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[NTRODUCT [ON
A

Following the United Nations Conference on the Human Environment
held at Stockholm 1n 1972, the General Assembly of the lnited Nations
established the linited Nationg Environment Programme (U.N.E.PL),

The United Nations Industrial Developrent Organization (U.N.I.D.O.)
with 1ts special role 1n the field of 1ndustrial development hag
collaborated with the newly formed UNEP to form a joint wark programme
Wwithin the environment field, The project to which this report
relates 1s a component of this joint study programme.

The ma or obiective of this study within the leather sector, which
from time 1mmemor;al has been universally recogniged as having great
pollution potential, 1s given 1n the project document as follows L

"To study the leather industry 1n depth, 1n order to agsess the
environmental ronsiderations which have .n impact upon :ig operation
and development, The study will be of 3 background and "stocktaking"
nature which s necessary for formulation «f an 2nvironmentally gound
development 1n this branch of the industry,

Suggestions were sought at meetings frcm the representatives of
several developing countries, 1n order to formulate a work plan to
maximise the utility of the final report to the deveioping countries,
especially where the leather industry 1s Now, or potentially, is of
s1gnificant economic or environmental impact,

D. Winters (United Kingdom) was appointed as Senior Consgul tant
to co-ordinate the project and to edit the project report, and he was
assisted in varying degrees by consultants, and the report owes much
to the inputs of the following :-

Teferrra Assrat (Ethiopia)

DA, Ha:ley (U.x.) ;
W. Frendrup ( Denmark ) /
T.J. Johneon (U.x.)
T. Mathews “India)
JeA. Villa tArgentina)
¥. Weber (Switserland)
Due to the large mags of materia] aAccumulated, and t'ie wide opan
covered in the different chapters, and the divergent areas Jf inteorest

it has been fo)t oxpedient to report onm the project 1a two vOiumes .,
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Thus Volume | deals with the more generalised si1tuation, 1ncluding
the possible environmental impact of the industry, treated theoretically,
and based on three area studies, as well as the financial implications of
the 1ntroduction of control plant and equipment.

Volume T1 has a more technical treatment and aims at mitigating the
harmful environmental effects of the leather 1ndustry, giving some detail
as to means by which environrental impact may be lessened by employing
"best environmental processes', ind also outlining possible effluent
treatment systems applicabie :n differing circumstances.

Thus Volume T is addressed to governmental and industrial decisgion
makers, and Volume 11 is of more concern to the entrepreneurs and techno-
logists, a8 well as the planners. Both Volumes, however, are closely
interrelated, and need to be read in conjunction with each other by those
who wish to implement any specific proposal.

Tn general the report 1s directed towards the developing countries
where the tanning industry 1n many cases 1s undergoing expansion. However,
much of the data 1s pertinent to the more developed nations although in
these areas more sophisticated and costly treatment schemes may be employed.

The recommendations outlined in Volume II are €l1ven as general guides -
treatment plants have not been operated under the exact conditions quoted
but international acthorities in this field agree that i1n most instances
the proposed treatment plants sehould operate efficiently, subject to some
minor local modifications.

Volume [1 is composed of two major parts:

Part 1 - Chaptere I-VI inclusive, dealing with the introduction and
advantages of "better environmental' processes applicable to the manu-
facture of leather; and

Part II - Chapters VII-X which concerns 1teelf with ths treatment of
eoffluent from two tannery models, which have been used 1in previous UNIDO
publicationes

An Upper Leathsr Tannery with daily input of 1,200 African Hides

(ref: TD/WG.157/11), and

A Sole Leathsr Tannery with daily input of 200 Hides per day

(ref: IDNG.1%7/9).

Treaiment schewes are suggested for these two tanneries at different
locations, e.g. urbar and rural. Introductions to these parts of the Volume
are thersfore made ssparately - see Chapters | and VII.

An 1ntroduction tc the UWBP/UNIDO Pro)ect relsting to the leathesr
iadustry and i1te 1mpact on the eaviromment, and some summary of the
conclugions may be found 1n Yolume [ of thie report.



VOLUME I PART I

_CUAPTE ]

BEST ENVIAONMENTAL PROCESSES

ENVIHONMENTAL CONSIDERATIONS IN THE LEATHER INDUSTRY
BACKROUND NOTES

It -ras found exnedient t. discuss here twvo major types of leather
vroduction, viz. the production of chrome upper leather, and of
vegetable sole leather.

lhe effluents from the production of other chrome leathers, e.g.
upholstery or clothing produce similar effluents to the upper leather
produ:tion.

The effluents from the production of vegetable '"semi tanned" or
crust leather are substantially the same 1s the effluents from vegetable
sole leather production. Such minor differences as are found will be
treated separately.

For the sake of simplicity it is assumed that the split is tanned
in the same way as the grain. In practice the split may be tanned in
a different fashion from the :rain leather, or may be sold for
processing elsewhere, but in that case the necessary corrections may be
made.

A special effluent problem arises from the degreasing of sheep skins
or pelts. The effluents from the degreasing contain, in addition to the
fatty substances from the skin, greater or smaller amounts of organic
solvents and/or detergents, also neutral salts which render special
measures necessary.

Methods of rav hide preservation influences the amounts of
pollution from the tannery greatly. Three types of raw material have
been considered: wet salted hides or skins; air dried hides or
skins; and hides or skirs which are processed fresh or short-time
preserved with small amounts of disinfectants, e.g. sulphites, biguanides
(Vantocil I B) or other chemicals. The last mentioned type is not
commercially used at present, but may gain ground because of the
effluent problems resulting from salt preservation.

The individual processes for the above mentioned types of leather
manufacture are discussed below with regard to minimization of

pollution. Possibilities of combining two processes or more are

also discussed. Only technologies which have been sufficiently
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tested in practice, or can be assumed 1o be developed for i1ndustrial use
within a few years are discussed. [dear or suggestions which are supposed
ntopiran or futuristic are omitted.

The question of what process 18 utopian or futuristic )s not easily
decided. In this context one May view the new vogue of technology
Incorporating recytling of the ma cr polluting processes which many experts
feel is on Lhe verge of rommerc,al acceptance,

These recycling processes which can have significan! beneficia: effects
on pollutants discharged and costs of leather production are discussed under
the general heading of "Best Fnvironmental Processes". Although, as they are
not vet tully accepted Ly intustry, they hiave not formed a ma ior part of the
presentation and the discussiuns in this report have referred in gensral to
the best environmental processes currently accepted for commercial leather
production. However, there 1a !ittle doubt tha! when the work in this
field, 1n several institutes of the world, in due course, comes to fration,
the treatment of tannerv eff!uents may be much simpiified, with the resultant
lessening >f costs. Indeed one may quote from a recent meeting at the
Centre Technique du Curr {C.T.C.), reported in LEATHER#(1) referring to two
major recycling processes, suggests that ..."The use of these two modif)-
cations, plus the use cf counter-current washing was claimed to reduce
total water consumption from 13.5 to 8.3 m3/ton*(1j) 1n addition to uringing
about a major reduction, perhaps as much as 80%, in the toxicity charge.”

A further new technology being developed 18 the recycling of waters
within the tannery following varying levels of treatment of the discarded
liquors. Recent experiments in both pilot plant and tannery &1ve hope that
1n the near future some relatively simple to operate, economic, process will
allow recycling of treated waters within a tannery,

However, 1in the realisation that such new technologies are unlikely o
be available 1n the mass of tanneries in the developing countries for many
years, and even in newly i1nstalled tanneries such techniques may nct be
employed for five tc ten years; hence it 1s felt more appropriate to
consider offering advice aimed at improving the more conservative con-
ventional processes currently accepted by tanners, in an effort t¢ .vasen
their environmental impact.

Considerations of the individual processes are synthesized to a form
of "environmentally best" practicable technology for the production of the

types of leather mentioned above, and calculations of the amounts «* pollutien

*(1) LEATHER (International Journal of the Industry, London, Apr 1 1979,
No. 1774398 Page 59)

*(11) m3/ton is equal to 1/kg
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resulting from the use of these technologies are made. The figures are
only "typical" or "average" as no two tanneries will adopt exactly the
same technology cr use the same type of raw material.

It 18 necessary to relate the amounts of pollution stated
below to some well defined reference quanti ty. It would seem
natural to use the green weight (the weight of the fresh
slaughtered hide); but as most tanners calculate on the basis of
the raw materials delivered to them, and most of the information
accessible consequently refers to the salt weight (the weight of the
salted, drained hide), this has been chosen as reference quantity in
the present report. Figures related to dried hides or fresh or
short-time preserved hides are converted to the corresponding salted
weight.

The conversion ratios between the weight of the hides or skins
at different stages of production depend to some extent on the type
of raw material and technology utilized, and in the present report
the following conversion ratios are used :-

% of salted weight

Green weight 1"s
Salt weight 100
Pelt weight (fleshed, not split) 120
Shaved weight (chrome grain leather) 35
Wet weight of Chrome Split 13

Weight of dried Hides or Skins L0
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CHAFTER I1

TANNTING AND THE ENVTHONMENT - GENERAL

In Arnex T figures for the effluent volume and amounts of
nollution from tanneries in the developed countries around 1970-73 are
found (hnir-dissolving unhairine of salted hides or gkins), The
fioures are "t piegl" or "averaga ygalye~. tha artual figures for an
individual tannery may be between 50% snd ?00% of the figures stated.

These figures sucpest that a substantial reduction of the water
consumption in the tanneries has al ready taken place; the average
consumption of water in a ~hrome tannery has gone down during the last
decade from cirra 100 1/kg salt weight to circa 60 1/ke, but amounts
of rollution discharged with the effluent have scarcely been reduced
during the period.

It is important to reduce both the water consumption and the amounts
of pollution. The water consumption is important because of the ray
vater costs and availability, and because the dimensions and consequently
the investment. costs of some sepments of an effluent treatment nlant
depend on the volum of effluent to be treated. Reduction of pollution
is important because in this way the concentrations of toxir substances
(sulphides, chromium, alkalinity) in treatment plant or recipient, and
also the amounts of sludge from the effluent treatment, are diminished.

A. Water consumption

In a "typical" chrome tannery as referred to above, only about LO%

H of the total volume of effluent, or only about 2J, 1/kg salt weipht 1s due

: to the wet processes. The remaining 36 1/kg are used for rinsing and
various miscellanecus purposes.

A liberal overuse of water has unfortunately always been characteristic

of the leather industry. From time immemorial tanneries were located

in places with abundant supplies of water. and formerly the "overuse'" may
have constituted some 8)% of the water consumption. Rationslization of

leather manufacture in recent times, so useful in other respects, has also
its environmentally disadvantageons sspects through the tendency to flush
j all waste down the sewer.

Some "overuse" is a necessity; some vater is consumed by paste or
vacuum drying (elthough this water may be recycled to a considerable extent)
and also by the finishing processes, and water has to be used for sanitary
purpcses and the necessary cleaning of machines and premises too, although
these uses are somewhat minute when compared to actual volumes employed
in tanneries.
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But the characteristic vast overuse nf water results uncer normal
circumstances from bad "housekeeping", and can be ereatly reduced by
measures which in priniple are quite simple. Overflow of the process
vessels and the constant running taps and hoses must be eliminated.

Pipe outlets must be reduced to the size necessary (a two inch pipe
provides 0-:25-)-3 mj/min. )3 the hosepipes may be equipped with spri ng
valves. The floor may be swept instead of being continually flushed
over (flushing the floor once a day must he accepted for hygienic
reasons). Leaky or faulty equipmernt must be repaired or replaced
without undue delay. The use of an automatic control system for the
dosage of water and chemicals (ps marketed by e.g. Hini & Co.,
Switzerland (1)), limits the flow of water for processing, but such
sophisticated aids are not essantial. Good housekeeping requires
employee participation and adequate trainin, ‘e acquaint operators with
the importance of eliminating all sources of waste.

The use of batch washing (in drums) instead of continuous rinsing
with lattice door has been systematically investigated by the Dutch T.N.O.
Leather Institute (@) (3) which found that the replacemet of continuous
rinsing by batch washing saves a considerable amount of vater (50% or more
of the total), additionally saving time and rendering possible a
distinctly improved uniformity >f operation.

Folachier (L5 (5) gives detailed figures for the water consumption
in two similar tanneries {Annex II) of which one uses continuous rinsing
the other batch washing. In the first tannery the total consumption 1is
100 1/kg salt weight, in the other 25 1/kg. 1

Also the process water consumption can be influenced very much by the
choice of technology. Short or no float techniques should be preferred,
although in some cases a too short float can be detrimentai (6) » 8specially
in full grain aniline leather as 1f the float does not cover the leathsr
any casual stoppage of the drum mAy cause serious staining,

Generally, drums or mixers (hide Processors) should be preferred to
Pits or paddles which demand much longer floats (300% of the hide weight
or considerably more ). It may be necessary however to carry out some
processes in pits, e.g. the first soak of dried hides. The paddle has
its natural use in +he processing of long haired sking to avoid
entanglement of the hairs, but in order to save water its use in normal
leather production should be avoided.
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Mervazion continues between tanners as to vhether divms or mrers
are prefersble, Compared to the drum, the mixer render: saving of
water (snd consequently of chemicals) possible, and requires a somswhat less
floor t» ceiline height. (but a somewhat greater floor space);  but the
investment costs for a mixer are nearly double the cos's for a drum of
the same capacity.

Below the individual vrocesses are discussed assuming the uge of
drums. A separate section covers such savings of water and chamicals
as may he obtained by the use of mixers or other unconventjcnal equipnent
instead of drums.

In connection with the establishment of a4 new tannery it is
reasonable to consider recycling and reuse of water. Pozcibilities
for this «re discussed 1in Chapter VB.

B. _Amounts of pollution

It appesrs from the figures in Annex I that the nommal nrocessing

of the salted raw hide to leather brings with it substantial smounts of

pollution. This pollution arises from three fundamenta!lv different
sources :
1. Such constituents of the raw hide which must be removed
during the leather processing, i.e. the hair substance, the non-
collapenic proteins and fat from the hide, together with the salt
wvhich in most cases is used for preservation of the raw hide.
2. The (minor) amounts of pollution arising from sanitary
purnoses, from the cleaning of machines and premi ses and from any
use of water as a medium of transport. tlso solids dissolved
in the ra: water which stay in the effluent, are included here.
3. The chemicals used in the production,

The polluting constituents mentioned under 1 above arise necessarily
from the leather production. The non-collagenous components of the
raw hide must be removed to ensure the necessary good quality leather.
A reduction of these amounts of pollution demands a radical reorganization

of the leather production, i.e. suppression of the salt preservation and/or
the introduction of a hair-saving unhairing.

The constituents mentioned under 2 may to some extent he diminished.
The maintenance of sound sanitary and hygienic conditions brings with it
an amount of polluted effluent. But the amount may, with good
housekeering, be kept to a reasonable minimum level.
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Che amounts of pollution mentioned under 2 should he reduced to
the preatest opossible extent. Tt has been normal pra:tice tor the
tanners t» pay for vast surplus amounts of rhemicals vhi-h enter the
sewer and nollute the recinient without being of any use in the factory;
a ora:tice arising from tradjtion among the tanners aided by eood
salesmanship from the chemical companies. Consideration for hoth the
environment and the resour-e economy should Torce minimization of
process .nemicals. This may bhe done by minimizing the dosage of
chemicals to the individual processes and/or ~omhin're eever !
treatmerts int - nne single nrocess.

The amounts of pollutinn (point 1 and ? above ), which are

inevitable (theoretical minima) may be estimated as follows for a chrome :
tannery, in g/kg salt weight.
Inorganic (fixed) solids: Hide salt 150 g/kg
Selts from hide, ]
raw water, |
sanitary use 10 g/keg
——
Total 160 g/kg
Organic (volatile) solids: Hair protein hO gfke
Hide protein °5 g/kg
Hide fat «
carbohydrates 15 g/kg
Dirt & manure 5 g/kg

Organic substances
from raw vater &
sanitary use 2 g/kg )

Minimum of
cleaning of
machines & premises 3 g/kg

90 g/kg
Total solida: 250 g/kg

If one compares these figures with the "typical tannery effluent®
Annex I one will find the typical tannery effluent some twice the
theoretical minima. However the waste of chemicals cannot be
completely abolished so that the theoretical minima cannot be obtained

in practice.
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CHAPTER IT1
S
“EST ENVTRONMEN TAL PROCESS - CHRUME UPPER LEATHER PRODUCTION

A ltai Hide Preservatinn

In the develoned rountries raw hide preservation is normally not
~arried out in the tanneries, and the nollution from this process is
not. in~luded in the fieures in Annex 7. But rav hide rreservation
i8 most often necessary nart of the conversion of the raw hide into
leather and consequently it has to be considered in this context.

Durine saitine abont LOg salt ig offered (NaCl, often with addition
of 1 - 3% soda ash and naphthalsne) calculated on the Freen weight,
(correspondine to about /5% calculated on the salted hide weight). The

salt distribntes {tself as follows:

% of snlted hide weight

Bound in the hide 15
Can be brushed or shaken off 22-5
Drains off at the preservation 7'5

The salt bound in the hide is found in the effluents from soaking
and, to a smaller extent, unhairing in the tannery.

Often much of the salt which is brushed or shaken off arrives in
the sewver. This i1s bad practice and must be prevented; at least in
inland factories.

The volume of drain water from the salt preservation amounts to about

0:3 1/kg salted hide weight and carries with it the following amounts of
(7) (8)

pcllution:-
g/kg salted hide weight
Total solids 90
Hide salt 75
Protein ) 5-10
Fat 5-10
BODS 3-9
coD B K

Brine curing will result in almost the same amount of pollution
being discharged as scatter salting,

In case of preservation by drying (or pProcessing of fresh hides),
the organic substances which would otherwise have been extracted by the
salt, appear instead in the effluent from soaking and unhairing (7 .

If drying is carried out unsuitably, the amount of Froteings extracted
will rise at the expense of the yield of finished leather substance.

.
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The question of neutral =-lts content it etrfluents hae al ready been
discussed in Chapter III Vol 1, Methods f“+ desalinatior »f et'fluents,
e.g. reverse osmosis or des*i'lation are ! (resent upe onomi ~ for usge
in tanneries, but may nr 4 |. nper view come in’ - practical ase under
especially disadvantareons onditions (dry climate and inland situation)
»nd in that case the desalted rater :an be reused in the produ--tion.

With regard to the effluents, raw hide »recervation by drving or
immediate processing of fresh hides would be the best solution, but such
drying involves a ris< of deterioration of the hide substance, and
consequently cannot be recommended for general use. [mmediate
processing of fresh hide 1111 presumably be used in exceptional cases
for practical reascns only (under tropical conditions this is risky’.

The use of short-time rreservation of the hide (9,19, 11, 12, 13,
1h, 15)ma.y be expected to pain sround, but this method too may involve
efflvert problems, if the disinfectant used for the preservation has a
toxic effect in binlngical treatment plants, or in the recipient. With
regard to the effluent quality, milder apents, such as sulphites may be
preferred to sodium pentachlorophate etc. used by Cooper (1, 15).

Fleshing and vrimming at the slaughterhouse or some central hide
curing plant before salting will reduce the consumption of salt and
unhairing chemicals, and consequently the pollution load. The
fleshing causes a loss of weight of 15 - 160% and a further loss of
1 - LS results from a more than normally extensive trimming in
connection with the fleshing, so that the weight of hides to be salted
and unhaired is reduced by ahout 19%. Furthermore, the fleshing eases
the penetration of salt and unhairing chemicals and in this way facilitates
economic chemical usage

In addition, this practice has the advantage that the fleshings are
not polluted with any chemicals, and consequently, are sasier to process
int -rat meal compared with the normal, strongly alkaline, fleshings (16)
B Soskding

Soaking of salted hides may be carried out in drums. Ven
Vlimmeren describes a method for soaking salted, pre-fleshed (and cleaned)
hides in one bath with 250% float (). It must be considered necessary
to soak salted but not pre-flsshed hides in two gtages: A wash for
removal of dirt and manure followed by the real soak. The minimum
length of each float may be 250% (17) Or - more conservatively estimated -
3008 %) (calculated on the salt weight).

.




Soaking of salted hides normally does not reguire any addition

chemicals 1f it is carried out overnipght, et o the soaking i8 to ne
‘ompleted within a fe Fours, enzymes arnd/.» deiergents have w he uided
Lo open the structure of the hide and fa iiitute yuter peretcatior .
About. 0+5-0-4% enzyme product -an be used.

Uried hides are more difticalt 1. 01K more time, more vater and
more ~hemicils are necessary. bry tides shomld nvt be o riommed doarings

the first hiirs in soak because this wouid 1o - them, anda « .aang

Pits or 1o e instead of drums may be s cepted in some . ases. or
the first Y1=1,000% float (on dry welght ) is reas able. Enzyme -
and or de‘s:: mst be added (1-2% enzvme product or - 2o f deteppant o
may be yeeyt furthermore alxali i Hr pertaps acid) is added to
expedite v« |, gpd restrain the provt ot by teria. hliso ' ren
4 diginte 14 1 + substance which acts buih ag g detervoe: and -
disinfectur: i- . i, Tyri-ally 12 p/  Lusts “Oda - oot - oo
soda ash - Na?(,‘().s. Soaking of dried hides 4th CARO L Galt - NaQ) .
gsoiution ie uged in some areas “”, but ar-uld be avoided 1 4. intand
tanneries.

the soak liquors contain a considerahle :irt ot the *otal poiint ion
from the tannery derived rrom hide salt, »| . .d, dirt and . e, plus

fat and protein extra-ted from the hide. 'he poliution lema 1mm tie
soaking is greatly influenced by the | reservation method anad the conditi o
of the raw hide, bt hardly by the performin-e ..! the soakiry § .o ¢,
All that one can d. in this respect is tc minimize the 1s@ o . er and
of any auxiliary substances used.
A salted hide carries with it about 150 g sait per Kg (7 ‘“‘).
It has been stated that a galt Content of minimum 140 g/kg salted bide
is necessa y for effi ient preservation - of this amount about /5. Yio2
will be carried with the hide into the unhairing liquor. kFrom ' he
hide circa S g mineral substanoss and 14 £ orpani substances are extracte.d
in the soak. The last mentioned figure may te much greater with extra
dirty or extra fatty hides. The organic substan es exert a BOD, of
circa 12 g kg and a COD of some 25 g 'kg. "he amount of (orgm;i)~
nitrogen i{s about 1:¢ g/kg (1 ), oquivalent to ¢irw 9 g protel: er vg.
Unless pre-fleshed hides Are used, the fleshing should he carried
out after the soaking (green fleehing) and not - a3 ie OMMON practi e at
Present - after the unhairing. Green flesni & has the same advintages
43 pre-fleshing with regard to pollution *rom unhairing and the qualtty
of the fleshings. The improved penetratinn of the unhairing chemicais
May result in a superior leather quality 2 (?3). A major Scandinaviw:
upper leather tannery hae just introduced green fleshing for these reaenns.
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O ilnh.lr'in;

'The unhairing nro ess ser~ves 4 twafold PUrtcae; e {0 avident
from the name, the huire mis! he removed, Additiona’ 'v the atry ¢, re
" the hide must ne onened and non- ol japenmie pvatpine ramoved . Aot b
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sdequate efflusnt Lreatment heing provided.  ror Wher purposes, however,
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Hene two techmnivgies will ne suggensted, s "hat r-dissolving” and »

"hair-gaving*,
™ use of I1me and sulphide 1s the hes! method of hatr-dieeolving
£, 6
unhairing (2% (26) and nsocessary environmental IMprovessnt s are obtai ned

Roet suitahly by @ minimisation >f the amounts of 1% and niiphide ueed.
se of “austi. soda - NaW - 1nstesd of Iime - (o (OH) - to dimintoh the
Wount of sludge aakes 1t mure 41 Ff] yit 1o ‘ontrol the .nhairing, as

an overdosage of causti- soda - NeWH - stiacks the hide sutetan e.
plascement of sulphide by other helicals lise dimsthylamine (D) or
wr-aptanss (Nolleecs! 37, WASF ! an)ves only \he spe-ifi. sulphide
proble~s which may he soived mnre sinply by ontidation of the MNiphidee

in the used tigquor. A disecives 'he hair only in g strongly
slkaline solution and "OREBquent 1y invnives Lthe same risk as the lime/

sulphide mpthad (”)‘ Nor-artane inhairing (28) () has not heen

reported to rork wel! in pra ty. A ~ombination ¥ Molies gl S and
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TROPt R St ol Tylente o What - tng (1) e diflerent levels of dosame
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LA R A" 75 .
" rirevaving nhatring 8 he arried ou' A small gEount . af 1ime
Al aulrhide <t} SHnaYMEn G 1Lk | imp gnd disethylamine . Ir any
T URSlar-es the rening of L hide stru-ture thriugt an alualine
“eliine 18 & anditinn of obtainting good quality lsather, and an Snaym
NhALring (or ang other non-slaline unRAiring) must Be fol | owed by or (})
mined with an alvaling treatapnt . Tt hao teon found Lo be of no
IMportance for the gaounts of pollution whether the two trestapnts are
4'ed out separately or ot ned | (38, 39, o)
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SNEYMA’ C NAtine nne sesacy, arkt  nem g oy mosr e it red mare
favraral y Ttar ' AnIeArs ‘rom o ‘he abie
Ever i e et s from Thatr-gcsing’ . guiphte indairing emall
uantities ki are f and, atistiw trom xere . % suhelanoes in
oritermie wr i qirepr. iy ™e figure (n Anmen 1] ' L
sSalt weisht -~efars ¢ angyme inhatring wi’hout any use ! syiphi e,
Any redu ti . ot ‘he amoants of pollation beyond e Tigures ir

Anmex 111 f.r angyme inhairing must he ot tained throagh reuse »f the
unhati ring i1 40 and/sr precipitation of the disso!vwed prtein pilus
perhaps unha‘ring in the soak.

A limdted reuse of unhairing ltquore has beer iong accerted necsuse
aminss from the decom sed protein was supposed to have an unhairing
offoct ., It has been said that because of accumuliation of protein
docomposition products reuse of the total liquor from a hair-dissolving
unhairing is possible only about 10 times or less. However others report
good results from /) times reuse of the total liquor from a hair
dissolving process in laboratory scale tests, (1 )m Wegand (L2
@escribes a system which has been used in practice for four years.
™e total liquor from a hair saving paddle unhairing is reused. After
oach use it is replenished with 15% water, 0-S§ Sodium Sulphydrate
~NaSH - (ca 028835 ) and 1% lime.

If the liquor from a "hair-disesolving" unhairing is sedimented
the supsrnatant has bsen reused ()O). A “hair-dissolving" drum
unhairing with 1008 vater 1:5§ Sodium Suiphydrets - NaSH - and 6 lime
was used. After each use 1t was replsnished with sbout 358 water O- 75§

Sodium Sulphydrate - Na'H and 3% lime. The method has been tried in

laboratory scele with guod results, (33) (36) is at present being

Estimated values for
Mounts of pollution from thig

tried on an industria, s-uls {n Scandinavia.
Mt use of water and chemicals and net




tr o @z are Cind in Annex 1] ™e net redu tion {n the dis harpe
oweant bound Miroger fa t \ g ke salt woight Of this some
R kT 2 x fnt in the finished .@athar .~f Lt which t gome dogree

Ar Moy the ryerties o f the ‘oather, and kg is ollected as
rrotets ey o

Ao mat a0 rerienishment with Y water, 3 and
AR jime R AT R IT Y 2

Rpiee f aipkide hy driving ff nypdrngen suiphide - H)s - from
the used ligunre and reabsorption {n aikalt ag Ppoged hy Rliase: st

(Lo )

Al th annet he re wended ag the system wvan used for somp years in
b}

A Ppgn-r o.gmry h hayt Aoyt wfth it an g c{dent with " ve ral

doathg Literati e of g on'remBiy taxi ond el Yo gageus

rdroger suiphide ndoors et he avioided
™e N0 lgather Tnatitute advo-qtes Wnhiring in the soax

L
liguor Arording to Nprfeld and ehubgrt th the 'paning f e
M@ otriture (s tneulff (ent wher the unhal ring te -arried wt hy s
OEEmnn salt - Nell - nacentralinsn Rrestar than MRy hPut this

41771 uity 19 >hvinted "y giving the palte o Mrarets ime trestamnt .
™S pollution fram the lining s small eparec t. the pol iution from
naking and unhairing ™ pro~edure MYy he as foliowp -
Soaking ‘mhatring 1 B Water - ) ' funet-tde
Dyam intermd t ventiy Cvernight,
* Y Sodtum Suiphide - No 8 (~1/628)
Orwm four hours
¥ shing 1V min wi*h SUB Water
lindng 2508 Weter
B Lime - Ca o),
Drum intermittently
et owrmight

Thus 70-808 of the organic pollution from the tanmery 15 ~nlle-ted
in a volwme of only 3§ 1/kg salt woight and 1, sastly treated. e
protein from the soaking-unhairing liquor can W precipitated by
acidification and hag good dowmtering and filtering properties. ™e
wthod 1s being n\qn‘ on ah imdustrial scale.
stmoncint ot a1 W) () (o e ahatr e seited hideo
directly {n the so-k a8 fol ‘ows ;-
Soaking -wahairing | Salted NMdoe + LOF Waser
S Sediwm Sulphide - lc,l (60-624 )
0-08 Geuetic Seda - NeoN
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Soaking - anhajringe continmed: 3% surfactant
rum four honre
+ Water fo 311

BT

Drum two hours

waghing W% Woter

riestinge, del ming et .,

For dried tdes 4 rre-qoak of six - ejpin hours and an addition of
ommer calt - NAUl -t the g K - anhairinge 1 I'1r are voiven.

[t s doabrai whether the erakinge of ‘he hides is nerte -tad, and
the availatle invarmation recardinge vropartine of the leather (3 are
not to e grgoings,

The total use f water and chemioale for soukine-anhairine-1iming

After the am=i 4l techniioyy and these methods ire:-

{ » of the sal' wefsht )

“lrsai{ral technolopy PN o(1) Simoncing
as ahove Soak Vinhair

Water a SR HOU

3‘ )« AL R 1

Lime P )

Common Galt - Na( - - -
Tmat Jode - KeOH ). R
Surfe tant 03

None f *hese wethods are fu'ly developed {ndust rially at present
hut & technology ~f this type wmay Be-ome realisti: within the nex! few
years. ™e only substantial sdvantage of this technology ~ompared t-
the ‘laessia! technology hwever is that {t renders ‘ol ection 1f the
protetn from hoth unhairing and soaking posefble.

After unhatring twn vashings are siven. ™ sweliled paits are
vuirerable, and thorougn ~leaning of the grair 1 neressary.

Estimated average figures for the smount of poliution from the
washing after unhairine {(hair-diseolving lime-sulphide) are, per kg salt
weight: 20 ¢ total solide, 12 g fimed solids, OU'H g totg) ni t rogen,

05 ¢ wiphide (B0 0D (W) gt that tn came of reuss of
the unhatiring 1iquor thess figures were increasesd by : 10 g total solids,
) ¢ fimed solids, 0t g total nitregen ‘%

‘sAprally speaicing {t s of no iaportance to the efflusnt whe ther
the nide 12 eplitt after lining or after tamning. Conssquently thig
wetion {p not dis-uesed Nre.

*(1) Im@titunt woor Leder en Bcloemen TV, Wasiw: 'k, Nether! ands
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Deliming and batins

‘he delimine and biating ligquor ~an be made un rithout or vith a
minimal additi o o water, as waler is carried vith the pelts trom the
vevioane uashiror, perl s =30 veter (calculated on the pelt reipght)
hins too pe adned AR (WU).

Phe minimizine »€ unhairing chemi-ale allo.s delimine chemicals to
he k@1t oat rathe® a Lo level, aboat 1 o< 2, Mixtrures of ammonium salt
ard oreanic acide (e.r. sulphobhthalic asid) Hr Sodium Hi-sulohite NmHEI)3
may he ased. Ir some -ases (entrophi-ation of the recipient) it may be
necessary to minimize nitroren in the effhient, and in such -ases, the
nae ot ammonium ealts tor 'he delimine shoula be avoided.

'he hatin» arent is added amountine to V:6-14%,

WAnshin: after the delimino-hatine i< necessary to preveat mineral
anbatarces from unhal ~ine and deliming being carried with the pslt into
the 11 kiing-tannine 11 juor, Phis i= epecially important when the
tannine liquor is ‘o ne reused. The lensth of the float ~an be held at
ghant 2R or less.

'he afflnent “rom deliminp-batine contains residues of the chemicals
added, =ulphide and oalciwm *rom the nelt and protein (decomposed by the
hatine enitymes ). ‘he nmount of sulphide is -V g/kp sslt weipght, the
amount of organi hound witroger extrx tad from the pelt about J-o g/ke
wit weight

If enzyme unhairin: is used, the bating is superfluous, and the
amoint f nitropen rhi h otherwise is extra ted in the bating, is, in this
‘use, extracted in the ensymes unhairine.

New metltnds to reriae delimirne, hating and pi~kle have heen

L\
R After fleshins and washing, the nelt is treated 'ith

nropo sed
' =18 of a polyphosphate- {tri - acid- mixture ir B3% wa' ey and -’ 5%
Fo maldehyde - HCH (3 )s) 15 sdded. After thie deliming and nretannage

the pe't ar be pickled ithout salt nrior to hrome or vegetabie tanning .

X Mo«ling and "hrome tanning

ha 1ol iution from these processes consista of ~hrome (not ™iwed in
the leather) rnd saits (from the pickie and Trom the -hrome tannineg
produ *t, snd trom a 1d ad alksli added 11 11 <le and bueification). In
~ddi*tn o theew tol'alar's there are mino: amounts of protein extre ted
'ewm the hide .

b1 lins and hrome tanning should he based upon & system ot shart
feorat{on 14 ling and tanning o the 1) <le Tlguor . A short duration
1 le 2i.e8 hetter trome antake and we''er jeather qus 1ty that an

Oquﬂ‘r dam ol «'e C




A redn-tion ot the ‘hrome dis-harre from a tannery —an bhe

obtained in three ays :

I. Improvine the “hrome “ixation (not ~rly the chrome uptakel)

2. Reuse of the chrome liquors (ms appears {rom above, this

shonld be done ny ma-inzs un 1 ne- nickle in the used tanning liquor.)

3. Precipitation ot ~hrome from the used liquors ¥ith alkali,

redissolvins and reuse of the ~hrome precipitate.

An improved untake and fivxation of chrome can in principle be
obtained through:

lecrense cf the acidit; of the pickle and increase of the basification

after the tanning.

Decrease of the amount of neutra! salts present durincg the chrome

tannine.

Decreage of volume of tanning liquor.

verrease of chrome dosare

Increase of temperature at the end of the tanning

Inrrease of tanning time

Preserice of rertain chemicals (e.g. oxozolidone) durine the tanning.

In typical practice ’+5% Chromic Oxide - Cr‘203 calculated on the pelt
eight (cireca 20:5 p Cr/kg)s~lted veight is offered. 0f this offering
=ome 25% is discharged -rith the used tanning liquor and 107 vith drainage
and effluent. from washing, neutralizing and retanning. Fhus only some
»%% is fixed in the leather (grain leather, split and shavings). As the
discharses of chrome from the fol o:ing processes are influenced by the
performance of pickle and chrome tanning they too are treated in this
se~tion.

Consideration for the leather properties constrains the extent of
variation of the conditions mentioned above. It is however possible to
produce a good quality side leather with an ofrer of 2% Chromic Oxide Cr
(on pelt weight) and to obtain a fixation of BlLj of the chrome, when 13%
is discharged with the tanning float and 3% vith the effluent from the
subsequent processes. In Annex Ty chroms balances are given for
"normal" chrome side leather production and for a technology of this kind.

A practical technology which entails this degree of fixation is the
fol .owing (53) (5) _

Pickle 25% Water

203

3% Common Salt - NaCl
1-1% Formic Acid - HCOOH (85%)
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Tenning: + {+5% Commercial Chrome Tanning Salt
Basification: + 0-75% Sodium Carbonate - Na2CO3
1+1% Sodium Sulphite - NaZSO3

Self-basifyiny chrome tanning ape~!s may be used instead.

The use ~" =alt in the pickle can be entirely avoided by the use of
non-swelling oreanic acid, e.g. b=naphthalenesulphonir acid (about 1:5%
on the pelt weisht) or with polyphosphoric acid.

Toward the end of the tanning the temperature is increased to
apnroximately 'ZOOC. The temperature should only be increased after the
relt has reacted sufficiently with the chrome bhecause non-tanned pelt
rannot stand high temperatures.

Schubert (Sg;)states that it is possible to pickle without salt by
using only 5-10% float. Leter the chrome tanning agen* is added dry to
the pickle. The volume after the tanning is about §0% becuase the pelt
liberates some water and some water is also added in the basifying.

The chrome uptake is 65-80%.

Zissel et al (%0)

pickle and to dry pickle with a solid organic acid (oxalic acid) without

propose the use of salts from the deliming in the

addition of salt. The tanning agent is added dry and the tanning is
completed with a float of 8-108. By offering 27 chromic oxide (Cr203)
on the pelt weight only 2% of the chrome remains in the float. However,
3% is discharged with drainage and 8% with the washing waters. If a
loss of 1% is added to this due to neutralization and retanning, the
total chrome fixation is some 86%.

In the future, the degree of fixation achievable may be increased to
about 92%, but hardly further. At present however 85% fixation must be
regarded as the practical achievable maximum. The discharge of chrome

corresponding to this about 2:6 g Cr/kg salt weight cannot always be
accepted.

lhe above discussion refers to side leather production; in boxcalf
processing greater amounts both of tanning agent and of water are used, and
conse .y the exhaustion is less. In a Scandinavian boxcalf tannery
2+8% Chromic Oxide - Cr203 - on the pelt weight is used, of which only
58% is fixed in the leather, corresponding to a discharge of 9:7 g Cr/kg
salt wight.

Use of the chrome liquor for nking up the pickle has been
investigated in several places (30,57,58,59,60,61) and is about to gain

& foothold in the tanneries.
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fhrough this method the amount, of chrome which would ntherwi se
have been discharmed with the tannine liquor can be recovered.
Acrording to Annex IV this makes up 24 of the amount. offered. In
practice the saving is only .-, The percentage saving of
basifyins acents is the same as the savinpg of chrome. A minor
savine of pickle acid ~an also ve nbtained. According to Davis »nd

(4)

3crogeie the used tannine lijuor can completely replace the salt
added to the pi_-kle, but experience el sevhere (57)(51) sugpests one
has to replenish rfith a small amount of salt.

Using such chrome/pickle recyciing techniques one may obtain the

fol'owving:-

(irosa Dosarpe Net Dosnge
Common Salt 6-0% 0°+5%
Sulphuri ~ Acid 1:5% 1:3%
Chrome Tannine Salt 10-0% 7+8%
Soda Ash 1+:0% 0-8¢
Sodium Sulnhite 1:5% 11%

The discharpe of chrome rith the effluent will be abont 27 g/kg smlt
weight.,

In the liquor, an acrumiiation of sulphate inons, entering with the
pirkle acid and fram chrome tanning agent, will take nlace. The total
content of anions is not altered (Common Salt - NaCl - in fact is added
to keep it constant), but the balance between sulphate and chloride ions
will shift in favour of the sulphate. If the sulphate roncentration
becomes too high the leather will be stiff due to calcium sulphate -CaSs0,,
Frecipitation in the inner layers of the leather. This can be avoided
by using little or no Sulphurir Acid - H2SOZI for the pickle or by
precipitatine the sulphate from the liquor with ralcium formate before
reuse (57 . The Calcium Sulphrte - Cnsob precipitated can be removed
by a simple derantation or straining.

When using a '"mormal" chrome tanning nrocess the savingg of chemicals
alone may cover recycling costs. This is not so using high chrome
fixa.ion methods, but reuse can also be practised in that proress. Thus
it should be possible to reduce the discharge of chrome to some -9 g/ke
sslt weight. A method of this type has been proposed.

An alternate to direct reuse of the liquors for the cautious tanner
may be to precipitate the chrome from the used liquors with alkali, filter
off the precipitate and dissolve it in acid for reuse (01, 62, 63, 5L, 65, 66).
Compared to direct rense this method has the advantage that the chrome is
refined before reuse so that no accumlation of interfering substances occurs.,

This has been proven for many years in practice.
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The disadvantapes of the method are that no savings of pickle salt
or acid are ohtained and additional salts from the precipitation and
redissolving are discharged. Further the filtering equipment is
expensive and such a method is consequently suited only for large
tanneries with a high content of chrome in the used liquors, e.g.
boxcalf tanneries.

Minor amounts of chrcme remain in the supernatant. from the chrome
nre~initation, a discharpe of circa 0-05 g/kg salt weipht is to be
reckoned +ith, ‘his is only of minor importance compared to the
discharge from washing and retanning (circa 1 g/keg sali* weipht).

F Post Chrome Wet Processes

These consist of four processes: neutralization, retenning, fat-
liquoring and dyeing plus the necessary washings.

Environmentally, it would be best to combine all four treatments
into one short float process as described by JFolachier (67) snd .issel et
al (FA). But, as pointed out by, amone others, Herfeld and Schmidt (68)
salts from neutralization and retanning may interfere with the processes
of fatliquoring and dyeing. Combining into t. -~ operations, neutralization-
retanning and fatliquoring-dyeing, vith an intermediate washing to remove
the salts is in any case to be considered feasible, and has the advantage
that it is possible to collect the chrome containing effluents from
neutralization-retanning for separate treatment if necessary.

Tt i3 primarily through the post tanning treatment thail. the leather is
given the character required and consequently no standard tachnology can be
drawn up. The dosage of tan, fatty substances and dye vari.s within
wide limits, and vegetable, synthetic, mineral or aldehyde tanning is used.
The following can he regarded only as an "average" technology :-

Percentages on shaved weight

Washing: 3004 Water

Neutralization-Retanuing S0% Water

1% Sodium Bicarbonate
5% Tan (Veg/Synthetic)

Washing 200% Water
Fatliquoring-Dyeing 100% Water
5% Fat
0-5% Formic Acid - HCOOH
1% Dye
Washing: 200% wWater

For the processing of split somewhat greater amounts of water and
cbemicals are used.
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If one calculates 0-35 kg shaved grain leather and 0-13 kg wet split
per kg salt weight, the total discharge from the after treatment will be
about 43 1 water, 5:5 p fixed solids and 241 g volatile solids {or
totally 30 g solids) per kg salt weight (0-), g chrome compounds from the
leather included).

For a tannery which processes the grain leather only, the discharge
will be 340 1 water, 3:2 g fixed solids and 16 g volatile solids per kg
salt weight.

G Drying and finishinjLSanitary and Others

Vacuum drying, pasting, finishing, sanitary purposes and rleaning of
machines and premises all involve some water consumption.

In the vacuum drier water is used for the vacuum pump and for the
condenser. The water for the racuum pump mixes with the condensate from
the leather and has to be discharged, whereas the water for the condenser
is ussd for cooling only and can be recycled.

Ina U.S. tannery about 7 1 water per kg salt weight was used for
vacuum drying (69). Other investigations suggest the use of water can
be circa 075 1/kg sait weight for the vacuum pump and circa 3-25 1/kg
for the condenser (70).

The gross use of water for pasting (for washing plates and leather;
is circa 3 1/kg salt weight. The water can, however, be recycled for a
week s0 that the net discharge is circa 0:6 1/k  salt weight. The paste
used is discharged with the effluent. The amount can be 27 g kg salt
weight of polysaccharides, exerting a BOD5 of circa 1:4 g kg salt weight.

In some tanneries the buffing dust is flushed into the sewer. This
practice is to be avoided as it is possible to collect the dust without
use of water.

Sore water is used in the finishing department. A reasonable
consumption is 025 1/kg salt weight.

The consumption in the factory of water for sanitary purposes is (in
developed countries) 125 1/men/day. Villa (70) gives the following
ratio for leather production from hides: 17 sq. ft/man hour and =75

8q. ft./kg salt weight Supposing 7 hours work a day this suggests a
water usage of :
125 x 1445
7x17

or approximately 2 1/kg selt weight.

i i s
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For cleaning of machines and nremises a consumption of 0-5 1 ’kg
salt weight must hc allowed.
Thus post. wet work vater consumption is estimeted ;-
1/kg salt weight

Vacuum drying and/or pasting 1:0
Finishing 0-3
Sanitary 20
Cleaning 0-5

Total 38

When estimating the amounts of pollution discharged from the
tannery one cannot leave out the substances contained in the raw water.
The quality of raw water varies within very wide 1imits dependent on
the character of the soil and the pollution of the water used.

The amounts found in practice are :-

"Average" Assume floats of
analysis of 20 1/kg salt weight
rav vater g/kg salt weight raw
mg/1 material

Fixed solids 375 745

Volatile solids 75 1-5

BODS 10 0.2

Chloride 50

Sulphate 60 12

H Equipment for wWet Processing other than drums

Hide processors (e.g. the 'merican concrete mixer or the French
oblique homogenising drum) may be used in practice for all wet processes
in the tannery.

The hide processor has several environmental advantages over the
traditional drum: It is possible to work with shorter floats and
consequently to obtain saving of chemicals. Nrther, processors are
particularly suited for the recycling of liquors, as they allow almost
complete recovery of liquors from processed stock.

The survey in Annex V of the water congumption is compiled on the
basis of published information on the water consumption by using hide
processors (35, 58, M, 72, 73, 7&), and of practical use in some tanneries.
For comparison the corresponding figures for a standard a; .= Orocess are

given. Additionally, figures are given for the equipment denvloped by
Keller and Heidemann (1) (75)




Tt may he seen from the annex that it is vosginie t:. save over )
of the ater nv usine hide prnessors instead of drams, (consimotion eay
the total -et vrocessinz 20 |/ke salt ~eight (ith drums and -t 1/ s
with rro-egsors), With the <eller-iieidemann avparatns the sivine i=

less, among other thinye hecaise this apparatus has a1 dead volume - hi-~h

must be filled in averv nrocess,

fhe use ot hide vro -essors alsn yields sarings of chemicul:, firer

and forem~~t 0° chemicals whirh mist he pre=-~ ‘na certair -cancentration

in the flnat, enerally, savinps of 1 )-2Jx nf the chemic al ~ongumrtion
{ 't

can he obtained ° ).

I Wet Blue and Crust. Leather Produrtion

The amounts of pol ution from the manufacture of -vet bhlue are the
same as for the correspondine processes “» chrome tanning inclusive as
discussed eariier. To this some proportion of effluents from rleaning
and sanitary purposes must. be added.

The amounts of pollut.ion from crnst leather manufacture are the same
as for corplete leather production, with the exception of the cischarpge fro

the finishing, and up to half the discharge from cleaning and sani tary
purposes.
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CHAPTER TV

SEST O ENVIHONMENTAL PRUCKSSES -
VEGE [AKLE LEATHER FRODUCTON.

A I'reservation, soaking and Unhai ring

These processes are carried out in the same way 48 for chrome
leather productjon, For the production of firmer leather the use of
1 lesser quantity :f sulphide for the unhairing suffi-es (U =i %
or the salt weipht compared with 0-5-0-9% for chrome leather or more
Mexitle vegetable leather), In many rases it is possinle to
unbair "hair-saving" with small amounts of sulphide (0-2-9)-3% on the

(0 or with enzymes (19) Ce) o }9)-

salt weight)
B Deliming

Deliming is carried out in the same way as in the chrome leather

production. The pelt must be more thoroughly delimed for flexible than
for more firm leather.

Normally the pelt is not bated. In some cases, however, in the
production of flexible leather qualities, bating is carried out.
C Conditioning and Vegetable Tanning

Before the actual vegetable tanning the delimed pelt will undergo a

conditioning which may ve a pickling or a pretanning or both. For the
conditioning a smaller quantity of acid will suffice than for the pickling
before chrome tanning (e.g. 1% acid on the pelt weight ,. The treatment
may be carried out in a drum (with about 150% float) or in a pit with
standing liquor, which is strengthened after each use. [he pretanning
serves to improve the diffusion and fixation of the vegetable tannirng
agents. Chrome (0-25-0+5 Chromic Oxide - Cr‘203 on the peslt night)zao)
formaldehyde (0:5-1%) polyphosphate (2-2:58) or syntans can be used .

The available methods of vegetable tannage currently in use are
numerous and one may only refer here to the two major styles: drum
tannage and pit tannage.

The use of drums for vegetable tannage has in recent years gained
popularity, and it may well be that this method of tannage is environmentally
very sound. The use of drum tannage allows the use of smaller floats and
is said to give a higher fixation of the vegetable tannage, tius one haes
lesser amounts of vegetable tannins in the effluent, or will have the
tannins diluted with a smaller quantity of water and thus amenable to
separats treatment.

Some environmentalists have questioned the wisdom of using chromium
88 a conditioner/pre-tan for vegetable tannage, but when offered at the
lov level suggested in the T.E.P.F. recently published process, i.e. 1%
chrome tanning salt (0-26% Cr203 offer) at such chrume offer levels it s




reported that ‘he “hromiam fimaiion is “gh, *hus nly minite amount s
enter the effluent. Al miternative viewpoint suggests 'hat ever if

nly 0% figation was 4 tieved, 'he h~vmp thus tis hg.ged ' the

e luent from such a amali ffer wouid "ot hose ALY @NVironmer ‘al
prob | eme . Foliowing the nditi ner pre tan drim vegetable tANNAE® My
rroceed, nsing high tannisr  oncentratins i1 the {inat thua yie ding »

rarid tannacs.

From the traditional pit vegetable tanning in a  sunter- urvent pef
sysfem, a high proporti sn of the tannin {s wasted witr the effiuent
he amount of pure tar ffer was typi ally 34- , )8 on the pelt weight for
sole leather amd ’H- W)E for te hni al, ase it apho i stery isather For
the vegetable tunning of sheey v goat skins, only 12-208 on the pe!t
-ight is offered. Of the '‘an “fered, 2)-1.4 {a discharged wi*'h the

effluent (81) (B?).

Noreover, most of the non-tannin ‘ompounds 7 the
tanning extract are discharged too.

™e utilisation of tannin ‘an be ameliorated sc thet an offer of
1U-138 tan may be sufficient for sols leather tanning. Drwm tannage for
lighter leathers offering 208 tan on the pelt weight (53) Mmhon been
deve loped.

Typical figures for the discharge from some types of veputable tanning
can be ralculated as shown in Annex VI.

T™e amount of liquor discharged from a ~ounter- urrent Mt system
may be about 100-1508 on the pslt weight.

Various methods ure used to speed up ths vegetable tanning. A
shortening of the tanning tims will amsliorate the tannin utilisation
because loss of tannin by standing 1s avoided. The fization of vegetabls
tannins is increased by the use of soms amount of syntan.

The RFP and C-RFP methods developed by Bayer AG (83) (84) involwve
pretreatmsnt with a gyntan (in the RFF method a syntan containing chrome,
in the C-RFP method a syntan without chroms), sucoseded by a vegetable
tanning in drum without flost. After the tanning 15 - 20§ of & very
concentrated liquor is left, carrying with 1t about 2-S§ pure tan (on the
polt weight) out of an amount of Y0-)f offered. With regard to effluents
nothing can be obtained with this method beyond what 19 possible with the
counter-current method except that the temnin is held in s greatly
losesnsd volume.
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huttiow 11 tas Jeveloped a method - & glled no-effluent mie
oyt tAarname (it tar ) RO e i he Aol imed and washe
- 71t owied and retarmed o4 «tandirge 4 Wl b e st reangthenes: !
an t e witt Y % Jiphuri A i > 4 ant 8 peiyphosphate
Cae et iy, it =2 arned it s oaed sygler wiating et pits
ar o o daye. Woer mole jeather proxte 1 1 4bh gt WE pure tan e
Y . 5] Al u.ated i the nelt wigh' A ‘e 'he "anning 'he |eathe:
ie wuahed 118 fram It it agmerted that 'te uat iy wate: an he ised

L TR
L sieurtng it o r it the tan diesciving

Ateingon nr rag developed an witra-ra;id v ocedure o vepetahble
‘wat e tanning e 4elined agd vashed (@' 1+ [ wled witl A% Commor
- Na(l, -4 W ophuric Aeid &,f]"’ and 18 Forwmt Aid HOOOM
B 11 15 dater ™er the peit {8 nditioned by drusswing with

' % sodiam 3uiphate - Ne 30 without float wnd subsequent iy tanned with
e addition of S water. ’ After the tanning the leather is washed
thrice withk 1008 water.

™e lirttar and Atkineon methods have heer (u! into nractical use and
™otk mBthods are satd to involve & very low effiuent diecharge from the
ranning. nfortunately, figures for the asmounts dis hergped have heen
published for neither mathod. T™e Atiiinson method {s the wmost repid
and rationai (the time for pt-kling, onditioning and tamning, all tn lustive,

is 3 houre). Un the other hand, 1' involves the discharge ~f great
amounta f Sodium Sulphate - IO?S)L (1Y onthe pelt weight or 128 on the
salt weight) plus Common Salt, Nell. ™Mir i3 no problem for tameries

situated a' the sse, but for {niand tanneries in e dry | imate it may
preclude the adaptation of the Atkinson msthod, slthough the Sodium Sulphate
and the lime ic some extent precipitate each other as Calcium Sulphate
U.wl" ot}

L After trestmpnt, Jgajtarg g ouhwrs

After tanning the leathrr is vashed in a short float and thema
hiea hed {f necessary. Bleaching can be performed by drumming the
sammied leather dry with & bleaching aymtan (1-4f on the pe!t wight) or
& heavily bisulphited vegetable extra.t. Altermati »ly the isather s
hieached by being dipped sucosssiwely 1in a ' '-1§ 3oda Ash - h,,m)
solution, {n water {n & U-5-1% Sulphuri - A-1d - N?l)b {or oxa'i actd)
solution and again in water. The soda and acid baths cus: be replenished
“1th ‘hemicale after each use, but the washing vater has Lo he hanged
regularly.

*(1) Sulphate may attack cescrets and in Stagnant aress may b Siclogically
reduced to Sulphide. Thus limits of concentration of BSulphate 1n an
offluent entoring & sewer or a cemcrete siructure should not ssceed
1000 mg/l,
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CHAPTRR V
——
KES!T ENVIRONMENTAL PROCESSES - MISCELLANEU!S

S SR

A Lh‘r‘l'irx_wf sheep pelt

‘here is a yreat diverpsnce between the fat —ontent i sheey from
qitferent  ountries. The woled sheer prevalent in Europe, Australia,
s _ealand and North and South Ameri-a may well have a high zrease
ntent irn their aking (ir some areas over %), Hair sheep,
‘raditionaliy from the Middie nast and Africa, contain much lower
piantitias of fat ~ithin their skins.

e following notes refer in generai to wooled sheep.

e fa' is en-losed in fat -ells which must be hroken before the
ferreasing and consequently it is appropriate to degrease the pelt after

(H9)
devooling and pickling .

"he most thorough degreasing is obtained
by the use of organic solvent and emulgifyer, {f necessary combined with a
squeezing of the psit whareas degreasing with a detergent or by pressing
alnne hardly suffice (89).

"yoi ‘ally, the following treatment is nsed:

Depreasing: 20% solvent (e.g. paraffin or white spirit)

1 -5% monochlorobensene
U3 emulsifyer
Washing:
twice rith 2008 Water
20% Common Selt - N@Cl

(per-entage on the pickled weight).

e polluting substances are the solvent, the greass sxtracted and
the salt. Organic solvents are very toxic in recipients and solvent and
srease exert s very high oxygen demand (the COD of solvent and emulsifyer
aione 18 cira LD g/kg pilokled weight).

25-308 of the solvent used can be collected as a clear liquor and
reused (89) 8o that the net use of golvent will be circa 15% on the
pickled weight. Circa 5SU% of the amount used is retained in the pelt
after the first wvashing, and presumably part of this will be washed vut
and discharged from the subseque:nti processes. By pressing or
oentrifuging the degreased pelt half of this can be collected.

T™he amount of solvent collected, exceeding the 25-30% mentioned above,
is found as a paste emulsified with the greass. The possibilities of
absorbing this paste in buffing dust and burning this are being
investigated.
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‘he efflunr: ‘rom the me cd & i bag Loarn isen for the frret
siak, the water ‘rom washirny af e mbatring ¢ r *he mbairi g, od ¢ -

water from washine after the neutrulization tor *he wastiing befnre
neutrajization. Tn trig wey the wate qisim ' i was redi-ed from

37 tn 0 1/kg salt weirtt, withogt any teteri cation Y the leatner
qualsity, Bai .8y has it ired 4 systam vitt 'y suorare and o) le-tion
tanksg, one for lirhtly uol gted, and ne £ more heavi,y polluted
effluent (99) . Pr.re water is i1sed “Hr unhairing, deliming,
pickling-tannire ana tre atter treatment anly.

Systems of this type may he too ‘omlicated to be easily fitted into
existing tanneries, Thus the effluents from the second washing after
unhairing, the washing after the deliminz and the washing from the after
treatments -ould he Hllected in a storage tank and used for soaking,

unhairi ng and the first washing after unhairing.
For the floats mentioned above the water balance will be as follows;-

Collected % on salt weight
%cond wash after unhairing 300
Wash after deliming 240
Washings from the after treatmsnts # circa 350

Total 900

#0rain leather and Split

Used:

Soaking 500
nhairing 200
Mret wash after unhairing 300

Total 1,000

In this way it is possible to save 900€ on the salt weight. If the
unhairing liquor is reused separately, the total saving is 800 + 150 = 9508,




piv Yhm e migere the haign e gy e

\,‘Q]!. ted: oon oaeit wegipght
9@ and wash after anhairiy !
dagh after de! iming 120
wasi-in: trym the gtter treatments » 20))
i .l ’)

¢« rain leatner and syl

Hend 1 » on salt weight
Sosking 160
linhairing 100
F{rst wagh after unhairing 50

fotal U0

T™e seving 1s YOUR on the salt weight

(™him 1= in addition to the savings ottained penerally by mixers as
shosn in Annex V)

e other method mentioned, collertion, treatment and reuss of all
effluents (except perhaps the sffluents from unhairing and tanning) has
heen investigated in Italy (L) (92) »nd Poland (”). Theoretically,
this method is vwery attra-tive because it renders possible tanneries
with totally, or almost totally -losed water circulatdom. 'he method
necessitates an expensive desalination after sach use of the water (9L)
snd chiefly for this reason it has not yet reached practical use, but it
may coms into use when the demands for effluent quality hecoms so great
that they exceed the demands for the quality of raw water for the tannery,
e.g. if desalination is demanded.

As may be ssen there is much scops for recyclimg of process waters
both with and without treatment. The particular recyclic proosss
adopted depends on tannery layout, whether pre-existing or being
constructed, and processes employed.

In Annex IIII a diagremmatic outline of a direct recycling process
is shown - a modification of Bailey's schems mntiomed earlier. It
is suggested that tanmers modify such proocessss to suit their om
circumetances.
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CHAPTER VI
-

REST ENVIRONMEN AL PROCESSES - DISCUSSION AND CONCLUSION
B —————————————— e -

Un the hagis o t » eariier discuscion the fl'oving frame technolopy

for the produ-tion of chrome upper leather -an be -~ompiled (based on

the use of drums). A te hnology of this %ind should he commer-ialily
a rentabls. In some tanneries {t may he pissit:le tn save hipter
ner~entages of ate; and chemicals for swme ;. esses; in other

tunneries it may he ne -essary to use someita' preater quantities.

ter‘en*ave on the salt eicht

So-king Yy 250wdrter
Fleshing (UInless nre-fleshed hides are uged)
Unheiring 2. wWnter
2. Lime
g e 37

(e.g. ?-5% Sodium Sulphide ( 0x) +
0:5% Sodium Snlphydrate (904 )

!‘.'22! 2 x 30 Water
(Splitting) Percentapges on the pelt eight

! iming-bating 15¢ Anter

J:75,. Ammonium Sulphate -(nuh)soh
):5%  Sodium Bisulphite -NaHSO,
N+5=-1% bating agent i
m 2007% Weter
S - t, : 25% Water
I» Common Salt - NaCl
11 Formic Acid (85%) - HCOOH
¢+ /5% Tanning Agent (1-95% Chromic
Oxide) - Cr,0

+ 0: 75§ Soda Ash -1\'12003

1:1» Sodium Sulphite - Nuzﬂ)
Samwing (fpiitting) 15% Water
Paving
Perocentages on the shaved weight
Washing 3J00% Water
lisation-retanning: 50% Water
1% Sodium Formate Or
Sodium Bicarbonate
S% Tan (Vegetable or Synthetic)

Mashing 200% Weter

3 )

3
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satligquominp-dyeing: 1))% Water
G Hat
e ommi o Acid {(Obe) - HCOOH
1. dve
Aviroximate amounts o noll.ni v resulting from a terhnology of
this tyne are quoted in Annex VII. Jorvespondineg fieures for
oreliale tarnine are viven in Annex VITI. he rable 1efers to a
y iriter-current scle leather tannape -ith pood fixation. Presumably,

w «.derably smaller amounts 11 be discharped by the use of the
. sitan or Atvinson nro-esses, but tisures for this are not availrble.
. ~ . vonsiderably smalle~ amountc are discharced from the nroduction
. irhter vepetable leathers thar from sole leather nrodu:tion.

'he amounts of solids derivine from the rarr vater are quoted on the
rsisis of the water ~onsumption minus vater used for unhairing, for
ashing after unhairine and for sanitary purnoses. Ihis is because the
amounts of pollution for these fra~tions have been calculated from
fa-tual con:entrations in the liquor, wl.ereas the amounts for the other
“ractions have bean calculated on the use of chemicals and the hide or
hair constituents dissolved by the operation.

From the chrome leather production with the technology discussed
here, rirca H5 g suspended solids and O-l equivalent of alkalinity per
kp salt weight are discharged against 150 g and O+7 equivalent per kg
in normal practice. By reuse of the unhairing liquor it is pessible
to eliminate the alkalinity almost totally.

The figures in Annex VIT and VIII reflect mainly savings of

rhemicals; the amount of organic substance from hide and hair which
must be discharged is the same as in normal practice. If necessary
the organic pollution load can be diminished to some extent through
replacement of formic acid and formates by other chemicals. In the
same way, the discharge of ammonium salts from the deliming can be
abolished by using other deliming agents.

Further reduction of the discharge can be obtained by changed
methods of handling the raw hide, introduction of reuse systems in the
tannery, and the use of hide processors instead of drums. #hat can be
achieved through these means is shown in Annex IX - XII.

The use of green (or short time preserved) prefleshed hides is not
likely to becoms general practice. It is treated here because it nearly
eliminates the salt, and cn the whole it is the environmentally most sound
way of handling the raw hides. The figures in Annex XII (at least the

figures for chroms leather production) represent the optimum of what is
technically realissble today, but they will not be reached in many
tanneries.
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It is seen frecm Annex X and XI that = smaller saving of water
is foreseen throuet reuse of hoth the unhairing liguors amd e
liehter polluted Lignors, than throush reuse of the liehter nolluted
liquors only. The reason fo» this is that it is found necessary
vhen reusing the untairine liquor, to use fresh water for bnth washings
after unhairing, ‘he reduc~tion in the orpant . pol-ution lnad
achieved by the reuse of the unhatirine liguor has ereater importarce,
however, than the slightly higher water consumption.

Annex VI1 - XIT refer to typi-al processing of catile hides into
side leather or sole leather. As mentioned above great variations
are found, and the fipures ran only be used with reservations for other
tyoes of leather.

The use of biocides and detergent in the tannery has not. heen
discussed abnve. In Danish tanneries circa J+35% biocide is ueed,
calculated on the salt wveight (variation +15=0+5%) (mainly of
chlorophenols), chiefly in the chrome or vegetable tanning. Of the
amount used half or more is bound in the leather, Often biocides are
also brought into the tannery with the raw mate.ial. It is difficult

to estimate what quantities of biocides from this source enter the
effluent.

The total consumption of detergents in the tannery is about
0+1-0-5% on the salt weight.
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VOLUME II PART I1

CHAPTEH VII
[HE TREATMENT AND DISPOSAL OF TANNERY EFFLUENT

4 4. INCHODUCTION

This section of the report (Part II) mims to provide outline design

data for purifying tannery effluents. The two models selected have been
qsed as capital cost data is available for them in papers presented at
“NIDG Seminars on Leather Industry development. These models relate to

4+ vepetatle sole leather tannery processing 200 hides/day (ID/WG 157/9),

nd a tannery rrocessing 1,270 hides/day into chrome side shoe upper

leather (ID/WG 157/11).

For each scheme four distinci stages of treatment are discerned,

providing effluent of significantly improved quality at the end of each
stage. In each of the two types of production considered, basically
different treatment technologies are recommended as bheing appropriate for
use in sparsely populated (rural) areas, and densely populated (urban)
areas where space 1s likely to be considerably more restricted.

Where a choice 1s available the selection of non-sophisticated
treatment methods has been made, as this report is aimed towards developing
countries who are more likely to have available a pool of relatively cheap
lgbour for excavations etc. It is pointed out that the existence of a
pool of cheap labour does not eliminate the need for more sophisticated
plant design where space is very limited: however, an effort hus been
made, when selecting ireatment processes, to incorporate those which
require the minimum of technical supervision.

It has been assrmed that the pollutants in the efflient to be treated
would be as in Annex I, with the major exception of quantity of water,
this in Annex I is quoled as circa 05 1/kg, whereas for treatment it has
been assumed that the usage is 5 1/kg (justified elsewhere), with a
concommitant increase in concentration of the pollutants (see Chap. V1II
and IX).

The plant designs are based on existing knowledge relating to the
treatment of tannery effluent from conventional processing, but with
appropriate allowances being made for the greater concentrations in
pollutants resulting from the lower water usags. However, it is
particularly stressed that there is no practical experience so far dealing
with the accepted concentration of the tannery wastes, and the predicted
performance of the treatment processes contains an element of speculation.

In Chapter V of Volume I may be found some costings, calculated in
India, for the outlined schemes which may be of intsrest in other
developing countries.

B -
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B Scope in Relating to Appliration nf Tata

All schemes are intended primarily as puidelines for rosting and
assessing spatial requirements where ner tanneries are nropnsed or in
cases where efrluent treatment of existing facto as is envisaped. In

instances rthere individual treatments vlants are to be onstmcted it
'411 still be advisable to seek expert advire with recard to pround
conditions, plant layout and the efflnent, quality _tandards -thich need
to he achjeved. Where it iz intended to vary the prodiuction process
for those cited in A above any nossible chanee in treatability wil! also
need to be taken into aciount.

C ’l‘er:hnnlogz Involved

The particular technolopy nsed in treating effinentas will depend
largely on the location of a particular factory. In rmral areas vhere
presumably more spare will be available a literal ly "hole in the ground"
approach has been adonted in the study; the shape and size of the holee
depending inter-alia on the function required. e.g. sedimentation and
anaerobi~ or aerobir treatment. . Where appropriate (in the technical or
financial sense) the hasirally "rustict technique has heen moditied to
incorvorate twentieth-century technology. Thus, the use of simple
mecharical aerators to increase the effectiveness of aerohic systems is
suggested.

On the other hand, where less space is available, in urban areas, it
is necessary to employ more sophisticated equipment. Nevertheless, even
under such conditions an attempt has been made to keep equipment as simple
as pogsible, in design and in operation.

liowever, it has been assnumed that available land is not totally
unlimited, and so methods of treatment which are particularly extravagant
in land use have not been recommended. Treatment oy land irripution
(except as a tertiary stage of treatment) would be a case in point; and
in any event such a system would be environmentally very undesirable,
especially in warmer cl_nmates.

D Primary Sedimentation
Tt is considered that primary sedimentation (settlement) for a

minimum period of six hours in continuous flow dedimentation tanks, and
for a longer period in lagoons, is the minimum treatment which should be
received by any effluent prior to di scharge; even when this is to a foul
sewer. If the charges levied on the conveyanre of the effluent and its
subsequent treatment at a sewage works bear any relation to actual costs,
it is almost certain that such primary treatment would also prove to be

economically advantageous.




Primary sedimentation is of course highly desirable where

subsequent biological treatment of the wastes is proposed in order to

reduce the size of the blological stage. Even where this is in the
form of an anaerobic or an aerobic lagoon, pre-settlement is essential
tn reduce the amount of blologically inert solids so that :-

. the need for frequent desludging of the biologically

active lagoons is avoided

>, the bacterial "wssh ocut rate" is kept low, resulting in

a more highly active lagoon.

Where biological filtration is proposed, pre-settlement of the
vastes bacomes essential to avoid clogging of the filter medium.
E Schemes for Use in Urban Areas

1. Primary Treatment

Very substantial reductions in the BOD and suspended golids

content of tannery wastes can be effected by permitting the liquors

to settle for several hours. Where space is restricted,
sedimentation is most conveniently effected in specially designed
tanks, which may be constructed using a variety of materials
(reinforced concrete, brickwork, mild steel or even timber). The
tanks may be of the horizontal-or-vertical-flow type (see Annex XIV
Figs. 1a and 1b). Although more difficult to construct, vertical
flow tanks have the advantage of being "self-desludging" vhen
provided with sides sloping at an angle of 60 degrees; sludge being
removed via a valve fitted at the base of the tank. Horizontal

flow tanks, unless fitted with expensive sludge scraping mechanisms
must be taken out of service, and the supernatant water decanted off,
before the settled sludge can be removed. Manual removal necessitates
the provision of one tank in excess of the number needed in service at
s given time. Flosting arm decamters are commercially available for
use in this operation; however, a length of flexible hose supported
a few cm. below the surface by an oil drum or a block of expanded
polystyrens can be just as effective.

If funds are available for thes purchase of mechanised sludge
scrapers the use of radial flow sedimentation tanks, now widely used
in developed countries, can be recommended as being economic both in
space and labour.




It is imortant to be aware that the flow characteristics of
sedimentation tanks are of paramount importance in determining their
efficiency. The avoidance of turbulent conditions, exept perhaps
at the inlet t> promote flocculation, is essential. In the case
of horizontal flow tanxs broad inlet and overflow (outlet) weirs
running the full width of the tank at each end are desirable to
promote good distribution, laminar flow, efficient utilization of
tank capacity and good sedimentation.

In the case of vertical flow tanks, liquor enters near the
centre of the tank and about half way down, lust above the sludge
thickening zone. Flow 1s in an upward and outward direction
towards take-off weirs at the surface. Under the influence of
gravity, solids settle downwards against the flow, and are
concentrated in the conical bottom section of the tanx, Redial
flow tanks are essentially circular versions of the horizontal flow
tank. Liquor enters at a central distribution box and flows outiards
towards a peripheral overflow vweir. Settled sludge is scraped back
spirally towards a central coni-al hopper by rotating submerged
scrapers, and is removed via a central take-off pipe using the
hydrostatic head.

IT _Mixing and Flow Balanci_ng_

Since the composition of the various tannery liquore fluctuates
videly during the day, the effectiveness of sedimentation is very
considerably enhanced if this is preceded by a mixing and balancing
tank which permits the equalization of acid and alkaline liquors, and
affords an opportunity for the co-precipitation reactions to occur

between tannins in solution and any lime or soluble organic matters.
In addition, liquors which may enter the balancing tank at varying
rates of flow can be pumped to sedimentation tanks at . steady rate
and, thus protected from surges in flow, the latters offectivensss
is considerably improved.

The bulk of tannery liquors are discharged usually over a period
of ten hours, but if the balance tank has suffictent capacity to
contain one day's production of liquors, the subsequent stages of
treatment can be operated over twenty-four hours, and consequently
may be substantially reduced in sise. A compromise in balancing
may be to provide storage only for the segregated lime sulphide
liquors (including the first wash liquor) so that these can be fed
into the flow of other wastes which are discharged over a longer
period and are predominantly acidic. Moreover if sulphide is to be
removed (eee later) two such tanks could be used alternately to treat




und atore the 1iquors, and then to dispense he treated liguor
pradually dring the following day.

Tt wili, in individual rases, be resirable tn assess the
~ost/benefit of limes orly balancing, as compared with full fiow
hbalanring. A third scheme is provided (VIIT ) "FMl1 Flow
ralanced" in which the prwvision of a full rflow balancing tank
permits appropriate reduc:i.ns in subsequent riant size, and tre
alimination of peaks from ‘he pattern of flow a.igo leads to
increased efficiency. In addition the oneration «f hinlogical
plant continuousgly over twenty-four tours is also rreferable to ite
yperation for ten hours ‘ollowed by fourteen hours inartivity.
Finelly, mixing and balancing has the beneficial effect of diluting
any toyin compounds which might otherwise pass through the unit as
& nlug dose at an inhibiting concentration.

III High Heste Biological Treatment
High rate biological filters provide a convenient means of

removing a large proportion of the biologically oxidizable matter in a
(95), additionally, providing an
effinent of intermediate quality, where such is acceptable for

relatively small volume of plant

discharpe, it provides a useful "roughing treatment" enahling
reductions to be made in the sizes of subsequent biological treatment
plants, where these are desirable to produce effluents of higher
quality.

Contrary to widely held opinion, the packing medium used in
high rate filters dos not necessarily need to be of the fabricated
plastics construction now manuf'actured in Europe and the U.S.A.
Indeed, unless flonr space is so limited as to dictate the use of
very tall towers, it is difficult to justify the use of fabricated
plastics in place of a more conventional stone packing. (95)
Biological filters filled with stones can achieve removals of
70% when loadecd at rates as high as 2 kg of BOD/M3 d. and as the
construction of plastics packed towers cost fourfold the cost of
stons filters, thess would need to removs 70% of the BOD when loaded
at rates as high as 8 lcg/n3 day in ordsr to be competitive, which
possibility eeems unlikely.

The high rate filter consists, thsrefove, of a bed of stones packed
in a tower up to 3 M in depth, the retaining walls of which may be
constructed from any strong corrosion resistant materials which are
conveniently to hand. RBffective underdrainage is eseential to
permit egress of the percolated ligquor and, Jist as important, the
free acoess of air up the tower, as the process is assrobic,
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Stn-e hiolori sal filtration 1nvolves the convergfon ot
dissnlved oreani matter into hio topical snlids, a4 sedimentat ion

tank is required to remove these hefnie discharge f the Figquor,

Similar desien ~onsiderations would apnly fo this tank as to those
used for rrimarv sedimentation, Although recrreulation
effluent from the filter is i he used in operation ¢ the 1 ter

fat a ratin of 1:1), and sin-e e@edimentat ion tanks are desioned almost

entirely on the basis of the hydranli- t1 v rate ‘axcept tor
a-tivated sludrve senaration tanks here s-lids lux he "Hmes important,)
it might be exne - ted that a tank t-j.e as bis  onid be needed.

Hovever, *his i:: not so as the humus solids ill settie ranidly,

and in any -ase ve-y effi -ient removal of suspended matter is not
important at this stage. Alternativeiy, it might in certain instances
be preferable to recir-ulate unsettled filter effluent; and this
would probably be quite a-ceptable in most -aze:.

IV___Secondary 7iol--+i~al Treatmen*,

When effluents of fairly hi gh quality are required for dis~harge
to ~lean rivers or other surface waters, further biological treatment
at a much lower loading rate will be nece ssary. However, since the
effluent has received pre-treatment in a high rate filter, the
subsequent treatment plant. can now be smaller than would otheri-ise
have been the rase. One or more conventional biological filters
(structures similar to the high rate filter, but packed with /0-50 mm
graded stones) loaded at the reduced rate of 0-1 kg HOD/M3 d (as
compared with 2-0 kg/M3 d) could provide an effluent, having the desired
characteri stics. However, this would occupy quite a 1ot of space, and
in view of the need to reduce plant size to a minimum in urban areas,
it is appropriate to consider the usse of an activated sludge process
whrich {8 mich more economical in sige. Basically the process consists
in bringing the organically polluted water into coatact with a very
large concentration of aerobic bacteria and other micro-organisms
present in the form of a flocculant biological agglomerate known as
"activated sludge". The sludge floc is kept in intimate contact
with the 1iquid phase by the same mechanism as is used to supply oxygen
to the aerobic process. These are usually diffused air systems or
mechanical surface aerators. In the process, in which the sludge floc
is analogous to the biological slime in a biological filter system, a
portion of the organic matter in the wastes is converted to more
biological cellular material, wvhilst the remainder is utilised for
snergy, and converted to carbon dioxide and water, As with filters
s sedimentation tank is needed to separate the activated sludge from




the -larified effluent, but in this process the bulk (uj to JHs)
2 the separatad siudge in recycled to the beginning of the pro ess.
Jenerally, the process tends to he less robust than biolopical
filtration and more careful control is needed, but c~are has heen
taken in this report to use only relatively low sludge loading rates
in calculating the recommended capacity of plant, and it 1s not
envisaged that any insurmountshle diffiruities will arise if the
plant is effi-iently maintained. In any event, there is no eimpler
way of producing an effluent of high quality from a etrong effluent
in a restri - ted space.
v Tertiary Treatmsnt
It seems most unlikely that an effluent of even better quality

than that which would be produced by the foregoing processes would

¢ necesssary in the urban environment unless discharge is tc a small
stream used as a source of drinking water, or unless it is desired to
treat and recycle a portion of the effluent for reuse within the
tannery. However, for the sake of completeness, a process suitable
for use in a restricted space ie inciuded.

Once again circumetances dictete process selection, and in urban
areas it seems that only rapid gravity sand filters can be considered.
These can of course be complicated by automation, but in the proposed
schems a simplified arrangemsnt is indicated for backwashing the
filter bed. If compressed air is to be used in the tannery the
inclusion of an air scour capability would considerably facili‘tate
the removal of entrapped sclids during backwashing.

Vi Sluq‘o Disposal

The above treatment will result in the concentration of the solid
fraction of the liquors in the form of a thin slurry. The disposal
of this material {s dealt with separately.

Schemes for Use in Rural Areas
In rurel, less densely populated areas, where the space available for
ef fluent treatment will presumably be less restricted, it is possible to

adopt a more "rustic" spproach to effluent treatment; a truly hole-in-

the ground policy, but supplemsnted by twentieth century technology where
arpropriate (i.e. economic or gpemsible .

1. Primary Trestapat - Jedimpntetics
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hoid e o4 (e dave Lo f efflner « the fun. t,ong f mixing,
flw valan g, sedime-taty 1, a 1ipm wicertration and siudore
storage w1 e u hisved (n ine stupe. nofat the Mstage' o~ gigte
A otwn gt e mne ‘ed i seriee, hi F ermi's the vrimary [agoon

'ohe e somewha' o f fent, st £, g {th sludre and | .pes
effe tive Ara i'y, sin-e 'he eff, 1ent A, Hys reeleg n ntseguent
se'tlement in the se-ond |agoor. He ‘ause it w{]] be necessary

to remove the primary lagoon reguiariy from servics, three lagoons
should, ideally, be ;rovided and be merated as follovgg-

!c!dulo of OErltiy Qdiggutim m_oonu

Period, Primary Lagoon Sscondary Lagoon I‘hicanim
Desludging

! A B -
2 K C A
} A C B
L A R C

It vill be seen that the lagoons are not operated in strict
rotation owbng to the diffi-ultisg associated with transferring
liquors from lagoor C to lagoon A {f the former were to he used as
& primary lagoon. Normaliy, liquors would flow by gravity from
ons lagoon to another via oren channels, and simple earth dams or
wooden planks would be used to route the liquors.

The lagoons would be desiudged by re-routing the liquors in
accordance with the Tebls abrve with a frequency determined by
experience. Before desludging the lagoon could be permitted to
stand for a period to allow the sludge to settle and thicken up, and
during this time, Ny supsrnatant water would be decanted or pumped
from the surface of the lagoon. Later the sludge could be removed
by & portable diaphregm type sludge pump to a suitable ares of drying
heds or to tankers for transport and disposal at some remote aree.

robic

Any benefit derived by anaerobic lagooning in Buropsean efflusat
trestment tends to be acotdental rether than by design, as lagoone
uesd principally for sadimsntation neturally becoms anssrobic.
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1! Aerobic reatment - (.idation Dit b

The effluer.t vould probubiy be suitable for discharge to foul
sewery after treatment in the primary and secondiry sedimentation
apnong, but further treatment in the anae:sbic lagoon (IT above) would
reduce the load t~ he treated at the sewae works, and consequently
would lowe:r the charger levied for its dis-harge. However, foul
sewsrs for conveying effluents to sewape works are gensrally less
available in rmral aress, and if the effluent has therefore to be
iischarged to a clean river or surface water, some form of aerobic
bioingicai treatment wi!l Le necessary. This 1s most conveniently
oiven i1. some form of serobic lagoon, but to be truly effective,
without occupying vast aress of land, it is essential to maintain s
nizher populatic, ol micro-organi sms than would result if the normal
rate of "washout" were permitted to control the process. The higher
population is & hieved by removing those present in the effluent from
the lagoon and returning them to mix with more liquar entering the
iagoon, as in fact, is the practice in operating the activated sludge
process described earlier, and which this process aims to emulate in
a simplified way.
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Tn orde’ t~ ensn e ~~ndi‘ions vherehy the increased pormlation
of micro-orpganisms ~an onerate effectively it also becomes
necessary to supply oxysen to the lapoon artifically, usine
mechanical aerators, of hich several designs are commercially
availaole.

A very convenient and simple concept for brincing these
conditions about is embodied in the "oxidation ditch", This is
essentially an annular tank of trapezoidal cross section around which
the effluent is rirculated by steel brush type rotating aerators
vhich also serve to resuspend the acrtive sludpge floc and aerate the
liquor. Waste liquors enter the "ditech" contimously, and after a
reriod of residence, which can be up to two to three days for
domestir sewage, the "mixed liquors" leave the ditch when the
activated sludge floe is separated in a suitable sedimentation tank
and recycled to the ditch 1thilst the clarified effluent is discharged.
Such systems are used successfully for small rural and some industrial
instaliations in developed countries, and one in Holland has been
operated on tannery effluents in a pilot scale by Epgink and Kapei (97).

The oxidation ditch is extremely simple, low in cost.,, almost
maintenance free and, rhen properly commissioned, is capable of
producing effluents of exceptionally high quality.

In modifying the mode of operation of the ditch it is possible
to disrense with the final sludge separation tank. This involves
temporarily stopping the aeration rotors, and the waste feed to the
ditch, two or three times a day so that the mixed liquor stops
rirenlating, and the activated sludge floc settles out. As soon
as an appropriate depth of supernatant liquor has bean formed effluent
water is decanted from the ditch by low ‘ng the level of an
adjustable weir over which the clear portion of the water flows to
vaste. The decanting operation may last for 0:5 to 1-0 hours, and
after a sufficient quentity of liquid has been discharged, the rotors
are restarted and normal operation is resumed.

As with the activated sludge system, it is necessary occasionally
to remove a portion of the activated sludge which gradually increases
in concentration as a result of biological growth,

It will be obvious from the foregoing that the oxidation ditch
is essentially a variation of the activated sludge process but the
plant design, as well as being simple and not necessarily requiring
a final sedimentation tank, is much more robust and stable, by virtue




¢ jls very lone retention time, and therefore its sludee

thading rate - i.e. ke of k Wifke of activated cindre solids ver

) -1
day . (Venally exrressed as = " '/kes ML3S d  vhere MLSS -

mixed liquor sispended solida.)

The ~~nsiderable dilution »f liquer enterins the ditch also
affords seme rroteciion from the effect nf rshorg loads of toxir
materials or peavs in the concentration of i and flov. Moreover,
the very low R0D lordine and the lone time for vhich the sludpe
crlids are retained ir the ditch, un to one-hundred days, means
that more sludre is "burnt up" (biolopirally) by the endopenous
resjiration o the hacterial mass. This leads to a more "mineralized"
<ludpe thich is less maloderous and easier to dewater. A further
scefnl roncequence of the lover rate of loadine is the substantially
redn-ed guantity of <ludee rroduced, 03 kg of clndpe solids/kg of
. removed, as ompared vith about 1-) g/ke of BOD removed for a
orventicna) a~tivated slundee plant.

TV Tertiary rreatmen’

An effluent of excertiornal v hirh guality mey he exrected from
the oxidation diteh if constrited and perated ~-ithin the terms
ce+ ~t in thic report.  In fo 1 tre dit°h cara ity re ~ommended 1is
2ized 3o as to rermit creration ot an increased f1m- ~r 1oad if an
ec1nent of redu-ed standard is a~-ertahle. Tn the erent of it
Leins necessa~y tn dis harve the efluent to a ate ‘ourse used
evertnally as a sour~e of drinvinz vater, some sli-ht farther
imrecvement may he a Fieved hy o te-tiary traldiehing " stace. Tt
nav alen be nse™l 4o provide a huffer zone t- rrote 't napainst
temporary ma) fnc*ion ~7 the riart.

Trrigatiorn rn? secerdary effinert over eranes’ii~d tas heen nced

(98,

c1 esafully al many ovss n @nelend ce o~ meons of tinal
nolishing. In this method effinent is =in on:i> land throngh a
cystem of irri-ation channels, "lo s over the surface, and is
~ollected by 5 seond series of ~hannels or flors directly aay to
s stream. ihe 1and muet he fairly +ell graded, and should not
slope S0 steeply that channeling is encouraged; it has been
recommended that this gradient should not be more than 1 in 60.

The method for preparing land for grassland treatment has been vell
described by Dsviss 7). With plots vhich are specially prepared
it is usuval to sov a special mixture of deep rooted grasses (for

example, S37 Cocksfoot - Dectplis glomerata - at about 30 lb/acre);
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it appears, however, that in a fei years the natural flora is
resto~ed, and plots at which no attempt at seeding has Leen made
give satisfactory results. Tt is not necessary to keep the grass
short, but occasional cutting is required to prevent the growth of
rank weeds. [t is therefore convenient to divide the land into
two or three plots, so that each in turn may be allowed to dry out
before cutting. Periodically the plots must be cleared and

accumulated solids removed. A report by Truesdale (98)

on operatinn
of grass plots at three works in England indicates average removals
of 61-76% of the suspended matter, and 55-57% of the BOD from humus
tank effluent after biological filtration.

v Miscellaneous Notes

A. The various types of sedimentation tanks, for use in

urban schemes, are discussed earlier in these notes. It may

be pointed out, however, that since vertical flow tanks are
necessary for the separation of activated sludge, owing tn the

need to continuously recycle the settled activated sludge, 1t may be
economic to construct all the sedimentation tanks to this standard
design so that the same design plans and concrete shuttering (if
applicable) could then be used.

Generally similar tank sizes are used in the individual
schemes, except for the humus tank of the urban schems, which
has to acrept a substantially increased flow of recirculated
high rate filter effluent.

B. A considerable quantity of eart.a spoil will be removed
when excavating holes for the rural schemss. The full
exploitation of this spoil will depend on ground conditions such
as the land gradient and the water table.

If soms pumping from the tannery is possible (or necessary)
the entire sedimentation lagoons might be formed above datum by
r"ailing banks using earth removed from the anasrobic lagoon and
the oxidation ditch.

Alternatively all holes could be excavated so that each
water 1line is at datum, and spoil used simply to provide the
freeboard.

C. In view of the shallow slope (LS°) of the holes used in
the rurel echemes, it seems unlikely that, axcept in extrems
cages, there will be any necessity to "line® the sedimentation
or anssrobic lagoons. However, the oxidation ditch will
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probahly need 1ining around the curved sectinns and in
the proximity of the aeration rotors. It may also, in
some instances, need lining along its entire length.

The selection of lining material will be governed
by what is locally available; bricks, stones, slates or
paving slabs might all be used. Buty! rubber sheeting
has also been used in Europe. However, the lining must
be heavier than water, otherwise floatation will occur.




CHAPTER VIIT

CHROME TANNERY EFFLUENT TREATMENT SCHEME

Jeneral Specification:

A.

croductiors 1,200 hides/day tn ~hr me side upper leather
(IH/WG.187/11)
Effluents: Volume 260 m3/d
BOD 3500 g/
Suspended solids 10,00) mg/1

RURAL URBAN
Treatment: 1. Primary Sedimentation 1. Miring and balancing

(incorporating mixing

and balancing)

2. Anserobic lagoon ?. Primary sedimentation

3. Oxidation ditch 3. High rate biological
filtration

L. Grass plots L. Activated sludge treatment

5. Rapid gravity filters.

Chrome Tennery ~ffluent - Scheme for Rural Areas

1. Primary Sedimentation

Three earth lagoons, any two of which can be connected in series
as primary and secondary lagoons - see Introductory Notes, Chapter VIIT,
F.2

Dimensions of each lagnon

Volume = 250 M3

Dimensions: 13 mlong x 10 m wide x 2+5 m deep

This allows 0:5 m for freeboard. The lagoons should be dug
with 1i5° sloped sides which should not require lining. Part of the
deptch may be obtained using spoil.

excluding freeboard

Effluent from sedimentation lagoons:-

Two days retention in the two combined tanks should produce
reductions as follows :-

BOD reduction by 25¢ = 2700 mg/1

Suspended solids reduction by 60% = LOOO mg/l
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T Ariwerahie Laooon

Assuming ar nmt of similar padity tn that lea~wine the
codimentation lazrons, and nsirg the da*a ahtained by sastryr -
st mate their likel nerforman-e, inre dimensions of a-d effiient
crom the anaerobic lagoon are sucgested as fnllows :-
Dimensions: S0 m long x ¥° m wide x 5:5 m deep
(i.e. 52 m pits ):3 m freeboard)
rhe dimensions may be regarded as approximate and the si‘les
should be sloned as dictated by tre ground conditions. e inlatr
«r~1d be submerced as suggested earlier.
Effluent: festimated from the experience of Sastry Vo
k) redu~tion by ‘T=cd% = n00 mg/l
suspended solids ~edu~tion by 75% = 123 mg/?

11T Oxidation ditrh

In view »f the nreceding anaerobi~ treatment only two davs
retentinn shonld be sufficient. for the oxidation ditch. rnis
woild involve a working capacity of 520 m3 in the form of a ~iosed
rircuit trapezoidal channel. The 1 m deer channel width is . n
at the top and 2 m at the base iish 15% sloped sides. The totz)
cirruit length needs to be 170 m., vis:

5 m long parallel trapezoidal channels separated by a 2 m
v{de island and connected at each end by 5 m maximum radius semi-
~irenlar trapezcidal channels. 'he wider dimension of the channel
is at waterline level and the freeboard of the ditch is to be
nrovided using the svoil (esrth) removed by the excavatinn.

(a) Check on sludge loading:

As » further check on the predicted performance of the
oxidation ditch it is possible to caloulate the EOD:stludce
solids loading rate, L, assuming a fairly easily maintained
mixed liquor suspended solids content of 6000 mg/1 or 6 (g/m .

Total daily BOD load entering the ditch (@ BOL = >0) mg/1)

= 260 m3 x 0°6 g1 = 156 kg BOD/day.

Total mass of activated sludge solids in system

- 520 m x 6-0 g/1 = 120 kg

Therefore L = 156 = 0:05 kg BOD/kg MLSS/day

3120
Thus the sludge loading rate is sufficiently low to

produce an effluent of good quality.




- |h6.

(h) Disposal of Final Effluent

Tn order to avold the need for a serarate final
sedimentatinn tank, the ditch should be operued on a "5t
and Te~ant" prinriple. This necessitates shtorniing the
rotorg at 00,30 h. U9.2) hey 12.20) hand 15,00 Y, on roesine
days, allowving the floc to settle, and then lorering an adjiustable
eir and dis-hareing a suffi-ient volume (i.e. HB) af ~ter
to permit the ditch to accommodate the aroropriate gunantity of
incoming liquors before the next decanting pericd. This means
lowering the level of mixed liquc 's in the ditch by some 100 mM.
If the surface aeration brush rotors are at a fixed hei:ht this
should be so arranged that the average depth of immersion i3
1220 mm so that the true depth varies betveen /) and 17U mm.

(») Aeration Rotors

The reration rotors consist of c¢ylindrical brushes itk
steel snines, and are the subject of patents held by the [.HN.U.
Institute in Holland who issue licences for mamufacture to
various fims.

The powver required to drive the aerators derends on the
oxygen requirements, but for the schems described, the installed
vater capacity will most probably be dictated by the need to
keep floc 1in suspension rather than the oxygen requirement.,

It 1s suggested :hat L five foot rotors are installed,

This will involve a total installed horse pover of12 h.p. and

each consumes 32 Kwh/day.
IV __Grass Plots

Satisfactory results are reported by Truesdale (98) to be
obtained when grass plots were irrigated with sewage effluent at the
rate of 32 l/mzh. If effluent from the ditch is irrigated over ten
hours only each day this 1s 26 m’/h, therefore a grass plot area of
very approximately 800 m2 is required, and so a plot 30 mx 30 m
should be sufficient.
See Figs. I and II overleaf for diagrammatic outline of treatment
suggested.
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FIG. I
EEEESeE——

SECTION OF TREATMENT PLANT RELATING TO
CASE VIIT A - RURAL

SCALE: me - 1w

Onidation Anasrobic Sedimentation
Ditch Lagoon Lagoon

“c"“ 'Mw'h ‘C."........‘
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1 Miyino and "low Balancing

This scheme is desipned using flow balancine of the highly
alkaline limes and lime washes only. It is =ssumed that these will
amount, ta abmut 25% of the total flow,

Hence ~amacity of halancing tank = 05 Ha, so +het allowing for
frastoard b m x 1 m x 5 m deep wnild be adequate.  Mechanized
mixine »11d be desirable as sedimentation here is undesirable, »ut
hand plungins and bottom draw off would perhaps suffi-ce. AZ)
aimilar tans shonld be provided for alternate use as sulphide
nxidation tank and lime dosin~ tank. (The former rrocess is
descrihed later).

TT  Sedimentatinn

Either vertical flow or horizontal flow tanks can be used for

primary sedimentation (see Annex XIV. - Fig. I). Vertical flow
tanks are more economical on ground svace a~d will in any case be
needed for sjudre separation in the subsequent activated sludge
treatment stage. Dimensions for horizontal flow tanks are, hoever,
supnlied.
{a) Vertical Flow Tanks
These are usually designed on upward flow velocities vhich

should be such as to permit a nett downward movement of
suspended matter.

If flow ie from 37.00 h. to 17.02 h. = 10 h. then flow rate
3

® 260 M
= 26 m3/h.

10 h

If we allov a 0:5 m/h upflow rate we need 52 m2 tank area -
nreferably aplit into tiwo tanks, each of 25 m2 which is about
Smx S5m, with an ef.'f;zivo depth of 2 m and a sludpe
collection/thickening hopper of appropriate depth to provide
a 60° slope.
(b) Horiszontal Flow Tsnks

These are hased nominally on retention time and for tannery
wastes 6 h. should be provided.

Therefore capscity of tanks should be 26 m3/h x6hs=
156 nJ » pr-ferably split between twin 2 m deep tanks of 80 m3
each. Therefore surface area for each tank = |,0 mz. The
relative dimensions are important and a suitable size would be
L m wide x 10 m long.




A1 in 10 slope 13 suitable for sludge remova. in an
'smpty’ tank therefore the depth should slope from 3 m aL the
inlet to 2 m at the outlet. end.

NOTE.  Since one tank will always be out of servi~e whils:
desiudging THREE TANKS will be needed.

The linear flow veloci*y along these *anks will be

13 m" m/h = 1.6 m/k = 27 mm/min., which 18 a further check
2

gm that effective sedimentation wil be achieved.

IIT High hate Biological Filtration
The primary treatment of mixing, partial balancing and

sedimertation should reduce the BOD and suspended solids as follows
80D, 3000 mg/1 reduced by 25% to 2700 mg/1

Suspended solids, 10,0200 mg/1 reduced by a least 60% to 1,000 mg/1.
The high rate filter (see note E III - Chapter VII) should be a tower
packed with 100 mm to 13) mm graded stones or crushed rock to a depth
of 3 m (depth is governed by the strength ot the retaining walls).

The filter could be loaded at a rate of 2 kg of BOD/m3 day, and would
then remove at least 70% of the applied BOD.

The total daily BOD load = 260 m’ x 2-7 kg/m> = 70) kg of BOD/day.

However, without full flow balancing this load will be applied
in 10 h equivalent to a virtual daily rate of 2:1 x 700 = 1680 kg/d.

At 2 kg/m3d we would need 840 m3 of medium and at a maximum depth
of 3 m the area is 280 m2 or about 17 mx 17 m square. This w1l
result in a superficial hydraulic loading rate of about 0-| m3/m2h,
and in order to ensure adequate wetting of the filter medium, and to
dilute the very strong liquors, it will be essential to recirculate
filtered effluent at a ratio of at least | to 1 and therefore a pump
of capacity up to 120 m3/h should be provided.

The filter must also be provided with a suitable means of
distributing the liquor on to the top of the bed. Ideally a
travelling distributor would be provided but fixed, upward pointing,
Jots or a series of V-notched channels may suffice. It is equally
important that good underdrainage is provided in the form of spaced
drainage tiles, or very carefully placed bricks on a sloped concrete
bage.

Humus solids produced in the filter will emerge in the filter
offluent and these must be removed in sedimentation tanks similar in
design to those used for primary sedimentation (eee figs. in Annex).
Perfect settlement is not required, and the rapidly settleable
solids should make the increased flow acceptable.




IV At el Siaave 'reatment

Yis 10 reorus teer seiected “ar measors stated iv - ate
Chacter VIT & TV, e desipn sfze f *hiq glice i5 pased » *“le

g5 Ciwad YEmar guenendel ~olids ~ortent ‘v Lver to
oA te et i vnetgr areraticon in the nossitle abtearns f geilied
savervieion y deetor lnading rate of 'nly 1, ke o7 He o0 Of MLS3

per day ras heen selected.

e hi~F rate filter is experted to reduce the KO 3¢ tne waste
ligiors by /3% i.e. from 2770 mg/1 to b)) mg/1.

The t.ote! load entering the activated sludge nlant = 200 m3 x
Jer ém'ma = 71) ¥n/d.  However, this will be fed to the p'ant during
only 10 h. wh.ch is equivalent to a virtua! dailyv Vnad of 1) x 2+l =
500 kg.

At a sludpe loading rate of u-15 Iip BOD/kg MLSS we shall need
3300 kg of mixed liquor suspended solids (MLSS) in the sys.em.

The maximum c~oncentratinn of mixed 1iquor suspended solids which
~an be carried in the system depends on the size and effi riency of
the fina' sedimentatinn tanks, Sinre the smettled artivated sludre
mi=t be returned to the aeration tank cont,inuouslz it is ecsential
here to use vertical flor or mechanically s~raped radial flo- tanks.
If vertical flow tanke exactly similar to those used in the tvo
previous stages are used (the most economical arrangement. ' it is
likely that concentrations of activated sludge solids up to 370 mg/1
could be separated.

3309 kg of MLSS sre required, and at the above concentration of
3 kg/m3 this requires a total tank capacity of 1100 m3.

If the tank is 3 m deep this is 370 m2. This might conveniently
be contained in four aeration tanks ~onnected ir series, each
measuring 10 m x 10 m in plan (this allows some essential freeboard).

The tanks must of course be aerated by either diffused air or
mechanical surface aerators. The latter provide the simplest and
most trouble free operation for a small plant and are commercially
available in many countries, but not alvays in developing countries.

As already mentioned, provision must be mads to separate the
activated sludge from the final effluent. This can be achieved in
tanks of exactly similar size and design to the vertical flow tanks
suggested for primary sedimentation. Hence if concrete is used one
set of shuttering can be used to construct all six sedimentation tanks
vhich will permit considerable economies in capital cost. Sludge

st be returned to the ssration tank at a rate equivalent to the flow
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1
ot effluent, f.e. 7 m /b und an appropriately sized pumy be

provided.
v Rapid Gravi ty vilters

The reasnns for selacting this process in the very unlikely

event nf further treatmen' beine reguired are set out in note in
Chapter VIT.E. hey are designed entirely »n hydraulic flow rates -

2 b
in the rresent -ase °° m' /1. About m3/m n is re-~mmanded.

We should therefore require % m2 of filter area. Hazically
the filter consists of a )-» m deep hed ~t 1 mm graded sand

supported on a J:2 m deep hed ot 2 ) - 3) mm ecravel covering
perforated drainage pipes, perforated with 10 mm holes on the sides
and underneath. Secondary effluent is fed onto the sand bed to

a depth of up to 2 m and filters through the bed to be drawm off
through the drain pipes. The rate of draw off is controlled by an
outlet valve which is gradually opened as resistance develops in the
filter. When the flow falls to a lo* level under the full 2 m
head of water pressure, the filter is backwashed by pumping filtered |
effluent through the drainape pipes. Sometimes an air scour is }
used to loosen the entrapped solids, hy alternately passing
compressed air throngh the drainage pipes.

Beckwash water cortaining high suspended solids is recycled to
the activated sludge stage inlet. Two such filters will be
requ’ ed to permit continuous operation whilst one or other filter
is undergoing backwashing.

See overleaf Figs. III and IV for diagrammatic outlines of
treatment suggested.
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Uhrore Tanpery BEffiae; - 5 heme o1 Hrban Area - ull ¥lo

Bplagr ot
—————————

—_—

Intre scteme ' the 'i-w 'igiors vere se-arated and fed int.. the main
rradna iy orare e Somaximim equstization ¢ the i, All the

PR et v e Ju i ecsiny i+ the anzence of a halancing tar: had

oo e Doadrine tor Tongen, T« bcar g ovd miving canls §a
e ed ang i e sameed ont o Loeitment. ree trentv-four tonpe
Pesesegquer o nt ean e rediced nonize - ard 411 srerate nore
e lent e dee siandy Mo andi tions,
1. _biyire wid <1 Balarcing
3

tieomist bold one dole days flo of 1ioguors - 200 mo.,
the bat o tin s s ze charid be 1) m v 1) m x 3 m deep. Sedimentation

i+ andes~fruble in Lhis tank and Fentle agitation by slor larse hladed

Setrress e by fre juent hand plunging is necessary. A central

eottom *ake Hf7 e 335 also desiralle. tor-ard pumping rate =
3

1 m'/n,

11 Sedimentatiom

) Vertyonl Mo fanss

Ftow is a0 aver 2}y,
-

Aate = 5 m?

= N m3/h.
2.

Alloving a O+0 a/h upllor rate 16 m2 of tank area is
required, 1.e. tio tanks 2ach of 9 m2 area. Hencs tanks
should be 3 mx 3 11 x 2 m effective depth with an appropriate
50° sloped sludge hnonper.

b)  Horizontal Flo= Tanks

With % h retention at 13 m3/h volume of tank = 46 m3 in
tvo tanks each of 33 n’ and with 2 m effective depth = 165 m in
area, i.e. 3 m wide x 5:5 m long. The tank bottom should
slope from 2:5m at the inlet to 2 m at the outlet end.

Three such tanks will be required (one being desludged).

II1_High Rate Biological Filtration

Dsily BOD load is still 700 kg tut this is now spread over 2, h.
Loaded at 2 kg BOD/de the requirement is 350 m3 of Mlter

medium, At » maximum depth of 3 m the filter area needs to be

120 mz.
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High rate filter needs to be 10 m x 12 m x 3 m deep, arranped
as described previously.

Pump capacity of 59 m3/h will be required for feed and
recirculated liquors.

Humus solids may be removed in tanks of similar design to
those used for primary treatment.
IV Activated Jludge Treatment

Following the high rate treatment the total BOD load
remaining to be dealt with by the activated sludre stage will be
210 kg of BOD/day over 2L hours.

At a sludge loading of 2-,5 kg BOD/kg MLS3/d the requirement
will be 1300 kg of mixed liquor suspended solids (MSLL) in the
system. If the acceptable concentration of MLSS is 3000 mg/l

the requirement is an aeration tank capacity of LOO = approximately

L70 m3. If the tank is 3 m deep this must beBobo m2 in area.
This will conveniently be contained in two aeration tanks connected
in series, each measuring 10 x 8:5m in plan (sllcwing 0:5 of
freeboard).

The vertical flow tanks used to separate the activated sludge
from the final effluent can be exactly similar in size and design
to those used for primary treatment, but they must be vertical
flow tanks, to permit continuous sludge return.

Sludge should be returned to the aeration tank at a rate
equivalent to the flow of effluent, t.e. i m3/h and a pump of
the appropriate rating should be provided.

v Rapid Gravity Filter

To treat a flow of i m3/h at a design rate of 5 m3/m2h the
requirement is 2 m2 of filter area constructed and operated as
described in the previous scheme.

Two filters will be required, as before, to permit
continuity of operation.

See overleaf Figs. V and VI for diagrammatic outline of
treatment suggested.
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D. Chrome Tannery Effluent - Sludge

I. Sludge Production {from comp.ete treatment)
(Applicable to schemes VIII A, B and C - Sees Also Chapter X A)
- From suspended solids :
260 m>/d at 10,000 mg/1 = 2607 kg of dry solids/day
- From BOD removed :
(assuming 358 of the BOD is attributable to suspended solids)
BOD after primary sedimentation = 2700 mg/1
2700 x 65% = 1700 mg/1
Therefore sludge production = 260 m3/d Xt/ x0-8
= 350 kg of dry solids/day
2600 + 350 = approx. 3000 kg/d
If sludge is thickened to 5% solids content there will be
60 m3 of sludge/day .
(Treatment after high rate filter or anaerobic lagoon would

produce about 56 m3/d. Primary treatme.nt alone would result
in about 42 m3 d).
ITI. Area of Drying Beds Required
60 mj/day of wet sludge placed on beds to a depth of 05 m
requires a bed area of 120 mz.
Suggested bed: 12 mlong x 1O m wide
If the drying period in a dry climate = 2 weeks and if § day working

is practised, 10 such beds will be required covering an area of

t2 mx 100 m,
III Sise of Filter Prwss Required

60 nj/d of sludge containing 5% of dry solids i.e. 300 kg/d of
dry solids pressed into cakes contained LOS of dry matter.

Volume of press caie would be 7-5 -3.

(This 1s ignoring the higher density of the cake solids; 1if
this is taken as being 2:0 the volume of press cake would be only
6 IJ/d. Howsver, since the density of the sludge solids is
unknown, but certainly not less than (-0, the figure of 7-5 -3 of
cake is used in calculating i1ilter press capacity).

Generally chroms tannery sludge is not difficult to filter
press and certainly if some chemical conditioning of the sludge 1is
available, it should be possible to form press cakes 5 cam thick
using | m2 press chambers and a 5 hour pressing cycle. Hence 20
chambers will produce | I3 of press caks. Therefore the
recommended filte. press requiremsnts are
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Two LO chamber filter presses (5 cm chambers). This will
3

produce L m” of press cake per pressing cycle. Two cycles/day

will produce 8 ma/day. Two presses should be installed as in

the event of a breakdown a single press could copes by operating
overnight and at weekends.
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3. tixidation dit~h T High rate bicln-ical treatment

(rass plots P frotivated sludee treatmert
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Veg. Tennery Effluert - Scheme -~ ° ira' Anang.

tannery ef'fluent,

The desisn calculati-ns orly a*= +'an ir deal ing +ith vecrstanle

The philosonhy ¢ rrocess selection and plant. desien

and oreration is similar to that aprlying in Charter YIII - Chrome Iannery
Effluent. where these far~tors are des-~ibed in detail and to vhich

reference should be made as annropriate.

1. Primary Sedimentation

Three sedimenta*ion lasoons of nomi nally one days capacity each
60 ma.

Suspested dimensions 4 m x 5> m x ¢+5 m deep +Ath 1,5° alnned
sides and interconnected. Sedimentation can be expected to reduce
the BOD and suspended solids as follows -

ROD 5100 mg/1 reduced by 20% to 1,080 mg/1

Suspended solids 1500 mg/1 reduced by 0% to 1800 mg/

II  Annerobic Lagoon

Ten days retention = 600 ma.

If L*5 m deep (i.e. 05 m freeboard) this will require a lagoon
12 m wide x 20 m long with IrSo sloped sides. Anasrobic treatmsnt can
be expected to reduce the BOD ond suspended solids as follows -
BOD LOBO mg/1 reduced by 50% to 2710 mg/1
Sugpended solids reduced to about 1 ,000 mg/1
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dimensiors are 1 m deer withr 4w m tor and 2 m hotram Ser
ejdas thken *he total leneth needz t.- be 1.1 m, b e vagitre -
long parallel tranezoidal ‘hannels, serarated by - 2 ~ -ide i3 ana,
‘onnexted nt ea-h end by © m maximim radius seri-eircular triregzoddal
~hannels,
ra) ©She-k on sludre loading
isfne »3) me 1 MLSS
"+tal dajily BID load tno dit-h = A) m
15 kz RMD/day.

"~tal mass of MLSS in ditr-h = 30U m3 x % o2/ =18 o

3

¥ ey {(,r/m? =

herefore L = 59
;T”' = 0003 ke ROD/ke MLSS/d
Sin-a the ROD contributed hy the vegetable tanning is li<ely
to he ranidly oxidized the L of O:,%? {= nrobably quite
satisfactory (~f J:)5 for chrome tan ef¢luent),
{(b) Disposal of Final iffluent
The dit.~h should be operated in a manner similar to that

suggested for chrome effluents and the schedule of final
effluent decantation also will apply.

Exactly similar means of aeration +il] be required and,
although the ditch is smaller the ROD l1nad is similar and
therefore the installed rotor oxygenation rapacity must be
identical to that for the chrome effluent.,

viz:Four five foot rotors consuming 32 kwh/day.

IV  Grass Plots
If effluent from the ditch is irrigated over 10 h each day,
i.e. 6 m3/h at an applied rate of 321 /m2h we require a grass plot
area of 200 mz. Therefore a plot 20 m x 1) m should suffice.
See overleaf PFigs VII and VII] for diagrammatic outlines of
treatmsnt suggested.
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R, Vegetable Tannery Effluent - 3cheme for Urban Areas -
Mull Flo: Balancing

In view of the strength of these liquors, and the case made out
earlier for full flo- balancing, only a scheme incorporating full flow
balancing is considered economically practicable for urban treatment
of vepetable tannery effluent.

I Mixing and Flow Balancing

Tank to hold one whole days flow - 60 m 3.
Suepested dimensions: Smxlimx 3 mdeep
Pumped forward at a rate of 2-5 m3/h.
IT  Sedimantation
(a) Vertical flow tanks
Alloring for upflow rate of 75 m/h a tank area of & m2 is
required. One tank only is needed. Suggested dimensions:

2:5mx 2:5x 2 meffective depth plus appropriate ©0° sloped
sludge horper (as figs. in Ar ax XIV).
(b) Horizcntal flow tank

With 6 h. retention at 2-5 m3/h flov rate, rapacity of

single tank = 15 m3.

If effective depth is 2 m then area must be circa 8 m2-
Sugpested dimensions are:
2 muwide x , m long x 2:5 m deep at jinlet end sloped to
2: m deep at the outle’ end. A spare tank 11111 be
needed for desludging.
Primary treatment should redure BOD end suspended solids
as follo. g :
BOD 5100 mg 1 redured by 207 to 1030 mg 1
Suspended solids L50) mg/1 reduced by o0% to 1500 mg/1
IIT High Rete Biological Filtration
Daily load of BOD = 60 m3 x 0k kg/mB = 2,5 kg BOD/day
Applied at a load rate of 2 kg ‘m3 day the requirement i1l be
123 m3 of filter medimm. At a maximum depth of 3 m the filter
area needs to be )1 m2.

The high rate filter needstobe 'm x S mx I m deep.

Constru~tion and operation as previously discusased.

In view of the very low hydraulic loading rate on this filter
it will be necessary to recirculate a relatively large volume of filter
effluent - up to 10 to 1 so that a recirculation/feed pump rated at
25 m>/h vill be required.




Humus solids may be removed in a tank of similar design to
that used for primary treatment but in view of the volume of
recirculated effluent it will need to be larger in size.
Recommended size would be 3:5 x 2:5 x 2 m effective depth,
with appropriate 50° sloped sludge hopper.

IV Activated Sludge Treatment

The high rate treatment may be expected to reduce the BOD by
70% 1.e. from LOBC mg/l to 1220 mg/l. The total ROD load
remaining to be dealt with by the activated sludge stage will be
60 m3 x 122 kg/m3 = 73 kg BOD/day. At a safe sludge loading
of 0-.5 kg BOD/kg MLSS/day the system will require L90 kg MLSI.
Using a MLSS concentration in the aeration tank of 3000 mg/1, an

aeration tank capacity of 163 m3 is required.
If the tank is 3 m deep, the area must be 5L m2 and a tank

8:0x 8:0mx 3 m deep would thus suffice and provide some
freeboard.

The vertical flow tank used to separate the activated sludge
from the final effluent can be exactly similir in size and design
to that used for primary treatment, but it must be a vertical flow

tank to permit continuous sludge return. Sludge should be
returnsd to the aeration tank at a rate equivalent to the flow of
effluent 1.e. 25 m/h.
Y Rapjid Gravity Filter

To treat a flow of 2:5 m3/h at a design rate of S 1!\3/1112 will
require a filter area of 0-5 m2. Clearly 1| m’ wvill be more
convenient to construct along the lines described previously.

See overleaf Figs. IX and X for diagrammatic outline of
treatment suggested.
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C. Vegetable Tannery Effluent - Sludge
I. _Sludge Production (from complete treatment)
(Applicable to Schemes IX A and B - See also Chapter X A)
- From suspended solids :
60 m3/d at L5020 mg,1 or L5 kp:/m3 = 270 kg of dry solids/day
- From BOD removal
(Assuming that 35% of BOD is attributable to suspended solids).
BOD after primary sedimentation = LOHC mg 1
65% of LOBO = 2650 mg/1
Therefore sludge production = 2:65 x 0-8 x 60
= 127 kg/day of dry sludge solids
Total = 270 x 127 = 397 kg’day
(say LOO kg/d)
(NOTEs The higher BOD but appreciably lower suspended solids
of the vegetable tanning effluent results in the biological
secondary sludges forming a much greater proportion of the total

sludge produced. This may mean that a greater degree of
chemical conditioning will be required prior to mechanical
dewatering but how much is impossible to predict.)

If the sludge is thickened to 5% solids content there will
be 8 m> of wet sludge/day. (Treatment after high rate filter
or anaerobic lagoon will produce 6-9 m3/d. Primary treatmsnt
alone would result in about L-3 mj/d).

I1 _Area of Drying Beds Required

8 mj/dq of wet sludge placed on beds to a depth of 0:5 m
requires a bed area of 6 nl.

Suggzested bed size: 8mx8m

Owing to the higher proportion of biological sludge, and
because the primary sludge from vegetable tanning is generally
more difficult to dry than that from a chrome process, st lsast
four weeks should be allowed for drying. If a five day working
week is in operation, 20 such beds will be required, covering an
area 16 mx 80 m.

IIT Sise of Filter Press required

(NOTR: As stated previously, owing to reasons given above,
chemical conditioning of this sludge will undoubtedly be
necessary prior to filter pressing.)
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Making similar assumptions as in Chroms Tannery Sludges
8 m3/d of sludge containing 5% of dry solids, 1.e. LOO kg, but
pressed into cakes containing only 30% of dry matter, the volume
= the press cake would be about -5 mj.

It should be possible to form press cakes 5 cm thick in a
' mz filter press chemical conditioning, and an 8 hour pressing
cycle. Hence 20 chambers will produce m3 of press cake.

Therefore the filter press requiremsnt is :
One 30 chamber filter press (5 cm chambers).




-171 -

CHAPTE= X

MISCELLANE. S THEATMENT TECHNTQUES

hA. _Sludse Produc~tinn and ] spnse !

Effluent ‘rea*ment, essentinlly is g solids/liquid senaration 1 roress.,

the snlids beins removed rrom eah stare »f t'e treatment. |, tie torm of
a thin slurry. The slud=e from primary sedimentatinn generally ~oniaing
from 5 tn % Af dmy matter, +hilst settled hums slndge from hinlagicg)

"ilters or surnlus a ti ‘ated sludge ‘sntain from b to 2% of dry malter,
ard are -anarle of thi ‘“eniny on standine tn Inr ooof dry matrer,

'he barqach aterg from sand Filters -on-ain iy ) of dry
mitter and usnally these are rerir~ulated to an eartier stagze ol treatment,

‘raditionally sludge has been disposed of to land, either dire-tly a-
1 slurry o~ else a'ter drying on drainage beds to a snlids ~ontent. of 23
tno 3%, TIf the beds are properly constructed the latter method can be
quite effective piven reasonably good weather, but a relatively large area
of land is rejuired. In many conntiries the increased cost of labour and
escalating land values have necessitated a resort to mechani-~al methods
of devatering sludge, such as filter hresses, vacuum fil‘ers and
rentrifuges for new tarke.

However, many older established muriicipal vorke in Eurcpe sti!}
utilize drying beds to dry digested sludpe, and in some instanres, the
digested slurry is disposed of directly onto agricultural land.

Anserobic digestion of the sludge is penerally considered essential
{(but, st111 not always practised) prior to land dispnosal, ir order to Kill
pathogenic bacteria and parasites such as tape-worm Cysis. In el
probability, digestion will not be necessary i» the case of tannery
sludges, but tvhere disposal to agricultural land is contemplated, it will
be advisable to seek advice, especially where the land is used for
cultivating crops for human consumptinn. (See also Volume I of this
Report ).

In rural areas land disposal will undoubtedly be the most economic
solution and whether this 1s by direct disposal as a slurry or after
drying on beds will depend on loral conditions and the needs of farmers.

If drying beds are used these should te ~onstructed as shovm in the
Annexes. They essentially consist of an area of perforated drainage
tiles (especially made) covered with cnarse clinker or gravel topped by a
layer of 1 mm graded sand. As some sand i3 removed with each bhatch
of dried sludge, periodic replenishment {is necessary.
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e drying beds should be comastrr ~ted in unite 1t sufficient
Aaricity to accent one days neaduction o€ sludee, ronred or ta a deoth
2t ) - my which should then be left to drain and drv. It is most
wndesirable to "donuble-stac«™ hy nlacine one batch of sludee nn ton

Af another.

In urban areas disposal by tanzerine out of torm «ill almeat
~ertiinly be the most eronomir snlutinn, Howvever, ir cases where this
is not pogssible, merhanical devaterire i1l have tn he used. Filter

rresses have been well proved in service, and although vaenum filters
are used these require more skilled supervision, hilst centrifupges are
still relatively unrroven (but ranidiv painring ground:.

For the purposes nf this revort filter presses have been selected
as the simplest alternative vhere mechanical sludpe devaterine ie un-
avnridahle, and ralculations have been made to indi-ate very rouehly
the size of equipment which would he needed so that r~nst -an he
nbtainred in individnal cases.

Tenerally the guantities nf slnudze vrodnced by the Ymral and urban

srhemes discussed earlier i1l be >f the same order. It is true that
the extended biological processes of the rural schemes will produce less
sludee per unit mass of ROD removed (-} kp/ke as compared with O:R to
1+) for the urban scheme), =nd al3o some sludge will be destroyed in the
anaerchic lagoon. However, these factors cannot he prenisely quantified
and in the interest of simplicity no allowance for them has heen made.
rhe actual ~alerulated examples for plant requirements relate to full
treatment and smaller quantities of <ludge might be exrected from partial
t.reatment. However, in the rase nf those particular process liguors which
contain very high concentrations of snspended solids, most of the sludge
1111 he produced by the primary sedimentation stage. Although to err
on the side of caution in calculations presented, only A% has been
assumed to he removed, it is quite likely that removal nf 80% of the
suspended solids will be achieved in the first stage and this must be
allowed for in sludge caleulations. As is seen later, biological
sludge represents a relatively small proportion of the total sludge
produced.
B, The effect on Treatment Requirements of Operating a Hair-saving

Process
It has been demonstrated by van Meer (100) and others that the

onlping liquors from a hair-destroying depilation process contribute up
to one third of the total BOD and COD content of tannery wastes.
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ATth eb many o0edy ttieg oacinda Fiat the eving ~merhari zatisn and
sv#11 nreded ir hardling, associated ith hair saving rrocesses would
be disadvantapeous in the context of this exerci se, i+ mist be pninted
out that the imnlementation of such a process could permit a significant
reductior in the size of thnse treatmant units, vhirh are based mainly
on BCTY 1nad, vin, the hiph rate filter, the activated sIndge treatment
stare N the urhan schemes and the oxidatinn ditrh of the rural schemas,
Sin-e the desin eritaria relatine tn anagrohin lagoons apnaars
to be smevhat wvione, the effect of rediced S0 1hads sn the size of

this unit hae haen jonored in the nresant. rar-vi,

An rltarrative +n ysine a hair £aving pracecs ner se might be to
searera'e the nnhairing liquore and +tn treat theqe cenarately to remove
dissnived 1 nteine (hy acids fioutio~ and coamlation ©nllowed hy
sattiamen 3/1 ) tefore miving them +-ith the nther waste liguors.

Tt 4s thoneht, Lovever that the pH mict he derressed vell htelor the
iso-ele~tric 1 int of the roatetne kafare reasonitly ™11 nrecipitation

is achievod 1 .e. *n about, 14 2., Honce, tre juantity of acid

required ro achieve this will he 4 nan~ially quite «i-nifiecant. Moreover,
sinre the remasinine vaste Haquor: are rredominant!y below rH 70 the
addition ~f mare alvali (@.p. 1ime) +-i11 he necessary tn adjust the pH

of the final mired vastes to a Tevel sij table fcr either biolowi~al
treatment or aven for discharge t5 a frml sever,

It mast also he stressed that it 411 be most ecsential to remove
the sulphide content of the vaste nnhairi ng liquors jrior to acidifiration
ir order tn avnid the release of extremely toxir hyd-open sulrhide 7as,
Whilst this may in any case he necessary where only partial treatment
prior to dischargs to a foul sewer is envisaped, “or exam~le 4in wrban
schemes, it may nnt. alvays be the case, in whi-h event it would have to
be regarded as an additional cost. (The method of enlphide removal
is discussed later),

The following rrovidea a ronghk indication of the reductions in
plant capacity vhish may be made po=sible by eliminating hair pulping
liquors from the mixed wastes.

1 Chrome Jerther Tannery Efflusnt

{») Rural Scheme (Ref Chapter VITI A)

The circuit lenpgth of the oxidation ditch could be
reduced by 56 m, This wnould be effected by reducing the
overall length of the "doubled-up" ditch by 28 m. It would

also be possible to dispense with one of the four seration
rotors,

Ay ¥
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{;) ‘rian Screme i Careire riy) o kel Oraicer VITT B)

G
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he nish ~ate fiier conld he reduced in size to iloomox

13+7 m v ¥ m odeer. Tie o tisated ~iwmdle aart jon tand
api ity could pe reduced v T3home. *niz oald thes
ennteniently ae ormraieedt v trrvee aeri' N tanos MeEAS. T NS

Imy 4 ox 3m aee, and sasine one aeration cotor,

Ay Uerar 3ereme (Fall £l halancing (Ref “hapter VITI ¢)

Saonigt rave f1o0er v la e reduced 1u size ta s mx +m
m 3 modeer. Phe = -tivised siudre neration tank capacity conld
be rediu~ei 2 31 m?'. thi= coultd then ronveniently be
wontained in tc ~ 1ecaion tanas measnring 7e2 mox /7 mx 3m
dee: .

Jererat » sole Tea‘ne a