclifiller - 3 ~ ~ s  sf 
~iuc,Icri!r.c~ins.h o  changes of any kind were made in tlnese gilts 
tJ~n.oughou'ithe tests. They were, Ito\~e\-or, covered wi t  
ir:g the n,jriter of 1916-17, and they ??;ere ivas!icd wit11 water 
clul.ing the time they were in operation. 'Rkie rates were 
both filicrs, the influen~swere from the same settling 
2 . 
r R T  t is  possibje the)- were operated in the  saiile nlianzize 
The c*i~?derfilter, however, gar-e more s8.tisfactory res 
sallci filter receiving the effliient fro111 tllc cinder filte 
re5~i l tsthan the one receiving the cElPluenL froin tl-c co 
wcigllteci :ire:.:qp results of the operation of these 
gii,en ili T:tble 37, wbieh is tt sun~marysf Tables 45a n d  16. 

jWci;:ilied arcm::es: ~iiihlylicnl~:a!nc:: i :~parl,s pix million.] ; 
___-.-_____I_____ /____-

I I drcI (~nr i c ;  / Co4o 
filter EiLp-. 

I n  c.s~'i:il~xtionof t l ~ ehigh ~l;tuificutionin ihesc filters it shov.1d 

lie 1-t:lted that the 1.c-ultc, coyer only Llle n!orrtlzs of i%pril to  Deccnl-

her. lril'l, i ~ l l e r ~oxidfition was a t  the i\ laxin~unli n  thc beds. Dwiing 

the preceding winker ~nolalInsthere was no nitrate in tlje cilinc~t. 
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, I . (Soe 7;nblcs 15 anii $-L.) 
diffwenco W:S :!pparenriiy diic Lo tile size 0-f i l l e~ o l  fiitcriilg 

Elaterial in the two beds, bak r:xi;hc-c to  tile co:upol;ilio:~, Tilcrc: w:ss 
no~iccaF~teodor o-f Ilydrsgcn ~illqil~itle:it the otrtict from the etalcl: 

fiitel., and i-hc outlet pipe was li~lecia ~ i t l aa growtl* b n v i  ag the u.sit:el 
l T l l i t i s l l  o1):tlcseent coloi. ei~::rt~crelisl.i::sic in fiitsr-,I::sf tile g:.o;\,tlls. 
i ~ ~ j l i c f lI1!-tlrc;gtn wlpllide rs for1:ied. IT'insllii~~S,i:is G2ic-i. ii-iili \\.:ttol. 

fro;\: the t,op ;tnd thl'0ilgil thl: ~lrid~l'<il':~ii'.:jilr~provet'ithe cyinliij' o-; 
the eiEii~l:t f o r  slliy t~ sh0l.t tirnc. T1iex.o \\-a:;no oilor of an\- E.i.iil:i :I.: 

the outlct from the cinder filter*7 a i d  tho gi ,on~t i ioil the  eiulh!: pipa 
nd bottorii of tho fi ltei. \Y:LS p ~ y i s l hill coli:i^ ~~- i t l i r ?~ i t:la)' tr;!ces of 

the 1d19te opn!e,scent coloring that  co\~ercc! the uiil!t.rdniiri::go and 
utlet, pipe from the colic filtcr, The ~l:dercl:::iri:;~i: frcai:~the two 
lborc; nns tho sanic, a ~ dthe esail:in:?tions nr;lde a t  thc close o:C thi? 
its iniiiciii:cd there \T:I~ no poclicg over the boktoiii (;C either of t t ~ i  

Tlie rc?ujr!~il~g-filters %ere e s : t ~ ~ ~ i i ~ c d  t e s k  hna t  tlic (%loseof- tl:c 
;tt c:iieilt that n~ateriralreinrs.~edby tlicse Eltcrs iiacl. heen 
the beds ant1 15-~uCtile con(?itio~rof this m:iter.ial vxs. i n 1  

t i la uppw 2 feet of tho cincies filter there was a considerable deposit 

of wet kit not  watery solicls with an  odor somewhat resel~ibiingtan 

I i l':e!ow \.,his the acci~i~inl:ition \\-as dryer :ind bail the  odor of 

i u n j i ~ ; , ~  as in. spr.inliii!lg filters.
a l though not so pronon~~cct l  Tlicre 
wre  i10 ~iTtxsil,-e odors in this iiltcr. 111tile C O I C ~filter, owing tr? 

the, ilic;rc <:PC" body, n larger prc~port ioi~of tllc retained znnterial ll:t<l 
-ic-o~.liccli n t s  tho filter ant1 tlaere \?:as a. s l id l t  odor of tlydrogen. sn'i-
p h i d ~nczy the ~:iitldlede:ptii, Tile loves. half co~tainecl lilore il-ia're. 
ria.1 tiiajr t31e ciacle~filter, and it 11ncI less tkie appeornnce :l;~doifor 
o! hiirurts. appearni?ce of &he'interior of the t ~ o  . The  p11~'s i~al  beds 
ii?d;(:>ttci!that  the cil?$er filler ~ i - : ~ sin t!!:: lii03'", sf , t i~fa~tol:y 

A "  

C O I l i l i .  'all9 
but thcre 52s not e n s ~ ~ g l i  to at!-r.El)lrtetlzc fori~-i:elin;-iof bay-ditfi.re~?ce 

droge~lSII !phide -to the elfffi?l,ence;:I the ~li;;i;Piblttioi~
of the :IL!S~ICII:ICII 

. I t  hecliis rno1.e l~robrtl)li.t int  the ca!.re -contrii)u':ed t i x  s~ i?  

7'hci.c.TT-RS :111 &fijiti:~tneeof small kjngfi, ~ ~ I S P C ~ S ,spiilcr:;; and \ \ - ~ ~ ! , t > : ,  

1 iili:@rs, particula?-ly ill the  sprit~gtirne. Sintill Ijro-,ira s~! i i 'crs 
c{l n t  intervals il l  large n;llnbers? n:lcl the littio gr.zt7 i i j r  CO~::-

sp:.iFll<ling filters ~ $ 1 . ;pr.csent hu t  r?ot il? s:~cl?n~x:~iburs: 1 ~  

are tlhonr; tIlu latter. vcel,e -fori?ltl only in sinallE : r r t - [~ .>~~or j~~s  
R, bl?,t there .*I.eyerr7:ln-y n . ~ i ~ ? ~ r t o  The  sinallf o r n ~ sof n.or.jns. 
zter. sprillgeail of gecus Poiliurs 1%-asabnndant n t  all 

they were diutr;~:lrtei~ beds nlthon$hthrollgl~ont t!te ~ i t > S t  

I near tile surfnc?,. J\T)li]cthe s:iwne spec:ri of orgnnisnl..: 



cinder filter. 
411 ali the: teits rnnnclc ijl tile t lm ciolii~lentof n ~ c t l ~ ~ d .for purifyin? 

irrctr;ilriztl nfbstes time Elaw ny:~:earrcl in tilo rot~g!li:~g filters largo 
lrul~lbers of small organisms, especially in early sgling, and eoinci- 
rleint with their appearance ii~crexsed nitrification within tlre beds de-
.ielnpecd, n\  ;ndiccitecl by the analyses of samples oS the efnuent. It 
wor?ldt appear, then, that the cllaractelistjc odor of the stored sus-
i,e?irled solicli in  ilie beds, conlmnonly referred to as  resembling l-t~xrnus, 
is due in large nneaqnre to the ('worliing o l e r "  cf the solitls by th3 
~:igriadiof org;tnisnli oklier~ obIe nith the nllicra~cupc and with the 
r2;~Ired eg e s n  the filtering anflterisi, 

Tlie lolrghing fiitiri \I cre covered ~ i t 4 1  a layer of SLXJT, 6 ii~cllc 
t luc j r  rind s i~ppc~ , t cdabort G inches ahow the surface of the be 
to ,ieveuC frcesing of the r,pper layers. This lllethod proved efiicierlb 
cind :r?,exy,enii\e. and in northcri~ climates i t  ]:lay be required t o  
urerute filter. p l a ~ ~ t s  du ing 1lie \~i?-inCentiiae. 

The obser~ations made so f a r  on the operation o l  filters made of 
csalse ~nuteric;i ~zrch as cii~clersand half-inch csire Rle that, wlien op-
eraticg efieicritly, the cppcr half section of tlie filter acts as a strainer 
to  reniove the suspended matter, and the lorn-er i ~ n l las an oxidi~ing 
rnediunz. This conclusion was formed h.olil tile condition of tlie 
ronghiiig filters in the two t e ~ t i n g  statio17s operated for purifying 
tannery waste and the cinder filter Tor treating stranboard was 
I n  all these filters there was a proncunceil c?!ffer~cP*in the store 
organic rl~atter in the apper arid lower qectiorrs of file bells. Near th 
?nrface, :~f te r  service o f  six lnontlls or ruore. t!le sli5pended rrlatte 

CIrnd the ch:~racteristie odor and phy~icnlcippearancc of that  in th 
c1iUncnt from the settling t m k ,  .i\-ll;le near the loottol~l the accmnu 
l~tcd ntaterial -cT7as floeeolent n-hen c.i;spended it1 ~ ~ a t e rand smell 
rllbre like freihiy turned earth high in organic mailer. 

It 11cis fnrtller Ic~lzned i? the ope~.aiinll of ihe.e Glcers that ~1 
cvcr the tollectic,n of -nc-pe~rded 17il:itter in the tipper layer5 of th 
filters became so tliieli that it %as forced dorm Lelow the upper lial 
of rile beds, llbcn t?lc eRuclit deteriorated ~ n d  odors do f i ~ n ~ i v e  
5 eloped. TLis condition was a~o idedloj observing t!le effll~ent, an 
gushing the filter ~ i t h  water a t  the surface ant1 tltrot~gb the undcr 
tlr:~inh 17 h e i l ~ . ~er  the xna1yies o r  phycital condjtio~i of thc filtcre 
~li-akteind:crted the filter nu. becorrling cl~okcd. I n  large treatrliell 
12121nt. it IR;LJ be necescary to flw.17 the b ~ d s  in this n a y  twice a jeal  

once in the e a ~ l y  spr;r,g ziitl again late in the Pall. 
TITOv ~ n dIiltcls mere operated. One, Xn. 5. re(-cired the efii?en 
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T I  e . ~xv;-illcll:all tile fi.lters nwc operntecl ~ a r i d  f r ~ ~ l ) .  

200,000 galloils per. :ic.re per day for the  i5m.s'~ lllree luontlis t o  
lG0,(300 for t!:c 1:tst foris.. l lu r ing  t h e  Intc:r.vc~~ing!line nlouths the  
~sxtenveriigeil about i:ii3,OUO g>allonsper ircre chily. It wns dewlon-
rtraietl tl\:ri~.?i.+ first, t11r.c~ l~loiltiis of t h e t  it11 t!,etile 	 ~ p i i r n t i o ~ ~  

h'
wzrstcs coulcl be in  t11e ~ I . T ? P O L . ~ ~ ~ I I R~ ~ ! i i ~ h  n7er.ep~tr i f ic~l  i t1 they 
( I : ,,the ittrger! i"r*c~i!l tjle tajmel8,y:it 1bntcs on the filters of ?00:000 gnllons 

I J ~ Yacre per &y. The  colol of ihe efflne~lt,lioli-evela, 17:~s a-ery lligll, 
:iilfithe rates were rec1t~cc.dIn ::n ei7'oj.t to  obtxin :?:I eElnent i-e!~~i;ivc"~ 
low in eoior. Iiedrlciag tho mte ,  in S o ~ e m l ? e r ;to 150,000 gallo; 

l ien par :icre ctailyl reilliced the color in t h e  case of filter 5 from 400 to 
the 220, :tnd of filter G from 410 p. p. 111. to  170. in ,%u;;-~trst,.-iL;?g:iii~ tlrs 

Iialf color in illc e f l u c l ~ tof fil'cer 5 was reduced. fr.ori; an average of 113 
de- in J:dy lo 92 p. p, 11-1.by lov:eri~~gtkc  lisle to  103,000 gallons pc:r 

and nerc dally. Irl filter (it-hel-ewus air1 increase in the  nTclr:lgc color f o r  
ii1cr- lhupl~st,hut C1:e follo\\-inrg lnontlls s i lo~~-ed  rcclcction.considesable 
ered 'Jhc results of the cl:c~~licala i ~ a l ~ s e s  1ver.c cl-itiuely of the e f l~~e l i t s  
)lent 	 sa t i~fac i -or~ .During February, Jliorc!~, and >$axilof 1917 the 
year, 	 11nilcrtlr;:ina~cof 1,~otil filters becnlne badly clogged o-v\-il?p:to in-

~m6cientslope t o  tile bot ton~sof tllesc fillers7 ant1 as a cousec]:~enee 
i h e  resl~ltsfo r  the threc li~ontilsnre not satiijfilet~ry :is tile otI:~t~s. 
During the  last five ~ n o i ~ t h sof operatio11 t i l e  biochc~~licalosygeli 
demand and tilo color were very ~oTT~, \ . ,particninrly in t!le efllneilt 
frcxi? filter 5. D~rlsJn~thi:; period samples ttziiel~ fro111 l~Oth filters 
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:Li113 hicubxted ;nethylcr>r: blue, n.ithout clil~ition, :for 6j.e d;ij,s, I!( 
Y;ere no t  dcco]ol.ixed. TIie iuoutiilg arcnibge %fialj-SR? for  G ~ ~ C Y S  \I. 

5 al?dG arc. girrn in Tables 47 and .4S. ir 
I+;:c~ic:~iiJ~<.logging t6001<plilco o : ~tile surfnee of 'ella S:L~~[I ti 

li]ters, :litho~:,g!: t1rer.e 1v.c-rzs a hal'deitiilg the silrface 1;~perl,\laT-re- t c  
quirctl ;.al<iilg 'iTitll 8 gi.,rdelz rake break it v.1, aboul m t e  evc1.y 111 

tlvo ~,~eli::. -1 Jayei. of s h r a ~ ~  11C inchc.; thick wa,s supported :il)oiit 
1 foot r;X,o~-c tIie sand in each bed to pr.c;-erit the silrface from Freex- 0 

ing. co\-eriilg :.~-a.i; ke11.t over tlie beds from DccenL:er 14, 1'316, 0 

F"cb~:ral-~.2-4, 19i'7. TT!lc?i t11e straw wus ~.el~!rrvi.il,thc y,~astcc; 8. 

TTere s'L:kni7:lcgin tIie farrows n?r\ile v:l!en the cowring T a s  placed, I' 

to  a cleptl.1 of about 3 inches. SO~IICprotection will be required in I ! 
ciimat,es rrhcre t1.1e winters are seycre, to keep the sand filter beds 
-f;.o~-ilfreezing, especially on ancl !~olicI:~ys ~ i - l~cn  11S t i i ~ ~ l a r s  the tair-
ncries a x  c:?osed clown. This subject is cliscusscd in detail. in t1.w t 
cor~c~lr:.;io~~s. -i 

Ir? l - i c ~ rof  the high!:; sztisfactou;~rei.i:lt~ obt::jne:l -Ci.ox;q ille saa~d i 

flliers o;~ei.atc.tl:it the BiaEner R ~ o s ,'Ta~~li:ry ~vXlea treilting t !~e e 

~~as t e : - :  to the Ao~v frnix tiic tannery, t!~c~-o a;].- tiir p~~oport io?? v - o ~ ~ l d  

JI~;II '  to  Le 110 firrtlier doubt as  to ille l)vueticabi!ity of the method t 

uae(1. 'it t:i?lliC'l ' i~~ the voli~r;~e t
~~11ex.e a?ld strengfll of tjic spctlt t z r z  

liclnc,i..; clis::lia~gctl arc rreatcr in I , r oy~ r l - i o~~  t
to the other n-:istes L11:in 

'cliosc at  i-ilc PlaE~:er Bros. Tninlcry, tliece 2i.e t:vo co~tz'sesopen to 1 

~?rcp.?,.e{hi: 17-88tlis for the treai~nerltraet:omrurer?tierl ab0l.c : Tlir: ii~:id 7 

is to rctinct: tile anlount of spent t : : ~liquors djsc!largccl, rithcr by 
c ~ i ~ : i j - ~ o ~ ' i ~ t i i ~ ~ :  tlx: stroi2gest of those ilisch:irged, it t t l i l  rec~i.eril~,n o:. I)y 
17sinpt!icm c~:ltilPlie strengtli is reduce&; tile second is LO p ~ ~ i n p  I! i~ i . -

ficjcnt $1-xter to dilute tllc spent tail 1iq~loi.sso they will be arner1~l1le I 

to  t i l e  s~s t e i l )of tyeatment tha t  lins bee11 dle~eloperi and ciei~aonstrnted i 
in these ~i;i</icq. 

-7- -
A-3%PEOCFES OF T h N N I I C G  EIDES AND WASTES P89DPICCD. 

Irz oriicr to :!rake tile rei;i~lts ohtailled from the ol-xratiolz of test-

.ing stni:ions for trettting industrial  ~vas tc s  ax;ai!iiblo, for other indns-

tries s i m i i ~ rto  iE~osen.1ier.o studies are iiniltle, it is essel-rtai t o  rcr:ot.d 

the processes of m:xilllf:tc:ti~i.e i i i  c:tcl~case tlnd tlic .rol:lnle of -castes 

pl.otl-iic~ed. 17-irhorr! this info.rii-latlo~~ and 1-lnsafo
it will be d i f i c ~ ~ l t  

to appjy ::cner:hiy tile ~.tl~i!!t;obtai~zei! from o:le mni~i!f;tct.!~ring 

p1:lnt. 


I ' I Ib~ I-'liM'T:?,>t O F  !l'.\liX IXC;, 

r'-
111sTI:rFi'nc.r I31,cis. T a ~ i : e i * ~iii:rire 11a~i:e:;slcnthcta i'roil~ co~vliides, 

n i ~ d  rri~lllrr tllc Defoid. I,c~;~tiler('o. n-lio rnalio sole le:~t!ioi, - F i ~ ? ~ - i i 
t!io 

lieatLs au !  LeIliei;? they inalre all of the hides into 0110 prod~lct. Tho 

h i c ! ~irre c:.st p!:lced in tnrrlrs of clcaan i;-:r.ti,&r to soak f o ~ '22 to 36 
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Iiorii,:., c l ;ep~~di . i~g  tiieir 2:iltI tll(Jn rC:lI~~C:Ion coilriitiotl, are ii:\fi 

to ~ O O ~ S  ~ z L , ' ~ x  v;";jcre i!ley sa%!.i.ecl for 1% liou:.s. TIleof water 
liest operation is to riua klio kliiie;; tlirangii the unllniring nlne!:inc, 
~vlierethe hail. is remoi.ct2 liilcl ~\,:~s]ied?)j.jets of n.:lter th:r{- yIt:y 
ocer ihe rellcr of the innclliile. Tlieg :ire once in3l.e so:i!ieG ill a l ~ o o ?  
of fiedl jna'ici. for 12 liours, arid when rcnloved tlley are fies!lcd 
a id  placed ilz a bate of pigeoll manure for  10 xlinutcs and :ig;~in 

~'"O""""?"'"l'cr'. 

Tan i i q u o ~loitciied from oak b:irk a t  tile tannery is u::d for i:rn-
iling dlle leatlier. After tlie hides hayo bzen Hesheil, pu t  t!waug!i 
tllc hate, arzd riazed! .&llcyare trii~?sferred ̂Lo the rocker pits, nllelse 
-(he:; are f i ~ ttreated with dilute liquor asad late^ lxil!\ solutio~liiof 
iilcreasilig rtrcilgth until they have come in cont:ict wiih the strong-
cr;t Ilquors rise6 -in the roci<cl-so From tlio rocker:; tllo pnrtially 
tnnnckc! I~iile:;nce tuiceu to  the l~ni id le~s ,\~:iln.e tllcy :cgnin pass f;.o~na 
the 't~cakestsralt!licm to &he:;kro~lgest,:and iinally they arc3 tranhfe~r3d 
to iiie lay-a~xayyard i ~ h c r e  they i.c~~l;iici in strong liquor. until the 
t:t~ining precess is eon~p!eietl. S b o ~ ~ t ;13kllitys ela!)se fro111tlie kin12 
1;lie hiclcs a1.e placecl iil Ithe r i i e l i ~ s~iiltilthey are re~;ioa.ed r o l u  tile 
\rats i n  the lay-nn-ay yari!. 

If srill be obser.veil, tl~erefore, t1l:it tllc prcpziratioi?. of t'ho liltics 
for tanning and the ta,nning procoss itself Lire practier,lly t l ~ c  s ~ i i l ~  
in principle in  this tannery as tho56 nsecl ill the '1Deforii Leai.i~erCri., 
L u ~ a y ,Va., :i:~d klle des~~iptio11 at tile !aiti?u pla,i:i-,of the i l ppa ra t~~s  
gi;.~n in P~;ir.tI :  so nearly applies to tile II:ii'Yi~erBros. 1)lnnt tha t  tlo 
f r~rlhorde:,cril?tlon will he gircn. 

There arc tii fforcnces, ho mever., in. t l ~ coper:ii,ion of tlir: !r o  pl,2:i11i-i-i 
that are 77~~g'tjiy dt Cincianati there is no :gresi;r, rcn-  of mention. 

d.ering at khc t::~.nnery, the hair is less t l~orot~ghlg 
wnshei!, the hi&::; 

are treated ~ i r ha bate of pigeon manure, there is no 1:leticbing donr, 

as all the leather is colorccl before leaving the "Lxnncry, and the hi&+ 


r 7are started i-i.1 \v\.ealrer liq11or:; in the roc:cc,r pits, 1ili.s item is 
.the o:l]y sigllisc;knl: cJift'ei.encxe in k?le ol?eri~tioaof tile t%*ot: i~a~~eries  
as aI-Fc:etiiig the m~tstes disehargcd. 

jV1S'I'E9 PI:ODUCED. 



a l e  1114 wlkitci fro111 klenclling leather, and thi.; conlpnny 1rie pigeo~l 
Inallure ;as li:itc, .r\.hic!l has  1x0 collntei. m b t e  a t  the Deford Leather 
Co. The u-clr;me of -c.aktes from both these Cources is not sntlicient, 
Ehc\\e-e~er,to  nlaterinllp :\iTect the ~;~-obleiti Tlte ~ ~ a ~ t e sof treatment. 
pr~."bca*~~cctl be briefly clrseribed a5 Follosrs: ni:;p 

Bj.(a:n-hcuie tcactc .--'The nxste fro111 this so1,rce is matle up of the 
w ; t H  \Iaten. f ~ o ~ i i  tile green Isicl~.;, old lirile.; or  exhaus&ed lime solil-
tion, i i ~ i ~ lwash water fronx the floors. 


i4ii'ii;~g 2 ~ " ( 1 ? ( /cnnta;i~inq 770  icr?~i?;~?g arc t n o  
solutions.-Thcrc 
kciirl*ees of wnitcs i~-ielric!cd in this  c l i ~i\ion, the 61~t frc?r~lriniing the 
precn hides nben rciilo\ed f~o:l i  tlic c-oakb, rLntl tile -,ecolld from 
t; zciiing the hidc~s afCer pasqing through tho r~n!luiring ~nachilic. 

Si'asie / tTo7,b ~7~h~tig;irg~i~clchinr.--Tl~is l ~ n s t c  is 1it:lde 11p of the 
a ater ascd to n a-h the 1i:~iroE from the u~lhairiiig 111achiilc. 

hpcnt tan 07.  ( hausled tan 7iyliors.-These ccini?it~tf,eihc 11-calicstA 

4iqucrs in thc rocker pitq, aa:5 inc11,cIe all vai tes  of this i ~ a t u l c  djq-
elrargcd fro:^: t7)c tannery. 

61;??se ~1.atcrf i  027: ?t i t ics rc <novctl f l o m  2cty-ar~clyyrl d, TIE iliitrs 
n lie11 reilzover0. frow the lay-allay y;:rcl %rep!:icecl in a ~*euolcil:g 
(7rrr+lanc? 17 fslitcl t o  reniove the tan liquor adhering to thein. This 
u a ~ t edifiers !ram tho preceding i n  tlinL i t  contains a small an~oixr~t 
US S ~ ~ L ) I I F _ "  diluted ~ ~ i t h  I ~ ( ~ I I O ~ L ,  a large volume of clean water. 

rv-7 
i I L E (li~';<i<in~iithe wastes as giren above is i;lore or l ~ s g  ar.b:tr:~?y 


eticl is intenilecl oalg for  locrposo of eo2nparison TI i t l ~  pro-
tl-ie ~ ~ a s t c s  
d~:ced a"L~1-tragr. kn clescribing the diEetent kinds of ~vastes p ~ o -
drlccd fsmn the latter plank it was possiblc t o  take ezeh waste sepn- 
7 ntelg, nq it \-,c.5 disehargcd through a separate ontlet, but at  IPaffner 
BIOS. il a7 i ~ b  Llie \mites in the ta:~nery, etherueceisary to ~ l ~ e a s u l e  
in) rz t s  er :ts diccl~xrgeclfrom tho machines. 

TI:e Idcal>~-lionsen asks  ancl tlie rince a-aier containing 120 t a n  
iiquors are practically tho sarvle a t  both kannerbieq, but at K4nray a 
e cirrtinvous r ~uxiiing stream of water n as usecl instead of washing in 

at: viSh a paddle .~rrheel, a5 is cloire a t  Cincinnati. The -i~aste Prom 
the ntihailing I ~ ~ a c h i n e  is the same i n  cl~arxctel Iro11-1 both tanneric~,  

In-it the Deford Co. wash the hair mow thoroirgllly, ni~tl consetynently 

li:.~vea larger ~ o l u n l e  of this waste. Exhnnstecl or  spent tan liquors 

c*c\iA1efrom the rocker pit., in both tanneries, bct  PTuffner Bros. ex-

IlCtust their liq1:ors to a much greater extent, and the ~ o l m n e  dis- 

charged is xccordir~gly much less. The rinse water from the lzides 

taken frail) the lay-away yard is of the same genera! character from 

1,oth tanneries, in that  each washes OR the liquor cnrriecl away by 

the hides on rerrsoval from the "in ~ a t s .At  Luray. howevcr, the ex-




1 3  

,, 

til~oog11t l~ '~11  ill the hides l-idve sonkctl overnigk)t, n t e r  1:lrich 
~ilrilea t  Cialcinrlati the hides are titken fuom the i-ats i r ~  the luy-
\i' ~ yj i?:c't. :il!oc ed to drain, a n d  1 iased IT ith a tont;l~noirs flow of 

n d e r  in R revoI~'ing&IUI) 

J L  nit1 bc ob~erveC1, tiierclfo~e, Llizt the t~-l)c of \T a\tes ~)rodnced a t  
tli~--ctwo  iarineliei, i b  l)~':tcftic~-~llythe sarlje, but llre characteristics or  
co,ilpo-itisn vary in those items illat are limit impcl r ta~~t  in t l~ese 
s t ~ l t l l e ~ ~that is, the JJ xqtes containing exli:u~.ted or cli111te tan Iiqnurs. 

DEXCBEPTLQW OF TESTING STATION. 

The testing ci:rlicl:1 n,zs located in ille mar of tlie t a n n n r ~ ,  or1 IJrop- 
crty o c i ~ e t lby the park tlcpartrucr~i of  ilic city of Cincinnati. 

Tlic elrangcnlent of the te-t units, uifice, and pulnp ltouse are 
~ I $ c j vn on B21atcs -1- a ~ i d5. Plate 4 L ~ O J I - 5s side ien- of r!?e testjng 
~tatiuiiand the year of JfnA'ncr BSros. Tannery. I n  the lo-wer left-
ItitvtP COI'I ' IC~ of 161ate 4 is ,s-;llo~;.n near thellie clEic.. al:cl tlie k~.~ildiiig 
iellce n t  the rigilt, .with only the roof showialg; is tile pump house. 
A t  the rear of the inclosilre is s \mall b~rililingtlini pox crccl the upper 
il;t!f of t!lc part of tire ~ p ~ t i t  settlirlfi iaoks ,  :? tail <toi.agc tank (end 
pi ejecting o : ~  right),  n cir l)o:.res zrnc! co~~1rol111~g Thist l \  iiies. 
hni ldi i lg  m-as hc~tecdwith ao oil ctovc 6nr i l~gset-cre \\ratlier. Im-
r~!cdiarcJ~in front of the buildixg are the two roughing filters, 3 2nd 
4~ al.rr1 belveen 'r1ie.e filters andl t l ~ e  p t m p  houqe itre the two sand 
filters. 3 n!:cl 6. Tile force ])lain froiii the pui~lp  i i  sho\vn passing 
over filter 6 and bet~veerl filters 3 and 4. In  the f a r  cor:ler of the pie-
t;lre, at t!lc lef t  of the building oi~cu tile iett!ing ta~llts. arc the tsvo 
sliidge beck. 
In i l ~ e\~-aitcwas pc~:~pecl ii7l-o tile -veil. box, nieasured, 

ali(j the spent titi1 Jiqlior R I I C ~iron sollltjoil added a s  the ~ m s t e  entered a 
in 	 t]lc first qettling tank. p t ~ r t  of the cfluent froill I h e  settling tank 


m a s  treated on f i l t e~s3 amid 4, nildl all of the dfi~lentfrom these 

j 3 1 1  

filters JTas nppliecl to sancl filters 3 :~nd6, SO.2 n orlting in series 
C S ,  

with 3, and So.  6 n i th  1.lJ' 
)TS 

?X-

is- All tile wastes froill the t a n e q  are dist811:rlged into a ~llallhole 
les talldty tlie beml ?loi~c,e,rind the sewer h e  fro111 1118 inanhole rtanc 
Irn ancler the n o l t h r ~ c 4  corner of the tannery to a. manhole in ihe street. 
by Thi, liilc, rtlnning :>bout 12 feet below the l e ~ e l  of the ground, was 
?X- tapp~d10 f c ~ lfror,: tllr north all of the tannery, and !our lengths of 
J d  sewer u PI'C TCIXO~P:?. wooderz box, M e e t  t\-icle, 4 feet deep. 



634 

and 8 feel long, -was set in tllr sewer lin~e and col~ncctcd~~p~ " t htlie 
end.; of tllc .-es.;cr pipes vhere i1.c pieces TT-ere remore~l.  The box 
conlainecl s t i l l i~rg batlies and a neii. pinti: for I ~ ~ P ; ~ ~ , L I Y I ; ~ ~  the di,i.!aarge 
from the tanner?-, i ~ ~ ; d  \7ai 2 feet iov*ec ?l:sn t ! ~tho b o i l o s ~ ~  i r i x  ee.8.of 
.klle seKei.. Ili30\ e the box a wooden bilildiizg ~i-ns S fe?lt o i l s t ~ ~ ~ c t e d  
-rc.iGe by 10 feet J ~ l l gal?cl 12 feet high, ~kpproximakely oae-half 6110 

k,ui!iii~?gv:~; in cxc:t\ ation. ,2 2\-inch cenCri€rig:~i piuilp ~1irec.t-
co~mccte~l  gasoline engiuc was Iocated on a con- ta; a ~ ~ - h o i s e ~ ) o \ i - c r  
crete Poui;diitioi~ in tlii-, biriidi~~g.Thr plnap TVRS pro\-ided with a 
hand primer, LLl~d110 foot valre as rcqnirad. The sticcio~ilidk was 
6 feet, ancl Ihe d isc i~~r 'gcl i e d  23 Peet. 

r .9~1.t:circ~:lar~ ~ c o ' r l e ~ ztail!^, n e l e  dcsigizcd, enclr 6 feet in sliail~etcc 
:in2 12 fect deep. tlic bcgil?iling oil713 i:ifiZi used.2 T C Z ~ ~  It was 
pro> idcJ ~ ~ i t l izi t  Prnhoff separatiilg LalHe o f tlic t~pe gi\ ;ng a 1lon.l-
zontul flov i l ~ r o ~ l g h  Aliowirlg 8 drptb of 5 feet for  thc. set-the tan!<. 
tling chanlbcr a~ic! C feet 52 iiic.hci lor ~ l ~ ~ c l g estorngc, the caps~ i t i c i  
0 6  t h e  t1.o secliorls J7-elc 760 gallons and 1Xj.5 ccibir feet, reipec- 
cix-el?. A 4-iz~c'l.1 e l i r o ~ ~ g h  side of khc t d iiludgc liinc cx te~zdr~l  :he 

n 4-iath gate 17al; e attltclled juit ot~tsidct l ~  
tank. This t a ~ l kTTns oper:tiecl as originally deiiggiied. up to O C ~ O ~ J C ~  
6 %n hen it as plac~ed! in  series {T it11 t,lnii 1, Tank 1 \I as plltctd ill 

operation October 6, 1916. Tho iaiet coniisierl of 4-iiich gztrzlniwd 
iron pi;x tli.lt crtendccl down iizio the tanii; G feek 2 inches. The o~l t -
le t  ~ ; l ip ~ ~ c , o c I c - ~ ~troiigh 6 inches wide and K inches cl~r;,:. set i e ~ d  
v i t l i  tE? illlzt pipe to  tank 2. Tlzese two tiinks were oprraled in 
parallel, the i\:lc-les firbt paciing through t m k  1a n d  then to No, 2. 

4-iizch s i ~ ~ : l ~ coutlet a n s  ~,laccdin this tnrih, siittilar. to that  de-

s 5ribeil for i:lr:k 2. The sct t l i~ig capacity of the tank was 1,069 gal-

lons. ant1 the  T C , : U ~ ~ F ?  wzi, 182.0,cubic feet.
of t lv  ~indger ~ f i ~ p ~ r t n ~ e n t  

T11. spnce cccv,piecl by the gas \ @ilkin tank 2 arcolir:ts f o r  the difler- 

eilce b e l , ~ c c l ~  The  objcct 
the set t l i~lg c:apac.ities of theie t v o  trlnks. 
of oprr:tCing itlie t n o  tanlrs in parallel \Ins to  permit :nore ac:.nrate 
sludge ~neas:~rernetlts. 

111 tank  2 nicnsure~~~ents  11c pa':coulil only I I I : ~ Ct i lrol~ghthr  

vents, nl-i'clx 71 Ci'e 0 1 1  i,\\0 side5 of tlie iaiaic, arl(l khcse did no&sllo~v 

tlic actlid \-o!;ilri~ of s1~~1dg~ cn~zsidarccl ad\  isabic, rnorrnrel, 
I t  n RS 


t o  retain t n ~ k2,  containing the PmhoR fl~i\ ,sscctio~l.in tlzo series, t u  

prevent ~~:cpc.l;cled solids tlzat liiight rise to tile wrfaco due t o  fcr-

n~cntacionin t h e  ~lnclge from cccnping wit11 the ctlltienf. Tiles? Lxo 

tanks xere  opc:.:rtcrl as describecl abo\ e unt i l  April, 1917, w l ~ nOi~c 

pi:int 1 ~ 2 src:nocieled anrl tile settl lrg t:el\'l\:, \\ere no lonpcs nsecl. 


ith \: hottorntilerlcar 







Tile spent L:tn liquor., ere c1isch:wgcd fro111tllc nvocker pit? Lc-
twcelt 8 and I) a. m. cscll clay. T o  $tore thcie licpor-, for ~liisiarg 
with the other wasti?.; clnring tire 24 4~iourstlre tesi1~1gsltltioil W:ES 

operatecl, a storage tank a 3s ~011str11et~d.%hit;v a> :L \'\oodell ta$c 
14 fcet !on2 by 4 feet deep :~nd2 feet n.idc. hs this &allii i ~ . ; . a - :?is(, 
n i d  for  trealilig tI?c speriL l i q l i ~ r >~v-itixI ~ J T ~ C~llulge, tliere II:~.; :I 

%inch sludge liile ir,sta!lcd in tlre lmttoin. Tl~ii8:l.riic was place l 
imnleclfr.,leipover the I - i . # s )  -ertling tanks, :tnd the outlet, cor~sistifi~; 
of a pipc with a Pimi a-r;cl t alve ::tisacliedl - i~ l ( ' l~  to the end, dis-
charged the liquors 41:to the wcir box r?rciring the xnstes fro113 t E 1 , b  

pllmp. The spent tat1 iiqllor 172s tmate~l  nit!^ Xime after ,f~ily1. 
IPIi, till tIie close of tlic tc.3ti; illD~ccriiber. 

Ferro~rssulpllntc \-rn-atlclcti t o  a. I ~ ~ ~ X L L I I ' C  the -s:aitcs, anti $hi;.G F  :rl! 
sollition wn.; storecl in a box 2 feet sqnare and 2 feet deep. Tlisrc 
n7n i  provided a regulating device r.olliii5li.lg of it float : : l~r l.Iair-?. TL11* 

tailli nas  set just above tlrc boy rece i~lng tile disrilatge from tht. 
pntr'p, and the solution was addecl to the -wastes ui they entered 81.3 
first settling tank. This tank was in continutsus nsc up to the t i c ie  
tiic ,&ling t8aks \yere diseontii~i7ed, ita April, 19117. 

Tlic :raste Llischxrgcci f rom the punlip n n i  rescived in n box 4 

feet 6 inches long by 15 inciles deep and 15 illclles wide. I n  ti J 


origiliai install:~tion, weirs ne;e piaced i a  each e;ld of tile Ijos for  

mi~aiuring the trrno~ul~t ing laiz!i ..
of a nbtes tretlted in caeb of the x ~ t t ?  

Stil:ixg b;tflcs >yere piaced i n  the box, aad an over .90~~~ to
pravi;leii 
ieliloie t l ~ oexes., pu~:lped tlilcl t o  ~llaiatnirn:L constant herid over 
tile veirs. Only one weir iT::ts ~iscd ,however, for nb. 110 time %\-ere 
the two settling talaiis operateci separately. The r2w ~ ~ n s t e sci~tcred 
the box halflTay k)etwcca th:: two ~ e i rplittes, and L ~ oo%-erfl.ow:Con-
sisting of 2 q-illChp.)ip~,iy, i i e ~ rthe di~ch:trgeline f ran1 theas ~ ~ I ~ c c c ?  

pump, to prc-\.cnt the box from ac:~a?mnialiiig ~ l i1d$~ .  


\Tere tn.0 of these filters, each cont:lincc! rn R tvoodellLYOLI~~LI 
tan!<, 6 feet j n  cliallleter i ~ a \inp ail area jf 0.00'3612 avrc. 
Pilter 3 ~lrasfilleLito a depth, of 5 feet v:ith cinllerL7tllat h:lei beer1 
screerled 0~or ;-inch screelm, nlrtl Glter 4,with 3 iavt 0'; ~ 0 k . 6 :  :a~er8g-
ing ill size abont t incll. yl)Leb~ltoa:icof tho kall'is cesnl:iilbing tl?e& 



filfeyi: \~\~kr@C Q V ~ Y ~ ~ Z-n:ih T n i , . ~ i n f fin ihic!ilie'. C~I;ICS'~IC fro111 d inch 
a. 


at the outlet to  4 inche? at  the oppo.ite slde of the tank. Grocves 
~ . i e ~ e  fi~cilitate drainage, eatii-c!made in the comerefe tc: and the 
b ~ t t o l l ~  ~overeil60 ;I depth of al.ont 8 inchhc., coarse stonew i ' ~ ~ ,  n it:l 
cverlnid xith fine. Both of these filters i ~ ~ e ~ ~ c  operarecl thro11gl1011t 
;I:e t e i t s  ;tc oi.igianIly I~:~tal le~l .  or callanges71-itl~ontany ~ ~ o d i f i ( ' i ~ t i ~ ~ ~ s  
of ~11ylcintl. 

'1311 1-1 1-TEIt 5. 

T2te.t filters n cl c of tllc L , ~ : ~ ~ e  couz"c*.rctionas tlre roug-11- \i/c ;;ncl 
i s ~ g  filters. Filter 5 rccer-vetl the (fluent frolc cincler filter 3, and 
filter 6 woeired tPze ef;'f:rent from coke filler 4; each was filled with 
.i feet cf wnshed liver hand, hzti-i~rg aim eft'eetivc size of 40 nlilli-
i jercss and a :rnif'ormlty coefiiciel-it cf 1.35. 

Dkt~.ibrtkicnlv:ie  efiecteil by b~ lng lngthe i i~lct  to the center 
t f tile lied< and clli;cl~arpil-igthe vabtes into shallcw troaghs. 

ir1he.e 1i)tei.qmere  operateel tl ,rougl~ont the tests as originally in- 
.iralled. except that,  6ini11g to the .cttling of the tanks, it was 
l i c ~ c e i i ~ ~ yto throw oat the .ai:d and increase the slope of the 
bottonr. 

c<LTI,C;E!'ED?. 

There %-ere t v o  slutlge beds, each R by 12 feet. They were :PI-
t losed by &-incli platilis nailed to posts scd In tho ground, and the 
iiIte~-irznmcterinl consister1 of 10 inches of sand of the grade usecl inu 

tjie @lilei^s. Thc r~nder.dn.:ii~~ageconsisled of 4-inch f a~ i l r  tile coverecl 
\\-it11coiirsc: ~ i ; i de i '~ .  T'llese beds vere  located ~djaccntto  tlic settling 
rnnlrs, and they were ffoodecl t o  a dep t l~  of about 12 inches iny 
,k:es.;i;sof -\~oocTi.nt ~ o ~ t g h ~ .  

21..tlus ieding station w x s  'loentecl neay a. central laboratory of 
rile Public IIealth Serrice a t  Cinciiluaii, only a s~liallbuilding i n s  
loqnircd to Gene a< an officc and for meking a Sew ccllen~ical teds. 
.Illis huilci;aag -as 8 by 12 feet in plai?, and 7 feet high on one side 
:.nC TO fee& on the other. Water s e r ~ i c c  w n i  pro~ridecl, and the 
birilding n:,s Ileakec? by oil itcres drrring tho \~ii,tertime. The 
-x-inples collectecl ~i-ere &tored in an ice box until l l ~ e y  vere ready 
t o  be cnlricd to  the laboratory for itl~nlysis. 

OPEHtATICN OF THE TESTPKG XTATIQE. 

The operzition oS the  teiting station ;it t11e FJnEner Bros. Tannery 
(lid not core^' the ~ i d e  range of studies that were ruade at  Ldray. 
1 1 3  f : ~ ~ t ,  .x t cntinntlticm of~ E i f ?  whole report may k 4 ~cc~:cidcred as 

~lcrictl5 in lllc Llrr:iy teits. 


mailto:@lilei^s


was in April, 191.2'. The pumping sehed-e~le vt;:rs s:e~rised, ancl Qnlly 
enough tvaste v a s  ptli~ipecl to supply the fi4tel.s. U1;der t]lis sc41eclrlltj 
the two large s e t t l i r ~ ~  trlit of sel.vice arlrl :; parti-tanli-s vere t l t ~ . o \ ~ ~ i  
tion ~l i?cec iin the spent tan ::torage tanli, tlividlng it: into t ~ ~ o  equal 
parts. ~ec t ionhad si~f%cient storage capacity to supply the 
filters 9.1:hours, and was fillecl wit11 waste on the clay before it. -as t o  
be wed. by purnjjing one-ninth the ca]~aci tyeach hour. To this tan& 
t-ras added the correct proportion of spent tall liquor for. &y,  lincl 

tion of tllcb tfstillg sstt~tis~l, rl1o.t 01' tile. Intilis-:as of the pcr:ol:fie] 
t~-i,l TXJai.,tc:i Divisioti iic~clbeen assignctl to extra.-cailtoni13e1it sal_zitu- 
tion work, ai~cl the operation of the st:i.tici~WRS left in charge of one 

So sh~dgedata are i-eporti:cl i'or tkac period follo\~-ir?gApril. Srrfi-
~4ent 1~:slllts 11:i(I b ( l ~ ' i ~obt:tiilcd c ! v . ~ ' i ~ ~ ~'ilie prc7:ir~v.s eight months, 
howevcr, to  form clefin-ite conclnsions regxi~ling the volullle ant1 col~l- 
po-itiori of the iIuclge fr.orl; tllc HaEner Bros. 'I'ttn~~ery.The etflr~el-it 
01' the settling tanli after April (see Table 10) contained npproxi-
ln:ttely tikc S L ~ L ~ C  o f  b~spi.ildeC1 l~lxtter :xs clnring the p r e ~ i o u s  X I I I O U I ~ ~  

j~w?.iocl,ancl none of the other resl~lts show \-ariatiom greater tilztn 
were founcl during the preceding i~~ontl is .  

As pointcd out c:irlicr in this repol*t,the x:lioniit of i.l?ent tall iiqltc~r 

ever, sholilti never bc bacecl om thc wastes pump"- a t  irrcguii~l* inter-
vals, anil likewise the data reiatii.lg to the operatiem of largo seitlilmg 
tailiis shoultl represent tlie rcs~rlts from continuous flow thi:ougl~olat 
each \Tol.liiang clay. Tile early peniocl of lopeni~tion coi~lcl I I O ~ ,  there-
fore, knave been dispensed ~ ~ i t h ,  and the later pe;.iod g:iYe r?irri:jl ..-a?!!-
able i~lfo~lllatiolzregartling tlre ol?cration of the filters. 

VOLUL\IE OF ITJT&TES DLSCIIAZGEiS L'UO31 T:\TtIOUfi OP7:I:P,TXOSS IN TllB 

rasrr:Itp. 

S o  atteritpt \;as 1ilRtle t o  obtain n daily rrccord of the volumes of 
the individual was$cs a t  ellis tas.r;!lcry. wastes a.re (]is-
cbnYgctl into one alld only those were ~ncasnretl that  had a 
direct bearing 011 tlLe oy:eriltioa of the testing statioal. Experience a t  



need bc c.;nsidel-ed : Firs4  those Prom tannjug Llne leather, which laeon-
tail1 spc:~';or clililted ts~nni1.r conlporirnds; and second, tile colupo.itc 
from ail the  other oport~tioas. Tlzo monthly arerngc results show-
ing tho volurue of 17-r-astes2tiscliLaroeci b.0111 ihc spent tan  vats, andb
from all otlrer sources, and the ratlo of the spent tan liquors Lo hhP 
other tvastes, are s h o ~ ~ nin TabPe 39. 

T~ii1.s: :S . - - - - \ !~ ( i , s l~s! l i . s i I ~ ~ r $ ~ i l  nlicl §pP7%2 ia?l liqllorr/ " ? ' ~ ? i l~ C I ? ? ? Z C I . ~ ,  ~ n l i o sol' 
to Oerni?z-hoztsezwstr ' .  

..... ........ 


Ratio of 

Galloils. Gallons. Gallons. Gallons. 
July.. ................ February.. .. 61,000 2, 700 53,700 

A.ugust. .............. &Ii:rcii....... 55,100 3 000 58 100 

Sop1ember ...I 69,703 April. ....... 40 900 1'200 50:100 

octobcs.. ... ru.::on May ......... 54: 500 i:700 58,100 

No\-ember.. . 51,!i00 August.. .... 63,800 / -1;000 68,100 


=-nbcr.. . :300
;I~L.L . i s .  

.,ailuary. ....i 5;:,900 Avef i~ge .  64.300 ( 3,250 53,400 


The ~ o l u m eof .;?asips diseha~ged from the beam house was ob-
tt.ined frona yc:t~iiugstaEIcn every 30 minutes from a xe i r  set in a 
box locared cn the seirer line i';onr? the it~micry. The spell6 lan liquor 
was ~ l ~ e a ~ u r c c l  ie:. readiligs taken every five n~in-t:te:,, in a specialby n 
b o i  i c t  in  ilfe taawi.y. The spe,?t t an  liquors were pumped out 
osC .dL:nlc vats in the rnoi.tring. This rcquirctl a'x~outCHIP 110~ir. %\he 
s ~ ~ e i rlueaztlreineliLi si cre checked hy coi,ipiiii~lgtlie roho~la  of waste 
S"irynorsiiz 011,: tank.. 

I t  c ill be ot~t-er\-edin looliing o t  er t l ~ c  ~nonLl~!y uverttge resuit= 
for  the besxn l i o ~ i h e ~  daily cliscl~argein !11,: tuble, t!~ni {he r n s x i ~ ~ n i n ~  
of 63,800, ailcl t::e avinimxia OF 46,900 g:allons, tzrc not widely di-
.\-erge~rtPro%?ltre n\ el-age lor  the nine ~nonths. Tlze anicatmt of 
spc9t LR1l I ~ ~ ~ I o I ' sdikcharged does not x nry cdircetly with t l x  ~ o h n : r  
o i  besm-hou-c 1,>><,ic.;in t h ~:I vcrrge rtic.nLhly resr~lt-i;,and this is 
t o  be e s p c ~ : e f i ~  iii? operi\(ioni pro-il:lce the two d e p a ~ t r n e ~ ~ t s  
dnelng ihc-e rust:^ :ire e ~ ~ l l r e l y  917fai't, a11 inerda~eindcpcnilcnt. 

in tile ~:ir~~ll?(i.r 
of iiidcs TI oliied in thc I~earnllvuie brould uo'c affect 
the ,~as?cs di.-cIlzrgect fro111 thc Lanyard trntil ~C\CI':XJ weclci later. 
'i'11e1-e rile o t h r  albo that affect the :~rnounCof spent tan; J C L G I ~  

iiql;ors d;ic!:arhcd. thc z o s t  innpoz.t.int bring "Lie time of the gear. 
I n  \\xr!rl n ~x~~t l \er .Oilr liquor5 sour n1or.c qilicltly than in cold, and 
thjs is i~zdicated by tlPa aniolli?t, disc.ll;irg,rccl during the montlls 
of SeplwrnLe:., B'lay, and Bug~i i l .  The iluntber of hides remored 
daily fcoll) t71c ri?el;?r pits d u r i l ~ ptile hhi PR, month.; g i ~erl abors 
was %boutt h ~sctrlze cts for the other months given in the table. 

k 
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tlie iiist:; varied from 150 to 188,ax-eraging 16;. Theyc ?yas 
dncr:i. 011 tile arcrage, 850 g;\?icdl:s o-f wafite for. earl1 ]lide t i lnrIei~, 
Eefc~.~.<:t i  wastekc; the beall*-l~o~~se ncd ilrcilrding the Ilaiy-.\Tnshin?; 
~vastc,the!:e ~~~~~e ellercY323 gallons, and  to iflo spciii -tan i i ~ ~ l i ~ i . 5 ,  
we1.c 20 gnllons iilscl~x~.gecifor ench hi.<ietannet-. 

<loru]?aring t l ~ c  ~ ~ a s t c s  at the t:~:o tnfincrics it i s  :e.pnpi.o~?~i(~(',  
tlist cncll tli$c.iiar.ged ~ppro:ril~lntclythe  san1i3 total ar~~olilzt pcr IL!:';: 
tar~nec?.,aiid fon1 i11c beam hor~sealso praet,ic:illy the, snlllo an;onilt 
7v:tste 'iws tiischa:.ged. At, Cinciunzlti the total ~vasiawas 350 -e:d-
Ions, and tbc he~.~ll-liot~.sa Tz:e.i.::waste 235, while a!- ktiray tho Gg%ii.cs 
285 gallons ~f total vastc,  ,and 238 gsiions of r\-asl~.,! J C ~ I I ~ - ~ O ( L S C  
Tlicrs js a large tlifTci:o!cc in the amount of :?p:.i-.I; tnn I iqr io~sdis-
cl:nrg-ea!, tile Ggllres n'u E~1.ray Leifig 40 g211011~per hide, anil  ur 
Cincinnati 20 ga!lor!-:. i t s  trill be s l ~ o w ~ zlater cn7 tl>c,strengtli 02  
thi? spent liquor fro111 tli:: latter place urns consicle'rably less. Ti;; 
~nil~sciw:*ter froin tile iiitles f rmi  t h e  lay-away j.:trtl was ~!.pyros:-
lilaiteiy ,4O ga!lol;s pei. hide at  Cii ician~~ti  "L sat Lnray, btit k!:,:an(! 
ncla:1.1 an1oi11;t of ii(-(i?o;in  %lien-;isto froail tho fcrrlrer was Ic-;s, a ,  
tlio hjclcs \\-Ere jpilccl anti clral~ied b~fo'cil~e 

. . 
r1ilsrI:g. 

I Y e h  912c?~!.su9~c.~7~ciis.--l11 ::any in\.estlg:ttioilpl:~i~iiing ~vl:erc wc:a. 
~ ~ i c i t s u ~ ~ e ~ n ~ c n tape i.equired the question in.i"ariahiy arises u s  to 1x0~; 
oftell tile ulcnsurmlents slloillcl bc taken. lJ711crethc  Ilo~vii!;eo::ii)autl-
lively r~nifc,r.nltlic; cllancei: for large crroils arc nsl; gre:it, buh-rhcir,? 
liqi-iitls are i.isc!~i:rged fro111 tanks or ~ a t sinto 3 sewor t,herc n:.c 013-

poutnniLies lor  serious errol;:. At iiie bcgi:lililrg of i-hc tcsts rerid.-
iq. ;  orcr tllc weir set i n  n box in the line of .. the se~~--c;rn--crc t ~ t k e : ~  
eTierySO niinute~. r-.iov;arcl the eild iheso ~ : C ~ L C I I R ~ Sx e r e  el.li:clr~~clb>-
a special se!-ic-, i.:~,licn e\Ter;y. SO minutes orel, eight s1nj.s. Tile r c s ~ i i ~ s  
are gi:-en in Table 40. 

; i s  
)ro-
:ase 
Feet 

minulcs . minutes.tar. -tan ....... ........ ........ 6.2 
............... ........
ear. Any. i 7  ........ 1.7 


and Aug. I I.. ..... ........ ........ 
3tbs -__ --_1--1--


,red 
IOTS 



r -
o f  242. of Lhc a\er;xgc.; i s  

31i%~iendlen3crn foa. ah-,rcliling tllca :ti-eraagere-,ults fcr tho volu~ueof 
aahte,  d ie  correct vitliin yea-onable lililiis. 

rc,>c'Il~,giiz n:nrFc 1713 BIie clo-c a g r ~ c l l i c i ~ t  

1 ?:I- i 1 3I.ihT 01' 'J l 1 3 ,  \)--\bTEq. 

,;e~ignof tLe tcs.cir3.g stfition a i  the Rnffncl* Bras.' innncl-9 
n as n,nch .ilril;llficd a s  a i c ~ l l tof the studies matIe a t  Luray. Tests 
rAx,idea t  the latter place tleating each waste separately llxd proven 
&:kt , ~ r c l ~  It v-as further clenlonstratedplotcclvre was not practical. 
t i , : t~  11lie1) .pent tan liqnors r i p  to a specified \ olmlle xc re  treated 

clrce?. This phase of the j~roblenlTY\.RLnot coniiclerccl a, impor tx~~ t  
in the L r r a p  tests as the 111zttcr of obtaining :L  5t:ible cflv.ent, hut 

sanlil filter.. 
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":"I<'", ' s:>s- ---
iglti-17. ! ,?e~)d-,

/ ed : 
I mat- 01-
, c .  ganlc. 

I ! 

-
......I.. ..... 

..... 
19 1 ......' .......1 

1 5 1  f i t $ !  J 7 4 1  
:35 .............I 

30 1 ......j .......1 

56 ......I.. ..... 
21 4h7 1 550 

31 ......i.. .....
-I-,-- 50 1 ......1 bG0 

,Ilt!ii av- ,-- 1 : - - - - \ - - - I - - - ' - ' - - - / I-,-_._ 
\i ~ i b l  I I 

e!irgC.. .... .; 
I 

1 ,723  . 82 24 1I 419 i i ! 4  1 . 0 i 5 i1 1 1 1 i l . 0 i i ~ 1 , 3 1 /  : I 1  712 2 .74  

T l ~ cresults gil-cii in tIlc preceding table s h o ~the composition of 
nll the  ~>;astcs dischaj.gec9 fr.e:~i t h e  t:~n!lc-~~y,except tho  sl-ic;lt tan 
lic)!~or.sfrom the roeiicr pit-s. The lnlter jvcre rlisckia~ged all a t  one 
ti!i!c fn the curly ~t:orl:ing, and t11el.c was ills w:?y of nixing this 
n ~ s t cirr j?r~poi.t40ilto the other n-nstes on t!ic i l>~~ . s  -rrcrsxrrrples 
taker?. The sr~spended :~iatl:er analyses rim fairly liniform J ~ I  tho 
:?.wl.age resuits for  tile montlis, except in Decc~ilber,1916, when thc  
crcr8:rge \\-:is onZ:j 872 p. p. nl. There n.xs 0::1y one Riiii!ysis for this 
~!!c>xth,i!nd i'c is ptvobably too Z ~ T T !  as t l ~ c  res~ilts for all dlrc other 
irlc:!~tlis;;.l2econ.;iclerxblv hinber. TIlc o r ~ i : ~ ~ i c  nitro-

d - nntl a~~!:noali~~caI 
gel: and c'xygcn consunleJ. -i,~.lues indicates illc Inxge azliount of 

oxygen delnal~drcsl~lts sho~s- the  hea7-y clraft tiris type of \~-t:.stc,wi l l  
11ialie up011 the tlihsol~-eil oxygen of a +t1*eainof water.. The i ~ l k > ~ -
lilijty results arc only giren for  the daterminatio~zs where the3.e were 
!:o l~gi!rztes present, as averages could ~ ; o t  be ~ ~ : ' i l ~ ? i - ~ t ~ ' df r ~ mresuits 
liin6e up  d the :ih!raliaity in the threc cliffercnt st:xles. il?cl;-ate alka-
linity was pre~c i t ti n  only ;L c o ~ p a r ~ t t i v e l yf e v  co:??j?osite samples. 
There is $10do~ibt ,however, that  caustic limi~c \ i rus  tliscI~:trgec! hi the 
u-aste from t h o  beal~r house, but the dilute-tan liquor.; rinsed off from 
the hides when relnoved fro111 thc lay-way yard \\-ere suiEcient to 
~~eutrulizethe free lillie in most of the san~ples. Pn Ta132~44-l ~ n d p e s  

are given for the coml~osite sali~ples in tt-hich hydrate and carbonates 




ilia earl!. il,c,r~:in;!;? \veJnc p~~n!ipc:l to 2 storage t;~nli- and i ~ p p l i ~ i l  
the ,g<c~ii'i.::l15a i t . e~jfi tllo proportion this mts t e  bore to the otlicr 
~v;ts:c~.S o  ;itic.i!!:,t 11-a~ ~iiatic to i e a ~ a  tho exact ratio the d 
tIio liclL?orc.;-\;-cl:r Ij11t tile uzrevttge for the ~~7ti.k l l i ~ ~ ~ p i . t ~ ,  l,rceril 

a::,&l21s i-jl(: ! ja i is for. adjusting the mixture, The  com:posit 
tliu I i l i S t l i ~ Cof ygjileral ~ v n s t e:in6 spcni-tun liquor trenteth ~ ~ i t l l  
~ c ~ I ! S  ::t tile rzte of 10 grains per gallon! constitutecl t l ~S~llj?]late 
ifilclltt o  the sottii~zgtunk, and the results @vcn in Table I2 
prc?i>c~*iy1:epresent tila na tu re  of the colnposite waste from 1;11is tan-
nery. 

' i ; i :~~: clcril-age a?znl?j.scs o/ izf i?re;?t l o  s e l l i n g  142.-.---.~Io:?!iiT!/ togethp:, wi th  
t7tc tcc'iylltcil ace~.agefor q i c c l t l o .  1 c 

all t l e l c ' t ' i ~ r i r ~ t r i ~ i o ? ~ s  

/ Ss!lic,~h:o / rnr i s  pcr million. 1 linckria. j/ solid;. ! i 

'4'11~\~eiglzkcil nvcrage ~eszialr; gi\.e:l i r l  Taliic 42 were not coin-

putccl from the same monthly LIT-erages as those given for the 
analyses of tire Y:P'IV II-LLS~CS(bean] house) talien from the seiyei., and 
I \O  c o l ~ p a ~ i s o ncan, therefore, be raiacle sf the values given in the tmo 
tables. 11.i tilt Coi,n~er.table, 66 snmj~lesvicre rc~jresei~tecl,covcrillg 
132 day::: :ti:tl l.c~]>r~e~c~iiiin,n,g2:6/i0 :,ejiaratc poi.tions taken i .onl  the 
seTTw,\i-!!iic: i r l  Tnl,~lc.?2 tirere are 8hsaruples represented, tak(1ri 041 
164 days, nl ic l  t.cniij,ose:l of 3,280 half-holirly s~t~~nl,ies:C o n ~ p : t r i ~ ~ g  
t . 1 ~snspcirdcd 11r:rtter rcCults  for  tllc same mo~?tiis, t l ~ c  i r ~ i ' i ~ i c ~ r tto 
tho s ~ t t lhi:; Iligher \-alues in l)r.actically a 11 tllc ~rront l it:iiiii S ~ ~ O T ' I ~ S  ly 

:L\-er:lges, and this is to be expected om aceoi31:t of tile precipitate 




for.~;li<\tl tlie fc;.i.oii:; :+:!lpllnt!: ndtkcll, $lie ~::iiil<:a?il:! s~l i r l ; :-,y;irp 

~1cli.i.lninr.tl1'2' k h ~l ~ ? h c t  se!,tii;lg p l : ~ : ; ~ ,if and tbc. irioi\tl,iy ;I 5,~r:ipo 
resuits sho\; k:l:li prai:tii.a111 :ill (;I the rettlcnble q:,l-,lids~,j-c~n.e.r c r i l o i c b L l  

I,!; one lroi~rq;iiesiteni; sctflirig, ?'he eRect o f  nddilrg ti;mFenl 6;:iil 

I j q l ~ ~ j . : j  is  s1ron.n ~ n o n t h l pa\-rr:lgc rc.-LO t!i:(?x i 7 ~ \ ~ L ~ ~  con?;>;iring t l ~ c  
s~iit:: fo r  tllo csygen c~nst~imrt ldcterriiinx.lioi1 fn  tllrt ~~:\sCcj.: 3 > ~ ~ T :~rri l  
tho irlAi~cllttc.i Ij:c settling t i ~ i i k s .  The infli!el!t t o  tlre seLL'iiiig ki:inki; 
sllon-i; Iligllcr \.ui~ieifor al! tire xnonthiy a\.ertiges,except for  Dcccri:-
brl., nild I1iyr.c u-ns o i l y  one nn:ilysis for. 1111s nloritll. T11c r:in-a\.:t:;tc 
resuit is prokmbly not rei)rcscntative, as  it is mow lii:iil 400 ~ ) c rcn,nS 
Iiigller thnn tile t~~-cr:rgofor  any otlier ~noxtl).  

Coni11arir:g these r r s i l t s  \\-it11 those f rom Hlllray, i t  -will l)c ob-
:,cr.i.ed that  tile I n  ti;c:r :\re lo\:-cr. fci. tlli? oxygen consarrtctl i sines: ea-
cept for the il!(jat'il~o-f JiiIy and .?rl~gii~t, f See Table 22.) Tilel!)l!i. 
T-:\~I:<"; 1'01' t l i~>(it 7 ~ 0~il(ilitll~, ~ ~ O L ~ C \ . C ~ ' ~  be:irarc tile only oiics t!a:tt :b 

iiirect relaticn Po i-l?osefor  tlic Haff'l-rcrBrns. tests, as it -i\-;~s cl;in,li~?: 

the ot!lei The i~:~pent lc i l  
I~igllcr.a t  Cil:cir!i!:tii. 

i ~ ~ : ' j " : l i . ~ i i  Z I C Y I ~ ~ Ci.i~i;uiPsand t h e  

~~\ . i t l l  \\-nstcs. in 

> I '  fwrn. set!( i l ig ?(/7?7i.---T:ie~~toni'illp 
n.e:c;' tiverage fo r  all the annl~7sesobtninctl>cirl~cL]. fro:?^ the etjiiient o fJ. 

t i l e  .<ettliijztanl.r are s h o ~ nin Tahie $3, 
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TIle 1 ,i,ilr]~iJ-,i\ t i ,  ge ~ . ~ c , l j t s  i:3 \\ere obtainccl f i ~ mjn 'rablc tbe 
plilnlv.c5 $135 i ~ l n ; j ] ~ s  lilacle 1111coocr.illg 186 i l w ?  s :ir:tl of 3,3!8 half-
?1( ,1 !1 .1 )7  1?"1.~i,,l,. 

Tl;e :r.sl,elrded nzatter is 613 p. p. m., and in tile infineat theye 17 ere 
3 '71%~fiu'.tsc~ itaai the bettljng tanks effected a removal of 64 per ccnt. 
41t hi~.::)y alie rr,iies~;~ncliilg v a ~  (See Table 27.)I . C S I T ~ ~  63 per cent. 

The -vo'ivme of settleable solids in the eflucnt is not directly com-
pa1:~blewith tIi,lt iil t h p  l a w  x~xites,  as i l ~ e  solid.; i:r the lakicr. 1:ele 
heavl- astf colllpacted, the ~lanoul~t leab af tcr  settling for. one sho~ring 
hc.-a~i*. Y l i  the eflr:erlt, Ilov~e-\er,llze solids \yere flocculent anrl l i ~ l ~ t ,  
a 1 3 d  (lit1 liot c*ornp,rct111 the lootton1 of the settling glass. I n  fact, they 
s t ~ ~ e : ~ x " dthe settlrng glass more like a chemic.al ~rrecipitxte tlwn in? 

srispe~iclei'i 11~:ttter as this term is nsually applied to the solitls of 
;,el$age a116 ij~Gu.-tri:tl i~astes .  It sho~ic lIte racallecl here that  the 
w.i.;,~te.:1 ,tssed tb lo i~ghti\0 settling tarlis p.llC! tha t  the velocity \\as 
el cater thaii .;r c,:11c7 he the cake \ilielac only one tank i?  nsed. Tn 
inrge t'2nks p~ol,el'ig b ~ f l l e dthere i5 no iloni~t t h ~ fmore snspentlecl 
~ l i a t t ~ i  n its taken out h ~ 7  TheetiL:ltl Ite T erw7 eil t i ~ a n  the  test ianlrs. 

l e i t  t : ~ ~ ' : ~ .  cerit of Che settlezble solids in
hcne,  e l .  r i i l i O \  ecL 94.3 p c ~  

t h e  ;l~!ltlent, : I E ~eyen 11;6h tlze most ellicierlt design ancl operitlicm 

e,f ?;I! ge kanI\s they cc-iild not he espectecl to rcinor7e more than 97 

1 c'. r c>nt. 
 . .2Ele oiSgs!~ii:nr:rc;gcn TI-\as rocliicec! f l  oni ;C, to 38 p<lrts, a r.cmo~:d 

r 7c? 38 I I C M C V ~ .  Blre ::mmolGaca! nit~bogenn as not aflccted by gxsi;ng 
the n a u c  thl cilgl, tl,c fntlki.. A t  li,lrnj7 i l ~ eorganic nitrogen n as 
~ ~ i : i t c t i :f: 1)1!1 30 to 2 1  p a r ~ s .  


TI:? cx;;gcn n
t o~~s t -mcdas  reduced fr.txn 1,853 to 881 parts, a re-

BILO: :I] coivpared mith a rednetion at L11.ray from 925
~f 30 per c ~ n t ~  
p. 13.r ? ~ .LO ;i:i0 p:,ittc, or i:ipel cei?t. 

The Fochel~i ;eabesggcn iiezlm~cl 1,esnlts s h o ~  illat the remol a1 of 
C4 t_ler(GILL o:' t11eqi:ipendec! m2ltter .\\ R <  accompanircl by a redvction 
c l  cnl:c. 27 per e ~ i l toC tile 22-hour, 22 per cent of the 5-day, ancl 23 
FFI C C X J ~~f the i0-cizy \ ;!lrle, 

i&1"9l e ~ u l i sg i ~en ion alli;Jinity in the preceding tables inchicle only 
lhsie day-, 74heil there ncre  no hydrate in the con.;po;ited iumpics. 
I n  c,rde~,to 5h37,\7 110% t l ~ ereaction of the wastes variwl, 'Table 4ihas 
beet? conlpiiecl Fro~nt i l e  analyses of composite samples t:alten on 
77r?r30~6datcs thlougho~ltthe tests. 
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I n  this t~1)Ie  u1.e given r ep~ese~ i t a i i r en lk ;  l i i l i t ~a1:cI ticirlity re-
salts eol-erinp tlic ciliirc pcllioc! of operation o f  the plzlllt Eel- tl~c? 
Ion n a~tc.;  txkeil fro111 the ICT~EI~, the raw ~ ~ : t i t ~ tsettled in the I:~nlis, 
tiir eilluent frolil t h e  settling tank. t\ntI the spent tan liqnor.. 'klle 
?anipIes ta1zc.n from the sewer v t r e  collectecl hall' hourly, b l ~ t  tliey 
do fiat ~.cpres~ni.a trrw average of Il;e wnites discllarged through- 
orll t310 day. xi: tlle qpel~t tail i i quo~s  Tere 211 diicl~tirgetl a t  orlc t ime 
111 the ~r;o~mingand there ~7 a.; no ma.? of propomstioning the salllplcs. 
?'he influent to  tho settling tank K;-;LS the raw wade  piu~lpetlfwrn 

"'1""" '. ' A "  ' " -*." . -

'or the influent to t h ~settling tank up to tha t  t i ~ n e  are probabl? a 
fail .  ayerage o f  the ;i]liaIinity of :dl tl:c \~-i~stc.i~ ~ l i s e t l  'Thetogether. 
~ ~ i n l ~ s e ,  iof the efiiucnt from the yettling tank il~cliczltc the  renctjoll 
of the ~ ~ a s t e i  to  the filter%,21.d for  compst"iso~l j 1;IS thcp ncre  app l i~ t l  
l1;+h +lie nnalysei o f  tile filtrr ctn~ii.nt> nttention is called t~ t31e 

j avel a g ~rn-c~nlt.iof t h e  filter, in Tubles 47 a d  48. 1
I i 



r 

i i l  the lultlcaiecl ~i-astc, the tentlcney, due to  fcrnwntxtion, 
t11c acidity to inc~eaqewiLB "rhc approadi of hot ~~rexther. 
Decc~tlber19, 1918, anil l!!fnrcil 2,3917, tlie :~eidity of tl:r 1icluol.i 
%:ti 1101 Iligller than 900 p. 13. ~ i . ,  and on two occtisions it was r i l l l e~  
ncntral o r  aik:tlii~e,while in Bxig~litit ran as high as 3,650 p. p. m, 
Ecgixning J ~ i l p2.5, nllell ~ l i rspent tal l  Iiqnori firht showctl ,L high. .
aciclitr, lime sluclge Proul Ihc t i n l ~ a w i ~ ~ g  vats was addeel to ~.ctiuce 
the eoficcntriltion of tllc liriuors, nild Lhe resultc, oblaine~lby Lhi\ 
t r e d ~ t l n r ? ~ t  in t h e  I:rst t v o  colririlns.arc ihon I> 

The indicators used irx delc~miriing llie alktxlinity and acidity of 
t l ~ c aslo lo, v c ~ r :rnethyl orange, l)hcnolpllth:~lein, and fluorcxciu. 
Ti(rations v, I~c reonly a 01 spent tan liqllors5-ulal! ~ ~ u l o ~ l n t  n ete 
r>isc.sentwere fairly ~nt i s fac tory~ it ~ u ibut in the strong l i q ~ ~ o r s  
d ~ E e n i t  to  deteniline the exact cnd poinl, arld the results given, 
nililc ag:.:cillg 05, 171 obaL!y clo tiot represent the:tiilong t l l e , ~ ~ i ~ l ~  
trt:p rc:ic'tiOll or { l ip  spent inn wastes. Tlre 1rio4 iniport:tnt con-
s i i l r~~ i? i io r~ .  i t ; , \  not to ol)tairi thc exixL icactioilo~.ic\c)~., ~o I I ~ I I C ~  

1:i:t t o  tlrtc~r~~iiric v a s  alltalixa or so lowhei-licu the final reaction 
in aciciit) that the lilile in the  het:n~-ho~rse~ m s t emor~ldrender " 
sprtlt tnn  liquors alk<~linebeforc goil~gLo the filters. 

R'.$??IWX~ ?*oul/hiiiyfiZte?s.--AJ P O J ~ ~  park of the efiueilt from 1118 
scttl;i7p tan!; ~ ~ s s  3 nnd 4, coniai~lingtreated oii roughing filtel. 
einJclc, and coke, respectiucl);, as filter rnediunis. I n  the Table 45 the 
anslj ses of tho influent and tho efluel~iof filter 3 nre given. 



I , ,- ..-. -- -
L llia ?'lie ati-\-a:~!ngo of treaticg tho setllccl vaste o ; ~ronglzing filters 
]ling 1 ii shorn in conlpnring the analy~es  of the infltaent and the e@rlenl.
5 the This filter cficctecl s renloval of 83 pcs cent of the suspolzded rnwtl,cr7, 

68.5 p a .  s c o t  s f  the organic nitrogeiz, and 60.4 per cent of the frcp 
~iiiir~~or~ia. well establislled in t2rc filter throngli- Xiirific~tiomwas 
o u t  all the TI a r m  months. Qua1itnti.i.e tests ma(l,e a t  int~rl-xls dnrin:: 
the winter ~azon~bs inclisaied tliat nitrificatisn did 1zot occur in eitrbec 
of the rct~lchingfilters during cold nleather, and tlze absence u l  
niir:ites in +he nnalyses for  the anol~tha of Kovember and Decei~lbel-. 
1914, bear out  tliis calicl~~iion. The nllcalinity al?pearilzg in tIr.3 
iitfilicnf, n q  cnrbo1;oto and bicarbonnte was all in  thc form of bic,zs*-
bo~l:tLein I l l e  eB?neat. 

There n-2. n ~nia11 in t l ~ e  of the fi1tc.r anlount of iron ~ ~ c s e n t  clflxic~~t 
in prticti~allya!I the lnonthly averages, due to the iron tnnnate not 
rcmoled by the filter. $Be color, amraging 192 p.p.m. for the six 
n~onthsillis lest R-as ~ ~ n d e ,  T11rmac; partly clue to the iron tamale,  
s i rongc~t  in tllc efflttent, hoi?.e.i~?r, wns drkrli bronrn, knoro re-
scmbling tllat of coml3ounds in  tho tan liqr-tor vilich did not react 
n it11 the iron solntiou added to  tho untreated ~vnstc. 

Xo stability tests .irere made nit11 the cmnent from tlls sekl l in~  
t:lt:l,. n i ~ dtho,c lrorii t?lc filter sI-c31e all  m:ttlr wit11 dilnlions of 1r c, 
~ i s i ~ ~ ~~ + ~ a t e r .TIlc ~~-eigllted se511lt. ii notc;i rr1 c17:igc for :all t l ~  2 

i rne avcr;igc, a s  tile restilts in t!lc nlo~ltlily:PI er:ages n~arlced129 

mailto:e@rlenl


]!cl~lrsj ~ p l , t >f ~ y  ~ , p r i ; ~ v c ( l  tlie i n c ~ i ! ) : ~ t ( ~ ~ *~ ; ~ l ! ) j j ] c ~  fl-0112 while t , ! )~ COI~IY 
still pcrsistccl. 

rJherk:-, v(;li. of 71 per ccnt In t110 (ir:;gcll;: ~.c<li!c~,ion 	 i3onst;tned 

yallhc, and cf 83: sf, ;lnd H I  p c ~cent, reil)ccti\,cl;;, for tlie 24--hour, 
5-cI:iy, rintl Ir4-c:ny biologic:il oxygen ilemnntl. 

'fllc filter ~.ecei\;etl tke cfIi~i:i?t froril Ihe :settlingas i i ~ f i ~ ~ e i i t  
lt:rlli2 alld as flir 3s was possible it was ojjc~atec1a l  the  snnlc rates 
;:r; 0 rrnt'lel: .tl?ecan.lr! contlitions ti? the cinder filter. T h e  rcsnlts oh-
i;ki:>csd1 ~ ~vastein the colic filtc?~~, treatirlg iettied 	 are given in 'ralile 
4g. 


TAX::.;:-!CJ.-.4?talljacs of i ? ? f l t ~ ~ i ~ t  of C O ~ Ra?zd ~ , $ ' l ~ ~ e n t  filter Yo. 4. 

' 0  	 J'arts per million.$4 / Stai~iiiiy1 

-

390 80'3 
........... 207 718 ...... 	 .. 

.....-...-.1(;0 510 ...... 
.... - - - -
......... 	 . . . . . . .  

..... - - - -

.............. 

... ....... 	 .............. 


...... 	 ...... ........-.--.. 

June. . . .  ......... . 1,040 3% 1,014 1,253 .............. 

h l y . .  ........... ......... 440 1,244 11 1 004 480 1,005 1,160 .....,......... 

.hugi;sl ....i... ...I 526 3: 32 ............ 720 904 31 11141 430 1,375 i,9XO .....I.. ....... 

~ 6 ~ i c m l : e r ~...... 493 77 29 . .......... 480 470 31 '720 125 630 ..................... 

idctober.. .I... ... 928 59 26 ........... 420 790 26 752 338 865 1,030 .............. 

~ o i 7 ~ m b ~ r....\393 70 26 ........... 140 740 36 640 63 830 1,073 ..............
I.. 
Dccernbor.!.. ....I -700 -66 --30 .......... .'....:...... 28 660 120 520 820 .............. 

~ ~ e i g i , i n ~ i  I 	 I 

piirage. .  . i 613 18 li . . . ,  19 SS1. 2 4 , 2 2 4  1.. . .... 
I I --	 I -I / 

~ 
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BPp i  f?cl by the cinc!cr f?lter. Tile organic ancl ammoniacal nitrogen, 
]lot\ e\ c?, Irere, ri.h~>ecLivcly, 19 and 2 2  per CenL higher in the 
fl,o~natllc coke filter than  jn t1.e efl~?erzt fro13 the  eiilder filter, The 
c,xyfiea cal?iulncc! wa i  25 13er cent greater, ancl the oxygen demallcl 
for 2-1 houi.i, 2 d:~y\,and LO <lay.; \\ ai 45, 37, uncl 41 per cellt higller, 
r c - ~ ~ i ~ c l i ~ e l y .  of iro:lThe a i i ~ o ~ m t  in lIze eflricr~t of the coke filter 
T\ : t i  0.7 11. pa111. I:igher f llan ti::lt in the efn~ieiit of the cjlicler filter, 
tuntl t!:c c o l o ~69 pal-ts higher. the average stability r c s ~ ~ l t s  111 t11ea.e 
~ . i o . conly ~ T T O  x~~T'hic11 for  the  11:onlhs d ~ ~ r i n g  a11 the cIcter~i~ilzatio~ls 
lliol~fl: TTero sta1,le for  120 ho:~rs, and the .i\-eightecl. a:-wage wns 8.2, 
ss ~ g & i l i t  '30 f o r  the cinder-filter effluel:l, ~ ~ i t hsiiliilar dilutions. 
Xitrifieation (lie1 not clcrclop in this filter t o  the  same extent as  
occrirrecl in the bed of cinclers, and, as was the case with the latter, 
t ime  nere  no nitrates or  nitrites clerelopcd cluring colcl neather. 

The colie-filter effluent failecl to  nlea5urc up  t o  t he  s ta idard  of 
tl:at fro111 the ci11cIer filter i n  a11 the  monthly ax-erages. Nitrates 
nppeal pd tho eflfupnt fl-om the cinder be(! in a measurable quantity 
i.1 ,!pril, a~iclTT-ereqiill pre.;ent t o  thc  r s t ~ n tof 9.9 p. p.m. Novem-
I ~ r rI, 1:ut the col;c bed as giring only 0.3 p. 1). m. ill April ancl by 
Xo i. cvl~bel. 1, 1967, nitrification had  fii:~ppeareil. Lt!l ihe other 
al;aly,es sl1o~17 the same lrteasurc of dillercnce in  romparison with 
the leiults from the ckuder filter. 

TIiere Ira5 nothing i n  t!:c operatioil of CIle t ~ c o  Glters torotrgl~ir~g 
accor-ink for  the diflereace in the quality of their eRucuts. Both 
~ccc-lved the eHucat from the settling ta13k throupli the salxe outlet, 
and tlae ~ a t c q  were accurately contvollecl, each receiring the same 
xit:o~r?~t per day.of ~ ~ i ~ s t e  The ~mderclrxinnge for the  t v o  filtcrs was 
&like, ant1 tlre matcrial i i ~  the becli Ira.; carefnlly selectccl to  see tllat 
no 10:-eigi 111atter was iacludecl lien the filters Tvere constructeil. 
When tho filters Trer2e ~~zshec l  77-ith ~ ~ a t e rcach IYRS f l t i ~ l ~ c d  a t  the same 
iime ant1 nit11 p r ~ c t i c a i l ~  the xnlount. ant1 in  CT cry >yay the  
snllle t r e a t i l~e i~ t  v n s  g l i~en  t o  each becl. The iiif?erclzcc in the results 
cbtainccl roll^ thc t v o  f i l t e~s ,  h o w e ~ e r .  wa.; very pronounced, and  
It cn:l be esplnineel in citlier one O F  two \ y a y :  First ,  the variation 
in the of tile material in  the filter's; ancZ second, its composition. 
Thcra TTas tll3parenIly not cnotrgh cliffe~.ence in the size of the xna- 
tc.1 ial to  account fo r  any 1nriation j n  the quality of the efllielzt, as 
each r c n ~ o r c ~ l  the snl~le xmo~mt  of s~~~penclcc l  matter and  
its diitribution in the filters. v a s  lx.ttclicnlly the sanle, although 
"I~el*eTVas a sol??e~7-hatlarger czccnlnr~lation of t he  solids near the 
cen t c~of the coke filter. The explanation t~lusttherefore lie i n  the  
diiYcreuce in the conll?ohition of the filtering 131eclis. There was a 

nstfccable odor of hydrogem ~nlphicle a t  the oritlct f r o n ~  the coke 



the outlet had the typical whitish c8pnIescent coloring that appc:li.s 
x-herever llgclrogeil snlpl~icle is Porlned in sewage. The lower ef6-
ciellcy of the coke filter mas ittost likolg due to lzyclrogeil srrlphiilo 
foriiled within the bed, the s~;lp!lnr coming from the colie, as under 

results fro111 t,liese filters were similar ill qlrality to those froin the 
eindey filters. It is well knox17n, however, that  tlze sulphur content 
of coke caries, ancl i t  i s  qxite possible that tlzc materjnl nsecl i n  tlie 
tests a t  the IlaEner Wrss.' Tannery contained an nnustially high per 
cent. Considering the high cost of coke compared n-it11cinders, ancl 
the experience with the fo-r~~zer in the tests made here in Cincinnati, 
it  is not considereil advisable to recolalne~td coke ns a filter i~ iec l i r l i i i  

in the rougl-mjngfilters for treating tannery ~ ~ x s t e s .  
Efluen t f ~ o n zsand filters.-'The efluents fyom t11c rougi~i ng filters 

were appliecl to sand filters 5 and 6 ai; t,he same rate a t  ~vt;hidl the 
former treated the set,iletl waste. Filter 5 received the emt~ent!roil? 
3, nncl filfcr G that  from 4. The results obtained froin filter 5 tira 
gil-en in Table 47. 

I h similai. experience nit11 coltr flltrrs or strzinrrs opel.atec? a t  the sewagc testin: 
st:~tion, CoI:~~fi!)us, Ohio, is repoi.tcd bj. 11~.(Xcorge .l. Johnson. 111 his "Relinrt on 
Scivage Purification a t  Co!uml~as, Ollio, 1003," hc states (p. 14-1) : 

" A t  all t imcs during thclr operation therc \Tias a pronounced odor of siilplli~retcd 
l~ydnogen about tlie dischal,gc pipes In t l ~ c  coke strainers. 'Uhc mnsc of this was ;ire-
snmably due Po the f ac t  that  the i n t k a t c  contact i~nder  highly anaerobic conditions ~ I Ct he  
sludge in the roke layer acd thc applied sewage causing a forniation of the gas f m m  L!?c 
decomposition of tile organir maticr prescnt, and perhaps f rom the partial reduction of 
the snlphur in tlic coke and the sulpllatrs in the applied sewage. Thc amount of hydrogen 
sulphide thus iormcd was in such rc la t ive l~  k r g e  a a o u n t s  tha t  the i r o l ~  ia t!'c S F I Y ~ S C  

and t h e  slvdge was inscfficicnt to hold the gas as iron sulghiile, as vras ~?iob%b;y t:~cc ~ s s  
in  the septic tackf;." 
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I !?e re:nI!s 07 t :jinecl frolls OI:c op t~d t io l l  of C l l i ~filter illll;llgtl10 
f i iz t  llllce ?l.iol~ths \\-ere stxlisfacto~y ill e l e l y  rcil'ect, except tho 
((!lor rclncval. 111 the  tests riiucle a t  tllc Deforcl Leather Co. a l l  
t f f o ~ t s\rere turnecl LOTI arc1 gelling t h e  highest rates out  of the  filters 
thnC n ou!cl give enItrent t h a t  could be dischxi*gcd illto a river o r  
cr cc l r  :!A?orcling oolil? :i lorn tlilniiosi, 71 il!ior?t cl::ngc~ of killing fish 
or lllalcrially lowering [he oxygen conteizt of t!~e receiving body of 

P1~2tc:. dlie rel?icT RI ~f 	 of s c c o l ~ d a r ~  color TTRS co:~~iCi~l'e(l il1lpo~i-
:1kc.e nt thal illire. In  ti'c tc-ts tlmt fo!lo~reil th is  phase of tlze p;.ob-
lei11 w::a g i ~ ~ : ]  , i s  sooil a s  it was IearnecX t h a t  ~morc coiiiidcr:ition. 
rl ie:  1'1ised v aq:es ficiro tllc PIaffner Bros.' l 'annery coulcl bs satis-
factorily treated on tlicl f<ltcrs a t  a. ra te  of filllation of 200,000 
g:.lions per  acre daily, tlie rates were rcclncecl to cletermilze t h e  
lclaticil bet- \~ecn ra te  of filtration aiicl color reuno~al.  Follo\\ring 
out tills procctln:.e the  f i l te~ s et apprcsi-ere ol>eraiecl fo r  3 ~ i ~ o ~ ~ l h s  
rely 200,000 gal?ca.., 9 s~ionlhsa t  120,000 ga!lans. 2nd 18 wceli5 at  

iii0,000 gallons pcr acre per d:xy. 
'l'l~e effect of rcdiiciilg the ~wlcs  11::s not so el ic1c::t \ \ l ~ e nch,lnging 

i ~ o l i ~200.0i;G tf: 1i0.000 a i  i t  n a s  v l j e r ~  the c1iange is sllaile to 
100.000 p:li?on. per acre Gaily. I s 1  illis connection it should bc rioted 
i ' l ~ t  the f i ~ b tc!ln;lpe n as  rnacie ~t the bepiizning cS n ~ i a t e r  hen tile 
t olor I - ~ S I I O I;:I 1: n i  lev, aiid tll:~t the  ctrect of the looor naderclraii~i~go 
in  [ 'h is  filter TT-3s firsi sna~le  evident dllring this qwriocl, I n  Septcrn1,er 
~ i ? t lOctober of I!):@ tlle color averaged 375, ailcl fo r  the  t ~ o  nlonth? 
fo!!on iiig tl-ie Io\~~~r111g T h e  illcrease i n  color iil the  of tlle rate, 235. 
(4fiiiircr:t of Fc'l)i-~:i~l cloltbt due t o  poolil:p of the  n-actes orell y \: r s  t ~ o  
the buttorn. of the  iiltcl-. Tile T alne for July, 1017. probahly repre- 
sents .:hat car1 be cslxctccl a t  x rate of 130.000 gxlloni, a s  the tir.:lrn- 
:lge cpf tile filtcr 11:~dbeen improved anel the filtcl. v a s  in  a nornliil 
:olzilitioll clru.iiip tlljs m o i ~ t hand the  three montlls ps*ecedilig. Lower-
I I I ~tlie ra ie  to 100,000 gal lo~lstlic 1st of ,211gn.t~ 1017, caused a drop 
~n the color froill 113 t o  92, nn:l i n  Septcmlber tilt? color in  the  
c!j~,lcnt-(\as 55. F o r  t!ic ren~ninclet- cf the  pci*iocl s f  operaiion the 
m o l ~ l h l ) ~averapcs considelabjr l o ~ ~ e r  any  1, ?sov e r e  	 than of a tI 
lli,o.her rates. 

r .I h e  iuspeilclcd ~ilalte;* ir? tllc cfliu~izt of tllis fjltcr va.; usiifolm for  
,111the yates, aiid tlre a1lial;nity reiiiltc do n o l  sllo~vany ariat ti on c0rj.e-
\1)oi1diizg t o  the  rate.. Tlic nitl-ates illcreased from 6.2 part. in  Sep- 
frlnbel-,1916. to  9.: in  0ctobe;-. but decreaseel again ~ r i t h  tlzc cor:ling of 
(olcl \yeather in N o ~ ~ e i ~ ~ b e r .  the  relaying of Chc nnclcl.drainage 

I 	 In .tpril, 1917. tile nitrates jumped to 28 p w t s  in May, and  they ugi~iil 
inci-caiecl fronl 10 par ts  in  July to 26 Bir? Arrgnst, \.ihcn I l ~ c  YRCC 11Ta9 

ictlnced to  100,000 gallono, per acre per  (lay. Dissolved oxygen 
\\i\i 	 pre,ent effluciit i n  satisfactory ( l ~ l a ~ ~ i i t i e - ,  in t l ~ ~  tliroupllout tho 
per ir id,  cscppt j;ct\Fppji I'chr,~.xry 1a11c1 A%l)ril 20. n11c.n t!l(' rrslllts 





TABLE48.-Analyses of i-qJ?7ilen i a?~rZ?fluent ofJiltcr iVo. G. 

I?FFI,UIIXT FIT,TEI: 4 ,  ISFI,r;l?ST FILTER 6. 

Parts pcr mil1io:i. f:a.rls pcr rilillion. 



 TAB!^ 48.-8?~alyslse3 of i ~ ~ f l u e ~ i lu r ~ de f l u e f ~ 1ofj i l tcr KO.6---~olltiuuecl. 
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that filter apply to th i i  one. The iame conditioul of the tanderdrain- 
~ g enTas f o ~ ~ n c l  was relnox Ajpril,1017, alldl klionhcn t71c qu::(I 
sal~lt:inipro\enlent \\:is riotecl after better drairluge was proviclecl. 
Tlie S ~ ~ ~ T V  was plxcecl oycr tllc Ijetle o r e r i ~ ~ g  011 Decemk~er21, anil 
I 1 1 . Lfavir?g ot i t  tilt. s1,pnt t;;n liqr~orsin tho in-
flrrcilt to the settling tank, Apiil P to Jrmc I, the iron solution 
from February 1 to 16, had the same cfYeet 013 l1ox.h filters. The 
rates on the tn-o fi1tt.r.. JIPI'C prnctitally tlic same. cacll orie rec~i l- ing 
a l l  the efI111eut f ~ o n l  tile r o ~ ~ g l l i ~ i g  ill1 I\ hich it  was connected filter TI 

i l l  series, : L T I L ~tlie rxlcs 011 ciucler :uilcl colic fil~er's wcrc 111xintzined 
:IS rlearly alilne ac: pocsiblc. 

Tile suipended ~ ~ ~ t i t t z rin the ~reiplltctl nverzrge For tile efiirent of 
filter 6 was tho samc xs for  So .  5. The redr~ction va-, 83 pcr cent. 
Cslzlputecl on the raw ~ ~ : i s t e  \I as :L total retluctiou by~al:ie tllerc 
~ongh ingand sand filters of 08.9 per cent. 

r .Bile orgaaic and an!lA~oniacnl niirogcn 71 ere lrigller in tile effluent 
of this filter thall for S o .  2,and ille r i i t~x le i  \TelEr considcrxloly lower. 
TI e oxygen consuiuecl was Irigl~er, and the osygcn c!en;ancI for 21-
1l~:ir.s~5 days, alicl 10 clay, was lilce\~ise higher in the eRnent of 6ltc.r 
(i. The dissolved 0x1 gcn 11as slightly lo~vcr,  as 11ere tho stability 
T :LIlleS. ..I l ~ e111ci5t noticeable T aiiation in the rin:iliir of tllc eflnelits from 
tile t\vo sand filtcrs \ ~ ~ a q  Tlie esplallatiolz for  the cliflcreilce in color. 
tl:e differencein these re511lis :~nclall tllc otllcri for the t n o  sand 
filters can be fo~rncl iil the tables giving the anal~.;es of the efnnents 
from the t n o  r~ i l~gl i ingfilter? thnt snpl~lied i:~flrte:zt ta the sancl 
filters. LHerc i t  will be obserrecl that  the c1ua1ity of the eMlrelit fro111 
filter 3, ~11icIzwas treated on sand filter 5, 17-as inrariable of a lligl~ller 
ilrgrec than ihe eMuent of filter 2 ,  vllicll n as apl:licd to sand filte~, 6. 

Ill tllt l,actcbrial al:nlyses the ;\.rerage l - c~n l t i  for filter 5 silow a 
ioner count ~ 1 1ge]atillo xlld agm., aild Ec~xe*. B. coii tllarl filter 6. 
Tile lo\T total number of l~acterin a~ i t l  J3. coli in the, ciiluent of 
botll the filters in  the a\erage for  the last three montl~s, indicates 
Illat a rrceix-ing body of I\ ater sroulcl not be beriously ail'ected by 
the bacteria ia tllc efliill~ent of sancl filter, tre:~ting tannery wastes. 

'The surface layer of ha11d filter (i I~ccninc?hart1 a n c l  blac l~  ~)lucll  
sooner illall tllat 01 So .  5, ant1 on the c!istrii)uting lpl?.tes of No. 6 
there TJ-as the sanre n hit(: opxIe,cent color that  TI-:XS l~otctl  o r  the 
i ~ ~ ~ d ~ ~ ~ l l . ~ i ~ sor[i,jct pipe o f  the coke filter. The Wlph1r CO?v-

pounds formed in coke filter lectuccd the efficiency of the ianil-
filter treah~zent not onlp as regard, the quality o i  the eflneat i su t  
in i!ie I I I C C ' ~ ~ ~ ~ I ~ C : I ~operation as  well. 



i n  tile ralucnt of filier 5, h ~ i t  Prrcyuently it was necessary to ildrl tap 
xvxIer to the nquxriutn receivjx-ig the effluent From No. G in orcler to 
keep tile fish suppIiec1 vith oxygc11. This was particnlarlj~ trtte 
da ing ?:lot meaf her, 

Tllc rcstilrs aLt:linetl l'rollr treating sctilccl ~ a 5 t t011 the colic 
iiltcl a~ncl tElc effhie:it froni illis filter on No. G were not as ~atisPac-
tory ns thow obtailicd frolrl the connbinaliou of einclcr a i ~ d  iuird-
filter t re:>l~~icnt  of settled waste. final e f f l l~c~~ t  rJ[ 'h~ from filter G 
a a s  nererthelcs4 suficiciitly osicli:<ecl to permit of clispost~l in a 
:ltrcc~lao t  u7ata* afforcliug only a c21y l o v  (lilutiail, exen when the 
l a t e  on the fi i tci  T V : L ~  as high :IS 200.000 gallons per ncrc per d ~ ; .  
Tlle higher wst  of  t l ~ ccolic, I~owrvei,nllri its l o ~ ~ e ~  c%;iciency a<,a 
filtering inictlinrr~ lor  rougl~ing filters, elimii~ate i t  franr further con-
sideration ill the  ciesign of iL trestment plant for puiifyii?g t:~:linii'; 
17 ast ea. 

T%EEVBLTTiME, ANALYSIS, ANT) DISEPOSAI, OF SLUDGE. 

I n  tho operation of te;ting stations f o r  the dcvelopmmt of 
mcthocls Cor purifying incl~cstria? T-astcs there nre two prir;c;pul 
probic~m, i n r o l \ ~ ~ c l :  clevic~r, for  vci-iioving 'dla01lr tlic :.election of 
suspcncle~l~ o !id<,iinil oxidizing the organic matter in iolui ion, it11(1 
illc othcr th,. ari-ai~qcrnentof the settling ttlil!r for tonlelitt.at;ine 
-khc sludge tinct disposing of i L  w'ncn remorecl Iron1 the tanlis. Tllc 
Grsl phav of the problen~ as  relating to t11c purification of tannery 
~ ~ : i s t c >  Data th:11:~sbeen i*oilsitlelctl in t l ~ e  prccxecting ccttion. on 
:recrmlulation. colnpositiori, ancl dispoial of ~ l ~ i d g e  n crcat, Lurxy, 
alto given in P ~ l i1. ,'ks f a r  as was pructic:lhie the slutige p13s!)iei-i: 
v, a s  sttzc?;eir :it the %Xz~iTner Brothers' P'anne~y, so as to 111a1cc the 
rcsnlts directly eornpara1)le n ~ i t h  tI~ose obt~incci a t  Inirsiy. 7'110 

stt~l-ien~etlioc'tof nlet~riiremcnls I\-ai u w l  az both stations, similar 
clicrrtiral u:inlyscs A (.re nixcli., t~nd  the s:urie type of drying ioccl was. 
iiistallcd. 

'OLI-IIE, ~1:r. CI:\'I' I I~IS ' IT-RE.  ASD SPCCTFIC GRAVITY or SLUDGE DE-
P081'1 CI) TX SX:'ITTAIS(: TAX 1I.i. CY I'ZRIOIIS, 

A7Jrnau~lilgihr s1ucLyjc.-Tllc sh-idgc clcpo~itc(1 in tile settling tnnii 
n ,LC, mexsnrcd 1~11encx\ r r  the arnotlnt :~ccunlr~latecX to suc11 exteirt tlial 
i t  11as izeccssary to i3nnore :L pol.lio:x to  nla intrlilr thc ~ficiency of ti^ 
settling tnnliis. \Vllet~ slnilge nas ~*clnoi the I oli~me in the tali11 c:l 
:,efol,e xncl aftcr the rcmo\ :il n as detcrmil~ctlby ~ncasuring the xvatci* 
nbol-e the sludge, an(: the :irtlonnt apyli~clto beds n as iilcasnretl ill 

place on Che srnci. 12 flrrt'ller check on i l ~ e  amount wlthilrawlz v n ,  
obtzinecl fro111 the diffcrc~nce irn ele\.ation ol" tihe waste in tlre tanls  
liefore and after  the sl~ldgcIT:I~rscmo~cd. There were no serious tiis- 
ctel): ncies in the umonnts Foirild by the t i~rcc  tlifTcrcnt niethocls of 



n~c:icurcrr~e:~t.Tlic scconcl mcilloii, tllnl. of m2:larlring tile S112ilg?on 
the tl l ' j ' i~glHXls, g:tve ~ c i u l t s  s!ig,rhtly lo-rxcr than tile otller /-\I:o. 
this ii l o  b@exl?eclctl, clue to filtla:~tion o f  IT titer tllri,ugll illc salsd 
~\ l i i Iethe slll('tge i s  r~ lna ing  olzto llrc bed. If the mea:ur:.meuti aye 
talien ir-tuuec?i:tlel~- af ter  tlie duc1g.e is ~ r i t h d r a ~ ~ ~ n  from the tank5, 
tlie bcc1.s arc in1:tll enough to  perinit the lull  dose to bc npPllcd ilz 
lcsi tl:an one hour, there ongllt not to  be ail? material diiferdl~ec !a 
the arnorult of  ilrrclge clctcrnlinccl in tlli.; manner- ns co~~zp:~i.ecl .cr itin 

r G the otllcr rxetllocls oil tlined above. 
11 a 111 tlie t e4 s  it mi ]?ossible lo di-con tin',^^ the ope~nt ic~n  theof 
the scitling tank n11ile sludge rras I~eing rcnzci~ed, ancl tile cs:xct anroilnt 

lay. of $1  t~tigt:ti~lc(111out conlcl be rneasnrccl, citl~el. 11yobserving tllr f:dl of 
i L j  8, Ih$1:l\Ec in tlir tnnlt o r  by locntiilg tlic shrdge l a y ~ rclnilcr lllc \I7actc- 
.Y>31- by a mcasr!ri~ig roc1 rvitll n bottle attached to orlc eild nncl a cor1.r 

faitcneil ro t l lo  encl of a cortl fop  renio\iilg tlie s topl~er  frori~ t l ik  
bottle, a t  clifTcrcllt t l ~ ~ ) t l ~ s .  the l~rxctic:il opchrntion of I z ~ g e  pl:inti. 111 
ho-ic~clrer,it 3 ill not Lc po'sible to clo.c the pl:tnt c1o1.i.n eseopr, 0.1 
Sl~i~ilxysand holidays, ancl tlie rnctl~ocl of measuring the sln~lgoon 


of tho bc(1s is rccommenrlccl tTltcrr, it is not fcnsfblc to irsc either of t!):.

ipa1 	 t ~ oot l~erI ? ~ c ~ ~ o ( I P .  

J 7111@ 
Bn?li;??it.;il5 ~ l l t i ~ ~ c ~ . - ~ ~ ' ~ l n t ~ ~ c i .  its?c[ f?r  ~! ic~- , i~r i r?grnetliod 	i. the 

itilci vol~-i!:!r,lof ~ l ~ : ( l p cthere is only one. plnci. to t;ilrc samples for zanl~qis ,
t i 11:: and tila6 i. ns t!ic shldgc c ornec from the Lank or a4 ncinr it a s  pos-i5:3.
Tl1c It is ~ii;.c?l :f;ilpler to obt:tilz co r~ee t  ~ izcasnr r~ i ln l s  of the s-cl!un?e 
1ery tliaq to oi)tni~z n rcprrsentati\-c <a~?nyle of t!la slaclgc, cs~~cein!l,vI*ith 

ih:, regar([ to the ~ : t t e rcontent : L I I ~ specific gmx-ity. The nlo,t ssllc-
bTCTO f:lctor!~ yi.occc!nrc i4 to ta lx s~xa l l  salzlples a t  fre:luent i i~icr \ - :~l i  
1Ie171 d u r i ~ pthe entire t iwe t!:c s k d g c  iq fioning and mix them togeiller 
the to lor.::, rt ~o:,l::oGt~. Pn:i~pIts sho~llclr:cl be diplpetl 111, ant of  i h c  

'8'110 sl~idgef l o ~ ~ i ~ ~in :r iroirgh, biit shoulcl be citughl, preferably, ae the 
~ i f a r  olltlci f rol~r  rlie tarzk. but if illis can not b~ (1011e l11cy F ~ O U ~ L ~b: t ~ l i e n  
WZLS 	 -n-l!crc tl:c fi:*si ti.oz~ghdiscl~al-gcsthe  sluclge into the serorlcl or \ r !~e~r  

it goes onto tllc beds. Aficr Pion-ing n silort clist~nce the Ilea.-y 
sl, d g c , ~ i ? l  nicrp s l u i k >lie Pound n[ tile bottom ancl tl1c liglztnr %nil nDE-

:it Ihc s i i ~ f x c ; ~ .  

A ~ z ~ 7 ~ / ~ . i ' r.cZzr:lgc.--In ~lioi:,tri.;e tleter111in:~tions a+of making !he 
lcnst 250 2rnll:q o f  tllc s]~ldg!.eslloilltl be ta i im f ~ o l l l  thorouglrly 
mixed c~or~iposite tlze smnilcr portioni collsetetl. The spc.ciG-of 
g13nj itv cnls lIc  bc.,t tletcrlllined by using 230 tubic centimeters Erie??- 
llleypr fIniiih :lnd col:?l>ai.inc tlic n eight of the il i~tlge with the \-i eiglli 
of illf~, f I I 1 ~  i,irrl,,e of  xr:i[er a t  the c.alj\c fcz?lpW3tIIl.t? :Is sI~L!~<'. 

In \-el.:; co]tlor T~~eat l i~u .the ~Xiffercncein temperatltre of 0udiliur-J 
tap IYatcl* anrl .ludge freshly drawn is considerable, and it ~ i l :x?>a!:e 
8 not,iceah!e cliscrepancp in the results if no adjustineot or coyre:-



I 

L . \ ?  

fn 'T;li:]c JI)  2r.c gi\-elr c!at;r ~ . c ! ~ t i n g  pci' cent arlois-t o  lllc ~-0111ll:c?
! 

anre. gl,;\\-ify of tTlc d~,.dgc,t l~sta(.cili?!nlntcc1 in thc set-
t ] i y t < r'%. t>\i]k::. 

1 -%$gt1 -?mount 
c n ~ t  Spccific!i ,-,,crpqil,iiEc foynq in p"e ~I!l(?fie sIildge ~ e rs.>-:>, ~'mci\-cd moisturc.C~ rcmr~l~ed? rric~.:ulcd. , fiomt:Lnk. ( C I I ~ ~ C  

1 
feet). , / feet). 

' 
Tanl, I .  . . . . . . . . . . . . .  Zor .  6 ?OlF 199.0 Nov. G,19;6 132.9 01.5 1.035 O 

I,cc. 1: 1916 lii!). 7 Dfc. 1 1016 74.2 89.8 1.039 
Jan. I ,  I 1 7  7 . 2  a .  2 1 4 . 6  j;JT I .  I;c . t i 7 229.6 Ecb. 1F,1017 127.1 1.037 
Z\inr. 0.1017 183.8 ................................... 1 ........--...... 

31nr. 9; 18:7 188.6 3lar. $1 1917 1::.
 8 9" 3 3.023 

I ?i1.4 Apr. 17: 1017 271.4 95.0 1.025 
140.5 Gcpt. 16,1310 68.0 92.8 1.837 .............. ..,..........I Oci. 3,1936 


3 .  I 
Tnnji 2 . .  ............. S@t. li:,1'316 


49.0 .......................... 


R7 v I\T-C betilil lg !cc~il,sT! ere opcrdtcd in scrips, 11ic nLP( a i l c  filst 132'5-
ilzg t h o r g h  tile Doremund settling tank 2nd tZicil tllrough the Imiloff 
1 On a c e o ~ ~ n d  amonnt of s711dgc ilepoiitecl iil~IIPof tbc. II~FCJIIRI 
t,~:-oi-:~fikiand the‘ c I i f l ; c ~ l i t ~  in tile Tnll~offof liicasul?ing tlie ~ l i ~ d g e  
tani, uirh the bafiies 111 place, uo ~~ttellzptn as II~L\CICto compute the 
7-olu~ncof qlr~rlgcpcr  million p l l o l ~ sof x-astc for tile i1iEcrcnt pcriotl, 
,:> i f a s  cla~iein Table 32 in the repo l t  uf the tesl macle nt Lurray. 
'TIlc nmon~l tof tlry polic1s TTRS COIII~IIC~CIin t?lc ciudge semovcd a t  
cliflerilni i n t e y ~~ 1 5 ,nrltl t l l c  I I P ~  f1.r:LSsr l l i l  cf this C O I U I ~ ~ ~ I  tile bdsi-
colnpnt~ilgthe toils of tTrs iolids 1 ~ : '  111illiongallons of w-ntte i-re:~te!l 
11) the test,, 'Tiie to ta l  au:otznt of dry solids rcnzoved as  s l ~ l ~ ~ g ~ ~ ,  
.i\!l~nc o ~ n p ~ ~ t e dfrom tlic : t ~ i n b c c iof caml?lea t x l ~ e na t  the diffel-e::t 

t o i ~ ln ciglil of 3.549 tons. 

F 
~rioiztulean(1 ipccific g r a ~ i t yof samples tctI<en n-l~cnsluclge mas 
1, itfidrann. Tn Table 50 ;irSditional dnt2 nre girren ~ l l i c l lh a d  3 

k cnliilg ooii t1ic s!utigcs tiey~o-itetl,ant1 ;t -riilllnary is n ~ a d e01 .(he re-
-nlf- gi-iren in 'P'nl~Tc 43. There Es al io  incl~xtletl,for tlx ia!Lc o f  cam-
!tar iion. thc t o l i s  of ilr.7 sclliilz t l i>l)niitcd per. ~ni l i io?)g>tlloniof I\ 8 . l ~  

t~ . r ,~ tc .~ ;'I- ~ i , n ~ ) , \ l t r c If r : , ~ : )  I h c  ii:ij~c:itdcci solid, rt>il~o\ l l~(~eel .c t -



oil the ailt~lyber of 82 sainldes cox ering 164 days: ant1 nla& of 
3,290 half-liourly portions. 

r r ~ t ~ l ~ ~ :B0.--14~~t~tin1awl r71fll c t c t c~  o f  s11lficjctli poo r i cd  t7tc scifziizg t a ~ ~ 1 , s101. 
~t t zod t o6c1~ 7 1 ~ t i r i i , ,  tcciihs i ~e ~ i ated.l l ~ e! I L L !  O:JO 

Per11:d col-ered I)y slnilse dntl saspei?ilctl llrnttcl data, Jii l~c 13, 
3916, lo JLc\y 17. 1917. 

mtio 0151:cnt tan liquors to o ~ l i ~ r  \\ nbtes. 

August----------_-------------------- _-_-.--- - _ - - _ 
_ _  1 : 2 7  
3lt~siniu1li IOJ '  ollie? nrulith~------------- - -_ - - - -_ - -_ -___- 1:IS 
3lillirnuin for other i ~ l o n t l l ~  -------------- - - _ - _  _ - - -_ -_- 1:15 
R~eritgcfor period e\cel)lii~gAuqns t  ---_----.----- --_--- I:16 

I?c,rrous sulpIl,ile added (g1ai11s IVI. g‘~11o11) _ ------ 10_ - - - _ _  
\ ol11~11eof 11 nstes Ireatccl iri tanlis  (gnllolr.) _ ---_ 0;6,300._____. 

Total  itrnou~li01' sluilgc d('poiirc.tl ( ~ u b i cJ ,trtl\) _._ _  - --- 49. 7 
Snspc~rltlec: solicls in influent, a \  ernge (p. p. in.) -----_------_-_- 3, 694 
Subl)~ndecl solicls in  efilucnt, :i\ ei age (p. p. m ) .-_-L_-- _--- -- 605 
Suipcricled solitls rrmo\eil ill t;infis, avcl'aqe (D.p. ni.)- _ - - - _ - 1,089 
1)ry soliils computecl i i om %usl,ellLled suliil.; ienLoveil (toils per 

m;llion gallons) ------------------_--_-----------.___---_---4. 37 
Slndge ;tccumnlntetl (cuhlc 3:~rtli l)clr 11ii1l~o11 - - 52g,<illon\) -
I'er ccnt nater (average froin Table 49) --__--------. 91. 8_--_- - - - -__ 

Spt,cific graxity ( a v r r a ~ e  fl om T'tblc. 40)--.. _ _ _  - -
.--__- I.033 
I ) l y  soliiis computed irom slutlge accuiliuiati~ti (tor,\ l)ix~~liillic~n 

gallons)---------------------------------------------_------ 3.73 
Ibtio oi clry solids in s1ucl:;e iueasured 111 t ~ n Bto susl)t.ntlcc! *oiids 

iernit\ecl by tank -_------------_------_ - - - - - --_-.-- - - -_  .53 

The t~iilount of ferrous s i~lphate :~dile~lto tlle n astes was 10 grains 
per gallon tllrougllout the entire periocl of the tests. Oces~siolmal 
auxlsses for ilvn in  the infiuellt to the settling t;~iilis showed ihc 
amount \ arjed fro111 8 to 13grains per gallon. b:~t tl-ie T-2riations from 
the avcrzgr were not s~lAicieilt to 1iia1;c any ~pprccixblc difference in 
the volulne of sludge dcpobited. F o r  parposes o l  c.oliiparisoti tllc 
ai~rvlrlltof sludge :IS rtleasl~rcd in the settling tnnlis was ehecliccl by 
rou\erting the \I et sludge illto tons of clrv solid< per i11illio11 gallons 
a~iil c~onipr iag  this figure n-itll Lhilt fro111 the suspe~zded ~na t t e r  
r tn~o~-a l  by the ilifferc~ice b o t ~ ~ ~ e e n  sus-by the tanlis as s l i o ~ ~ ~ ~  the 

ve:~t / 13errdecl illtitter in tile infllient and effltieiit. 
mr: I ?'he iquluue of the sluc2ge as a f e ~i iZ iae i~ . - f t  h~cibeer1 shown In 

I
on)- 1 Table k d  that n large ~ o l u n ~ c  v i l l  nccu~nnlatc in  the set- of s l ~ ~ i i g c  
ture \ t1lr;g tanks. \Tlien dried to cootaiii not than 10 per cenl;n - ~ o ~ e  

nroistrn.~,tllo tinlonnt to bc CJispo~~d $5tollsof niU be ~ p ~ ~ o x i i ~ ~ a t e l y  
pry lrlillion g::IIolzi of n aitei: cii~chargecl. or on the basis o-C 100 Irides 
lailned claily there be a b ~ i i t320 ~ O U X I C ~ .IJyith izigIler liloisture 
content the  rolnme r i l l  increase accorcl;ng to tIic rirnorl.nt of ~ ~ a t e r  
pre-eut. Tila: cost of clisposing o f  this large 1 oli11ize of sh~dgewill 

a. llet loss 11illeYs it call bc diil~osecl of as  a filler for fertilizers. In 
order to ]earn -what t:le j-allle of the  clrtdge \.iould be as a filler for  
felntilizer spveral gi1al~~c.s TTerr mxde for tho-e con3titnenl.s on \\-hiell 
t!?,e value of fertilizers is based. Tlle-,e re-,ults ail given ill Table 51. 

13G608°-19-8 



Tlic recriita gl\ rn in  the pleceilii~g tpbie Aon the iiLi:tiys~,of i o l ' p  

s:~111p!es of 4 aclgc l'lorn the settling ~ R I ~ I .and one of the scum taken 
fmln tile suTface. The three rafucs g i i ~ n ,  ivitll the !ugh per cent 
~l ioi i t~ire ,  fro111sar~lplest l e , l~ ly  drawn from the set-n-t~reO ~ ~ Y I I ' I C ~  

tling tanits, \, bile t1:e sa~~i l? le  e ii.\cicontttining 55 l)e:' ('err? ;l~oi\tili 
7 lheell on a drying beci fot, 3d tlaj s, Llle anzlyies do :not indicate 

t l r ~ tC S P O ~ L I Y ~Lo a LL ail11 snllilgllh ha1 e ally efleet on the cliernic:d 
eonstitt~eut,, Tile rciults obt:tlaetl froin tlnc scul~l sho7-c- Llnat tlm 
~ilatcrialcbinp05iilg i t  11as slightly I ~ G ~ L V ; O ~ I  than v;:~ter ancl that thc 
nloistvire eoi l t~nt  75 a< lo~v\\r~r t11;it for the other s l~idge sa~iiplei. Lil:m 
Tlic sculzz n-as fill1 of small :bit bubbles, nnd tllc-e, together -cvicil tho 
grease, snpl>oi ti d Ilre material that nculci othcr\visc I l a ~ e  settle4 to 
ille bottom of the talzk. ,%I1 of Ll~e organic constitnents are lniglier 
iri the scum ~ l i a nin the slndge, ancl the ash is lot?-er. Tl~i.; ?!-a: clue to 
tlie fact thnt only the greaie and lighter. l3artlclci of oiganic ~fiattei. 
mas c a r ~ i e d  to the surface by gas ebullition ancl t h i ~si~speizd;.rl n~at -  
ter  eontainec: 3e,,s ash and collsecl~neatly tnore orgznic niatter Lila11 
the l~eavler si11Jge renlaining on the bottom of t!ie tank. 

The a~;:~l,;\-?es (10 not slion t h a t  the dried ~ l u d g e  ic  a high graclo 
filler fw feltilizers, but the presence sf the calc;~lm carbonate along 
with the otl!?r c~oi?stitnentsis an advantage, and thc pr:tctic.:t1 trsi, 
rarrieci ont at  Luray prored that tannery sluclg~ acldecl t o  .;oil -+~.l.ill 
iiztrense is fertility. The v,ilue of thi3 ilnclge will, Izov PI el., Jrpenil 
larnrlp on tlnc nnturc of the soit. Clay ground can be brc~ught up to  
a high clcgrec. of fertility by LL liLeral appiicstioil of the i!titlge, i L l l i l  

iil p?.eilel+ttlnlip soil requiring Iimc si. iiilinui to looser? ii  irp will be 
greatly becefjted by tllr appl;catioii 01 slltdpe f'ron) a i;tnnery 1-i-astc- 
treatmect p l a ~ t .  

('O?ilpdr'/: ' i!c a?7~r?ys^,< Ihc nlzidyc fro7,z fa:1/~eqies.-'Theof the Ilro 

sludges that  acc~unu!ated in tho -,ettIing tnnici opcratecl at the li170 

lesting s t ~ t i o n s  for  tile treatolent of itt~ilne~y ~\rlstcs \\.ere jrrod~!ccrl 

fro111 similar raw a ~ o ~ k e r l  rilan;!-
~ , ~ ~ d i i c t ~  LIP 1 3 ~i i l i ~nlethods of 

Snctu~e. The a\-erngcs of a13 anaayse, ~ i in i i cnt the ~ T I Otaniicries are 

pi cn in Trtblc 52. 




- - -  
u ? ~ ! lL A C  ll(j(o?.d T,eafhcr ( ? ( I .  

- -. ~ 

~ 

\ 1 I !'cr cent (dr j .  b:vis 100" ?,).I 

This co:~iparisorj S!IOTYS no col?sitlcrable \-ai.iiztion in  i h c  :,licc.ifiv 
grat-it,y and moisture, but in tire ehr!rnical coiistitnents t h e  toi,nl nitro-
gen ant1etlit:~*-:<c:!nblematter are abont 50 per ccnt higher in the rcsu!:~ 
from the IlcTctrtl Lcatl~ei.Co.'s plaxt. The  phosphntcs ar:: abolit 
2; per C E C ' " ~Irigher nncl the  calcium is aboxt 20 per cccl higher iii 
tlre BIafhier k3r.o~.slnclge. The Inrger nmocnt of ether-solubic 111~~1-
ter -fo~-i l!di t 1  the sludge from the Dcforcl Lc,:lSller Co.'s plant is rcndiiy 
es2]lni!icrj. by the fact t]l:\t tlley rericler grease from the f~es!?ings rc.-
l?tos.eC( fro111 the hides before liming, but tire other ~ t u i a t i o n smtisi, 
be attributed eidhew to differelit methods of ol?ert?tion in the two 
tallneries or tlle cll:li.n:.?eu of t:lc hicics rcc.cli\-c~tln t  each place i:-lii!i, 
tlre tests 11-crc eo~lductccl. 

SLUDGE DRYIh  C O X  OI';'A 1111:1)5. 

Tilr sludge t h , a ~ ~ - ~ lIron? t i ~ c  i:inks contninc(1, on Llie x i  ernye. D l , <  
per cent n~oisture. To leal-n wlhat leagill of t i m e  rnol~idbe rcipiir~iZ 
to dry Lbis slliilge in the open a i r ,  iL was :ipylieJ to sxit>ib!e s?nd beti-, 
and the moisture cietcrnrined after tho lapse of a cerlai~l:ru~a'uc~,of 

days. The recuJl,s obtained from 14 d r ~ i u gt c ~ f is~-.eg i ~ c i li r i  
Tablc 5bL 
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The bed- r-ed fn;. d r ~ins ihc ~lilclge rcnxovecl from Clie settling &on1 
t,,rlks n-ere i i ~ i ~ i l a r  There tliei?t ito those rrsecl in the tests made at  Euray. 
lTiTeriet v o  bed<, each wit11 the bottom sloping to a central drain and Tliis 
t nverect vith coal ie  ci i~drri .  One foot of sand of the grade used in talllli 
the filters w a i  plntecl o>er the cindcrs, aiicl the whole was inclosecl hair-
E i j - %iticl-i planlii ellat t~siPndet3 1 POOIL tibove the sand. The beds ITere of l i i~ 
iocntetl 11e~1the t,lnk\, nncl troughs were u.secl For applying the a Ion; 
4ill~3g(~. sniall 

I n  a g ~ ~ i e r a l  n mn11xy the iiuclge dried -ill about the satlie time as a t  
1~1; .q- .  i lfter the third day cracks appeared in the snrface, and the Co 
-ludgrl tong the sides oC the beds began to eu13 up. Most of the n-astc 
d r y n g  ~ p p e a r e dto bc tsliing place a t  the s u ~ l a c e  alter the first few per I 
day" and TI lien the sludge 21s 18eaioved the top was hard and dry Tk 
,ln6 the hotto~rilager. nest  to the sand, sticky. 'The sludge could be suEc 
leadii>- ~ e i ~ i o ~ c c l  P ~ Y' fro111 the beds a t  70 per cent moisture, ancl this 
acdi:ctisn n ;tr accornplislzcd, unrier average weather coilditions either vith 
ELI wirlter or .rin*1ner, in about 25 days. I n  large plants designecl the i 
ro treat all the \1--as5tes from a talmizery i t  would, however, be advisable boar 
to pro\ idc- sludge bed ares. iufbient  to retain the sludge on the beds grea 
fc2' it11 arerage peiiocl of 30 days. This  wi l l  assure tt reduction to face 
70 per cent rtt nl! timcs, and the ~liost favorablr drying prey~l~l r i i sg  
weather tile i>ioistll~'einay be I-ednced to 60 pel* cent. 213 large settling TPr 
tank$ it niay ftlbo be possible to obtain a sludge for treatment on the The< 
r,ecis ~ \ . ; t l ra Loncr nioist~ure content tIlall 1v:12 obrained in the tests. been 
This vilB ;ed~!eethe d r j i ng  period, as tllc col~celzirated sludge clrics I 'Cl l l (  

clulckly azt the ~ v r f h c e ,~1x1the crac1ci that open perlilit the evapora- :rnd 
r~onof the nater rctailled bc lo i~  the surface. per 

T 
i.
LlOl l  

On the basis of the be.;th made a t  the Deforct Leather Co., Lnray, S ~ R I  

1-a.. carel ing aboilt t ~ ~ s  ha vc 
2 peric7d of j.esrs, the following conelu- 

-ioils are rexci:ed : thx1 


Tlre nioLt e f i c i e ~ ~ tand cconornical metl~od of treating tanncry in
P
.r 


-G i~stes requires that all the cTiRerent wastes be conzbined and treatccl tam 


as one \-caste. This rectnces the iluiitber of dexices to be constructed, of 1 


'Liid resllits in n co~aprc t  and simple plant n-hicls de~iiands less con- T 


.t:r?it a t t e ~ ~ t i a ~ r  011 :
tharl a piant in 1~1sicli each separate waste is treated 
t y  itself. I t  21.0 vces to  acl~antage the chclnicel reactions between 10 I 
lElc acid pent tan liquor. and the alkaline hair .i\-ashing ancl bearn- in , 
I ' L c ~ L ? ~ ~  accoriiplisbcs a clilutio~lof the spent tan by the treanabteas a:id 
c~elaermore diliite nimci cnsi!v treated \~astes. frec 

The spent t a n  "iiq~ors should Ile given a prclixninary cherilical the 

n rceipihation treatnient ~ 4 t h  the lime qlnclgc frunl the unhairlng nit  

\ cto,before it is added to the other rcaite.;. Special tluplicate tanks TI 
slrt 
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e ~l~el~titlion 	 tlie otllcr \vilqtes. af ter  trcatnlcnt an(1 bei'oi e mising ~ . ~ i t l l  
1 Tliis preliminary treatnlent plecipitxtes x. large proportion of the 
I 1  t)~nnins,and does 50 illore efficiently than wculcl the alkalinity of the 
11 hair-.\~aslring \Iastes. on accoallt of the greater amount o r  beam-llo~~se 
0 of liine in the liine ill-iclge. Al?otIler and importanr aclx-a::tage iq til,Pt 
e a Ieng periotl of quitlscent sedirnenlxtion can be ~ l l o ~ e c l  tllc reIativrly 

6111all S. ol~ulle of s])cnt tan liqnor, ~v?lich T Y ~ L I ~ C I  not  hc 	feasible \\-itlr 
n mncln larger voll~me of the total mixture. 

e Copperas (ferro-rls sulpbatc) shoultl bc adclccl ot the cclml)ined 
le nastes at a rate of al?l?roxilnately 10 grains per galhn.  or  1.5 pound.; 
m per 1,000 gallons, to act os a cheniical precipitant. 

'Y The xediniei~tatinn t a n l ~  for .the combinccl wastes should bc of 
)e suEcient capacity to store cnough ~vaste cluring the daytime to slip- 
is ply the filters during the iinne the t:~nnery is close(! clo~~la 

L t  

at night 

:r with a rninin)llm a l l o ~ ~ a n c e  l~onrs'  tiiizc of passage during 
of f o ~ r  
:cl the i1ayi;:iic. The old st:,~le rec t~ngular  tank is sarisfactory. Scum 
le boards; hbrne7-er, m u d  be pro\ ided to l~oltl  haeli from the filters tile 
Is grease and hair \\-.;ilicl? is carrjecl by the 11-astes ancl rises to the sor-
to face of the liquid in  tile tank. k sludge baac  ii; also recluired $0 

'i? prevent accuniulation of slnclge ncar thc on-tlet. 

'g TPrelirninary or  roughing filters should follow the setiling tank. 
he Theie filters nlt~y be eonstructecl of cinclers, coke, or slag that  have 
ts. beell screened over a one-haif inch qcyeen or thoroughly washed to 
CS remove dust and dirt. T11e.e filters shoulcl hare a, ilepth of 4 feet 

'ti- trlncl srtficient area to a!lo\~ a rate of not Illore f l i ; :~ 200.000 gallons 
pcr acre prr 21  hours. 

The prclin2inarg filtration should hc folio\vecl by sccoi~claryfiltra-
tion through sand. These filters may be construciecl of any ,?ugh, 
S ~ R I ' ~  They siLo~tl:l rnediunl-size sancl that  is free from clay or dirt.

17, lzave a cleptll of 3 feet and a suffieielit area to allo~v a arnta of nci  111oro lU-
than 200,000 g:'11101is per acre per 2-1 11011ri;. The depih of the rong5- 

"1'37 ing filter and sand filter and tllc rate? are hacctl or1 the results ob-

.ed tairlctl fronr the oper7ation oP the perlnnnc?~t ~ rn i t  during tile ci:lnmer 

ed, of 1917. 
The rates a? g i ~  for  boll1 the rouyiling lit1 c ,~ i ; ( '  Cite-? arc  based

111-

;ed 	 011 a niisturp of \\?lich ille cl;c.nt tan clocs nc i corr-titl7tc:~ O Ethan 
10 per cent. If the rolutne of spent tan proclf!cc:l i:?the ta?n@ryis

3211 
in excas sf thiT and the liquors Izave the m n e  strength as Lhsse ,111-


the treated in the tests i t  ill bc necessary to dilrirc the .;pent ta,b with 
fresh n atcr. It is to be that by using fresh water. to dilute 

c J  the spent t ~ nthe factor of dill~tion w~n lc lnot lir2\'ix lo  I,e 2s g!~fi?efit:is 

ing nit11 the hair-mas!a and beam-house wastes. 

nks The P~~nctjonof the ronghimg filters is largely n~echsnieal,to 
strain oitt the btilln of tlic zuzpcndecl d i d ,  ean.icd ovcr from the 

I 




na:.ics for oxidntion ill the sancl Eltcrs ~vkere the ])lain fal i~t iol lis 
iirat oxidation. Tile eff1r;ryit from ihe sand filter5 should c o c l ~ i ~  
leh,: tl~sl;25 p. p. In ,  of suspended solids, and be suEciently o-;irlizztl 
to  1nainLriirl stt~bility with a dilutio:~ of not ivlore than 1: I. I n  the 
process of 0xicl:~1:011 the colol cii-en the waste by the spent-tan l;quop 

I:LrgpIJ- ~ C C ~ L I C ~ C ~ ,  
b. 

t11a-t single sx~il\+-illI>k: th~i.ig11it c;:n not be e s p e c t ~ d  
I l o ~ ~ c v e r ,. 1  c1i?r7.lio:: of 1 toliltration TT~!! c~itirclv rei~love it. m r i i  3 

I0 it 4i,0111 \ X,c ~lrzligib!~. 
r '1113 b l ~ ~ d g c  t_<ii i:~niiscupacitj. in tlic s;,clii lii~ie-1~1Jget r c a t ~ i ~ c ~ ~ i  

should be su,Gcieat io hold a dcpo,iti~n oS 1,200 cubic j ards per 
1,i:O'I.CIOO ;uY 1011s. 'khk sh~dgesslzonltl I)e r~it!idr:i\iri.zz Lr~cliir.utly into 
tllo rilaiiz ~e t~! iagtank. As dranu ~ Y U I I I the liiiie-.trci~tii1eil1 spel~t 
tar1 tank nsctl in the tesls the sluclgc had a T I T ~ ~ O Pcontent of 36 per 
cent, bt:t j ~ : :L (Icepen. tank it is belic-5~cdthis mill bc rc t l~~ced t o  94 
]xcucent. 

hi the nlain sct~lil:g tank tllero nxirst kte capacity to  llol~lt i l a  
siudge fro111the 11;tre ireatlilent spent tail t u n l i  as well as  that de-
posited in the Lank itself. Owing t o  the depth of sludge tliat \\.ill 
accu;nu!ate in  tlxc settling tank, tilcuo nil1 bs n. large reduction of 
the r7olumc of i!lc iijcnt tan  sluclgc, and the vixter contcilt siio-tllcl )lot 
arerage nbo\ e 001:i.r eeilL silt1 the specific gravity not nmre than 1.04, 
This i~otnlcl r e d c e  ille vohrmc of slnJge fronl the liille-treatanent 
t,tnl.; f~om 1,220,n i  founci ill the tests, to about 410 ccbic yards per 
million gnllol~soP :per~",%un liquor treated. T o  this must be added 
50 cltbic yards per n\illioii gallon:, froi;l tbe combineci watCes trezted. 
Conrp:it:l,g itii the s l ~ ~ d g e  to 90 per cenl :uoisti!re and L O 4l3rod~1cecl 

specific gral  ity, ai~clon tllc basis of 14,@00 gallons of sper~t  tan 2nd 

a total of 106,000 gallolls froin all the opei~ations a t  the tannery, 
. .
tllera should be proclucecl about 1.1cubic Sect of sludge, contalnnlng 
63.8poirncl? ~f dry solid., per bide tanneil. wil'illThe storage pe~-io~i 
d e p m ~ t llo n l a i g e  cxtrnt on ~lilllti1;:Ic~on(1itions. 111 iocalities nilevc 
ope11 sludge beds e m  be used Lo advantage t l ~ r o ~ l g l ~ o u t  tlie el~tirc 
year, "5 0~3;~ be tile minilnr-inz allowance, and tili:; must biS ~ O ~ X I C I  

511erc.nsed Lro proporlfora a:, the a~ai1abiiit-y of slildge bed< during thc 

minter m~l l ihsis lesserzed by nlere serero at-cather.. 


r--
d he sludge k:etls sllnulti co11s4st of 1 foot in deptlr of fine cinders 


coke, or sanck, ~ncier~lrained area as i o  fuifill  tlie re
and of s ~ ~ c h  

qn'irera~~nts
set by the sludge-storage capacity sf tlle settling Laralr. 

Tlie feasibility o i  reillor-ing sludge in ttanPs wsgoils, t o  b!: sproac 
on l a i d  as lcrtilizer in its liquid state, is morbhy of inavstigr &t',loll 
Local conditiol~s,cost 04 labor, length of tlar~l, cost s f  land, cic., nrc 
%II tlcterniining f a c t o ~ s  i n  making any conlparixm be t~ee l i  rciatov 
ing the sl:adge frorii tlie prelnisrs ia its licluici i'oriir and bnbjectklq 
it to partial dcwatering on sludge brcls beloye re~aoval. 



Tile sludge u ~ c . ~ i t i ~ l t ~ t i r ~ gf:,c,m :t cllspoinl pI;int ~x.c~uti;lglarn:lc.ly 
xastes, sucll as was rised ill tile tests ut Luray, ilas practically t \ ~ . i ~ ~ ~  
as ~ I I U C ~ ~of ill@ comrr:on fer~il izing ingredients as baL*:lyarcl rn:;nui-c. 
an([ in atl(1lt:ion more kllan 30 per ctlnt oS calciull; a i  c a ~ h o i ~ : ~ ~ ~ .  
Tl!e indicutcid fertllizi:~. \-due \> as \ e.;ii?ed oil sillall teik plots arl,i 
on n l:~rge scale on %:le P:irm o\r.ne,l by tile Dcfor@: co. 
In order to cot?..tr~~ct Llie lrlost eco~iol~lioal LreaLnicnC plant alitii 

trpcrdie it at x r i l i n ; l~ i~ : i~~  c04t7 i i  is liig!llV ~Seiir.:\bl~annrt::l ~17uLl,s 
f a r  : ~ s  pos.;;ble nl l  r a w  a~:~ter la l ,1~ risetl IT(,, niid p2ea?e ant[ ! ~ . ~ i : ,  
reco\-eretl, bcfoicc leal ing the tanneidy. Spent 'etin ik1nors ~ ~ i l 1iilre-
wise liare f o be retlilcctl to  the lvlr  esL concept ration 8 %  fLil. acj 
possible used over agaila in leaching orzl Isen7liqusrs. These iorceJ 
ccotlolilics r i  ill briitg some r~elurn on tilo nvcstlilent, tila uxaoua"ie-
yaiiling on -the exlent such cco~zornies are :tlreadcty in practice, 

The results obiaincd firm the o~ernt ion  of tllc testing s~a t ion  a t  
LIie 1-TnRner Bras. Tannery Iinrc confirmed tilo~c I cportcil fro111 tii:. 
stutiiei niacle a t  Imray, Tra. This company rnt~lacs 1i:urncss lcaLfler 
fronl cowhides 1>j7a process of titi-ming sirrl i la~to ille on^ useii by the 
Dei'ord Co. in ~~~alcixlgb'ueliing Icather, the only diderence being In the 
exteilt that  the Lalining cornpou~i(ls stre used u p  in the proeeis of 
tanning the t v o  cliffercni: kincls of leatl~er. I n  tanning hides to !I(> 

made illto 11a1ness leather the tan  liq~rors cull be usecl, especially in 
cold we:lthrr, lilliil llle filial reaction i i  neutral or  practically so, 
-while in preparing hides for beltrng ieatl~er the liql~ors discl~argeti 
xt al l  seasons of the yenr ore s t m n g i ~  :kcid in reactiotl, inclicnting 
that a conqiiler:~!tle xirioriirt of tanning cconlpor~~id is left in tilc 3+:.aste 
liquors. The aualyses Imse bnri~e out tlri3 cornparisor:. Using tlic 
wc,dr liquors ilntil tlie lil l~e carried hy the freill hides has pmetic:tl!y 

:zerp, neutralized the acid in them has a practical bearing on the prif icx-  
inn:lng 	 ti011 of t l ~ cwastes. f t  was clcrnoi~stratetl i n  theso tests, as it was In 
L will ; 	 the foi-i~ier, t l ~ tthe amoilrlt of spent or i~ealc tali liquors disel~argc~l 
.i1iel.c 	 is tlie contm1l;ng factor in the desigl of n treatri~cneplalit for ~ l u r i -  
&re ! 	 fyilrg tarlncry wkstes. 
1:: t be j 'P'21e sanio type of plant -was operated at  ille 1I:lffncu Bros. Tanre:y 
tg the 	 as -\s as  used at the Deford 'illenChcr Co.'s Tannery, Xkilt a t  the for-iilz;. 

all tho .jvas~cs tyero treated in t h e  proportion in \?-hiell they Tver. 
I 

2ders, discll:irged front tho tannery, wllrle ut the iatlcr i t  was possible to 
ie re- treat only a, portion of tho spent t;m 1iiy1lor.s along ::lritb Ule o i h v  
~llk. wastes. The impor&ntc of (lconornizing in the [lse of tan Ijq~ior;, 
praad and in every l,ci[uc.ing the amonnl of ;\iiea!; O r  spent tan %':l%tC'; 

2ti;ion. discharged, rltrl h:lrclly be overemphasized .ivllcn corisid~rctl in con-
nectioil with tjie treatm~lentof tllc wastes frorn a tannerp. Whera;"? are 

eialov- ~ : l i I n ~ T ~ e scjisdlargo wnstcs containing tannin$< solntionr in ~ T ~ O U ~ L P  

2Ctkll," 	 and ill strength greater than tho98 treated in the tcds  : iL  the H a f f i ~ c r  
nros.Tannery, i t  will be necessary to add liine or to clilt~-,e them ~ i d - h  
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,in anlorrltt of water s~rffjeient to I ~ r i n gthe collccntralion clan 11 to  tliat the 
g i ~ e ~ r  beEn this report. 

I n  the tests ~r~ritle in B'incin~isli,  Iijlre s111tlge \T:~-;?Snot aclcleil t o  the c ie~  
,)tent t;>nl iql~ors  nntil .Juiy 1, 1917, hen, owing io  tlze more active M11C 

S~,tctcrial ac t ie l~  in warm weather, it was necessary to  discharge tllein bed 
Br~fOre t l i ~ y  \\ere csh~nitecl .  The  effect of the lime slnclge ooffset the I 
increased - t ra~igth of tllc t;innin comloonnd.; during the hot weatllrr. the 
,i.: evidenced ky the hjgl~i-ritrifieation and relative stability re.;ults for Pel 
tlre period follon i i ~ g  July 1st. by 

&ring the nintertil-rie n 6-inch Inycr of htrx- \~ well cowpactrd F]?C 

-P\ as jj.liic~<l011 raclis o ~ e r  the rougl~ ing  filters :u~ir l  sand filters, anil 1x1 
.eJ;eqe efecti;-~lg prerented freezing of the curface layers. The sai~tl pel 
filter.; were furionccl be fox  the iiraw covering n a s  placed. I n  (7 aj 
~;cln,t-herncli~ilatcs the original I\ here the \vlntel.s are In~ lg  and s c ~ c ~ c ,  nil 
cleaipr o f  the K;?ci;s could be macle to  incll~de p o a t ~  extending above dx, 
tiic -ar.fnce iif tile beds to Len e as  iupports for  holding a stl'xw he 
c o ~ - e ~  Tlle l u ~ - \ ~  .laing. 1ates a t  nllich the filters arc operated and elos- 
ill;; the plailt on Sondays and holidays make sonle such protection $111 

jlc.cessttyv drrling the colcl neather in the Sorih.  ill1 
i n  the tests 111acIe a t  E r ~ r a y  the filters -\Yere operatril a t  the higliest, i 

I , ~ t e stha t  n ould > jeld a \yell-nitrified effliient witlront repard to  the {'Y 

r cciiictiou uf tlie color. a t  Ciilcinllnti In the  studies tha t  f o l l o ~ ~ ~ e d  ('11 

cn attempt TI-as ~zlilde t o  obtaili not only a -11-ell-liitrificcl effh~mt bnt si1 

c m  i:r x~hich tllc color u-onlct be so red<~ced that. in a tlilution 09 1:1 cle 
or 1:2 in  the r cce i~  i:rg hotly of :1-ater, t!~e colol- in~par ted  t o  the in: 
-trears; would not be noticeable. Tlie ]bates a t  -\~hic!r Ithe filters were 
opelnked in  the later teqts v c r c  therefore I o ~ ~ e r  Icethan  those in the 

i l~ipinxlstr~dies. and the  i~eqlllts 11-cre corresponclingly nlore satis- I\-1 

f':?~~tory. as rcd~~cecl  1". ill the effluent fro111 n 1
The color IT t o  55 13. 11. 
crlc of the smd filtcrs and tlze suspended matter to  about 18 p. p. nl. tl., 
3irnao-ivy and Liiby bass lived co~ltinuously in  the effluent from filter Ile 
> f o ~  any d i l t~ t ing  ~va t c r  being added, except three liionths ~ ~ i t l ~ s i ~ t  Ilc 


<)nSunilays and Iroliday ~~Isenr tl.1
tlie tonrrery wai  cloqecl clon-n. 
TJIP depth of the roughing filters and S U I I ~  filters nTas 5 feet in 

tY~rc~ijg~rnfiutthe cntire period of ope~at ion.  I n  -view of the  satis- 1e 
fnctc1r.y ncwlts now being obtained in the larger nnit  operated at th  
t ho  Tjefoxd 'T~rir~erp, a 4 feet in the C (B , r~~v t r - j - ,TR.,with depth of 

~~cuzh ing  Y
filter alxl 3 f e e t  in the sxrmcl filter, i t  is quite probable that  

ki~l:ilar depths of fmlte~ing u,aterial in  the tests ~Jjadc a t  Wxffl~er "1 

33:uq. Tannery 7-i o~ilclhave given as s~ t t s fac toryr~url tsas the depths 2 1 


~)cccl. ?'be zi-raliov;er cieptl~s are recon~mendeci. ?! 


%Ire tests rnadc at tlie HHaSf'ner Bros. Tannery have t l r m o ~ ~ s t ~ a t e d  tLl 


ahah the mnelrleinns c ' i r n ~ ~ n  P
from the Tinray itndiec can be applied 

to t s t h~ rlanielm i c b s  ei4ng iilrrilar raw nladeriali hut  p~.oc?ncing elif - 0 


ic~c.nLhraicytcd prode~ct;. The only new concltlrions developed from 




be installed bet\recn tlre ro1lg1r~i-i~ filtcri offiltcj and tilth 
tient size t~ provide a no~~ l ina l  vb.sstes fol one horrr; storage of t,Ile 

~11d srcond, that  PI-o-iiisi~n be lrraclc for protecting the :,trf a ce of the 
beds froin freezing dm.inlg tlic n intertin;e, 

16 is estirlrated froiii the re:,ults obt;iincd froill the opcmtion of 
the t \ ~ o  tcitiiig 5iatiol-ib illat :~ppr.osi~il:tt($ 100 11. 1,. 111. of <us-
pended solids can be reri:ovcii from the efRric.nt of the r,ol;gl1ifig Elter 
by settling baiins. This computed to 92 pcr ceni sluclge wi th  a. 
specific gravity of 1.02 \i\ ill gi\-e about 165 crrk~ic fect of \VC& ~ 1 1 1 ~ 1 ~ ~  
1'" l'njllion galloan of 1) ailc. b)m the bniib of 2',1'8g,2llons of y,~aste 
per  hide, the :tvclr.xgr from the two tannrrici, the voiul!le of il~rdqc 
daily from 100 hirlrs taunnecl will be j.o~rgI~i;p t"a cubic PCP{. 'aS 1b 
nil! he :iccessaj.y to retain ths  ilndge in tlhe tank for at  Icait 20 
days in ol6cler to obtain a low I ~ O ~ S ~ I I Y PC O ~ ~ ~ C I I X ,and as i i  ill not 
he practiczlble to rerrlove all the slucjgc nt any nr:c t h ~ e ,  "cie kotd 
cludge capacity should be 120 cubic feet plus 10 per eenr ior the 
ilvclge that \viil wmain ic the tanlr cit,ch tirnc; malting the total 
ilndge storage csrpncity required 132 cubic fect. 

T1iis .i\ill add to the plant reconiillentlecl on ibe baiis of tlic Lnray 
ch\;peri11lcnti ancilhcr c,cttling tank having x i11;clgc c : ~ p a c i t ~  of 132 
rnhic feet :tnd a aiqr~idcapacity of 201 e~lbic feet, wnrl :.~tldition:iI 
siiltlge-dl ying area of 326 square feet per 100 l~iciviI a~inctl. The 
design of ellis tank will be tile sanle as that reconlti~cncledScr rc:nov-
ing ancl storing the ~iispended solicls in the raw waites. 

Surr~iningtilp the reinlts ol)tuined flonr ti?(. cq)'c1l"tion of the t \ ~ o  
(citing stakionq, i t  car) be stated t l ~ u ta nsethod ha, k1ec11 dr~eloped 
ulrereby mrastcs from tnnineries using ?:law produeti, sinlilar io thoye 
\\here the st~ldics vere  nlacle can be l)uriGcd in a Lreatn~cntp1~11b 
that ilas been considered veasot~able in. cost k)y ilie owncrs of tan-
neries interested in the purification of tlicir \> ttstei. a'?i~i.oi i  no dorrbt, 
Ilo\\-ever, that problems \viii :trise in l ile opc.ri~tjoii of lur :;e p l a ~ ~ f s  
treikting all the waste Jrom a ta;rnery illat coirld not he ant icipatecl 
~n the operation o! t!ic &citing station5. PC >-aL, of;or. the p ~ ~ r p o ~ ~ e  
learning \llT.haL $I.le dificuliies \viil be irr working on( on a. Inrge scale 
the conc]u2,ions forrriccb -from Llie testi, tEjnL $he tanneries in f 
cooperated in building and operi~ttng s trcutliienL pl9-n~a i  T~uray, 
ya.,  of liincb largr:r. slzo illan the Leqi units. This plant 11ailwen in 
pl'crxtlon olle year and njll be continned in s~rvice  rirr t i l  tir?l:~,1919, 
,dncl pO~kibly longer. The rei~nlis obtn~nedl rrp to b?!k iirn(', 1,~ ~ t ~ ~ - c ~ ~  
?on$),]lave illdjceted- that  any cxlcl~sivt:chth~?igeyin the original 
licsign \vi]l be -r.eqll:rerl, except tl~a;,e rlitntioned aborva relating 
protection of the fi]ier.s during time al'ict OIle i n i h ~ l a t i ~ l l  ~ ? i n l ( ~ r  



impro~*emcixt,,a x  i i$l l~o~t~inC,l-io~+ev:r,and  will be iiiacle ill the l?lanb 
a t  Laray +-iring tlic yetir. 

PROCESS BECO?JNFNDED. 

T~IQ prc,ccc-i o f  Lr.c.atmtnL recon1i:lenclcd is, in gcner:~I o ~ ~ t l i n e ,  as 
fo l lo l~s :  

Tlcar,rlcnt o f  ;.lie spcnt-ia~l liq-iior ~ ~ i t hlin.ic :?ti~lgcfroin the ~11-

hairing \-at$,f o l i o ~ ~ c dby about 2-1 hours' quie~;eer,i sedimentation. 
A3ix:ure of tlie .~l,l>cr.nntantrrom this "r-e:itmcn"L~i"ch11~~.cillainclci+ 

of tho TI fintI tyea l i~~?nt  0%the crtiniiinc?d ~raqie-.~ r i t l ic o p p i ' < ~ i  
(Serrer~s s~~ljzllaie).  thc  rate of abolkt 10 gr:tllls pelAgallon,:ti 

Pcdi,~~cnt::tlon of tllz iilix~cl v-astes ill rs t ~ k  sl~ffit'i~lit? ) : ~ ~ i n g  
capacity to  per,?>ii34 hours' operation of illc filter\, ancl to provitlc 
for  a n!inillxl~rn linnc of pxss:xgc (Illring the d : ~ y t i r ~ ~ cof 4 1iour.s. 

Pri'li~li;rl:iry filtration of the seitlecl Iiqnors through cinder rnngil-
inp filiers a t  ,tIiolrt 201?,000 gallons p c ~ *  acre per da~r.  

Sedimentxi icir: in t,tnPlts for abont onc hour. 
Secoalclary filtration tIrough bed? of courie sancl. 
Atblition o f  t11e~X~itlge tile spent-tan iiqilor treatnwnt to  thePt~olt~ 

maill sc~lil~lcntutiont:ln"x : ~ t  freqrleni interval5 ancl v i t h d r a ~ ~ ~ a l  of 
the sllrdge fro111 the latter and from the seconehry sedimel~tatioil 
.t:~lilito slc:lge-drying beds as  necesqarg. 

17L'tiliziltionof the dl,iccl sl~lilgeaai a fertilizer, 
Direct utilization sf the liquid sludge to fertilize near-by lancl by 

nle:llzs of t:lnli \~-agonsixmy be folmcl inore economical than the use 
of c'trying beck under certain conclitions. 

TI10 capacities and ratpi of opcrotion of these various treatment 
clericcs ITill v:wy n it11 the  requiseincnts of t11e individnal caw, espe-
cially as icgauds ihc quality o i  the filial cMucnt nccess:iry, 

I n  Appenclix 1:.i ill be founil the clnttl for  the design of a plant for 
t l ~ a  treatnlrnt of tlic ~vrliies resillting froni t23e tanning of 100 llidcs 
p:lr clr,y, u ~ ~ i l e r .contlilions iha t  reqrlire a nonp~ltrescible el'Lhrent bltt 

perrl~itthe discllargo of considerable color, the most frequently 

~ici , i~rr ing To meet other requirenients, tlre (lesigniiig cn-
ciinclitions. 

ginecc 3~ ill finc! it advisable to studN tile detailed osperinientsl work 

,$\-en in tho body of this report. 




COKBTRUCTTON DATA FOR A PLL4WT TO TREAT THE &VASTES 
FRORZ A TANNERY O F  100 HIDES PER DAY CAPACITY. 

Ko nircii~;l)t. rl-ili b~ iliafie to give a tlci;:!i!c(1. ci;'iiin:~iriol' Liro cost of I)ui!tll!l:. 
a tri::rln~t~ntp!c;nt for pu~i fy ing  ianric.1.y wastes. 'i 'i~o c,ost of t!?e large uriii'i' 


1s 	
built It:; ibc tllrne ta.j?~:cries and ciesignetl to treat 10.00il g;lllons per day of co111-

biaeii wt~strs  i~'a"?$2;1.G0. !VIE cost data, Ilomever, 21re n o t  acp1ic:~bleto  ~ l n a l s  

dcsig~lcdti!, this iiwr: or  Ir! 1l1e future :is thc: prices ~7ev:iiiiogtiwn \Trere a t ~ o ~ c  


lit 	 norn1:~I for :,e:~t:e tinlcz: ant1 a re  !o;\.i:r tliall those 8.t picsent. li'urthermore, tile 
le 	 Loenti-on oc' t-he l?Lant at Lumy, rni3cre no pumping w:1s rcrjuirod and tile 135 


of the gro~lntl was favorable .<or ,coilstructi11g the \.;;riotis (1~2-<ices,cou!ti ncit 

e s ~ ~ n l l y 
I)c i1np:ic;tte~l. 

r i r .llus ~.)l:rl~th;~\-irlghc'ctil in wnceessfn! o11crxlio:l for 0.5-c~;I year, it ~vi!l \ ~ c  
of tleBrjic? \-:I~:I<> to rcczo:.tl iii tlctr~il illc 1;rinci;)le c!itrici:slons and qumti t ics  oi' 
malc:~.ii:l:; involvetl. For the p\i?'r)osc of more rently co~npx~lsunboth thi: 
c!inii~i,sii~iisauc: cli!;tr?tiiic>s iln\-e b(>rii rc:tlil?~d to the b:tsis of 100 eoivl-iides per 
day- I'o? require pr'oportio~;ai,eiy Snrgi:r tire most p;t?i-, larger tzrrinrries \ \ ~ o ~ i d  
treairuler~t \vorlis, wiiilc vk-ith dcc~.i::~sing tnn11ci.j- oritimt the ::izc of the treat-
lacat plnat ~ v i l ldecrease ii? :io;lie\.rliat ies:; l)!.o;1ortioi!. 

for 

dcs fjpx+y.p'j'.i.: ,'(),:.'L<;cry.'L\i,::s,
f, 

bllt T*7 

.I l5.o innl ;~xi11 bc ~.cqi!i~,rd iicluors t1isc;i::i-gcd at night for ti2:it- to si-ore t!:c 
1tly n:c,;il tli~~tiighoirtt!:e 24 1:oti:rs. l'irc: storage eapaclty requireci for the l id i r i i~5  
en- i"ron1 300 hiCcs daily :roi~ltl be 680 cubic feei; per tank. The sludge Sstou3;<.l! 

ork 	 cap:icity regr:irc;tl mill c?cpcni!, vpon the cxtent to  ~vhicti the sludge compact<. I 
ID :I ticep T~LIIB a syccific gravity of 1.02 aricl water eo!lic!liit- fs l,eliej.c~lthat 
oC 91- per cent can 1je oi,taineti. Usii?;: thcsc iiqurcs anc1 coi;il>nting the TO~LXII?:: 

of sladgc !'rot11 tll;:t xccurnu1::tod in  iilc test uxiits 211: 96 pel' cent moisture anti 
4 ~ 3 ~ ~ i f i l '~ i ' : l ~ i t ~of i:.Ol(i, illere ~vill  b:: clcl?ocitcd 4.2 c:i;!iie yards yer day. If tili-: 
wiucigc :~<.curiilllatctl for six diiys bei'orc? discllarjir? into the main settlini. 
t?~r!i i t  7)-ill r e ~ ~ i i r i :  2.3 c;ubic ytri.tis or O'i5 cubic Peei; of stora,ge capacity. T1:e 
t.cotnl capacity of each tL~r&< 1,:?.76 cu!>ic fe:?T. shon1d thci-ci'ore hc n ~ ~ ~ ) i ~ r ) s i l t : : ~ t ~  I

[Cl!e alllount of eorlereie required to ccilstruct these Lwo t a l ~ k s  \\-ill hf! n!~ont 32 
1 . The bo t t~ l l lo f  chac:]l tilr111 should be built ~vitli  I?ol,i?ers to fnciii::Eie 
1'12 rcrrlclnl of tile siuilg~. I :~c l lI!op:~er sllould have a 6-inell c;:st-iroa i d r a  

(121) 	 1 
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ir:'c!in{r Il?ror?glj tjie sitlp 01' ill,> t:!~ili a ~ i d  ~?;'ovitlctl wit11 n 4 i~lcligate TilIve. 
i.:sch of the q)cnt-;an stori~ge t;rulis ill rc'rjiiire a regulilting device to  control 
t kle araount $01. sjient-tan liquor dinch8.rgecl into the othri' wastes. I11 the piant 
Y ~ O Wi:~opemtion a 2-lrlch \-:\lye anti float of the typc used in ortlinary fli~sh 
r.;iaks is gir.Iug Ye1.y gooit service. Orily one float u ~ t l  n l v e  is used a i ~ d  tile 
piping to ~ihlel i  i t  is artachetl estericls tlirongh tlie stor;~ge tanks ,just above the 
t.lnc!ge I jn r .  XI; ~i,oiiE)ie Ii;rs Iwen espe!'ic'nc:c!tl i'rom clogping of thc valve, and T 
~1;ciiq:lois fia\-c' : lox  lititi :iliy cl'l'ect on c.ii11c.r the ~ a l r c  or the fioat. t c i i  

srrc 
rge. 
per 

Tiie liilie sluilge coiliai~liilg :~l)out 50 per c c ; ~ ~ t  ilioistnre was addctl clirect to rerli 
the spent tall in f l ~ estol.:ige t~1111cs (luring tllc lests and tbe mist~1r.c. siiri'eti to- 0ll0 

yethex'. I n  a large plant. lio~~cve', tllis ~v i i l  lot b~ ]>lsactieal,so tllat a mirring sho-
lank will be rcqnircct to  gc't a s~~sgc~nsioilof i l rc - lime sluclgt; ir i  vatcr. A \Ti 11 
cire:iii?r i\.oc?tiPi~ tank Ca i'c3et in iliameter ailti 6 feet deep \\'ill be a convenient St 01 

size f t ~ r  ll!is l?nrplosc, .% stirring device will be required for mixing the li~rle anti 
sludge and ~ ~ a t c 3 rtogether, I ) i l C  i t  n-ill bn ol)erttted only while the spent-tan tr?c 
Ifqii<!:-s are clischargefl, a s  the lime will he :~ddeclto the waste as  it  i:nters tho 2-in 
atorage tank. An o1':ljnir1*q- 2-inch gate valve xttnchcd to the outlet pipe from a ncl 
rhe misirlg tank can he callhratccl to control the :imouat of lime sludge aclderl rl 
ro he s1;ent-tan ilquc,i.c;. qui 

Tno ~oiliifi-ri~1:  nkii for ( ' O P ~ ~ C I ' R Sn-ill lw 1.c~iliret1. ollc to he in  use w l l i l ~  the 
c ~ ~ l r ~ iion is k ) ( ' i l i ~ I?I'~'!IXI.CIJ i 1 1  the ot11er. Thc i c 3  sl~oi~ltlhc of mood and each 

:G 1.1. sLo ;:.cT ha^ e n i?j i : lcit> of aijout 20 cnhic feet. 

T11c tori11 ~-olnrncei' n:isie to 1~ scttlctl in  tlijs fnnk is 38,500 gallons pel. 
clzy. I n  ordctr to sto:,e c:lonsl~ \\.a!;te dnririg the ilny tiinc to supply the filters 
at i>igIlP, rhe Total settiing cay)ncitg reqsireil js 3,000 cnbir feet. I n  20 days 
liierc n-c'illti lie tlcj,o<itetl ill tlriq talili 34 cuhic yards or 918 cubic feet of 
rl?.!~lge n-Etl? 9t? Ipei. c,e~?t ~~--iitevaiul x syjeeitic glGa\-ity oC 3.04. This !anB sl~orrlcl 
h ive  x 20-day c:~gncil-7for s l ~ ~ t i g ealicl also $1 suWeient capacity to rec2rive the 
tY;i?i ~111iIge fro111 {lie slient tan sto~+;:ge tanks. This slutlge vV7i.ll amount to 
C,??I cubic feet per week, as  alseatlp shown, xnd ~\-iiJccintain about 94 per cent 
wn:i3r :il?ii h a w  a specific g r n ~ ~ i ' i yor 1.02. Einptird once a week inlo tht? main 
wft ! i l?~t:r:?l:, i t  n-iil 1?e sCclr~i120 t3I:iys SO tlifit Wle tot211 sto12age cny)ttcitg re-
ci~ii:cci for sir~c'ixesiionl!l be a!)ol~t 3.200 cal~jc  feet, and the total volume of the 
r;tx~k ~ahorrt6.200 crrble feet. n-e 

Thei'c woulcZ I;? ~.er?,nireclto construct this tarlli approsin~xtcly100 cubic LJv 

i-::rds IIP conercre. The: t ~ t t o mof Ihe 1-:i(nksilould co~itain hoppers for con- 13n 
a,c,nt;.::tinil: the sludge ??enlathe slutlgc outlet pipe. An outlet pipe 6 inches in 
ciim~iei-er~ i l h:i 6-i:lcil i;;ite i-nl\-:. ioc'alrtl c>utsidc tht: tank ::llc:i:ltl be j,ro'i'itlerl 
fc,i each i!ol?l:'f'3'. h coi:t~'oliin$! : i ] : ~ ~ : ~ r n t ~ ~ s  will he necessary a$ the o~ltlet end 
<,f ~ I I ~ stilnk TO F~YI?:? col;~l:~.~!tfi(~\!-to  ti1c1 filters. 

hi' 

:,j t 
I-r'wo %iplrc~-tsi j i d  Pwc, sbi)!lo?? c?:ar~ih~!~.-;\\-i?~ildbe reqrrireti, one for applying 01' 

Iiiie sediled waste :o the r i ~ u g l i i ~ yfilter, and the other for dosing the sand ca 



filter. 6-inch siphon clischargii~g c\-cr'y i0 rlrjljlites ~ ~ ~ ~ , l ~ l  rcqllirea (.halnher 
lioltlin:. xP!lrosimutc?!g 000 galloi~s, or  120 ccklic feet. There ,l-culd be required 
airout 2 cubic yarils of concrete for tile t\yo tail&. 

ROUGLIITG BIL'I'ICR. 

The roughillg filter Shoul(1 be co~:~~?ost?tl ~f cinclers fro111 \yhiph fille Inn-
tciiiii I I ~ Sbeen removed, or slag runniag about tIle safiie size a s  \\rashed o r  
srrcened cinders. Tlie bcd should be 4 fcet dccl, c,sciiisi\-o of the ilnder<irain- 
rge. This fiiter slionld t reat  tile w:rste a t  of 200,(100 galloas per acre 
per (lity. With 38,500 gxllolls to purify the area rccjuireil \ronlil be 0.2 acre, 
reqiliring 1,2!)0 cubic ~ a r t l sof el~~c!ers. T l ~ e  uutlerdrairxage for tliis filter 
nliould collsjst of farm tile co\,ereci -,vith co:li.se stolle. The main drains 
~11ouldbe of &inch tilo ?in11 tire latel-als or 4-iact1 tile laic1 S feet ilpart. ~t 
11-ill bc 11ecess:rry to cover the tile to an ayerage depth of 6 inches with coarse 
atone. There ill bc req~;irc.d 65 feet of 6-ii~ch, a11cl. 1,163 feet of 4-incb tile, 
anti, for cuverillg tlic tile, ttpl>roxim::tely I61 cubic ~ x r c l s  of stone. To dip 
tri'uai:e the m>iste Oi'('r 1I1<? SIITI':L<.B of thf? he(], troughs inilcle of &inch by 
2-ir1:.11 ~?lanks shonltl be used, rxtliating Croru! a box nt the inlet of the bed, 
ancl ul)l~r.osimately2,400 feet of l~liliber will be required I"or t11js purpose. 

To irlc.lose Lliis filter apl?roximately 4,000 feet of "inch [)lank will be re-
quired, u l ~ d  46 posts, 6 by 6 i i~dier .  Tlic posts s!ionitl be set in concrete. 

I"JX.:B,\i~~l)lATE SC'lTI.ING TASK.  

This tank, the m i n e  of ~ ~ l i i c h  tile Cincianttii cxperi-Ivas demi)i~straici:, in 
~neijts, slioulil be includccl iil the ilesign, altllough i t  I\-&.;:not eontaiiled in tile f u l l  
scale unit at Luray. 

I t  sh017ltl be of essentially tlie same tlesiga as  Ihe preliminary setrlillg t:~:~lc 
just desc~'ibed, but  of a dndge ci;paclty of about 132 cubic fcet a.ucl a total voi- 
ume of about 204 cubic feet. 

Tlle construction o f  1.liis tairli \\-ill rtqnirc. ;:l~proxil~~:~tcly, 20 cubic y:rrils of 

SAXD xILrrm. 

Tlie snud fiiter should have the sanle area a s  tlie ciader filtei", and its depth 
s~loulcl be 3 feet, excluding i.he u~itlerilrainage. There n.iil h c  required 970 
cubic yaycls of sand. The ulitlr~.d~trin:ige \\.ill be siu:ilai. to  lilat of lllc cjiider 
filter, ail& tlle distribnti~ig troughs will require about 1,200 feet of Imnber. 
7L'lle very low temperatures of the winter u l  1917-18 a t  I,uray, Ta., \\-liere the 
permanent ullit is noTT7 in operation, have sho\~u.  that the filters, i n  ~nnrticu!ar 
111~ sanil riters,  \Till reqi.1il.e yofile liii~tl of protecticili tluriilg ~)rotracted zero 
yeatlier. posts set in tile iillers arict extelidiilg 1 Soot :hit\-e iJie ,-miti and  su!l)-
ljvrtilig a loose [raole\;-or]i o i  ijosrfis covcrcd with 6 inches oI" straw \yell CO!,U-

i)gctcd, seems to most prnetical and econo~~ica lform of coaering. 
~t is essclltit,~ i b ~ t  htitiortl of enclr tiitci. s!ronic! l.ie carefully v e -  

jrki?.ed, the tile alltl covr.rjilg or' coarse stoae ~ : ~ i . ~ f l i l J ~placed, i l l  orcier 
l,reverjt tilc stovngc of th(: filieypcl i~t-~ijtc a i i i l r ~if!^ lilt-ei:ing ?n>>.terial. in  ~ o ( ? I s  

hi,coilcjilry clecollljiositjol, tu  tul;e place aucl the e!IluenL \<ill be 1Ul~iLtisfdctor~. 
pl.csb mater forced hfi,-k (-hrongh rhe tile anil coarse stone mill ~e l i evca baa 
hjtnatjon that 1 1 ~ . (1~ve;opetl from the storirge uf G!tere(l wastes on the bottom 
01. rl,e lied. yo (lo llris eilicit:ll,ly, sj,c:llci tile nocc3r;i:y arise, tllc: starie lirust be 

carefully 171acetl so as  to  ~ b o r d  yeady access of finshiilg water to llarts of 
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the boltoru ol' the bed :rricl to u height of at Iensl G iilclws ubove tile butloin, f i .  
is l?srticiilarly important that  tlie sacci filler bottoiu sho:llrl be lm~perly prt-
parcel as any fai lwe here v,r:.il! r u i ?~4-hc elililcint. 
if this filter is; not uradc ill exc:~vaiiori t!~t: siilrie :irno~int of 111ini)er ::nil 

isosts ~villbe recluireci I-o iiicloso it >is ;:i\-t:!~ I'ou !i:c roughing iil:<:i.. 

S ~ l . l , ~ I ~ ~ , l Cl%EUS. 

Tlio settling f:~ni; is tlcsiguc.rl t-o lio?<l ;I!! th:. siutig!: r)ro:h~ved in the pinilt 
for 20 iinys, v,-herl it is nntieip:~.Seil the slnclgc? \rill be r:'c!nc~ctl l-o 99 per eei:t 
~:~oistareaiitl r! specific grniitg of 1L0-2. 7'Eic iota1 ~ O l i ~ : ~ . i ~of sintl,qe to he all-
p1ic.d l-o slvrc!i;c iictls c?rci'Y 20 (lay!; ~villhe apgl-osilr~iiti'ly7.k c.ilbic yarcls. ,V+ 
20 t i a p  is ihe slloi.(cst tlryirig ~r r ioc i  I l ~ n lcan be c!cjtei?c!eit upon ihi.ou;;hout th(: 
year, tlnl)licatc hi:tis will I,:: ~~cc\ i i i~~ed.thc tc~tr: i t  was t?eil~o~ist~:ifetl 10Ti? th;\! 
to 72 inch?!: \\.:is t!~c 1,rc'pc.r ckpth of' slnilge to aitp!y l o  the heds. S n  arcn :)P 
2.000 square fec-i- is tl:e~ei'orc rrquirec? for et1:.11 I ? i b i l .  'Che lietls ?;in bc : ~ i ; ~ t i o  
citller of s:i.n(! or of' cinders. I f  i::rliil i:; i~;;etl,n r!ej?i.?r of G iilcllei; i!: nt?c.cls.;al'\. 
If ciri('lers a t e  nscii, nud they sill probably he eha::~per in innsl- I!,ealities, tiic 
dei,th s;~ol:!C !I:: 1 1'l;ot n.il;l 4 i~lches of 111uterTni ;rt I!lc top that 11:~s. passc~tl 
tllrougll ;I :-inch sci'ecil, and 8 i.iir:h~s bcilo~r, tli7tL lias pnssctl orcr :I 3-i l id l  

screen. Tii is  ~ ~ o u l i l  or itrequire 74 cubie ~a?i';:; Sor c ;~chbeal tolsi of 148 cwi~ ic  

Tlie ni!~lci~tl.rairi:::~;(~ siionic?. c t r i i ~ i ~ t  oi' lir!cs of 4-ii1i.h Carl11 tile lait! 10 Ccct 
apart ox-el. tlie bott~ornoB flit. bell. Tlie tile sboulil he !iiid i l r  c!itclics n~itllsidc?~ 
slo~)iug::i i'ect o2~c.11\ray ~ ~ r i t l  tlient. s a u ~ iisthe ceoarse cinders pltactLtl nwr I f  
used, coarse c i n d e i ~  siloulil be placctl over tile tile to prevent 111~sanil Croxii 
\:xshing alray. 

At tile K3el'oitl Co. 'Pannerg it \\-ill I?p ~)oasil)ieto locate t:ict siucige be& fa1.o 
ably for eoostr-eretion so "cat the  drainage c:ui he diseha.rged I x to  tine siphon 
box receiving the emuent from the roughing filter, and thus receive 61l:~ltreat-
11leu1 uii tlw >:zinc1liltel.. 'I'!iis procc:lurc is rei.oii::::ci!iied :vliel?ever possible. Tll 
drainage from the sludge bells should not be ilischtirgeii into the stream with- 
ant f u ~ t h e rtreatment. I t  can in most cases, with advantage be returned to 
the main s e r e r  and passed again through the treat~lieiit )$ant. 

311SCEI,I..\ Xk:OUS, 

rarx nccording lo local coriilitioris ;~.ildwill iricl~rc?e sucl? items zis ~!~n.el' 
or f l u m t ~for c.oiiciuc~tiurg :lie \-arioiis TT-tisies to the pl:lnt tir?tl am:Ly froin 
fi7l:il iiltc:~:. There wiii tiluo hr\ required col?lpe?:ls (ferrous sulphute) 
St~Ya:?'t? for it. !I11le cayrw':ls \ i i !2  be u s ~ d  tit the rat-e of 54 yollrltls ]x?r 

linx ulitdge during the winter time, 
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THE EFFECT O F  T14E T h S N K R H  \YISrd'E FZkOnZ TEIE DEFORD 

TANKEEY C O .  ON THE 'aYA'T22iS PLO't47ING 1N PPATVKSBILL 
-

'Il'iri? ivarsi!,s from llic tanxicry arc rlisci~;ij~;.:ei!Ilil;) f i  slni~il  stre::m, Hii\s!r+ill 
Crrt.1~. ?';!is erccl': rises in tlie Blne .Rii!ge 3lonntail1s ill i i i ~::ol:tl~~:iliter~i 
pilrt of I';lg:.o Co1'iit.v. V:l., n~tout12 1ni le~solif-11 cii' I'ut.:i~, a ~ r d  cliiel'.~ Chc suut'c: 
fork o f  tiie S l i ~ ? ~ ~ i i ~ i ( ; ~ : i h  River itbout 4 iui1c.s to ihe nortlr. 

I)iseh:lly?;: rl:~i1~e~rc~rrlcriL6 mildi. 130s kjy tlze Unilcilwcre clr~ring1905 nlld 
Stntes Geolo>:.?i.nl Sui-i-eg. The m o ~ ~ t h i yarerages of these readings a r e  
coilC:ti?ic.cl in I?i!!)le 53. 

...... 
Month. 

M s i - / I thi-
mum. I m t w .  

I ILm;l. 

aver- ,1 SUIT................ 46 36.1 ,Trmi~nr-........... . (  4 1 4  5 2  / lYI.0 

iphon / August ............. 63 3 2 . 6 1  February.. ....... 37 VJ. 3
27.5 N a r ~ h

Scl~tcmbcr......... .............. 8,. 2 

treut- 1 Oetohrr ............ 30.0 ii ~ n l  


: Ko~embcr.........1 84 27 30.0 82 37 5:3. 6
d~.:::::::::::::::: 
De~cnber......... . i  298 , 80 81.7 June .............. .  232 t i i .  5 


I I 1l 1 I ................. ... ....... ......-....... 


lWTatcr Suppl;- and Irrigation
Snrrey.  

I'npcr Ko. 102, p. 115, Department of the lirtrrior, U.S .  Gco!ogicai 

I:et\veeil t hc  point of discharge of the w:rsie allti tlic? station fit nliicl? tl!? 
ai)o\-e ~r!o:~surcn~rntswere rirnclc? tl~i're a rc  se\-cr;ll slunl! :\(ic!itie)l!s ! o  { L I P  !low, 

above tot;rl of T:!e%? trr;!ouillcd to about 2 sccorid-i'cet, so that tile va111c.s ~ i r t : ~ ~  
s brill i*1 t!?c t ~ t l ~ l carc  ill csccss of t!li: llo~v: ~ tthe t:inn.e~'y ontit,t by that ':oi;il;ie. 

1)il)c 'a\'iill \vast(! ; ~ ~ ~ i . a g i ~ - ~ g::bout 90,000 giiiioiis iil 30 ]l0111.~, ?l~(:t.e \\-<)tlltL be 
kn T ! I ~  a tllli~tion, m?c:cr ille rnini~r~uinflow rc!eordetl al~ox-e,of xhol::t 72  t l i i lc?. 
) : ~ n ( l  Th!? spoilt t;rri liql~or:; wcrc: ili>ji.llnrgeil duriiig !h:! iligltt, blit it 7.v9u:tl be 
?r 100 poi;si!r!t? to m::l;c? t h i s  o~tert11,ionco'icli. a licriotl of 2rt !ciaa'i 10 iioi!r,s. T'Pitil 
)r the 14.0:)O g,.nllon:; (!ail)-, \:.ilic]i it sclc'ms -r;iii. to ;tr:c:c])t a s  large c~io;igh i f  rigill 

c%i.oi!omyis lirnci;icc.:i c\-en illongl! ?ioi?c' oi' tilt! lliclz w>rs!i is l l ~ ? ( i'l)a('i: 
~c~I::!I~?s,file cIil1iti(,l;, i n  it 10-li:)ur (iisciiai.xc1 l i r r i ~ ~ l ,  u;.nul(i ;:c :ii)oi!t 400 tix11l7+. 

r ,  slirtly ~ 1 ~ 9effect of t h e  n.:lst(? irpoll ilio \\.:!tc,i' i!? t!?:: crcrk, se~-t?i-:1.1 

snr?~p!i:lg poixiic x e r e  c s t ; l ~ i ; s : i i ~ ~ lant1 i'i.c'q~lellt tl(?!@:.l:lin:~iiO!l~ 1!1'1:!? o f  tho 
tiis:;oi\-c?d osygert coritt:ni a t  tlicsc, l?oillis, It shoulii be notc.cl 
( ~ 1 ( ~ ( ~ l ~ i l ~ gt]l(;  s[~y>i!~,~:![; [ j ) ~[ilr)e:<<{)c~ : ~ j r l ] t j p sTv(::.e !2i!.:~i? c O l ~ ? ; t i l l ~ ~ ~110 F[)k,!lt 
tali l iq~ol-n, :is th(: s:ilnp]i:s y e r e  tir!ieil dul.illff t i ; (> ti:Q' Zilitl t!iC S;E::t trill iTT;ld 
discil:irpc?tl t l n r j r l g  t!;c night. :c]lei.e \x:as, l!o~rt.,-cr,a srua!i 21luoilnt of' cli?nr 
v;at(.r fro111 q,ringy:, n.llicl2 scr~::dto tlilutc ti\(?\filsicA t<,S131;!( 

~ : l l , l ~53 c.ontnins tllc results 01Gxse a!~,.nl~.sc?.; nrcrtlged by li~olltlls. 
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... 
1 . '' 1 a . t a t i o n ? .  I Stationl?. st21t10n 12. 

~ - ! 
rarls per nlillion. --

_kt stnliorz h II:c \v:!tcr \vt$s s:itur;~tc'd ~yiill  dissol~t~t l  in pl.:lcti~all;foxrgen 
< '~ t> i 'ysa:nli!e ;~lutru~it osygt'll c;:!'l'ii~tl by the \\-xrer n-as taitri~. Tlie l : i !yc l  ~ i '  

it%, 11th tiorrbr, r t r  lilr 1iil.ge uilll!))t,r til' \ ~ : \ t t l ~cwss I,ctls locfitetl xlollg i)}e 

k!i,nb-:of Ha\,\.fisbiil ('rceii :!l)cive I,uray, :ilict iiie oxygen ilc~ilatrtl a s  given 
:;ncle~.1 \\.as iilffucucrc! to i;oll~c? extel~t  11) the esc;rl!e o C  0x3-gen diir.iiig in-
~ .E>~) :> :~oI I ,  usetl e!o\vl~ irito thc: bottle toi11thollgI1 glass tribes -,yere extenc!ilig 
: r 1 ~ . r n  a seal at the top. 

Ttie tlxygels tlciliii~~(l a t  station C, co!!rl,;t!.ecl alld E,~ ~ l l e n  n-it11 ~l;itiotls I )  
sho\17s that  etlui!ihl.iu~n was reacilrtl in t l~eiiliiotlllt of oxygen iinrlieiliately 
required :~ tthis ~?o i i~ t .  It is \)-ell t o  irenr i i r  iiiiirtl ili co~lsiilrrllg tllc3 ~ ~ e s n l t s  
in this t:tl~)e I 1i;:t n u  spent tan liquor c x c c ~ t;I si~lall a n ~ o u ~ l t  wnSof ieakaae 
j'reseut i l l  tlrr wz~stts anti [hat tlie c!ili!tion was 1 to 65. Sa111ple.i: t:~Ben ;It 

s:!!s!(: stu 1 io11s jiigi]',, v;h(:]l the >))ei:t t t r l i  ~,?c~l'C~ tiis~li:t~g<?(iI i~ j~o i ' s  b1It 
i:(l oilier \vast;s, a oxygpn t l c ~ ~ a ~ : t l  nots!lo~~t-c:tl Iiigller but eiicrugh l o  esliailst 
rile oxygel! iri !I!() c,iberiiat stations (1, J ) ,  or $2. I\I~.t!l.y!(~i!e 11111c' tests 111trile :it 
irlrpi.i.n!s tiu~.i:?;$ 1I1t: f!e~~ic)c! c<)?c'recl by thc i e : i i l e  ail\-ags gave :t l?!atkc: 
yr;rbility \-::ice of 93 Tor bt~tl.r tlie peric:tis \vllt:~i lilt: gelltlr.ul waste \\:iS tjiS-

i,ilai.gcqj in the dtiyiirne \\-liei~ the sl)clli. ta i :  a tIicp(:rs \\else (li,s~)l;li '#P~~ 
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APPENI>IX111. 

EFFECT O F  UNTREATED AND PURIFIED TANNERY WASTE ON 
FISH LIFE. 

Where tannerii,s Eire located on srriail streams or rlvers of lo^ discliargt. 
during the summer months, the effoct ot dlschitrging the wastes into such 
waters is of iial])oltance not only from n sanltasy standpoint but because of 
tho effecfs on f i i l i  hfc. Al  the poirrt 7. licre the w;lste from the Deford Co.'s 
plant enters Haw~rsitiii Creek t h ~t'rilntion of the naste  clischargrd during the 
claytime of the driest yecison o f  tlic~ year ru 72  parts of ;~y;>r.o2:1m:~tely water 
to 1of waste, anti a t  niqiit wlieli the tan l i q u ~ r s  &re tllscharqed the ratio is 
1 to 460. Observations nrade througlronl the inrniut>r of cach year oi the tests 
disclosed the f a c ~  that illlnnows were prcserlf nt all tirnes wlthin 300 yarclr 
of the Outlet. JIln110~6 1)lilcrd 111 a box ill the crevh 111 fi\e different sets of 
tests a t  points 100 to 300 yards below the outlet of thrx t:runery ditch showed 
a death rate  varying fro111 25 to 50 per cent a t  the. rncl o f  seven cta~s,while the 
control above the outlet \arietl from 3 to 6 per cent. The ~otz11 number of 
ininnows used in the five cliffercrlt series was 150, 30 to each box The con-
clusions to  be drawn from thc observations iind box tests are  that minnows 
can and do live in the creek within 300 yartls of the tannery outlet, but when 
confined in a box they do not lrve a s  long below the tannery outlet a s  above 
In the springtime sunfish, suckers, and pike were caught a t  300 yards below 
the outlet, but i t  is a question wllether these fish rernitinecl even within 1,000 
yards below the outlet to lay their eggs. 

From the nature of tile clepos~t on tile bottorn of tilt creek at ter  the spring 
mins were over, i t  is not likely that any fish spawned in the creeli above 1 
mile below the tannery outlet, and in this consitleratio~i probably lies the great- 
est danger to  fish lift. in streams below tannery outlets. The accumulation of 
particles of lime sludge and other forms of suqpendeti matter over the bed of the 
stream no doubt would drive fish to the cleaner portions of a stream during the 
spawning season, but a t  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 repor* in Water 
Supply arid Irrigation Paper No. 192, dealing with "The Effect of Some Indus- 
trial Wastes on Fishes." These studies were carried out in Washington a t  
the United State.; Bureau of Fisheries, and the sanlples of waqtes used were 
shipped lrom t11e various industries studied. 

Under tannery wastes in this report are given the results of placing various 
kinds of fish in different dilutions of the several different kinds of spent liquors 
discharged from a tannery. Selecting the dilution in which the fishes lived 

the longest the  results a r e  as follows for the diffrrcnt klnds of wastes: 
First. " Sour bark liquors:" A dark-coloreil acid waste containing a sinall 

amount of tannlc acid. In a dilution ot thlr wastr of 1 to 50 bass Were not 
killed in 65 honrs. 

Secontl. " Roclcer sour bark liquors :" A brownish, cloudy acid llqllOr lal~eleti 
" valueless in t:rnnic acld," specific gravity 1.007 a t  10' 6. This Liquor ortli- 

narily has an acidity of 3,200 parts per million and :In oxygen co~lsurnii~g value 
of 18,000 p. p. m h dilution of 1to 60 failed to kill bass in 9 days, but was 
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fatal to perch in 20 hours; 1to 120 killed perch in 3 days, and 1to 140 iailed t o  
kill a t  4 days. 

Third. " Dye house liquors :" A greenish liyuid with some (lark sctlimcnt, 
about neutral in reaction and a specific gravity of 1.003 a t  16" C. A (Jilution 
of the vaste ,  1to 15, failed to  kill perch in 51 days, but bass were killrtl in 9 

Fourth. "Rate:" A straw-colored liquor with a n  alkalinity of 400 parts per 
million (caustic and hydrate) and specific gravity of 1.004 a t  9' C. A clilutioii 
of this xraste 1to 10 failed to kill bass in 4 days. 

Fifth. " Soak liquors from hides :" A colorless neutral water containing tlie 
sodium chloride soalied out of the hides. Bass placed in a n  aerated and un- 
cliluttxtl sample of this waste for 4 days were not affected. 

Sixth. "Sour liquor tail  handler :" An acid liquor of pinkish color and foul 
odor, extractrd originally f r o ~ n  hemlock bark. A dilution of 1 to 60 Billed bass 
in 20 hours, but failed to kill perch i n  54 hours. 

Seventh. "Sample from hair washing machine:" A cloudy, grayish liquid, of 
1.004 specific gravity a t  14' C. and alkalinity of C30 p. p. In. (probably hydrates 
and carbonates). Dilutions of 1to 60 failcd to  kill bass in  1 3  days. 

Eighth. '(Lime and sodium sulpliide :" rk dirty yellowish, strongly alkaline 
(4,000 p. p. m., probably hydrate and carbonate) liquor, with a specific gravity 
of 1.015 ut 7" C. Dilutions of 1to 120 killed bass in 70 hours, while I to 150 
failed to kill in  43 days. Perch were able to live in a dilution of 1to 180 -tor 
four days without being affected. 

Attention should be called to the fact, as  pointed out in  the report, that 
the fish In the tests were kept i n  containers varying in size from 5 to  30 liters, 
ancl, consequently, were not in a s  favorable surroundings a s  would be the case 
i n  a n  open stream, where aeration would be rapid and the toxic compountls 
from the fish and the decoiu~tosition products due to bacterial actiori i l l y -

seminated. 
I n  applying the data in the Geological Survey report to practical coritlitiorir 

it is well to bear in  mind that the ~v:lstes tested were selected from special opera- 
tions in the tannery and were not the composite wastes that  were discharged. 
This is a n  important consideration, a s  the separate wastes xvheil mixc,tl 
together to  form tlle composite have a n  entirely different character. The acid 
tan liquors are  made neutral by colnirlg in contact with the 11nie wastcs, ancl 
the cauht~cily of the lime wastes a t  the same time is reduced. If, however, a 
large quantity of one waste is discharged a t  one time and a t  the same time a 
small quantity of another waste wfth the opposite reaction, then thc effect 
on fish of t h ~  nastes  iiz excess will be somewlidt in  relation t o  the tests niade 
in tlie jars for the ~ : ~ s t c s  discharged that  represent one process in the tannery 

Ordinarily the routioe of a tannery is  well established, an$ during tlie two 
years of the tests there was only one -,'ariation in the disc1i:trge of wastes 
tha-c had any effect on the fish i n  the stream. I n  this case, through a mistake, 
a n  extra lime vat  was dischargetl that  increased the rausticity of all the 
~ ~ a s t e sflowing a t  the time suEcieritly to kill the fish when these wastes 
reached the creek. 

Toward the end of the tests when ztn adjustment of the ~vastes  hat1 been 
~ n a d eso that all could be tredtcd togethcr arid a stable eilluer~t obtaiitccl, Bsli 
(minnows) were placed in the undiluted eillucnt from the sand filters ant1 
lived from June 8 to July 20. B'ollowing this test a rock bass placed in the 
effluent from sand filter 5 lived till the station was closed down A u g u ~ l  1.5. 

From all the evidence cited above, the effect of unpurified tannery wastes 
0 1 1  fish will depend entirely on the dilution i~vai:able : ~ n d  the control exercisetl 
in discharging the wastes. W!th careful controi tit the Defortl (30,'s tannery 



,it T,uray, ailil with the wastes ploduccd from thls type of tannery, fish coultl 
l ib i ,  comfortably wjth a dilutio~l of 1 to 65 a t  300 yards below the outlet. In 
the data quoted from the United States Geological Survey bulletin, the lirnt. 
hsL 1;ved in  the teqts with separate wastes varied froill dilutions of 1 to 180 
fuc " lime and sodium sulptiide " to 1to 10 for wastes from the bating process. 
If the latter tests had htlea carried out in a strewn of rurinirig water, the fislt 
nould proh:~l)ly h,l\i> libed in  the same dilutions that  werr M a 1  ill the bnsi11.t 

In the sdntl 11.+er efHanll froin the test units operated a t  the Deford Co. 
tannery, minnows lived for more than SO days, but i t  must be borne in mint1 
ttl:~t the w ~ s t e s  ivcrc. all rniu6.d toqetlier to form the best possible rni~t l~rc.  
for treatment, and his m i ~ t n r e  happened to be the one least ctetrim~ncal to 
-hs38 life. Such a <on l>~ri,itiori collltl not be obtained except by storage of the 
diEerent wastes in tnril~s, iiud tlitve is no doubt that  treatment in tanks xlonc. 
would lower the tlilut~on r ~ c e s s a r y  to  maintain life. 'l'lle coiitlition of the 
effiuent frcm settlirig tunles is not such, however, as to meet the requlleinent5 
o: the inore irnl?ortnnt qrrestlon of the sanitary standard requiretl. 
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