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CHAP:'Ert I 

SUMMA.."llY AND INTRODUCTIO~ 

A. SUMMARY 

The Study based on a literature survey and field v:sits, briefly 

revie~\S traditional tanntlry technology and outlines the pas sible 

environme:ital effect3 of the solid and lioirl.d discharges frcm typical 

tannery .:iperation. The conclusi::m is drawn that two specific 

constituents of tannery effluent, sulphide and chrome, together with a 

high organic load characterise tannery effluent and earn the poor 

environmental image held by the industries r discharge. 

The introduction of improved processing technologies is proposed to 

lessen the environmental impact of effluent discharges and minimise the 

need for final effluent treat.ment. Possible methods to reduce water 

consumption are outlined but it is concluded that the economic benefit 

of such techniques may be doubtful, unless combined with other ;neasures. 

DetaEs are given of several recycl::.ng processes proven in practice, 

which •·ould greatly reduce levels of sulphide and chromium fa tannery 

•.vastes and yield significant economic advantage due to savings of cl":~mical 

offers. 

For circumstances where the reduction ~n pollutant, due to implement

ation of improved technology \.•ould still not yield an acceptable discharge 

level, outline details are given of relatively simple, standard, lcw cost, 

phsico-chemical me1~s to treat tannery effluent so as to remove ur to 

95% of the suspended solids and 70% of the organic load, as represented 

by its Biochemical Oxygen Demand (B.o.n5). It is considered that in 

most circumstances prevailing in Developing C?untries such treatment 

should yield a satisfactory standard for tannery effluent discharg!. ~-o 

surface waterways. 

Although the study expresses some reserve regarding the installation 

and OP'!ration of secondary biological treatment systems in Developing 

Countries, except -..·here high supervisory and operational expertise is 

available, a secondary t:-eatrnent installation employ~.ng &."l "oxidation 

ditch" is reviewed, and it 15 concluded that such plant may be the most 

rubust biological trea. tment, ::iystem currently a.vailahle and could be 
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employed in Developing Cow1tries to further lessen the pollutar,t 

concentration of effluents where the physico-chemical method 

outlined earlier does not reach the levels of purification required 

by local circumstances. 

B INTRODUCTION 

The tanning and associated industr!.es have from time 1.mrnernorial 

been reputed to be major s0urces of environmental nuisance, both water 

and air-borne. In recognition of this inudstrial stigma, and 

following the Unitf>d Nations commitment in this field, highlighted at 

the Stockholl!l Conference on the Burr.an Environment of 1972, the United 

Natio.1s Industrial Development Organisation in association ld th United 

Nations Environmental Programme in 1974 prepared a study: "Environmental 

Consideratio~s in the Leather Producing Industry". (i) * Such study was 

of a "background and stocktaking" natPre, attempt~ to review all aspects 

of the situation, tog6ther with outlines of possible mitigating actions. 

With the passage of ti.Jlle, since the above Study, the tanning industry 

has in many areas of the world, devoted much endeavour to mitigating its 

negativP. environmental impact, research work has expanded in this field 

with the results often being proven at operational tannery level. 

The grcnn.ng e.wareness of environmental aspects of industry has led 

to increasing conc!rn by Governmental authorities, in many Developing 

Countries, regardinG environmental poli.ution by industry, and has 

focussed on means arrl ~egree by which such pollution may be lessened 

anc its economic impa~t assessed. In many Jevcloping Countries stringent 

tannery effluent contr0l: have been introduced or proposed, often 

simulating discharge st!:..l'V.iards effected in Develope~ Countries. This 

has led to consternaUon a::,ongst tanners who are unabls to obtain 

guidance as to which of t!:e multitudinous systems, outlined in research 

papers )r promoted by cotl!lller:.·ial interests, should prove most efficacious. 

Thus, in order to ov.r:rco1.•e this situatior. and to update and 

reorientate t.he earli9r Sbd7, the consultant was asked to prepare a 

comprehensive Study n ••••• wbich should outline strategies and technologies 

w redi1ce ~n'lironmental degrad.at.lon, conserve water resources and yet 

* For reference please eee page 152. 
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Illinimize the burden to the leather producing industry to allow 

cc~trolled development in this particular industrial sector wt..ich is 

of considerable importance to a number of Developing Countries having 

suitable raw material resources for such industryn. 

C OBJECTIVES 

The major immediate objectives are to 

swmnari~e available knowledge in this specific field and 

update the specialized technology to encompass a variety 

of new process and tannery effluent treatment techniques; 

.:>utline, in more detail possible effluent treatment and 

processing technologies suitable t0 Developing Countries 

and the relevant techno-econornic implications; 

assist governmental planniLg in this area; 

offer entrepreneurs and developers in Developing Countries 

guidance with respect to ail aspects, technical as well as 

financial, of improving the environmental impact at new 

and existing tanneries. 

The Study does not attempt to offer any new processes or theories, 

rather, based on literature, surveys and personal experience, it is an 

attempt to analyse wd simplify the current situation. 'i.ie Paper is 

primarily directed towards those Developing Countries who hAJ.ve only 

limited expertise in this field. It is hoped that the me.terial 

presented, will assist selection of appropriate technologies. 

It is felt that in most situations, be it at t.annery, or district 

or national level, "enviror.mental mitigation t.eams" should be formed, 

consisting of tannery technologists, tannery chemists, civil and chemical 

engineers, together with representatives of local authorities. Such 

teams should analyse the technology currently employed and l'.11 relevant 

factors utilizing this background paper, and if necessary, the referenced 

Papers quoted should be outained to deepen tne available knowledge. 
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A major object~ve of this Paper is to swnmari.ze tt-a possibilities 

available, in a fonn a.cceptable to the working tannery technologist, who 

does not have access to the I"'!levant journals in this f':f.eld. 

As this Paper is directed towards a wide variety of personnel: -

Water and Heal th Authorities, planning offtcials, entrepreneurs, 

together with engineers, tannery tecl"mcians and others it is necessary 

in s0me areas to treat the topic o~ several levels. 

D. LIMITATIONS 

Some major constraints in this Stud.Jr must be noted :-

1 • Given the wide area of the subject and the lim:i tations of 

volume of this Paper it is sel.f-evident that only a 1.im:i. ted n11111ber of 

possibilities may be outlined. In general, the consultant, vr~~o has 

in recent years viewed. upward!'l of 100 tannery effluent plants, has 

attempted to detail only- such systems as have been Se3.i1 wo1-ki.ng in 

condition.3 applicable to llew:~loping C:mntrius, o:r< such other systems 3.S 

have rec~i ved universal aclrnowledgeme11t regarding oper3.tional reHabili ty. 

However, in order to aid those vho vi.sh to investigate ~r install other 

systems, references are given, enabling further data to be easily 

obtained. 

2. In some areas of both tanning and effluent treatment 

technology, divergent views are held by autho'.1.ties in this field. 

The consultant would suggest that such lack uf unifonn experience may 

be due to non-unifo:rnii ty of tannery technology and effluents, non

standard equipment and facilities as well as variation in ambient 

conditions. ~iven such circumstances the consultant 'Will not 

attempt to pontify. 

). Given the wide divergence in types of leathers produced 

in tanneries, technologies employed and the environment into which 

effluent will ultimately be discharged, it may be accepted that in 

general the consultant refers to a typical average tannery, producing 

an effluent similar to that outlined at Annexes IA and B. TraditionaJ 

water usage in tanneries has in the past greatly exceeded So ll tres per 

kilogram Wet Salted Hide (litres/kg). Jt>dern technoloa could yield 

-1 
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usage of (15 litres/kg. However for discussion purposes a 

nominal process consumption of JO litres/kg is assumed, as a reE.listic 

average, which could yield total water usage of 45 litres/kg. 

4. In general, the consultant, accepting the impossibil:ity of 

proposing iefini ti ve technology and specifications, feels that, given 

an understanctt.ng of the :::-6.tionale of the options, a competent te8Jll 

should be enabled to prepare the specifications for any necessary 

.scheme be it an alteration in proces~ to minimize pollution (install 

"improved environmental technology"), or the installation of necessary 

effluent treatment plant. 

5. Tli3 Paper is directed towards fuveloping Countries, which are 

often categorized by the limited availab:lity of experienced technical 

and cont:.ol personnel, as well as constraints regarding availatility 

of servicing and spares. Mindful of this situation the const:ltant 

does not propose and/or detail highly sophisticated, automatically 

controlled plants. In this connection, it may be noted that the 

writer has personally closely examined several large, fully automated 

treatment plants in Africa (each costing ) U.S.$ 2 million to install/ 

construct) which were non-operational due to lack of competent 

supervisory personnel (aggravated by poor or non-existent operational 

manuais). Such complex automated uni ts, al though suitable in 

Developed C:Ountries could not be considered "appropriate technology'' 

where installed. It must also be noted that a few Developing 

Countries have fully developed leather industries, with an abundance of 

qualified technical personnel and may, within the leather s.actor, be 

consi:iered "Newly Industrialized Countries" (N.I.Cs). (Part of Lattn 

Americ11. and Indian sub-continent). This Paper is not directed towards 

such areas as it is felt that they have sufficient expertise in the field 

to analyse the experiences of others and draw their own cvnclusions. 

6. This paper outlines technologies suitaole ror industrial and 

selli-industrial tanneries, creating some 50 m3 ;etfiuent day or more, and is 

not directed towards rural pot or bag tanners whose typical ussge may be 

only so119 1 - 5 m3 /d for whom no technology apart from lagoonir1g may be 

recommended. 

I 
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CHAPTER II 

TRADITIONAL TANNERY TECHNOIDGY, TANNERY WASTES, 'POLLUTION 

'l'RA.DITIONAL TANNING TECHNOIOOY 

1. INTRODUCTION 

It must be appl"l"ciated that leather making, even in highly Developed 

Countries, is today still. much of an industrial. art with tannery managers 

and technologists employing their own personal. pror.esses. SiJllilarly plant 

and equipment vary l~m tannery to tannery, as will capacity of production 

unit and end-product. Thus, al though some basic similarity exists there 

can be no universal. definitive or even "basic" tannery process. 

Given these variations in utilized technology it is not unconmon to 

find variation in particular detail, thus water usage m.~y range from 

( 20 litres/kg hide to )100 l/kg, consequently the effluent,s from 

such process may vary eq'.18.l.ly widely in concentration of pollutants. 

Discussion in this Paper must therefore outUne guidelines and strategies 

which need adapting to conform to local circumstances. For those not 

conversant with tanning technology this chapter contains a brief review 

of a typical leather technology. 

2. GENERAL 

In addition to variations due to personal choice of technology wider 

technological divergence is caused by the need to satisf)' ~he end-product 

requirement characteristics. Although some major sequences may be 

parallel, certain speciality leathers may employ individual technologies 

(e.g. oil tannage for chamois). However, Chrome Tanned Shoe Upper Leathers 

are still today the major tannery product, and their processing will be the 

general background process referred to in this Paper. Fig I, overleaf, 

outlines a typical simplified now chart of major tannery activities, from 

whtch may be seen the large nUJllber or processes entailed during the 

pro~uction of a basic leather. Batch production is still the basic 

system employed. Size of batch is normally governed by the capacity or 

wet work processing vessels, usually "Dl"UllB" (large wood.en cylindrical 

vessels, - sis:e.,va.r,ing from 1 - 5 m. height and width, with capacities 

ranging !rorr. a few kilos to 20 m.t. or more - rotating at 2 - 12 r.p.m. 

acco~ to procesa). Never inatal.lation.s JaA7 have replaced tbeee 
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wooden vessels b;y steel and fibreglass units and sometimes inclined 

processors are employed (similar to large concrete mixers). Paddles 

(horizontal open topped, semi-c7lindrical vessels with wooden rotors) 

ma;y be employed for call' or skins from pett7 rumi.ants. Such alternate 

process vessels tio not howew!r, per se, radicall7 ai'f ect the technology 

employed, however, it ma;y be noted that the newer process vessels usually 

allow lower levels of water utilization (with concomitant increase in 

cor.centration of pollutants), whereas "paddles" employ high levels of water 

utilization (vi th reverse effect on concentration of pollutants). (See 

Chapters III and IV) • 

.\nnex II shows a "Typical Outline Process" with chemical inputs -

which from a tanner's viewpoint mq have been considered "modern", circa 

1 970, but which ma;y be considered "unsound environmentally" today. 

I 

FIGORI I SIMPL11'IED OUTLIHE FI.cM CHART OF TYPICAL TANlfllfG T!CIDfOWG! 

0= OPERATION D = INSPECTION O= TIWISKlRT 6= STORE 
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a) Curing o! Hides and Skins 

In aost Developed Countries hides and skins are reJllOved and 

lightly cun..i with salt at abattoirs or local hide collectio?l centres 

- throughput is Nlativeq regular and technical supervision is 

available, the hides and skins then enter ~rcial channels aJld 

are transported, generally relatively short distances, to tanneries 

for procesail.ag. 

In J18DY Developing Countries however most •nimal slaughter 

takes place at rural village site. The production ot hides and 

skins is usually at a low and erratic volu., governed by seaaonal 

conditioWI and accordingly in these circwutances, o~ minimal 

supervision may be available at tbe curing site. With high ambient 

temperatures often encountered curing is not simple. Salt, if 

avai.lable 1 is applied and the sld..n.s then dried (Dry .jal ting), only 

in a few Latin American Developing Countries is sa.l t curing carried 

out efficiently, i.a. "vet salting" whereby the hide is immersed 

and saturated with brine solution. Unfortunatel.7 many Developing 

Countries are deficient in cheap salt supplies and consequently 

cu.ring is by drying (varying condition and degrees of drying). 

Unless such drying is well controlled, degradation of the hides and 

skins may occur. The major drawback or 11dry.lng" is that the tanner 

must subsequently attempt to reverse the process (rehydrate) during 

soaking (employing large volumes of water). Curing often incorporates 

treatment with insecticides, in minute quantitf to discourage beetle 

and other insect attack during storage and transport, 

(Possibl7: - P,yrethem, p-dichlor-benzene 1 D .D. T., benzene hexachloride 1 

sodium silico-nuo:r~de, solutions or arsenioua oxide (0·1S%), 
emulsified dieldrin 0·07S% et al.) 

b) Soaking 

Soaking which 'lflAY be carried out in pit~ paddle or c!.rwl (or 

combination), is to reh)"d.rate the akin and reTerse tbll cure process. 

Duration up to 48 hours, dependent on decree and type ot cure and 

ubient temperature. Dirt, blood end du:ig MT also be remowd. 

(0·2 - 2·0 ps per litre or noat aodiua h1drozid9, sulphide or 
eulphite 

TJp to 1 p/l aodiua b1pochlor1te and/or O•S - 2•CJ 1,U/l wt~ 
agents, emulsifiers, surfactants and/or •DSJm preparat.tona. ) -
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This process traditionally utilized large quantities of 

Lime blended vi th sodiUJD sulphide to loosen wool and hair, or 

dissolve these into a pulp, additionally the process opens the 

fibre structure and "plumps" the hide. The duration or the 

process •7 vary from 18 hours (drum) - 7 days (pits). 

With skins whose hair or wool is potentiall.7 of high value 

the depilation may be effected by "painting" the flesh aide of 

the hide or skin vi th a mix or lime or kaolin plus sodium s11lphide • 

U'ter piling for some hours the hair roots ma;y be attacked and the 

wool may be removed vi thot:t bfling seriously contaminated by the 

chemicals. Such "hair save" process however needs a subsequent 

liming (alkaline treatment, possibly sulphide freo), to accaaplish 

the necessary adjustments to fibre structure. 

H:f.des and skins may be split in the limed condition, yielding 

a "grain" leather of level substance, such l.iJDe splitting all'lWs 

more economic and rapid later processing, however, due to the 

technical difficulty o! this process it is often carried out in the 

tanned condition. 

( 2 - 10% calciwn hydroxide (Lillle) 
+1 - 4 % sodiUJD sulphide, sodium sulpbydrate 

Possibly small amounts of ammonia, caustic soda, di-methylamine 
sulphate. 

Recently enzymatic preparations have also found limited employment.) 

d) !!!_shins 

The physical removal of a.di.pose tissues from the fle~h side 

of the hide. (The resultant fleshings are ditficult to handle 

due to their mucuous-like condition, and the unavoidable presence 

of large volumes of water from the machine) • 

• ) Delilla 

The l"UOV&l of lime from the hide (not always coapleted 

through the hll thiclmass ot the hide). 

Copious washing (in drulll or paddle etc) is followed b;y 

I 
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neutraJ:i.ziDg chem.i..cals. Traditionally, the V&Bhes were with 

liberal volu.s, utilizing an open water valve tor a set period 

(somewhat inefficient as lfllter discharge not constant or •&sured). 

(See Chapter Ill). 

Clcids, 0·5 - 2·0%, sulphuric, hydrochloric, lacti~ formic• boric 
(possibly' 111.xtures), acidic salts, a..:>nim chloride or sulphate, 
sodim bisulphite.) 

f) Bating 

An enzymatic process which has pronounced effect on the grain 

or the hide or skin and general run and stretch or subsequent 

leathers. Possibly' accomplished by acting on the elastin network 

or the grai~, the degre.ded protein (partially attacked during liming) 

and the erector pill muscle. The current eilz)'IMtic aqueous 

treatment employing 0·5% bating material, of l - 12 hours duration 

in drum or paddle replaces the age-old processiDg which entailed 

treatment with dog dung or pigeon droppings. 

+ 

+ 

(The "bating material" itself is usually composed or :-

50% Wood nour or other carrier 

30% Deliming Agent (8D1110nium chloride) 
1 - 5% Pancreatic Enzyme ) 

g) Pickling 

An adjustment or the pH of the pelt, sterilizing the skin, 

ending the bating action, allowing penetration prior to subsequent 

fixation or the taming •terial. 

( 5 - 10% comon salt (sodium chloride) or sodium sulphate 
0·6 -1·5% acid (sulphuric, hJdrochloric, acetic or formic or 
mixtures ) • 
Possibly 0·01% fungicide:- para-nitro-phenol or B-napthol). 

h) Tanning (See Glos11&17 - Annex III) 

The tanniDg process conftrtl the collagen, the •jor 

constituent of the hide, into a non-putrescible condition, in 

addition, terming imparts the necessary "feel" and chelli.cal and 
plq"sical characteristics to the leather .. 

(i) Chro• the •jorit7 of l.eathera are tod&7 chro• 

tanned in drums tor 4 - 24 hours emploJing 1-
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(8 - 12% Chrome tanning salt (Basic Tri-val.ent Chromium Sulphate 
hydrated complexes) (22 - 25% Cr 0 ) 
1·0% sodiwn bicarbonate (basifyi~ ~ent to adjust pH) 
0•1 - 0·5% masL.ng agent - Sodium formate, Pbthalate or salts 
of Dicarbo.xylic acids 
0·1 % fungicide if product is to be stored/transported in wet 
blue condition). 

{ii) Vegetable Tann.age Has been eclipsed by chromium 

as the major tanning mater:'_al. However, is still employed for sole 

and saddleey and some spec.iality leathers. 

1 day ~) ·· 6 weeks (in pit) 

{Emplo;ying 1 5 - 30% o:~ COD'.mercial tanning extract (Bark or wood 
of tree, aqueously extra1,,; iied then spray dried or concentrated). ) 

{iii) Syn tans Are increasingly employed as auxiliaries 

in association with chrome and vegetable tannins, or may be employed 

as principal tanning agents for certain speciality leathers. 

( 1 - 25% of syntan may be employed, according to function, such 
materials are typically sulphonated condensed products of phenol, 
cresol and naphthalene or resins). 

{iv) A wide variety of alternate tanning materials are 

available for use as primary tanning materials, or as auxiliaries 

with chrome, vegetable or others, but as yet the volume employed 

is limited and seldom have been reported as having significant 

effect on tannery effluents; and these include : 

{tI.ri:onium salts, formaldehyde (chamois), Cod Oil (chamois), 
Glutaraldehyde) 

i) Post Tanning Activity 

:s;"olJ.oving tannage certain physical operations are completed, 

these in general aim at levelling the substance of the irregular 

natural material. 

{i) Sana,y by machiDA {pressurized rollers) to remove 

excess moisture. 

(11) Split b7 machine, if not carried out in lime 

condition, or 

(111) Shavi.Dg vherebJ' substance is levelled, the aurplws 

material )"ieldinc a waste of .-all fragments, {rather than 

the sheet-like •terial obtained fraa splitting). 
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The above physical processes are in preparation !or 

subsequent :-

(iv) Heutralize, Retan, Dze, Fat Liguor. During 

these processes, often sequential, in a drma, empl07ing 

a co.->n bath, the final colour, reel and characteristics 

of the leather are obtained. Employing :-

lfeutralizing 

~ 

Fat Liquor 

1 % Mild llkeH or Syntan 

A wide range of tanning materials, 

previously noted. 

1 - 6% acid, direct, basic or 

speciality dyes. 

J - 10% sulphated or sulphonat.ed fish, 

vegetable or animal oils, as well as 

mineral and nsynthetic oils". 

j) Drying and Finishing 

The leathers are S8.J111111ed t..o remove moisture. Set out to 

eradicate creases and !olds, then dried. The final finishing 

.process, (as may be seen in ~~g. I) includes mechanical treatment 

of grain and flesh followed b;y application of surface finish. 

These processes do not generate significant effluent, and may be 

of ::ninor interest in this Paper. 

4. WA TF.Ii UTIJ.IZA TION 

a) Interoperational Weights 

From the ntypi~a1n process shown at Annex II it is not 

easily discerned what volume of water is utilized. This is due 

to the leather industries age-old system of calculating process 

volums (floats) as a percentage of the weight or the goods. 

Normal.17 such floats are calculated on weighings at two strategic 

process points, i.e. limed and fleshed • Lime Pelt weight 

Tanned, split and shaved • • • • • Shaved weight 

This basis of calculation, overcomes the problem of the 

irregular 111.ze, shape and cure conditions of this natural 

bet.erogenous raw material. However, differing cure conditions 

l 
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affect th9 weight basis or processes prior to the Limed Pelt 

weighillg. 

Thus: 
100 kg or Air Dried African Hide could )'ield 250/290 kg l.iJle pelt 

100 kg of D17 Salted n n n n 170/160 kg l:iJM pelt 

100 kg Vet Salted Hide could )'ield ·120/125 kg lime pal t 

100 kg Fresh (Salt Sprinkle) IH.de could )'ield 95/105 kg lime pelt 

Much published vork concerniag water consumption relates to 

European/H. American, lightly salted hides, and to compare with a 

tropical air dried material a factor of circa 2 • J lllUSt be utilized. 

b) Water Utilization 

(i) Calculation of: process water utilization proves 

difficult as SOlllE'I traditional processes refer to "running 

water washes" - this usually inefficiently controlled process, 

usually timed for 15/20 minutes, may use from 200 - 500% 
water, but is dependent on the now rate of the water (often 

variable), and the time actually employed (not usually 

accurately monitored). The efficienc7 (or otherwise) of 

this system is discussed in the next chapter. 

The typical process outlined at Annex II •odd nominally 

consume some 26 litres water per kg. lime pelt weight c 

approximately JO litres/kg wet salted hide. 

However, tanneries have historically been somewhat lavish 

with water utilization - due to poor control of volun:es in 

works, coupled with large volumes expended on housekeeping 

(floor and drum washings) thus nominal process usuage of water 

in most tanneries is exceeded by at leaat SO%. A nominal 

consuq.C.ion of JO litres/kg could represent an actual usage 

of ) 45 litres/kg. 

B T.A!BllRY W1STIS AND POLLUTANTS 

1. S>URCES OF WJ.STES AND POU.UT.ANTS 

The tanning industry bas tor long been stipatised as a "11ox1ous 

Induatrr' due to the higb quantities of wastes produced, both solid and 

waterbourne, which are both somet:ims characterised by noxious odours. 

Hovenr, it au.st be :recognised that, given the carni"t'orous nature of the 

majority o! society, and the ack of. &J'.l1" al tema te industry . to dispose 
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of.• or conSU?lle, the hides and skins neces~.irily ~elded as a by

product of meat consumption, the tanning industry performs a socially 

desirable function by providing an economic outlet for these •terials. 

Such hides and skl.ns, if not processed by a leather industr;y, would 

constitute a far greater enviromiental hazard than that generated when 

the bides and skins are tanned, albeit that the hides and skins could 

putrify at dispersed slaughter locations, while the tanning industry•s 

discharge is lllOid centralized and concentrated. 

There are two major sources of waste from tanneries :-

3) Those constituents of the raw hide or skin which are 

necessarily re111oved or modifi_ed during the tanning process. 

Including the hair or wool (whole, or pulped or completely broken 

do'ff?l and dissolved), 7ariais collagenous and non-collagenous 

proteins removed, natural fats, tr:l:mm.i.ngs, splits, shavings, 

buffing dust and chemicals which may have been employed during 

the curing process. 

b) Surplus and residual chenti.cals fro111 the tanning process. 

The i+.ems under a) above are, given current technology, necessary 

wastes from the tanning industry, whether or not they can te ecor.ond.cally 

utilized or disposed with minimal environmental nuisance if the major 

question today. 

The residual chendcals of category b) above are to some 1: ... c.ent within 

the control of the tanning technologist. Chapter III ("Improved 

Environmental Technology"), will discuss the mini.misation/er11dication 

of environmental nuisance from this source. 

2. NATURE OF WASTES 

It is usual to bifurcate tannery wastes into two categories :-

a) Solid Wastes 

b) waterbourne - unuent 

Howp··er, this is possibly an oversimplification, as individual 

tanneey technoloa ma.y determine whether a particular waste is 

separated init1all7 as a solid, or discharged with the etfiuent where 

it will be accounted part of total solids (e.g. fleshings, shavings, 

buffing dust appear in varying volU11es in liquid dischlll"ge - etnuent). 

-1 
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For convenience, this ~aper vill discuss these two i ten:s separately. 

This Paper which is directed towards li.l.tigating environmental nuisance 

fraa the industcy will not overdetail the constituents of the wastes, 

solid and liquid, as these are availahle el.sevhere (; ) • However, to 

allow realistic discussion of "mitigating techniques" an outline of 

pertinent constituents and major pollutants is given belov. 

3. S>LID WASTES 

a) 9Jantitz 

Volumes of solid wastes produced depend greatly on the raw 

material being vork.!d and the end-product nature. There i~ 

little published data comparing solid waste production from 

differing raw material, but it may be speculated that the 

production of leather from, say, African dried hides may yield 

higher levels of solid wastes, as the substance of such raw 

material varies greatly from flank to backbone, and a higher 

% of the split obtained is not utilized. 

'!'WO recent surveys of solid waste production are outlined 

b elov. Frendrup (2 ) studied solid waste at ten SWedish tanneries 

and three fur dressing units. A U.K. Department of Environment 

PapefJ) outlines a materials balance for the production of Chrome 

tanned Bovine Leather. 

Trl 1l!Dd ngs 
Fleshings 

TABIE I 

Lime Split Waste 
Hair, Wool 
Chrome Shavings 
Chrome Split Waste 
Vegetable Sbavi.ngs 
Vegetable Trllmdngs 
unuent Sludge 

SOLID WASTES PRODUCTION 

FRENDRUP ( 2 ) 
reg dl7 
substance/t * 
raw material 

lS 
41 

2 
20 
JS 
19 

2 
0·4 

lS 

U.K. Dept of the ENVIRONMENT()) 
Indicative quantities of 
wastes "as arising" 
kg/1000 leg Wet Salted Hide 

120 kg 
70 - 230 kg 

99 
11 s 

Butting Dust 2 
Finished Trl.mings 32 

250 

688 - 848 

( * Note: To sOM extent this •thod o! recording does not eas1l7 
relate to the quantity or waste actually arising, as in 
nonul circmutancos many o! the materials hold significant 
quantities o! water). 

I 
i 
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Although these 118.terials are noted as "va'Jtes" to the leather 

sector soae significant volume may be u\llized in the manufactura 

of glue, or as fertilizer. fintil the last decade there vas 

signUica:it econcmd..c demar.d tor fieshings, tr1w1ngs and untanned 

splits for uae as a basis for fat rendering and in the manufacture 

of glue and gelatine. However, with the advent o! synthetic glues 

and detergents demand for tamery wastes in most countrier: has 

slackeiled. The bulk of solid wastes being generallJ" disposed of b;r 

controlled dumping or burying with occasional.17 small volumes being 

incinera tad. 

b) Characteristics of Solid \:astes 

The solid wastes !ran tannery production vary greati.,. i:1 cha

r ac ter according to technology employed and the levels of 

"hoiusekeeping~ instituted within the tannery. A. more detailed 

analysis may be seen in the earlier UNIOO/UNEP Study(l). 

From the e.::ologi.cal viewpoint the most significant solid 

waste characteristics may be :-

(i) The lllltanned collagenous wastes ani tats e.g. 

rav and soaked trimmings (often mixed vi th neshil:gs) which 

cou1d glve rise to odours, 

(ii) The sulphide bearing wastes, e.g. trimmings and 

fleshings, from the hide in limed condition and beamhouse 

residues and sludges, 

(iii) The chrome bearing wastes, e.g. shavings, but.ting 

dust and sludges from equalized effluents, 

Fl'Olll an aesthetic viewpoint the piles ot unutilizable chrome 

splits, which often "adorn" tanneries in Denloping Countries ma;r 

be classified as an e79sore, but seldom exert significant influenae 

on the ecological cycle. 

Methods of mitigating the en-vironmental impact of these materials 

will be discussed 1r. later chapters, but it ma:r be noted tba t lla.D7 

of the techniques tor re-utilization of solid wastes require either 

a high level of investment, a large voluam of product, hiPIT 

sophisticated techniques, developed and/or integrated asaociated 

iDdustries, Md thua JIJQ' not be suitable under condl.tion• prevailing 

in the Least Dev.,loped Cowitries (L.D.Cs). Thus •OM uote muat be 

gi Ten here as to the actual significance of tbeee aaterial.a. 

.. 
-1 
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(i) The untanned wastes, vi th their high protein 

contents can ce~, if left lying in daap cond:i.ti,.ns, 

give rise to odours due to bacterial attack and decomposition, 

as veil as encouraging beetle and insect intestation. 

However, provided the7 are not bea"fil7 contall1 nated ~th 

process chellical.s the7 are ce~ a most suitable material 

for agricult.ural. fertilizer and, if rllpidl7 removed from the 

tannery and dug or ploughed into agricultural lands, wili 

rapid.17 disintegrate and, due to their dispersion, will occasion 

vi.rte.ally zero odour or other negative environmental impact. 

(ii) Untanned vautes bearing sulphide, if accUJllUlated 

ma7 give rise to malodomus ~en sulphide twnes, however, 

the concentration in this fona is unlikely to be hazardous 

and providing the aaterial is regularfy removed from the 

tannery slte and buried or ploughed in, as above, the 

enV:.ronraental degradation vill be miniul. Beamhouse 

residues and sludes can likewise be buried, but as the means 

to remove the majority of sulphide (see Chapter IV) from such 

sludge is relatively s:illlple, such sulphide beariiig matarial 

should be eradicated in future. 

(iii) Chromium bearing vaotes have raised queries from 

ecological quarters. However, on analysis the toxicity of 

tannery solid wastes due to the presence of chromium is 

questionable. Man7 of the earlier ecologists• cOllllll8nts 

regarding chraniua tox1cit7 refer to Chrome in the Hexe.valent 

form, whereas the vast majority of tanneries today employ the 

leH toxic Trivalent form of chromium. Sludges from e!fiuent 

treatment may contain up to J·S% chrold.UJ1(3), leather fragments 

(butting dust, shavings, scrap apll ta etc) may contain 2-5% 

Cr2o3• 

In those N.I.Cs vi.th aigDiticmt le.tJier sectors (Argentina, 

Brasil and India), the economic disposal of chrome tanned solid 

vutea is often possible as a conatituent of "leatherboardn, 

however, as 19t, such production is not econold.cal.lT practical 

in 1101t L.D.C•, tl:.u1 this end-un is not available to their 

tanners. 
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The chromium in sludges ~.s in an insoluble form and 

is "virtually- insoluble at pH values found in the 

enviroillllBnt"(J). The majority- of chrome vi.thin tanned 

leather fragments is chend.cally bound to the skin protein 

and not easily displaced. 

Several aspects or the effect or chromit.Ull in tanner:y 

vastes are under active investigation by- leather chemists 

and others to resolve the conflicting viewpoints. These 

include :-

Effect oi chromium on plant growth and 

the effect of chromil.llll in a landf:j..11 environment. 

The U.K. Government report (3) states ••••• "The Ministr;y 
of Agriculture and Fisheries Agricultural Development Advisoey 
Service (ADAS) quotes SOO mg chromium per kg of soil as the 
maximuJn concentration of chromium in soils which can be 
tolerated with no adverse effect on crops and the Report of 
the Workir..g Party on the Disposal of Sewage Sludge to land 
advises that it would almost certainly be ~~sible to apply 
over 30 years or more a total of 1000 kg ha of chromium 
to the soil in sewage sludge, without harmful effects on 
crop growth. (This is equivalent to a m~UJl1 concent:ration 
of chrolllium in the soiJ of a~lft 500 mg kg • ) • Elsewhere 
a limit of 500 mg Cr ( 111) kg is applied to soils of low 
pH value (pH less th~ 5· S) but in alkaline soils a level of 
1,000 mg Cr (111) kg has been found not to interfere with 
crop production.n ••••• "Experi.ments have shown •••••• that 
reduction from chromium (VI) to chraniwn (111) occurs 
spontaneously and rapidly in the presence of soil organic 
matter, under both acidic and alkaline conditions •••• It is 
concluded that the risks from adding chromium to the soil 
in organic wastes ~Th that the maxi.mum soil concentration 
(500 mg chromium kg of soil) is reached, would appear to 
be negligible :1. 

A recent U.S.A. Paper(4) on the contrar;y claimed that when 

Trivalent Chromium compounds were mixed vith soil, a relatively 

rapid oxi.dAtion to the more tone hexavalent state took place. 

However, several member os the I.U.L.T.C.S. Tanner;y Wastes 

Co1111111.ssion were critical of this work. which did not conform to 

results they- had obtained. (5) . 

Incineration and pyrolysis of chrome bearing materials, a 

possible alternative to land!ill techniques, has been investi

gated, and reported(6 ) <7> (B) <9> with regard to their 

relative efficiency, and their economic and ecological advantage 

over landf'ill as a means of disposing of chrome bearing wastes. 
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The conditions of processing which mininli.se risk of conversion 

of the trivalent chromium to the aore toxic henvalent form 

are detailed. These require close control of temperature and 

other factors. Coming(S) "J>Ointing out that if chromium 

and lime were present together" (as is likely with sludge from 

mixed tannery ef'fiuent) "there was a real danger of producing 

calcium chromate, a proven carcinogen n. The major advantage 

of incineration and pyrolysis is the possibility- of l'ecovering 

significant quantity of chrOJllium. The practical economics of 

such s:ystems, some of 'iihich are covered by- patents, have yet 

to be generally proven on commercial seal e and, in futul"e, may 

need evaluating against alternate methods of recovering chroce 

outlined in Chapter III. However such technologies seem 

outside the current attainment of most developing countries, 

due to the need for high throughput to justify capital 

expenditure and need for careful. control. 

4. EFFLUENTS 

a} Volume 

Volumes of water utilized by- tanners have been lowered in 

recent years, due to :-

(i) Increased charges for water supplies, 

(ii) Attempts to reduce volume and subsequent 

charges for effluent treatment, 

(iii) Institution of lower, or low float, tanning 

technology- in order to obtain more efficient utilization 

of process chemicals and more rapid production, 

Frendrup(2 ) in his survey of Swedish tanneries found 

v~ter conswnption :-

1962 

1975 

1977 

103 m3/t 
47 m3/t 

about 40 m3/t 

(litres/kg) 

(litres/kg) 

(litres/kg) 

The advantages o! lover water consumption are self-

evident vi th regard to financial economies. With regard 

to e!fiuent/pollution concentration the e!!ect is to 

proportio~ increase the concentration o! pollutant 
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pro-rata vi th the reduction in volume. The effect of such 

increase in concentration and lowering of volu., with regard 

to effluent discharges, is dependent on the structure and 

basis ot local discharge regulations. In som cases where 

concentration limits of pollutant have been established the 

incentive tor tanneries to lessen water consumption is negated 

(see following chap+.ers). 

b) Characteristics of Effluent 

(i) Theoretical M:iniJnal Pollutants 

As outlined earlier at II.B.1 given current 

technology of tanning, some m1m..ma1 quantity of materials will 

necessarily be present in the aqueous tanner.r discharge. 

These, main17 due to the constituents of the hide which have 

been attacked/or reconstituated during tannage, the UNIIX>/UNEP 
Paper(l) suggests: 

TABIE II 

MINIMAL INEVITABIE R>LLUTION 

INORGANIC (FIXED) SOLIDS 

Hide Salt 

CHROME TANNED WTHER 

ror.tUTION 

~lk2 W/S Hide 

Salts from hide, raw water and sanitar.r usage 
150 g/kg 
10 g/kg 

ORGANIC SOLIDS 

Hair Protein 
Hide Protein 

Total Inorganic 

Hide Fat and Carbohydrates 
Dirt and Kam1re 
Organic substance from raw water and sanitary use 
Machine and Building cleaning 

Total Organic 

Total Soll~ 

160 g/kg 

40 g/kg 
25 g/kg 
15 g/kg s g/kg 

2 g/kg 
J g/lt'.g 

90 g/kg 

250 g/kg 
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Normal tannery effluents however are found to have at 

least double this theoretical minimum. as appreciaole surplus 

process chemicals are un&'YOidable with current technology. 

(ii) Actual Effluents Found 

Annexes IA and B detail typical pollutants found in 

tanneries employing traditional technologies - variations 

will occur due to differing technologies employed, and the 

manner in which the various effluents are mixed together 

in the internal severs. 

Variations in signiffoant pollutants produced anci 

concentration may be seen in Tables III and IV 

TABLE ill 

REPORTED POLLUTANTS - TANNERY EFFLUENTS - Kg/ton Raw Hide 

~ IA u.s.~P .1~ 0 > FRANCE SWEDEN(12) POLAND(l)) 

rhis Paper. Chrane cr•c(11) Mixed Mixed • J... • 

~hrome Leather Ch~·ome Tannage Tannage 
~ather Leather 

oon
5 

60 9S 75 - 90 71 70 

COD('2Cr2o
7

) 175 260 200 - 220 190 233 

Suspended Solids 150 140 140 106 70 

Sulphide 7 8·5 9 - 6* 

Chrome 4·5 4·3 6 2·7 1 • , 

Vol~ ot Water 
m /ton 45 53 65 circa 40 70 

* Recorded as ~ S 

Note: Measurement of Pollutants -

methods :-

This may be recorded in two 

(i) Absolute Tenns - i.e. pollutant upnseed in nl.ation 

to weight of original raw hide (uauall7 wet salted 

condition), 1.e. kg (pollutant) per ton (rav material.) 

or gm.s per kg., (both expressions being equal i.e. 

parts per thou.sand) • 
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TABLE IV 

CONCENTRATION OF POLLUTANTS - T.AHNERY EFFLUENT - Jlg/l..:!.tre 

lnn11x I B Goreck:i.(2 ) Poland IndiJ1 ) 
l'his Paper Mixed Tannages 
~hrome Leather 

oon5 
1,300 1,000 1, 750 

COD J,500 J,JOO J,400 

Suspended Solids J,JOC 1,000 2,800 

Sulphide 160 as* 
Chrome 100 15 125 

Volume of Water F.mployed 
in tannage litres/kg 45 70 

* Reported as ~S 

!!2!!: (Continued) 

(ii) Concentration Terms however express the pollutant 

concentration of the effluent liquor i.e. milligrams 

(pollutant) per litre (mg/l) or occasionally as "parts 

per million" (p.p.m.) (again the two terms tor practical 

purposes are synoeymous). Measurements by (i) or (ii) 

abcive are interrelated by the volumes of water utilized. 

(iii) Significance ot Effluent Constituents 

Currently, in Developing Countries, municipal effluent 

treatment plants are few and far between, anti virtually all 

industrial effluents' including tannery discharges now to 

surface waters. Thus discussion here will lllainly concem such 

discharges. In those Developing Countries where llWlicipal or 

other public ovned treatment works (P.O.T.W.) exist, some measure 

ot expertise in effimnt treatment utters exists, and the need 

tor this Paper is dillinished. Such detail as is given in 

relation to surface vat.era ll&J' be adapted b7 P .o. T .W. eng:t nee rs. 

l 

I 
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The significance of any effluent discharge and its effect 

on all environmental aspects will depend greatly on the flow of 

the recipient, and consequently its ability to dilute and absorb 

such load vi th minimal ecological disturbance. 

From a practical viewpoint it may be asked, what are the 

significant pollutants? what is their effect on the environment? 

A simplification of the situation would suggest that two 
specific constituents, chrane and sulphide have some level of 

potential toxicity in addition to which the general "biol,ogical 

loadn may have significant localised effect on the dissolved oxygen 

content of tt.ie recipient waters. 

:- Chrome: 

Chromium in the hexavalent form is r£ported to have some 

effect on aquatic life. Although fish are re~atively tolerant 

towards chrome, fish food organisms and other lower fonns of 

aquatic life are more sensitive. However, tannery discharges of 

chromium to surface waters do not appear to have been fully 

evaluated. Such tannery discharges of chromium will be in the 

less tnxic (or non-toxic) trivalent form, and at typical discharge 

pH of 8 - 10 (mixed liquors) will be in a precipitated fonn. 

Under normal circwr..stances with recipient waters at pH circa 7 • 0 

such chrome is unlikely to be redissolved. The effect of chromium 

on crops, wh1ch could relate to chromium in tannery effluent 

discharg~d to a stream suhs9quentl:y employed for irrigation is 

covered briefly in earlier sub-section on solid wastes. 

:- Sulphides 

In addition to the noxious odour and unpleasant taste which can 

bra imparted to rP.cipient waters, the major effects of sulphide are :-

decrease in dissolved oxygen (D .O. ) contfmt of waters, with 

possible effect on all forms of aquatic life; 

may cause dark coloured precipitates in presence of some metals 

(e.g. iron); 

toxicit) to fish is increased as the pH value decreases. 

According to one report <14> trout overturned in two hours 

when .3·2 mg/litres of so.di.WI sulphide was present in water 

at a pH value of 9·0. However, at pH 7·8 the trout over

turned in 10 minutes, and at pfl 6·0 it only required four 

-1 
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'• r \ 
minutes to overturn the trout. Another study\•;)J found 

that three species of fish i.e. Daphnia magna, carp and 

cambusia at.finis could only tolerate a concentration of 

sulphide of 1 • 9, 50 and 76o mg/litres respecti velyJ 

of far more importance is the tox:l.ci ty to hmnans of 

hydrogen sulphide gas. In this respect it must be noted 

that if the pH of a sulphide bearing liquor is allowed to 

fall below pH 8 · S appreciable volumes of lethal ~S gas 

will ~ iischarged, with possibility of human fatality. 

This is unlikely to occur with tannery discharge to surface 

vaters, but has caused fatalities in "on site" effluent 

treatment vesselirJ holding lime liquors, and such potential 

danger would be greatly magnified if acidic liquors were 

admixed. 

In addition to the hazards to humans raised by lethal e
2
s gas 

in the confined space of sewers it may be noted that ~S gas may 

condense on walls and be bacterially oxidised to form sulphuric 

acid, which may attack the fabric of such sewers. (Could have 

effect in internal tannery and municipal sewers). 

:- "Organic". Load 

·rhe ef feet of the discharge of the general m:Ued wastes is 

very much a function of the level of dilution aff o:rded by the 

recipient watercourse. The major effect of discharge of this 

"biological load n is noticed by its effectual lowering of the 

dissolved oxygen D.O. content of the recipient which could affect 

aerobic aquatic life. The earlier UNIOO/UNEP Stud/1) making 

* some assumptions as to the recipient streams reaaration constant 

calculated for a chrome tannery effluent :-

••••• 11that to meet the water quality standard to support normal 

fish life a receiving stream should have at least a now of 6 m3/day 

streU\ fiow per kg of hide processed/day. At a lower now of 

4 m3 /day/kg of hide processed/day the stream will not be able to 

support fish life :ln saiae of its reaches. At a still lower now 

Sluggish stream, reaeration constant 0·46, :OOD removal 

0·23 per day at 20°c vi.th saturated D.O. val.• ct 8 mg/litre. 

l 



-25-

of 2 m3 /day/kg of hide processed/day, ~he stream will be 

completely devoid of oxygen downstream of the waste outfall and 

the consequential anaerobic conditions may lead to the formation 

of floating sludge rafts, noxious gases, high turbidity etc., 

lowering the aesthetic value of the receiving waters". 

Accepting this Paper' s assumed water consumption of 45 
litres/kg the above data may be calculated as necessary dilution 

factors f ~r the stream to allow influx of the mixed tannery 

effluents :-

6 m3/day per kg hide processei=133 fold dilution - supports nonnal fish life 

4 m3/day per kg hide processed= 89 fold dilution - localised degradation 

2 m3/day per kg hide processed= 44 fold dilution - possible serious 
degradation. 

Such dilution factors may be a suitable base at which 

serious discussion between tanner and local authority may 

commence. It must be appreciated that the basic assumption 

employed in the calculation was that the recipient watercourse 

was not already heavily polluted upstream. Additionally, if 

the1' are other effluent discharges the effect of the total 

affluent discharges ld.thin the relevant stretch of waterway 

must be evaluated. 

:- Miscellaneous 

The above data concerning dilution refers to the 11organic 1
t. 

load. The above study(1 ) also made calculations regarding specific 

dilution requirements for tanne:..~y wastes to satisfy various 

beneficial uses of the recipient waters :-

no. n ___ __:::: 
DrUmlll ........ ., °' ,. ... , Vlll'llS flJI 

Miii:ji(ii oP YUJOCii.mmctil. m OP m:stTllO VATlll 
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a:J 

D r I 
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p D 
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It is accepted that the above dilution factors are based 

on certain asmmptions which will be dependent on 100&1 

factors. In a perfect world an analysis of the relevant 

data would be carried out at each tannery site, however, in 

most Developing Countries facilities for such analyais do not 

exist and it is felt the above dilution data may provide basic 

guidelines. 
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CHAPTER III 

IMPROVED ENVffiONMENTAL TANNERY PROCESSDlG 

A STRATEGY 

Tannery technologists are notoriously conservative and consequently 

reluctant to alter technologies wh."..ch appear to yield a satisfactory 

end-product. However, with increasing pressure from local authorities 

regarding volume and cost of water consumed, lev~ls of pollutant allowed 

and cost of effl.uent discharge, coupled with ever-increasing costs of 

chemicals, in many areas of the world, the industry is accepting adapted 

"iinp~oved envirorunental" technologies in order to offset such external 

pressures. 

Whether or not all facets of "improved environmental processing" 

are installed within a particular tannery will depend on local circumstances 

and is still much influenced by external pressures. Thus, in arid areas, 

shortage of local water supplies may provoke a tannery process reappraisal, 

in other areas effluent discharge standards may be a greater stimulus to 

acceptance of more rational tgchnology. However, as all aspects of 

"improved environmental 11 processing are interinvol ved, it appears otvious 

t •. at often a complete reappraisal of the whole operation is necessitated. 

Thus if water volumes employed are significantly reduced (without 

any other process alteration) this would lead to smaller volume, but 

increased concentration of effluent, the effluent treatment costs 

(especi~lly capital), would however, generally be greatly reduced. In 

some locations lolbere the only constraints to effluent discharge are 

arbitrary local regulations relating to concentration of pollutant, such 

increase in concentration, due to lower water usage, would appear counter

productive, but should show the need for introduction of alternate 

innovative technology which will reduce pollutant discharge (lowered 

chemical offerings, recycling or possibly treatment of specific effluents). 

An area where in-depth technical analysis of available technologies 

may be necessary is chrome tanning. Should one use the high fixation 

chrome s;ys~ms (which may pose inflexibility in production) and in some 

cases ensure the tinal mixed etnuent will con!orm to local discharge 

standards, or should one rec7cle (possibly more nexible in individual 
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batch production, but not yielding a chrome-free effluent), or should 

one continue with existent tanning process but attempt to treat all liquors, 

with significant chromi.UJ11 contents, in order to remove chrome from the 

effluent. 

An analysis of most tannery operations would suggest that with newer 

technologies financial sav,ings may be considerable, and no:inally greatl7 

offset any increased costs incurred by the need to increase levels of 

supervision to control such suggested innovative technologies. 

Another consideration must be the level of effluent treatment -

thus if one ultimately intended a catalytic oxidation to remve sulphides, 

direct recycling of lime liquor may no longer be technically beneficial, 

but would justify an analysis of potential chemical savings, balanced 

against any loss or cost due to lowering quality of end-product and/or 

extra supervisory staff required. 

Constraints on the introduction of ''improved enviro~ntal 

processing" will exist due to existent tannery equipment and layout proving 

unsuitable, but gi:ven tanners normal ingenuity it should, in nearly all 

cases, prove possible to introduce updsted technology within existing 

tanneries in the most critical areas :- reduction in sulphides, chrome and 

BOD load. 

The introduction of extensive recycling of water may however, not be 

easily accomplished in a typical existent tannery, and indeed the conversion 

cc;sts may not justify such action, whereas in a new tannery facility for 

recycling could, at relatively low cost, be considered. However, most 

tanneries given sufficient direction/pressure could find the means to 

recycle chrome liquors • 

This Paper, directed towards Developing Countries, attempts to 

highlight the possibilities in these crucial areas, without the need for 

over-sophiJticated technology. 

B WATER CONSERVATIOh TECHNOIDGY 

With variations in water consumption varying from ~20 l/kg to 

)i.100 l/kg for technologies apparentl.7 similar in other respects, there 

is in lll8JlY situations scope tor conHrvation and considerable savings in 

this area. '!be major system.s of water-saving technologies ma7 be : 

l 
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- Increased volume control of processing and nhousekeeping" waters 

- naatch" versus ~ water V&3hes• 

- Law float techniques in existent equipment 

- !mr float techniques using updated equipment (mixers) 

- Recycling - direct reuse of water to less critical processes 

- Recycling or individual process liquors. 

1. INCREASED OONTROL OF PROCESSING OF PROCESS AND "HOUSEKEEPING" 

WATERS 

In a ma.j.ority or tanneries only some 50% of water consumed is related 

to actual process requirement. The balance of the waters consumed appear 

to be due to extensive running water washes, overflowing vessels, 

continually running pipes and over-trequent washing of floors and drums. 

Reduction of overuse in this area, while cost-effective, woulcl 

necessitate a serious worker training progranmie, coupled with installation 

or water now meters or less sophisticated spring controlled valves, and 

a written code or practice for operators (i.e. detail when floor, drwn 

etc. needs hosing). 

Considerable savjngs may be obtained with the introdudion and 

control of simple "housekeeping" rules and equipment. 

2. "BATCH" VERSUS "RUNNING 'WATER WASHES" 

The age-old trumery system of rurming water rinsing, whereby goods 

are run in a drum with a lattice door with water valve fully open, for 

15 - 20 minutes, is one of the major tannery wastages of water. Control 

of such process is minimal, neither the flow rate or water or the time, 

being monitored. Often such processes employ ) 1000% water, yet work 

at many research centres(l6) (l 7) (lB) (l 9) showed that 50% of total water 

could often be saved by instituting batch washes. 

e.g. 1st Wash 

2nd Wash 

250% water - 20 minutes 

Drain 

250% water - 20 minutes 

Drain 

(Actual volume/time to be emplo19d can be initially checked by testing 

pelt and liquor at various float/tilne levels). 

Such batch washing should also yield a greater uniformi.ty of product. 
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3. IDW FLOAT TECHNICQUES IN EnSTENT EQOI!lmNT 

The utilization o:f short noats, i.e. 40 - 60%, in traditional 

drums in place of traditional 100 - 250% fioats, as well as yielding 

savings in water conswnption and more rapid processing can, in many 

processes, effect appre . .::iable volume of chelld.cal input savings, due to 

the higher effective concentration and increased mechanical action. 

Joint acceptance of both llbatch washing" and "low fioats" have 

been reported to sa~ upwards of 70% of water utilized ill tanneq 
activity(l7). However, it must be noted. that "low noats" 111&7 impose 

increased levels of "wear and tear" on the drum bodies and drive • The 

drive lllllSt be efficient to overcome the increased "inertia" at starting, 

and additionally, the increased temperature of goods in the drum, due to 

more friction and less coolant (especially during tannage ), may not 

always be technically acceptable in tropical climates with high ambient 

temperature .3. 

With regard to water utilization it should be emphasiaed that 

where possi~~e drwns should be employed in place of paddles and pits 

which utilize 300 - 1000% floats. Although it must be recognised that 

paddles and pits are essential for certain processes i.e. first soaking 

of dried hidss and processing of long-wooled skins. 

4. LOW FLOAT TECHNIQUES USING UPDATED EQUIPMENT 

The installation of hide processors (concrete mixers and Y partition 

units) is reported to yield water savings of 50% in addition to chemical 

savings. 3.lch advantage is most unlikely, in existent tanmries in 

most L.D.C~ to justify import of these units at high foreign capital 

cost, when wooden drums may be constructed locally. However, in a new 

project such water and chemical conservancy coupled with greater general 

efficiency and regularity may justify the purchase of such units. The 

hide processors are ideally suited for, and require lllinimal. civil works 

to allow recycling systems; most units incorporate efficient drainage 

systems. 

5. RECYCLING - DIRECT REUSE OF WATERS TO LISS CRITICAL FRDCESSES 

In recent years a large number of proposals have been published 

shoving that it is technically feasible to recycle Dl&IJ1' relatively clean 

l 
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rinse and wash waters to other processes where the low concentration of 

chemicals in such waste will have positive advantage (or at least minimal 

negative effect) • 

The simplest such proposal JD81' bet.he llDdified Bailey Process(l) 

outlined diagrannatically at Fig. IIIA. (The necessary pumps and 

holding tanks will be deternd.ned by the cirCUJ11Stances found at each 

tannery). Such system proposes that :-

(i) Wash after bate and neutra.liz9.tion and subsequent clean 

wash float are recycled to the soak process 

(ii) Part of the second lime wash is recycled to form the 

basis for a new lime liquor. 

Such Modified "Baileyt' Process cauld reduce nominal water consumption 

from 17·1 litres/kg down to 12·6 litres/kg i.e. a reduction of some 26%. 

The engineering requirements of such system, while not being over

sophisticated, may prove difficult in m.any existent tanneries, but could 

more easily be incorporated in a new project. The major requirement, 

in addition to collection sump(s) is the incorporation of a bifurcated 

drain vhereby flow fran any given drum could be directed either to : 

(i) the recycling networks, 

or (ii) nonnal effluent sewer. 

Bifurcation of drain and collection system would entail additional 

supervision to ensure individual floats are discharged to correct outlet. 

It may be agreed that the installation of a recycling network, 

merely to save some 25 - 50% of water usage, is unlikely to prove economic, 

except in ultra-arid areas where water is both limited and expensive. 

But when silnple water recycling is coupled with recycling of 

specific indivictJ.al floats e.g. unhair and chrome, with savings in 

chemical offers the economies improve greatly, and must be seriously 

considered. 

(20) Slabbert· of L.I.R.I. outlined a recycling system which is 

shown at Fig. IIIB which incorporates :-

(i) Recycling of used lime and post lime W&shes for soaking, 

(ii) Recycling of pickle/chrale tan and some va11hes. 

A reported advantage of this system is that the residual alkalinity, 

frcn the used lime float, acts as an accelerator for the soaking operation<
20 >. 
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The ::ilaOt>ert syst.em would appear suitable for many Developing Countries; 

tanneries. The details of the pickle/chrome recycling Slabbert outlines 

will be discussed at Chapter III E. 

Figs. III C and D outline diagrammatically more detailed recycling 

systems :-

Komanowsky and Senske (21 ) analyse a complete countercurrent systell!, 

as seen at Fig. III c. Conceptually such systeill has much to be 

recomnended. This incorporates :-

(i) Simple reuse, without treatment, for some liquors 

(ii) Chemical adjustment for other liquors (ammonia removal) 

(iii) Certain physical treatment for a particclar effluent 

(centrifuge ) • 

The system of Komanowsky an~ SP.nske would drastically reduce the 

volume of effluent, as the complete pretanning process would only 

utilize one float. A visionary system in 1982, but potential for the future? 

With regard to Developing Countries, it may be that such proc(:SS 

would need unduly high levels of supervision, and certainly such a system 

would need to be practically proven at cormnercial level, elsewhere, for 

some years before such a radical proposal could be implemented. 

Vulliennet(5), at C.T.C. ~on has detailed an ''Optimum water 

recycling in soaking and unhairing", which is outlined at Fig. III D. 

Such system, separates the unhairing and liming processes and then 

recycles both simply (without treatment) and with treatment (protein 

separation). Technically Vulliennet rs system has much to offer -

reducing volume of the effluent and lessening its total organic load, 

but, as with the 

earlier Komanowsky 

and Senske system, 

will need proving 

at commercial level 

before it may be 

recommended for 

Developing Countries. 

The engineering 

details of recycling 

must be adjusted to 

suit individual 

na. IV BASIC REQUIRil£NT fOR RECYCLING SYSTEMS 

To Elaevher. 
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tanneries, but in essence the most basic need is as outlined at Fig. IV. 

Whether or not a screen (static, bar, self-cleaning or brushed) is 

dependent on the liquor being handled. If screening is not included 

the pump must be protected (with a basket), and must be capable of coping 

vi th large and small fragments. 

~re detailed drUJn recycling equipment is outlined by Simoncini 

and de Simone<22 > includ:i.ng screening at the dnun and efficient means 

of continuous drum discharge. 

6. RECYCLING OF INDIVIDUAL PROCESS LIQOORS 

This will be outlined in later sections of this chapter under 

process hea~s. 

C. LIMING AND UltHAIRING 

Traditional soaking and Wlhairlng accollllt for over 80% of the 

B.O.D. and C.O.D. load in typical tannery ef.fluents(23) <24>. 
Accordingly there have been continuing resear~hes to find new 

technologies to avoid this large pollutant load. Such researches 

have covered the following areas :-

Substitution of sulphide 

Partial substitution and reduced amounts and volume of 

lilm!/sulphide 

Recycling - without significant treatment of used bath 

More sophisticated systems. 

During the now current "hair pulp" depilation process a high organic 

loading is obtained in the float due to the hair degradation produ~ts, 

often suspended in the .float in a ~olloidal fona. Attempts to revert 

to a "hair save" painting operation, which would 71.eld a lesser organic 

.. 

load in the effiuent, have generally been unsuceessful on hides due to 

enhanced labour costs (painting - unhairing etc. ) • In evaluating such 

processes it will be necessary to decide if they will give low-sulphide 

bearing liquors which vill be acceptable to local authorl ties for discharge. 

Thus Frendrup <26 ) <27 ) recently reported that n ••• the use of proprietary 

unhairlng systems had not continued to gain ground. If anything, the 

reverse va• true , vi th Nordic tanners tending to favour classical unhairlng 

systems", he also reported that beamhouse recycling was not found cost

beneficial and sulphide liquors v&re cltimately catalytically aerated. 
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1 • SUBSl'ITUTION FOR TIW>ITIONAL SULPHIDE UNHAIRING 

Most of the major chemical supply house" have been engaged in the 

search for an economic, technically acceptable replacement for lime/ 

sulphide depilation and "liming". Di-methyleamine sulphate, sodium 

chlorite, sodium bichromate, mercaptans and enzJJDBs amongst others have 

been investigated. aowever 1n general the results have not proved 
(29) 

acceptable, hedrup , _ after a ::llrvay, raported pollution 

·levels from differing systems. (See Table V). The usual reaction 

of tanners has been that the cost is prohibitive, or short hairs were 

remaining, necessitating further mechanical or chemical processing. 

One recent Paper(2B) found that the enzymes were not specific, yielding 

some damage to the grain structure. 

TABLE V AH>UNTS OF POLLUTION ARISING FROM VARIOUS 

UNHAIRING SYSTEMS (Expressed as GL!G Raw Hide) 

(POILUTION FROM UNBilRING ONLY) 

HAIR PULPING HAIR SAVING 

LIME HaOH OXIDATIVE LIME DIME'fHYL ENZi!Ml 
SULPHIDE Ha SH (C1~2 ) SULPHIDE AMINE 

(D.M.A.) 

S.S. h5 14 14 28 24 

B.O.o.5 25 29 11 5·5 6·6 14 

C.O.D. (K2cr2o
7

) 70 100 40 20 34 

s· 6·5 7·5 0 0·) 0·18 0·) 

Certainly, on a semi-experimental basis, enzyme and other systems 

have proven efficient. Ludvik(25) reported on an acceptable enzymatic 

depilation in C1echoslavald.a (however the enzJ1119 is no longer available). 

With regard to conmercial. exploitation and proving trials, it would 

appear that there are possib~ on17 one or two tanneries in the world 

with CCJIPlete 11.M/sulphide substitution, a few more tanneries emplo7 

en1,ms followed b7 a lower level lime/sulphide treatment. Thus such 

syotA!lms may not be developed sufficiently to be suitable for installation 

in t8.lllleries in Developing Countries. It must be noted that even 

-1 
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sulphide-free unhairing systems yield sore sulphide in the effluent, 

reported as 10 - SO mg/litre, due to the breakdown of the disulphide 

bonds within the hair keratin. 

2 PARTIAL SUBSTITUTION, dEDUCED AMOUNTS AND VOLUMES OF 

LIME/SULPHIDE 

The use of sulphide and caustic soda, which while still containing 

sulphide should have lesser suspended solids in the effluent, is in 

current practice - .the major problem of r-•1ch a system is the need for 

strict control of the caustic soda, as minor variations are reflected 

in large variations in swelling and plumping of the pelt (whereas with 

lime, the low solubility acts as & self-regulator). 

Prentiss(JO), Sukach(Jl) and Fritz(32 ) wnongst others have recently 

proposed processes with limited inputs of lime/sulphide augmented by 

proprietary products (sore enzymatic). 

van Vlimmerien C24 > and co-~rorkers at T .N .O. believing that calcium 

ions imparted some essential characteristics during beamhouse processing, 

proposed a tPo-stage process :-

Followed by 

Unhair 

100% water 

1% Calcium Chloride 

0·4% Magnesium Oxide 

30% water 

1 ·8% Sodium Sulphide 

0·8% Sodium Hyd~oxide 

Gauglhofer(JJ) describing the re~ults of a full scale trial in 

Switzerland found the T .N .0. system encouraging, but expressed some 

doubt as to the processes applicability if light, soft leathers were 

required. 

Currently, few of these partial substitution lime/unhairing systems 

have been fully accepte~ for cormm!rcial production - they are utilized in 

a few tanneries in Developed Countries, but usually only when local efnuent 

discharge regulations have been over-severe. Many tanneries have attempted 

these substitution processes, but for technical or economic reasons haVP 

uaually reverted to a more classical process, in association vi.th a 

subsequent sulphide removal tre~tment. 
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On balance, a minimum recommendation to tanneries in r~veloping 

Countries must be to reduce chemical inputs of lime/sulphide to the 

minimum - approaching:-

Drum process:- 200% water 

1 ·5% lime 

0·8 - 0·9% S (i.e. 2·5% Na2s (60%) 
plus 0·5% NaSH (90%)) 

3 RECYCLING OF CLASSICAL LIME/SULPHIDE LIQUORS 

During the last decade the possibilities of direct recycliPg of 

lime/sulphide liquors has been widely examined. Frendrup(JS) reported 

a system loilereby liquors ·pere mended, the :;..ni tial liquor vas :-

JOO% water 

5% lime 

4% Na2s {60%) 

Following each batch the liquor was mended and ~ach pack cycle 

consumed :-

70% water 

1 ·?% lime 

3·0% Na23 

Such mending trials T.rere said to have run 14 cycles with no adverse effects 

on the leather r.oted. Others (3)) however report a signifiC;ant reduction 

in the thickness 0f the limed pelt. 

Money and Adminis( 36 ) at c.s.r.R.O. Australia, reported on similar 

work using an initial float of :-

200% water 

2% lime 

4% sodium sulphide 

mending after each pack required:-

1 ·5% lime 

2·2% sodium sulphide 

with water being replenished to original levels. Water replenishment 

was from 40 - 55% - the higher levels occuring when solids were screened 
off prior to liquor reuse. (Most workers in this field report many 

advantages in screening (1 mm. mesh) to remove solids and hair debris. 

Brushed, stainless steel screens seem most suitable for this function, 

see Chapter IV) • 
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Prima facie, such recycling systems would appear to offer effiuent

free urihairing if continued ad infinitum, however, this JLq be an over-

simplification. With every batch of goods large quantities of hair 

and other proteinaceous products are destI"0J'9d and retained wit.bin the 

effiuent, much in colloidal form. It could have been expected that 

recycling would result in ever-increasing concentrations of protein 

de!com.posi tion products building-up in the liquor 1mtil equilibrium was 

established, w1 th high levels of organic load being expelled w1. th 

instersti tial liquors at the fleshing machine and during deliming and 

later processes (dh high B.O.D. load entering the effluent). 

If such higher B.O.D. loads were produced at deliming and later 

processes, it would be counterproductive, as pollution would, being more 

dispersed, be harder and more expensive to treat. However, Money and 

A.dm:inis found in their trials •••• n that recycling of lime liquors will 

not greatly increase the P't'Otein content of later processing liquors~" 

They concluded that ••••• "some protein, or its degradation products, must 

be retained or taken up by the hide whenever a liquor is reused." 

The C.S.I.R.O. work concluded that the hides, following recycling of 

lime liquor, were not as free of scud as when treated in fresh liquors, 

but felt this could be remedied in later processes without mechanical 

scudding. Fat build-up may also occur (unlikely to be too great a 

problem in hides in most Develvping Countries, as their hide fat levels 

are low), this was reportedl.;/ eased if screening was practised prior to 

recycle/mending. 

Slabbert <20 ) more recently reported on similar recycling trials 

employing 3% Na2s (60 - 62% pure) 

2% lime 

found chemical savings of: 

) 20% of the normal sulphide 

40% of the lime. 

Whereas work at C.T.C. Lyon(li) suggests savings or. 1 

so~ sodium sulphide 

60% 11.JM 

n •••• related to qlumtities theoretically required, and calculated over 

20 cycles". 

Slabbert indicated that high levels of sodium chloride, possibl.7 

present from brine cured ravstock, could have inhibiting effect on 

l 



-39-

unhairing and ec.ud removal. 

soaking/washing. 

This may be avoided by giving adequate 

SoJDe degree of analysis and control is certainly essential when a 

recycling system is being installed. In Developing Countries where 

works control laboratories and staff are not always available, it could 

prove practical in such circumstances to employ an external chemist for, 

say, 2 - 4 weeks to aid in implementation of the system of recycling. 

Equilibrium is established af~r 5 - 6 cycles, "mending" requirements 

could be controlled by analysis for a week or two and when relative 

stability achieved and mending requirements assessed, recycling could 

be practised with only intenn:f.ttent analysis. 

Aloy(JJ), C.T.C. Lyon, reported that employing a recycling system, 

incorporating only a vibratory screen (1 111111. mesh), a French tannery 

with an input of 2 5 tons raw hide per day effected savings of F. Frs. 

11 , 000 per month I (i.e. tannery with approxi.ma tely 1 , 000 hides per day 

could obtain savings of U.S.$ 8,000 per annum). 

If recycling is instituted it would still be necessary, in a tannery, 

to have facility to process such used lime liquors. Although recycling 

in theory may be continued indefinitely, o~casionally it may bP- necessary 

to discharge a liquor, during a holiday shutdown, or if the liquor has 

been contaminated. Thus a back-up system of catalytic oxidation (see 

Chapter IV) or similar should be available. 

4. I-DRE SOPHISTICATED SYSTEMS OF RECYCLING 

A wide range of recycling techniques exist to minimise both sulphide 

and organic load in beamhouse effluents. In general they may currently 

be assumed to be too sophisticate• for tanneries in most L.D.Cs and 

thus here they are only uoted :-

a) Sulphide Stripping is practised in many tanneries - the 

liquors are acidified and the H2s gas released, collected in a 

caustic soda solution prior to subsequent reuse. (Requires high 

level of plant control to ensure no escape of toxic gas). 

b) Protein Precipitation has bAen suggested as a means of 

lowering pollutant level of beamhou~'9 effluent. Would require a 

method of sulphide removal (catalytic oxidation) followed by 

acidification. 

delime baths. 

Pauckner (3?).) 

Subsequent liquor could be recycled to wash or 

(See Fig. II~ D earlier) (Vulliermet (S), Schubert & 
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c) Ultrafiltration Several of the proprietary recycling 

and effluent treatment systems employ ultrafiltration to separate 

the spent depilatory float. In essence the system is :-

following a fine mechanical screening the u.sed lime/ sulrl::i de 

liquor ~-s subjected to ultrafiltration, employing a pump, and a 

series of membranes in an ultrafiltration cell. The m'.!mbrane 

separa~~es the spent liquor into :-

(i) solution containing the dissolved lime and sulphide and 

other :;al ts, together with some part of the protein degradatL.m 

produ, · t. ; (those broken down sufficiently to pass through the 

(ii l .. ,:oncentrated sludge/slurry containing the undissol-.red 

lime an I t lie bulk of protein materials. 

j·Lc= ... i 1 ut1.-in, following analy~is, may be menci.e.i anJ recycled 

to a n• '., 1 i..!~e · i quor, and the s1 udga may be further· tre;i t ed prior 

to rii:;f<·.;.<.L. 

C.1rr·12rit.ly c11tr•<filtration eci.uipment is l.ighly e~.per1~•i1e, 

hc,.,;ever, u· as appears likely, such units gair1 a·:u·r,urnce in 

Develo;;w:I ·.:01mt.ries• tanneries, it may be eXJ1eclt;d u~'.it their 

cost w~ J 1 be re•.hced, and their reliability impro·JeJ, at, >;hi ch 

time they may be generally suitable for employment. i :1 Developing 

Countri e:>' tanneries. 

D. CHROME 1hlillI!IG 

I~ has ;.f!en long accepted that the majority of c•.r,,me tannin[; 

tachnologie .. are somewhat inefficient, due t0 the low Le\·els of chrome 

fixed from the tanning bath, coupled with "bleeding out,'' of chrome 

in subseque:1 t 1irocesses. 

Whether ~rivalent chro1•1ium in effluent and 3ludr,~ h:c1s a serious 

toxic effect. t.e1:omP.s somewhq t. academic as in many coim t ··i es ·1ery low 

levels of c!,··<.riiurn are allowed to be discharged. A<'<'t!Jt.iri.g this 

si tuatlot• 1.' L.·comes impera Live for tanners to eval111nc t.i.tdr current 

sttuati<>r• an I decide how to minimise their chromium dis1~h·irges. 

l 
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Research, directed towards minimising discharge of chrome in 

recent years, has covered the three major·areas :-

High Chrome Fixation Techniques have been developed, generally 

ei .. ploying additions of dicarbo:xylic acids, which can yield up to 99% 
fixation of chrome offer with concomitant low levels of chrome in 

effluent. 

Recycling, used chrome float recycled to form basis of n.-xt tan 

bath ~pickle bath. 

Precipitation - chrome bearing liquors are collected, treated with 

an alkali to precipitate chromiUill hydroxide which, when separated from 

the supernatant, may be redissolved for use (or even discarded to 

controlled dumping site). 

The consultant believes that each of the three techniques is 

technically feasible, yields great economic advantage and lower levels 

of pollutant, has been commercially proven and accepted, and may be 

recorr.mendeci • Tanners must evaluate the most suitable technique, given 

their parti_cular circumstances. 

2. HIGH CHROME FIXATION TECHNIQUES 

Typical chrome fixation levels are quoted in a recent B.L.M.R.A. 

Study by Covington<39 >, who prepared chrome balances for some 72 

different packs of leather at 12 U.K. tanneries. He reported wide 

discrepancies in chrome fixation. These are summarised in Table VI. 

TABLE VI CHROME BALANCES (From Covington (39 )) 

Percentage of 

Chrome Offer in :- Bovine Tanneries Ovine Tanneries Leather Dressers 

Leather 55 to 79 48 to 95 52 78 
Spent Tan Liquor 34 14 27 1 41 25 
Samm Liquor 8 5 
Drail: Liquor 2 1 
Post Chrome Liquor 24 6 

TO'fAL 99 99 99 97 99 103 

The data in Table VI certainly supports the viewpoint that current 
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chrome tanning technology is o.ften inefficient from the economic 

viewpoint and confirms +.hat high levels of chromium may enter e.ffluent 

.from both the "spent" tan float and subsequent processes. 

Tanners are aware that chrome fixation is .favoured by :-

Short float 

Increased temperature 

Increased time of tanning 

Increased basification 

Decrease in neutral salts 

Employing these techniques it is possible to raise apparent 

chromium fixation levels to 80 - 85%, but the unutilized chrome is 

still at .far too high a level to satisfy discharge limits often 

imposed. Additionally the leather will be holding interstitial 

liquors containing unfixed chrome, which will bleed out in subsequent 

processes (s~ng, neutralizing etc.), revealing real chrome fixation 

levels lower than quoted above. 

Recent work, some patented, directed towards higher levels of 

chrome fixation has concerned the incorporation of dicarboxylic acids 

and their salts (aliphatic 4 - 6 c. atoms e.g. adipic and aromatic 

materials e.g. phtalic), into the chrome tannage. Such materials had 

traditio~ally been introduced into pickle and chrome tanning processes 

as masking agents. Luck(3B) reports on the efficiency of a new system 

employing the dicarboxylic material as a second phase addition to a 

chrome tanning process. The process, following a short pickle, is 

commenced with a low offer of conventional 33% basic chrome tanning salt 

and completed with addition of sel.f-basifying chrome tanning compound 

and dicarboxylic acid. 

Luck(3B) suggests a drum fonnulation for "particularly good 

exhaustion" is :-

Pickle 

Tan 

10 - 50% 
0 water at 20 C 

0·25% sulphuric acid 

0·6% formic acid 

3 - 6 % col'llllOn salt 

1 hour 

0·8% cr2o
3 

or 33% Basic Chrome tanning salt 

1 hour 

l 



add 0 · 7% Cr 2 o3 
self basifying tanning salt 

add 1·6% mole dicarboxylic acid/mole ~203 
Run 7·5 hours - end pH 3·9 - 4o0 c. 

Alternatively, in practice, Luck for hides suggests ~-

Pickle. 

Tan add 

20% 

3% 
water 

salt 

0·8% sulphuric acid 

ii hours pH 2·7 

4·1 % chrome tanning salt 33% basic 26% Cr 
2 
o
3 

Run 3·5 hours pH 2·8 

Add 1 • 8% patent self basifying organically masked 

chrome tanning salt 20% i.2 o
3 

(e.g. Baychrom 

2403) 

Run 8 hours 49 - so0
c 

Leave in drum overnight pH 4·0 

Such process is said to yield only some 0·7 g/litre cr2o
3
1n the 

residual float. Somewhat si'lli.lar higt chrome fixation is claimed by 

BASF employing 11!.mpenal DC" and Messrs Rohm propose the employment of 

a "chrome exhaust aid chem.icaln. 

Luck, arguing in favour of the "high chrome fixation" operations 

versus the efficiences of recycling systems (See III D 3 later) suggests 

that the major advantage of "high fixation" is that "bleeding out" of 

Wlfixed chrome fl'Cll hide (and any splits) in later processes is greatly 

minimised, as well as the more economic usage of chromium. Luck•s 

Paper (38) analyses chrome content of the residual tanning bath and 

subsequent processes, employing a typical recycling system in comparison 

vi th a "good exhaustion process", employing as an 8X8lllple hides together 

with their split, and reports as can be seen at Table VII. 

Luck rurther draws up a chrome balance for the tvo tannage systems 

which may be seen swmnarised at Table VIII. 

Certai.1117, on the evidence ot Table VIII the High Chrome Fix.a tion 

qstem would appear to otter a 75% turtber. reduction or chrome in discharges, 

(etnuent and solid waste, according to treatment qstem emplo79d) over a 

recycling system. 

l 
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TABIE VII CHROME OXIDE CONTENTS OF FLOATS (As Luck (38 )) 

(g/li tre Cr
2 

0 :} 

Process 

Residual Tan Float 
Retan Float 
Wash Float 
Fat Liquor Float 

Split 1st Wash Float 
Split 2nd Wash Float 

)rd Wash Float 

Recycle 

6·4 
0·94 
0·20 
0·20 

0·71 
0·43 
0·23 

"Good Exhaustion" 

0·7 
0·15 
0·08 
0·08 

0·18 
0·08 
C·05 

TABLE VIII CHROME BALANCE: - RECYCLE versus GOOD EXHAUSTION 

(Calculated in kg cr2o
3

/tonne pelt 

MATERIALS EMPIDYED 

Recycle 
New Material 

Total Employed 

In leather after tanning 16·0 

Residual Tan Flaa t 
Ex Liquors pile, sanun, split 
Ex Retan residual float 
Possible leechings from splits/shavings 

Total Unused Chrome 

RECYCLE 

4·4 
16·0 

20·4 

( 4·40) 
1 ·JO 
1 ·08 
0·81 

PROCESS WITH 
GOOD EXHAUSTION 

14·08 

14·3 

14. 3 

0·22 
0·14 
0·24 
0·18 

However, a caveat may be entered to point out that such proprietary 

processes, as are available today, may not be 100% suitable for all 

productions. Some tanners in Developing Countries have reported 

difficulty obtaining the high final temperatures required, possibly due to 

the small size of dl!WllS employed, with concomitant lesser levels of mechan-

ical action. The converse has also been reported, in areas of high 

ambient temperature, difficulty has been experienced in keeping below 

the suggested temperature levels. It is reported that some high 
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exhaust systems cannot cope with heavy hides, and in general, are 

not suitable in circumstances where a variety of tannages are employed 

to obtain variations in feel, softness etc. Thus if processing skins 

or light and medium hides, with a few standard processes only, the 

proprietary "good exhaust" process may be recomMended to yield lesser 

concentrations of Cr2o3 
in effluent. 'lbe savings in chrome offer would 

more than offset the increased costs of the patent materials. 

3. RECYCLING 

Traditionally pickling and chrome tannage ~re carried out in 

separate floats. Today however, in most tanner:.es, short non-

equilibrium pickles to which chrome tan is later added, appear most 

usual. Paddle pickling is however still often current practice in the 

processing of skins, and ~hus this simple form of possible recycling should 

be noted. 

a) Pickling 

An initial pickle liquor of :-

500% water 

50% salt 

5% sulphuric acid 

could be tested before and after use (when volume restored to original) 

using hydrometer for salt and simple titration for acid. It could be 

found that 

Initial Float Used Float Mendin~ Resuirement 

Water 100% 70 - 80% Restore to original level 

Salt 10% 9% 1% 

Sulphuric Acid 1% 0·8% 0·2% 

The necessary chemical additions to restore the liquor to original 

strength may easily be calct•.lated. 

Such simple pi(:kle regeneration - well within all tanners 

technological control - although not having a significant effect on 

major toxic materials in effluents can by reducing the salinity of 

tannery effluent prove environmentally acceptable, especially in 3uch 

areas where tanneries discharge to surface waters and downstream such 

waters are utilized for domestic and agricultural purposes, where 

salinity has negative environmental effect. The advantages of 

saving of chemical offer are self-evident. 
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b) Chrome Tannage Recycle 

'!be concept of recycling of used chrOlll!! tanning liquors was felt 

for long to be fraught with danger, as it was feared that of the many 

diffe:-1.ng chroma cwnplexes known to exist in the chro• tanning 

materials employed, some would be differential.17 taken up by the pelt 

leaving a residue of certain other canplexes and other constituents 

which would build up in the liquor on recycling. Such differential 

· uptake, it was felt, would lead to ever differing characteristics of 

leather fran recyc;led liquors. The work at C.S.I.R.O. Australia, 

published in the 170•s showed this was not so, and that for all 

practical purposes upts.ke of chromium complexes was effected equally. 

In 1 973 Davis and Scroggie published a nov classical series of 

Papers (40 - 44) covering lab...'lratory and tannery trials of chromium 

liquor recycling. Their Papei~s initially detailed a recycling system 

suitable for use l.'1 th en overnight equilibrium pickle <42 ), the used 

chrClllS liquor following screening was "mended" prior to use for the 

next pack. Later they published details <43 ) of a recycling process 

suitable for employment with short duration non-equilibrium pickles, 

vhereby the used chrome liquor was recycled t-0 become a pickle liquor 

for a subsequent pack. This system seems most likely to find 

commercial acceptance. The C.S.I.R.O. workers publishedC45) a later 

Paper based on tannery trials outlining the general requirements and 

problems cf chrome liquor recycling. !t>re recently B.L.M.R.A. workers 

studied and reported (46) on tannery chrome liquor recycling systems in 

actual use and their efficiencies. 

outlined below :-

The essence of these processes is 

{i) Reczcling of Used Chrome Liquors (to tannage) 

One of the major problems of simple recycling systaa is 

the low efficiency and erratic drainage of 1110st drwaa in use. 

Thus, a supposed "drained" pickled pelt pack in a drum could well 

be holding some 20% residual noat. Whereas after tanning the 

leather is remved .f'rOlll the drwll and allowed to drain, while being 

horsed tor 48 hours, thus each cycle will haw at its disposals 

all the tan noat plus, sq, 20~ of pickle carl'J over tloat, together 

with noat introduced with chroma liquor and basi.f'ication additiona. 

IVidently such increasing volume cannot be recycled and this sJ11te• o! 

di re ct recycling may only be partial. In other tanne17 s1 \11& tiona 
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facilities do not exist to recover into the collection system all of 

the noat which is discharged with the tamed goods. Thus again 

allmring only partial recycling. 

Fig. V below shows an outline of a typical basic recycle trial 

from one ot the B.L.M.R.A. tannery case studies. Brief perusal of 

the "original" viz-a-vi:z the "recycled" process should enable a 

technologist to appreciate the essentials. In each tannery the basic 

parameters must be determined by measurement and analysis (chrome 

content of liquor would initially require chemical analysis - once a 

system is operationally stabilized colori:metric methods of analysis 

could be suitable) • 

FIG. f 

ORIGillAL 

Add 71 ·4 kc Ch 
"dr. (JOS Cr

2
o

3
) 

• 21 ·I& kc Cr
2
o
3 

tonne hide 

200 11 t.rH residual 

1015 litre• t.o 
1tn1111nt • 
9·2 kc Cr2o3 

Add 715 
11 t.rH Wat.er 

(Al Arnoldi and CoYincton (L6)) 

~ 
Add 100 l 
Soda hh 
Sol11tion 
CSS) 

Add 57 kc ~ 
Pdr. (JOS cr2o3) 
• 17·1 kc Cr2o3 

1tn1111nt. 

t.onm hide 

200 lit.rel 
relidual 
pickle liquor 

10TAL DISCIWIQI 
1015 lit.re 

lil&O lit.NI • 
4·0 kc Cr

2
o

3 

lae;rcle 
575 lit.re• • 
5·1 q Cr2o.) 

STORI 

ham ne. V it MT be seen tiwt recJ'Cl.1.ng wae at the level of 

57%. This was reportedly due to the loss of 43% of liquors at the 

tannery, while the hides were being discharged froDl the drwn. Given 

lllOre efficient liquor collection higher levels of recycle may be 

effected, remembering, as noted above, the inability to recycle 100% 
float. Such 57j recycling a.7 be a t;ypical level of achievellll!!lnt in 

an exiatePt tannery where makeshift engineering work has been employed 

to allow such recycling. Given a new plant more efficient drainage 
+ 

and collection e19tems could raise the recycle level to - 80% of total 

noa t discharged. 
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The recycle system shown at Fig. V would effect :

a 24% reduction of ne-« chrome offer 

a 57% reduction of chrome discharged. 

(ii) Recycling Used Chrome Ll.quors to Pickle 

The process detailed by Davis and Scroggie(44) (45) was :-

Initial pack 

Add 

Add 

60% water 

6% salt Drum at 13 r.p.m. for 10 minutes 

1 ·6% sulphuric acid (6.5%) 
O·J5% formic acid (85%) Drum 110 minutes 

2·25% Cr2o3 (Sugar reduced J8% basic) 

Drum 7 hours 

Basify vi th soda ash in two stages over 4 hours 

The spent chrome liquor was then discharged from the drum -

run into a storage vessel via a coarse wire mesh screen. 

of chrome, salt etc. was then carried out. 

Subsequent packs 

Analysis 

"The residual chrome liquor from the preceding run, after 

additions of sulphuric and formic acids* was used to provide a 

new pickle float :-

1 ·6.5% sulphuric acid (6.5%) 
** 0·28% formic acid (85%) were added, 

after running two hours the calculated reduced chrome offer was 

given (following analysis of recycled bath)." Davis and Scroggie 

reported recycling over 80% of the used bath and found in their 

trials, chrome needed was 78't of original offer. 

Sharp(47) described a recycling system in practice where spent 

chrome liquor is pumped from hide processor, via a self-cleaning 

screen, then to a storage tank for cooling. Some two-thirds of 

the float is recycled, the balance discharged to effluent sewer. 

He emphasized that when the system was installed in 1975 it was 

based on economic advantage not environmental considerations. 

Acid required for mending will be dependent on levels of basitication 
employed during tannage. 

The reduction in offer of formic acid was to avoid a build-up of 
fonnate ion concentration or highly masked chromium complexes in 
recycled liquors. 

l 
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Arnoldi and Covington<46 ) studying processes employed in U.K. 

tanneries found 70% of float recycle possible with 25% savings of 

chrome offer as may be seen in Fig. VI. 

FIG. YI ClllOME RECYCLING 10 PICIU: FLOAT (As Arnoldi and Co•ington (1.6 » 
OlIC!lllAL 

1 tonne hide 

200 11 t.re5 residual 

liquor • 60 kg 

ult 

?ickle 

Phase I • Pickle 

• 700 1 rec7c e 
liquor • 10 1 

~ 

pickle acid • -----1 
5 kg Cr2o3 

Pha 5e II • Tan 

1Add 60 kg 
Chrome powder 
drJ • 15 kg 

Cr
2
o 

DRUM 

1 tonne hide 

910 litres 

Bu1t1cat.1on 1--+---" 
Solution 

• 100 lit.res 
Basi!ication 
Solution 

Pickle 

achar&• 1010 l 
o ernuent. • 
·1 kg cr

2
o

3 

Oischal ge 
)10 l to 
Etrluent. • 
2·1 kg Cf' 

700 lit.re• 
re eye le 

~ven with the 70% reduction in discharge of chrome to the 

effluent the B.L.M.R.A. workers suggested the contribution to chrome 

in the effluent of such recycled process was 55 mg/litre Cr (111 ). 

One further advantage of recycling spent chrome liquors to the 

pickle process is that salinity in the effluent is greatly reduced. 

The principle of employing a 1iquor contain:!.ng chromium as the 

pickld float is that, given nonnal conditions, the acid and salt from 

such liquor penetrate the hide faster than the larger chrome complexes, 

thua the pelt should be neither swollen or over-reactive when the 

chrome contacts the pel~. 

re en 



-
-50-

Note regarGing operation of recycling systems 

F.mploying the process outlined above there will be a 

sifYrl.ficant alteration in concentration of neutral salts. 

Initially the residual chrome liquor will contain high chloride 

content (from the camnon salt pickla), this will decline during 

the recycling process, and be replaced w1 th sulphate entering the 

system as a constituent of the chrome tanning salt. 

~40-

~ 
~30 
a -
0 
~ . 
I! 20- x ... c: 

J 10-

na. TII - COIClll'l'RA Tltll or 

•· 

x 

SALTS DlllDG CHllOlll LIQWll 
(20)) uc?CLDIO. (Fro• SlabbH't 

• • • • • • • 0 • 
~ . . 

x 
xxxxxxxxxxx 

2 4 6 8 10 12 14 
0 CJ'Cl• l(o. 

Sulphate content 
X Chloride content. 

Sl.abbert at L.I.R.I. (20) 

confirmed the change in neutral 

salts concentration (see Fig. 

VII) and reported savings of 

15 - 20% chr()Jl)e tanning agent, 

in addition to 1 00% of common 

salt. 

:.s mentioned earlier the 

ideal situation would be ~here 

provision was made to collect 

all spent chrome - from tan bath, 

hid.as being hauled, drainings 

from horsing and sEJnDJ.ying and 

later processes. 

However, in most tanneries such is not possible without complete 

re-engineering. In most situations one must endeavour to collect 

the significant volumes, at minimum main float draining and samnying 

liquors so as to justify the extra controls required, and earn 

sufficient of the rewards of lesser cheJld.cal inputs. 

Recycling requires some regular control and monitoring; 

initially r.iost liquors require analysis. Once the system has 

stabilized, control may be generally by way of simple tests, with 

only occas~onal need for full analysis. The pH and specific 

gravity will give guidance as to the acidity and salt content. 

Some of the problems associated with recycling are discussed by 

the C.S.I.R.O. workers (45), they suggest that some minor acid 

swelling could occur during pickling and tanning it improperly 

controlled, due to incorrect salt concentrations. They suggest 

that " •••• control of ::ialt concentrat.ion in the recycled liquor at 

a level which restricts the swelling ot the pelt to the same levl!l 
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as in a norms.l process is critical", deViation from such cor:r€:ct 

salt concentration may be due to :-

:- poor drainage of the pelt prior to entry of pickle 

liquor may cause overdilution of salts present. (If drainage 

not controllable may adjust salt content by addition of sodiwn 

chloride 1 - 2% following tests of specific gravity). 

:- chrome tanning product employed may contain insufficient 

sodium sulphate to keep total neutral salts at safe level to 

repress swelling. Proprietary chrome tanning products vary 

in sod.i.wn sulphate content from J - JO%. (DBvis and Scroggie 

in their work utilized a product containing 24% N~so4 and with 

this automatic neutral salt addition found the neutral salt 

balance easy to maintain.) (The B.L.K.R.A. process study(46 ), 

outlined at Fig. VI possibly utilized chrome products with lesser 

sod.iUJll sulphate content, necessitating the cyclic "mending" with 

COl'IDIX>n Salt) • 

:- for recycling floats of 70 - 100% were recommended, 

employment of ultra low floats, e.g. JO%, for recycling were felt 

to raise problems as the addition of liquid chrome offer and 

dissolved basification additions could have serious dilution 

effect on.the neutral salt content. 

NOIE: The mending of pickle/chrome liquors is possibly best 

accomplished in a holding pit so that at the contact of pelt/ 

liquor a nonnal safe salt concentration is available to avoid 

swelling. If it is wished to prepare the liquor in the drwn 

normal precctutions must be taken·to first add the salt. 

(iii) Recycle of Chrome Liquors - Precipitation 

The two systems of liquor recycling outlined above will 

necessitate the technologist altering, to a considerable extent,.: 

his technology as well as civil engineering works. An alternate 

approach requiring little adju:Jtment of technology is to continue 

with a normal clirome tannage•- Collect max:1Jnum volwne of 

substantially chrom bearing liquors. (Float, drainings, sammying 

extractions and possibly 8ll7 preneutrt.lization wash). The isolated 

chrome bearing liquors are treated with an alkali to precipitate 

the chromium in the hydroxide !orm. Fran this point there are 

two possible means to utilize the chrome :-

l 
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:- The hydroxide sludge may be pa::;seu Lu a fi.liA::r IJ1·1;:::;::;, 

the cake so for-med may then be redissolved with sulphuric acid and 

reused. 

:- The liquor may be left widisturbed overnight, virtually 

"chrome free 11 supernatant may then be drawn off and discharged to 

the effluent stream and the remaining settled hydroxide sludge may 

be redissolved with acid in situ and subsequently reused. A 

schematic outline of the process may be seen at Fig. VIII. 

HORSING SA.MKYING 

[J- o' 'o 
FIG. VIII 

SCHEMATIC U !OUT FOR SIKPUFIED 

CHRJME PRECIPITATION - RECOVERY COIJ.ECT CHROME llEARIMG LIQlX>RS VU DRAINS OR 

CIWOO:LS 

PRIMARY 
CATCH PIT 

SCREEN 

CHROME 
RECOVERY 
PIT 

-- Add Alkali 
Screened to H 6 . S 
ChrDl!le p 
Liquor -- ~ 

..__ _ __,Kn 

Chro111e 
Free 

Pwllp to 
Tan Dl"\1111 
or holding 

l'ul11p Off _j Acidify utank 
Supernatant Sludge i 

---+ to ---+ 
Leaving :eHl!OME·" : Dissolve 
Chro111e - · 

Leave Overnight ?recipi ta te 

NOTE: 1 Ref: Precipitation of Chrome from Spent Liguors 

The alkali utilized for precipitating the chrome in spent 

liquors may be dependent on the subsequent recycle system. 

Constantin and Stockman(4B) found that hydrated lime was "the 

most effective precipitating agent" such "lime precipitated 

chromium hydroxide reacted favourably with flocculants to fonn 

a large, sturdy, settleable floe. They also found 11an anionic 

polyelectrolyte, Nalcolyte 677 (NALCO Chemical Co.) was optimum 

at 20 - JO p.p.m." This work appears to have been directed towards 

ease and efficiency of tre~tment in a filter press. 

NOTE: 2 As the employment of expensive filter presses does not 

appear essential this Paper, directed towards Developing Countries, 

will concentrate on the alternate technique of redissolving thB sludge. 
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T.N.O. workers however reported(471 that ••••• "Magnesium 

oxide turned out to be the most attractive precipitant, giving 

compact precipitates ( 1 CJ/, Cr 2 0 J :h wet precipitate), a high 

sedimentation velocity (0·25 m/h)" .•• together with low re~idual 

concentrations of chromium in the supernatant liquor (.5 mg/l). 

A more recent paper by workers from T .N .O. (.50) again 

recommended magnesium oxide as the precipitating agent, when 

there was to be in situ separation by decantation. They suggest 

that comparable results may be obtained employing sodium hydroxide 

b~t the additions need to be added slowly - over 10 hours. 

As a large excess of magnesium oxide is required to reach the 

optimum pH of 8·.5 they suggest that the most effective method is 

to precipitate the first 80 - 90% of chrome employing magnesium 

oxide. This is fellowed by slow addition (over one hour) of 

sodium hydroxide solution. The T.N.O. system is outlined(50):-

'' •••••• The chrome bearing liquors are passed through a grating to 

remove coarse insoluble material and collected in a pit, kaolin is 

added (1 kg/m3) and the suspension mixed and pumped to a sedi

mentator (Dortmund Tank - see Chapter IV), here the fat and fibres 

present rapidly settle vi th the kaolin and the clear supernatant 

may be draPn off to a treatment tank. 80 -90% of the theoretical 

amount of magnesium oxide is added as a 50% aqueous suspension. 

After one hour stirring sodium hydroxide is added slowly to pH 8·5. 

Then the suspension is left to rest overnight \o:ith a vie\-1 to settling 

the chromium hydroxide. Next morning the supernatant liquor which 

is nearly free ( l'V 2 g Cr/m3 ) of dissolved chromium is drained 

through a decantation pipe. 11 ••••• 11As soon as the quantity of precipi

tate is so le,rge that there is no room left for a ne\.' charge of chro!Tl3 

liquor, the precipitate is dissolved in sulphuric acid. Because of 

the production of heat of hydration and neutralization, cooling is 

essential. After dissolving the chrome liquor is diluted to the 

calculated volume and transferred into a storage tank to be recycled 

to the tanning process 11 •••• 11 The amount of sulphuric acid which is 

needed, as well as the end volume of the chrome liquor, are directly 

proportional to the amount of magnesium oxide and sodium hydroxide 

used for precipitation." 
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The clarification sub-process employing kaolin 111&y well achieve 

superior results, however, it does entail a sedilnentation vessel to 

be specially constructed and technically acceptable results have 

been reported without such clarification. 

The use of a patent form of 118gll8SiU111 silicate as a clarifier 

during chrCllB recycling is reported (Sl) to give good results at the 

Wolverine Tannery in the U .S • .l. Such process could be carried out 

without a sedi.Mntation tank - just employing pump-over of super

natant liquor into another pit. 

HOTE: .3 - The proposers of the high chrome fixation processes 

discussed earlier suggest that the major advantage is that the post 

tanning spent baths contain low levels of chrome. However, 

Langenrerf and Pelckmans(SO) suggest that "high chrome fixation" 

processes can still yield over 200 g/m.3 chrome due to suspended 

fibres containing chrome. The system of precipitation and settlement 

of used chrome liquors, outlined above, would eradicate such chrome 

from the major chrome bearing liquors. 'nley suggest that the retan 

and other chrome bearing liquors may be treated to a special chrome 

flow sedimentation trea t.ment to yield a clarified Uquor of low 

Cr
2
o
3
content. {See Chapter IV). 

NOTE: 4 - Employing the low installation cost of precipitation, 

relllOval of supernatant and direct in situ dissolving of chromiUJ11, 

van VliJrneren in 1979 calculated savings for a daily input of 25 

tonnes rl/S hide :-

Value of recovered chrome p.a. 

LESS Cost of chemicals D.M • .37,000 

Labour (1 man) 

NET SAVING 

D.M. 29,000 

66,ooo 

D.M. 2.32,000 

D.K. 166,000 

Thus at 1979 prices in a tannery processing approx1.Mte:7 

1 ,000 hides a day, annual savings of D.M. 166,000 (approxi.llatel7 

U.S.$ 70,000 per annum ) could be directly achieved. 

In the European context where effiuant charges relate to 

strength of constituents, the savings due to chrma removal wollld 

be five or six times the above &lllOUilt. Higher levels of savings 
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could be expected in Developing Countries due to higher cost of 

chromium. and lower labour costs. 

E VEGETABIE TANHAGE 

Although vegetable tannages have declined in importance in recent 

19ars, there is still a vi.de general usage of both complete vegetable 

_tannage and mixed chrome/vegetable, vegetable/chrome and vegetable/syntan 

for certain end-uses, and in several geographic areas vegetable tannage 

is the major process employed by domestic tanners. 

With regard to effluent, vegetable tannins have been stigmatised due 

to their possibility of foming dark coloured precipitates, when in contact 

w1 th metals and their resistance to biological breakdown. However, in 

mitigation, it must be recognised that they have not created undue 

adverse criticism, as they are naturally occuring products (albeit 

concentrated for tannery usage). 

THe traditional countercurrent pit systems were to some extent 

self-regulatory with regard to effluent characteristics, as when liquors 

were discharged they were almost spent of tannins. The more recent 

attempts to speed up processing employing higher concentrations of tannins 

in drums have possibly led in some cases to more concentrated effluent 

discharges. 

Due possibly to the decline in importance of vegetable tannage, 

limited research work only appears recently to have been expended in 

elaborating vegetable tannage processes with minime.l effluent. In the 

field of sole leather tannage the L.I.R.I. process is now universally 

accepted as the basis for a virtual "no effluent" process. Although 

even with the Lirltan qstem minimal levels of tannins may enter the 

effluent frail post tan washing and .tilling operatione, such concentrations 

will be tar lower than would be obtained when actual tan floats were 

discharged. 

1. OOLE LEATHER 

Shuttleworth (52 ) and others have described the Liritan "no effluent" 

qstem ot sole leather tannage. The S)'Stem propoaed and pruven in 

practice, is to condition the hides so that the;r ma;r be ontered into a 

high strength tan bath, allowing rapid penetration and fixation without 

overtann.1.ng the grain layer, this is followed b;y tannage in a closed 

l 
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circuit of controlled pits. 

a) Conditioning 

Is carried out follmd.ng deliming, employing a mended 

bath in pit or paddle for up to one day 

Original Condition Bath:- 5% polymeric pol:n>hosphate 

2% sulphuric acid 

When goods are removed the liquor is mended with : -

2·5% polyphosphate 

1·25% sulphuric acid 

and is read7 for the next batch. 

b) Tannage 

The conditioned hides are suspended in ttle last of a series 

of pits ( 6 - 1 0), daily or otherwise moved up the series. The 

time of tannage may be 2 - 6 days according to substance. pH is 

held at circa 3·5 constant temperati.Jre = 35°c, liquor is kept at 

100° BK (13·1 Baume), and liquor circulated around the circuit so 

as to change every 4 - 6 hours. 

The process is shown diagrammatically at Fig. IX. 

The concentration of tannins is kept constant by additions to 

the mending pit - extract may be suspended in sacks to allow slow 

augmentation. 

Extract. 
tor -
Mending 

LIQOOR YIJJrl 

~ ~ IC:! 

TAN TAN TAN TAN 

PIT PIT PIT P I T 

jl.e&ther -- ~Leather---)Leather- .... ~ 
Handinc Pit 

no. IX L.I.R.I. "RO EFFLUlliT Ill~ TANNING SISTEK (Re!: .l!ter<11 » 
Following a wash the goods may be filled etc. as required. . . 

Some tannin will be present in the wash liquor, part of which could 

be used to recharge the level of the system to replace lost liquor 

w1 thdrawn w1 th the goods • 

--1 
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Similar closed circuit "no effluent" tannage systems have 

been proposed employing syntans as "conditioners", these may 

not be as economic as the LIRI system, but cculd yield equally 

low concentration of tannin in the effluents. 

2. KIP PROCESS 

No commercially 100% effluent-free light vegetable tannage has 

yet been developed. A low concentration of tannin in a Liritan 

type circuit could possibly reduce tannin in effluents, but such process 

may be unduly lengthy in time • Of the current processes a minimal 

discharge of tannins could be obtained from a short float rapid drum 

process, as proposed by Atkinson and Scowercroft(5J). Following 

delime and bate :-

light Pickle 60% water 

6% salt 

0·6% sulphuric acid 

Drum until penetrated and equilibrium reached 

Condi ti on Add 0·25% Cr
2
o

3 
(1% commercial chrome tan salt) 

:Crum until fixed 

Jrain heavily 

Main Tannage 
A1d to the hides in drum ¥ithout float 

Run t hour 

Run 1 hour 

Drain. 

6% Spray dried Mimosa Extract 

9% Spray dried Mimosa Extract 

25% 
0 

water at 35 C. Run 2 hours 

5% Spray dried Acidifi~d Mimosa Extract 

Run until penetrated, approximately 5 - 8 hou~s, 

depending upon average weight of the skins 

Wash 

Bleach 

Oil etc. 
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To minimise pollutants in effluent, the JO% float on 

horsing up draining could be recovered and reused in lieu of 

the tan/water addition for the next pack. 

Such process could be applicable to other spra7 dried 

tannins end is suitable for skins and light/medium bides with 

tan of:fer being adjusted to suit hide substance and end-product. 

F. COSTS OF INTRODUCTION OF RECYCLING AND OTHER TECHNOIDGIES 

With the wide disparity in cost of equipnent, piping and civil 

engineering from cCJUlltey to countey it is impossible to suggest even 

budget prices for inste.llation of recycling systems. At minimum a 

crude basie non-automatic system such as shown at Fig. IV earlier 

could be installed for less than US$ 1,000 for a 1 - 2 drum unit. 

Virtually only a piunp, piping and collection pit are essential, ljhereas 

a more sophisticated unit for the same purpose could cost upwards of 

US $ 10,000. (See Annex IV - Pl.ant and Equipment Available for 

Tannery Effluent Treatment Projects). 

However, provided that the level of sophistication of such 

recycling system is concommi. tant with the tanneries available human 

resources it may be fi:rmly stated that the rewards of recycling are 

rapidly obtained. It is reported (66 ) "According to the size of the 

Tannery, the payback time of recycling equipnent can be between 1 i - 2f 
years for lime recycling and f - 1 year for chrome tanning floats". 
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CHlPl'm IV 

'l'Bll'l'MIHT OF TAHHIRY U'FLOEHT 

A IHTRODUCTIOI 

1 BlCKGBOUND 

Frail the foregoing chapters it J1Q' be appreciated that the pollutants 

preaent in tanner;y ettluent 11&7 be appreciabl.7 reduced b7 implementing 

mre enviromantal.17 sound technologies. It is telt that in most 

s1 tuationa a reasonable environmntal standard 'llJA7 be achieved b7 
coupling such "better enviroment&l processingn with the nmoval. of' 

specific, possibl.7 taxl.c, •terials, e.g. sulphides and chromium. The 

residual ef'fiuent floaa such pretreatmnt v1ll then onl.7 be significanU,. 

characterised bJ" a high B.O.D. load. 

In llaJJ7' circUJl8tances, the dilution ai"f'o:rded b7 the recipient, ma7 

be able to cope vi th such partiall.7 treated load vi thout lmiue ecological 

disturbance. In situations vbere the recipient does not afford 

suf'ficbnt dilution it is suggested that siJlple, relativel.7 lov capital 

cost procesaes, 911Pl0Jing Pb7sico-cbeld.cal aedimntation techniques may 

prove satis!actor;y b7 removing 85 - 95% of' suspended solids together vi th 

45 - 7~ of' the B.O.D. Wblre local c:ircUJl8tances dictate that further 

treatmnt is esM11tial a biological treatment is outlined aplo;Jing an 

m:id&tion ditch, possibl.7 the siJlplest and 110st robust seconda17 treatment 

11781:.a, prnven in tannel'J" e!fiuent treatMnt. 

The consultant is ld.ndful ot the need to allow low-cost implemntation 

of' tann.17 etnuent treatmnt plants and attempts to give the basic system 

p&nMters onl.7 and usum1 that actual 1.Jlpl.eMntation will involve 

wexj.,. local construction, emploJing most suitable available low-cost 

d~stic •terials. A lli!tUma of' •illported technology" and plant on17 is 

recc•1ncted, and for such 1.llported it.ems, as &N felt nacessar;y, a possible 

1982 guicl9 price is quoted in this chapter. Howeftr at Annex IV a more 

mtailed reTiw of' Plant and lquii-ent available vi.th budget prices of' 1984 

•7 be found. 

2 S'ltiTIGY 

Tb.is Paper accepts tbl philoso])hT that in 110st Developing Countries 

1 t is J10re realistic to install an •ui.17 run reliable trea t.Mnt plant to 

remove up to 75% of' pollutants at moderate cost, rather than attempt to 
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in a sophisticated plant, beyond the technolJgical expertise available, 

with a distinct possibility that within a few months such tender plant 

will be inoperative. 

3. LOCATIONAL ASPECTS 

The system to be installed at any particular tannery will be 

governed by the size of tannery, its throughput and volume and 

characteristics of effluent, the tannery's position viz-a-viz major 

areas of domestic habitation and the flow and condition of the recipient 

waters. No definitive parameters are available to guide such selection 

as actual choice of system to be implemented may only be made after an 

"on site" analysis of local circUJ11stances. This Paper may, however, 

provide pointers to aid such selection, by local personnel, and will 

briefly review certain pertinent areas of interest. 

N .B This Paper is specifically directed towards the needs of 

Least Developed Countries and in such circumstances it is assumed 

that tanr.ery effluents will be discharged to surface waters (rivers 

or lakes) as P.O.T.Ws do not exist, except possibly in the centre 

of major or capital cities. 

In the discussion in this chaptei· it will be assumed that the 

tannery is producing a mixed effluent (chrome tanning) with 

characteristics similar to those sho'Wll at Annex I, with a 

utilization of circa 45 litres/kg water, yielding suspended solids 

of 3,300 mg/litre and a B.o.n.5 of 1,300 mg/litre. Where effluents 

are known to have different basic characteristics the necessary 

adjustments will need to be made. 

a) Recipient 

As shown in Chapter II, cal~ulations have shown that "to meet 

the water quality standard to support normal fish life a receiving 

stream should have at least a now of 6 m3/day stream now per kg 

of hide processed/day".(l) 

Assuming utilization in the tanner;y of 45 litres/kg hide it 

may be suggested that 6 m3 (6,000 litres)/day stream now can 

support 45 litres tanner;y etnuent/day (i.e. a dilution ot 133 fold) 

without undue ecological disturbance. 

l 
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A discharging tannery may .feel it is not causing local 

problems i.f the recipient has an e.f.fective dilution (all year round) 

over 1JJ fold, without other significant local effluent discharges, 

and could enhance its position by taking positive steps to reDK>ve 

the major two materials which have some potential toxicity (sulphide 

and chrome) • 

rr the dilution afforded by the recipient is less than 133 £old, 

or if others are also discharging industrial effluents locally, 

the ef'fluent will need treating to proportionally lower the 

conc~ntration of pollutant. 

b) Joint Treatment Systems 

The economies of scale £or effluent treatment plants are quite 

large and if there are several tanneries within the locality it may 

be cost-effective to install a joint treatment plant. 'lbe 

possibility of having a joint tannery:municipal treatment plant 

could also be investigated in some locations. Economies of scale 

have been reported(l) suggesting, in the U.S.A., a six-fold reduction 

in capital cost, per unit, for a twenty-fold increase in tannery 

throughput. Data for India(l) showed al.most a halving of unit cost 

with a ten-fold increase in throughput. 

c) Locale 

The question of the tannery's location in possibly densely 

populated urban areas or sparsely populated rural areas may influence 

·the choice of technology of effluent treatment. In rure.l areas 

space may exist for lagoons and other operations, whereas in urban 

areas space may be limited. Possibly of equal significance in 

urban areas is the question of noise - some treatment systems 

operating 24 hours a day may produce significant noise levels 

(aerators etc.). However such noise may be limited by choice of 

alternate technology, i.e. imlnersed aerators which are quieter 'IYIB.y 

replace floating aerators, and in any case, must be balanced against 

any iMprovement in IIeneral environment, if the noxious odours, ass

ociated with some tanneries, are removed. 
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B PRIMARY TREATMENT TECHNOIOOIES 

To impleMnt even basic etfiuent treat.nt technologies it appears 

essential to have, at sOll8 stage, the tanneey liquors segregated 1llto 

three streas 1-

LiM Liquors (speci!ical.l.J' sulphide bearing liquors, includ!ng 

water trClll fleshing and first del.1.M wash). 

Chro• Liquors (including liquors trom p1Ung and slmQing). 

Other Liquors 

Screening 

Prior to discussion of treatMnt ll)'Stems it JIUSt be noted t.hat it 

is essential to ensure t.hat all etnuent streU1S are screened in so• 

tors to remove the large trapents which will othendse block pipes, 

pumps and gullies • 

1 series of locally produced screens may prove efficient. '11lese 

could be a series or two or three, ranging fl'Oll a bar grid vi th apertures 

of S cu. down to a tine •sh of 0 • S cu. Such cheap local.17 produced 

screens would require regular cle&ning (possibly a J1an permanently on 

duty). 

A variety ot "selt cleaning" screens of patent wedge wire construction, 

are now available (Bauer H;rdraaieve tJpe). When correctly supplied such 

tmits are most economic and efficient, but it lll1St be noted that Jll81lY' such 

tmits installed, possibly due to vrong specification, still need regular 

l'Jl&Jlll&l cleaning. 

(Possible cost - 1 a2 screen surface, (spacing 

fiov at circa U.S.$ J,000). 

1 -> • 6 - 18 a
3/hour 

In practice, more efficient, maintenance tree, operation appears to 

be obtained frc:a the "brushed screen•" (Farlarood tn-). ilthougb 

such units uy require greater fioor area, and a powr supply for the 

motor. 

(Possible cost 1 •2 x 1 • 0 m.: ~ 1 ·6· • pertoratiom. 30 aJ /hr tloW • At 

circa U.S.$ J,Soo). 

-1 
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il though employi.ng IJ'Bvi ty where possible, in the majority of 

effluent treatment plants, the liquid must be pumped at least once during 

treatment. There are a vi.de variety of suitable pumps, but it must be 

noted that, even following screening, there may be a significant volume 

of small fragments, and it is essential. that pumps are designed to handle 

such mterial on a continuous basis. 

1. tnm/SULPHID! LIQIDRS 

Although the sulphide content of tanneey effluents, if we.1.l diluted, 

has only' margina:L effect on recipient water, there is little doubt that, 

given the malodorous nature and potential toxicity of ~S gas, all efforts 

should be expended to separate sulphide bearing liquors and treat them to 

greatly lower the concentration of sulphides. 

a) CatalftiC Oxidation of Sulphides 

The techniques for catalytic oxidation are now veil established. 

Bailey and Humphreys in 1967 published a Paper (54) outlining a simple, 

low cost, technology to ~mve sulphides by aeration in the presence of 

a mariganous catalyst. The process, a batch system, has been 

widely refined and proven in a multitude of tanneries. It is 

normal to carry out the process daily to avoid odours from storing 

old liquors. 

The original proposal by the B.L.M.R.A. workers utilized tall 

towers (up to 5 or 6 m high) with the necessary air being introduced 

at the base. The diffused air was supplied from a relatively 

cheap, Rotal"7 Vane Air Blower working via a network of standard 

activated sludge, Sintered Alundun de111e diffusers. B.L.M.R.A. 

work suggested that the aeration int.enai ty should be of the order 

of 0•3 m3/m1.nute per m2 of tank cross section. »nploying a 
++ catalyst concentration (manganous sulphate) of 100 mg/litre Mn , 

aeration for 4 - 6 hours, reduced the sulphide level from 2,000 mg/ 

litre down to 20 mg/litre s·. 

It was origiDal.ly suggested that as the catalyst was soluble it 

could be introduced undisaol ved to the 878tem. However, more 

recentl.7 others suggested greater eft1cienc7 could be obtained if 

<::::s 7 • 

l 
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the catalyst was previously 

dissolved in water(55). 

Reports have been published (56) 

showing use of lower levels of 

catalyst, T.N.O. apparently 

obtained good results with 
++ 44 mg/litre Mn • 

With a grid of dif.i'users 

at JO cm centres the B.L.M.R.A. 

original work suggested each 

diffuser would need some 2·0 

m3 /hour air. A major 

advai1tage of a blOl.rer:diffuser 

system is that costs (capital and running) are low and the small 

b:.ibble aeration has a relatively high oxygen transfer efficiency 

(12 - 20%). 

(~ossible cost of an air blower to supply up to 200 m3/hour is 

(U.S.$ 1 , 000 and dome or candle diffusers only some 

U.S.$ 20 each). 

Although in some employ:nent the quartz (silica) diffusers are 

described as "self cleaning", this is not so given the high suspended 

solids of a used lime :iquor, and if the diffusers are left inoperative 

in a lirre liquor they ~"ill need regular cleaning to overcome clogging. 

If air is being b}own in at all times when liquor is present this 

problem may be a·:oid.:d. 

It may also be possible to pass the liquor through a sedimentator 

prior to the cat'llytic oxidation - Lhis would lower the suspended 

solids in the liquor bei~5 -::-qated, to ease problems cf clogging of 

diffusers, but the suspended solids tn the sludge so extracted would 

still be sulphide contaminated, and r~ove more difficult to dispose 

of. 

During the catalytic oxidation process some foarr.lng may occur. 

(Mobilpar W was found in the initial B,L.M.R.A. trial3 to be a 

suitable anti-foruning agent. Practical operators have suggested 

the employment of a limited applies ti on of kerosine). 

l 
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More recently catalytic oxidation has been carried out 

employing surface aerators or robust submersible aerators. The 

choice of aerator will depend on local circumstances. 

Surface turbine type aerators, being very robust, but quite 

noisy, are simple to install - usually float mounted and anchored 

to three lugs on the vessel's periphery.. These are not subject 

to clogging and are certainly most suitable for large volume 

catalytic oxidation systems ( ) 100 m3); are said to have oxygen 

transfer rates of circa 1 - 2 kg oxygen per kw/hour. 

(Possible cost 1 h.p., smallest available, = circa U.S.$ 6,000. 

7·5 h.p. circa U.S.$ 15,000). 

Immersed aerators, with aspirating tubes, are appreciably 

quieter than surface aerators and may be employed within a tannery 

where perhaps an existent pit is converted to be a catalyti~ 

oxidation vessel. Oxygen transfer is reported at ) 2 kg 

oxygen/kw/hour. 

(Possible cost 2·5 kw (smallest model) circa U.S.$ 3,50J. 

20 kw circa U.S.$ 12,000). 

!lS.;..!l CA':' AL Y1' IC OU DA TION 

(IMMERSED W' J.. TOR ) 

ft ' ; ( t ' : ~ 
\l \ I ' I 

' ' : I ·, 
( \ \ , I 1 I 

I \ \ / / 
/ /. 

I , 

II I 

NOTE: 
Process vessels may 

be rectangular or round, 

constructed of suitable 

locally available 

materials. In some 

circumstances, in circular 

vessels, vertical baffles 

may give improved performance overcoming the prcblem of the whole 

mass of liquor swirling in the vessel. Volume of vessels is 

governed by collectable sulphide-bearing floats, employed allowing 

some 20 - 30% freeboard to c·ontain any foaming. 

The size of aeration system may be calculated crudely, even if 

no analysis is available. Thus, knowing initial offer of sulphide 

could assume 50% available for catalytic oxidation. 111 gm 

sulphide (S•) corresponds to 3·94 gm tech.ni.cal Na2S (62% pm."'8)"(ll). 

___.. --...-·--
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Calculate sulphide content. To oxidize 1 kg of sulphide needs 

0·7S kg oxygen (From 11 ). Thus, (see earlier) can calculate 

kw installed requirement. Assume batch process of 4 - 6 hours 

convenient. 

il ternati vely, may calculate air volume required from blowers • 

1 m.3 air .. O • 26 kg oxnen. If transfer efficiency is 1 2% 

1 m3 air • 0•0.34 kg oxygen 

ie JO m3 air • 1 kg oxnen. 

The catalytic aeration system of oxidation as outlined above 

suffers from one major <1isadvantage • The oxidation does not proceed 

fully to the sulphate f onn. It is reported to oxidise to the 

thiosulphate fom which then decomposes into a balance of sulphur 

and snlphi.te. If the liquor so tx-eated is al.loved to stand for 

some time sulphide is again formed and ~S could be generated. 

A recent presentation on this subject(S?) outlined practical 

experiences in this area. Stevens, treating all sulphide bearing 

liquors (i.e. up to pickle) found that with the large volmnes being 

handled a catalyst level of 50 - 75 mg/litre manganous sulphate 

reduced sulphide content from 600 ppm down to 5 ppn given Jt • 4 hours 

aeration. An air supply of 400 cubic feet of air/minute (660 m3 I 
hour) was satisfactory for the 90 m3, initially with 600 mg/litre S:. 

He reported pH 10·2 as being optimum pH for the treatment and suggested 

that at such pH level no reversion to sulphide was encountered. When 

however the pH of the aerated liquor was reduced to pH 6·5 - 9·0, to 

satisfy discharge requirements; reversion to sulphide occurred. 

Other reports(56 ) have suggested •••• "that reconversion to sulphide 

only occurred when the aeration time was less than 16 hours.n 

Thus such simple catalytic oxidation is suitable for use when 

the effiuent will be discharged rapidly or passed to a further stage 

of process where free oxygen is availaole. Such catalytic oxi.dation 

may not be suitable pretreatment for liquors which will be passed to 

anaerobic lagoons etc. 

b) otuer Sulphide Eradication Systems 

(1) Chemical Oxl.dation 

The treatment of sulphide bearing liquors b7 simple 

chemical oxidation techniques has been attempted employing 

l 
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hydrogen peroxide and pota~sium permanganate and other 

materials. However ~iven the higher cost of chemicals and 

the need to pq foreign CUt'rency for these materials 1 the7 

cannot be realistically employad in Developing Countries. 

(ii) Precipitation Techniuues 

Ferrous sulphate and ferric chloride can be utilized 

to remove sulphides frca solution by precipitation. The 

removal o! sulphides by such a 1S7stem is relatively simple 

and as well as removing sulphides such treatment also lowers 

the pH1 due to precipitation cf hydroxides, which causes 

partial precipitat'.on of some protein matters present. Where 

such addition of iron salts is practised it is usuall7 in the 

equalized mixed tannery effluent (see later this cbapter:-

Fbysico-Chemical S,ystems}. Disadvantages of employing iron 

salts are :-

:- that the coagulated material is dark in colour and if 

not effectively sedimented yields poor colour to final 

effluent, 

:- the sludge from this STStem is not dense, therefore 

its volume may be excessive. 

2 • REK>VAL OF CHROMIUM 

As discussed in Chapter III D t.'1e precipitation of chrome is 

relatively simple and efficient. The efficiency of the total 

operation will be dependent on the ability to collect the major chrome 

bearing liquors into the central chrome treatment wli.t. '11le need for 

ispeci!ic chrome flow treatment is governed by discharge conditions 

relating to sludge. If no individual chrome now treatment is undertaken 

the chrome vill be precipitated in the sludge formed at the equalizing 

tank - thws all sludge produced vill be taint.ad vi th chrome. If there 

is need for the major sludge to be chrome-tree this chrome now treatment 

will isolate such chrome in a small sludge/slurry (which may be given 

spec:1 al controlled dumping - but preferably being reused), leaving the 

general sludge virtually chrom-.tree. 

To obtain an almost chrome-tree supernatant it is suggested (SO) that 
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if the re~an and other chrome bearing liquors have their pH raised 

to )8 (additions of lime) additions of aluminium salts (200 ppm n 3) 

and anionic polyei.ectrolytes (to 5 ppm) wi.11 give a good ~ast set.tling 

flocculant which may be settled out in a sediment.ation vessel, yielding 

a clarified liquor of low chromium content. When settlement is 

complete too supernatant liquor containing circa 4 n;g/litre Cr2o3 may 

be pwnped forward to join the other streams of effluent. Magnesium 

FIG. III 
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oxide could be employed as 

an alternate precipitating 

agent - See Chapter III. 

Fig. XII gives an 

outline of the basic re-

quirement. It is possible 

to employ only one pwnp, the 

suet.ion pipe level and 

discharge pipes being 

adjusted according to whether sludge, dissolved chrome or supernatant 

is being discharged. No sophisticated equipment or vessel is necessary. 

An old unutilized pit could be employed UNLESS the chrome precipitate is 

to be dissolved, in which case the vessel must be able to withstand the 

heat generated during res0lublilization. Whether the valuable chrome 

precipitate is redissolved for reuse or pumped to a special sludge bed 

for drying, prior to C(:ir.t ;·olled dumping, the major consideration is that 

the effluent is virtually chrome-free. 

3 . COMBINED 'ZFFLUENT STHF..AM 

a) Mix anti Flow Balance - Equalization 

Tannery effluent is normally g1:merated spasmodically dw1.ng 

an 8 - 12 hour period. For later treatment it is preferable to 

have a steady flow over 10 or 24 hours of ~.fonn characteristics. 

Such steady flow avoids the need for specialized treatment plants 

to be overdimensioned to cater for peak flows. 

Thus following individual flew tres.tment (sulphide and chrome) 

and screening, it is usual to mix and equalize all effluents in a 

balance tank. Such tank should preferably have a capacity of one 

day•s effluent. From such equalization tank the effluent is pumped 

l 



forvard at a regular rate over the desired working period (i.e. if 

total daily effluent = 400 m3• One may pump at 17 m3 /hour for 

24 hours or 40 m3 for 10 hours). (If pumps available for this 

forward flow are too large their effective throughput may be 

adjusted, quite accurately, by inserting into the discharge line 

a T joint, with one controllable flow being directed back to the 

equalizing tank). 

The level in the equalizing tank must not be allowed to fall 

below 30% of total volume to ensure there is always sufficient 

liquor available to allow equalization of inflowing effluents. This 

is best controlled using sturdy plastic cased mercury switches. 

(Possible cost tvo level regulators with control unit circa 

U.S.$ 200) 

Equalization promotes some neutralization and mutual 

precipitation. Thus given unhairing liquors of pH)11 ·0 and pickle/ 

tan liquors (pH 4 ·O the equalized liquor may have a pH of circa 

9·0. 

Any chrome present will be precipitated by the alkaline 

liquors from which some of the protein may also be coagulated. 

During the equalization it is necessary for the differing liquors 

to be well mixed to ensure wtlformi ty and to maximise mutual 

precipitation an~ coagulation and it is essential that the suspended 

solids are not allowed to settle, and aerobic conditions maintained. 

To keep the materials from settling it is necessary to mechanically 

stir or inject air via some form of diffuser. 

French workers(ll) suggest an input of 40 watts per m3 is 

necessary to avoid settlement at thia stage. Large mechanical 

rotors (1 ·5 - 3·5 m diameter) with slow rotation (50 - 100 r.p.m.) 

avoid a shear effect which could spoil later flocculation. 

Employing such stirrers the tank should have a width - depth ratio 

of circa 2 (with circular tanks, baffles may be necessary to ensure 

correct flow character). 

A source of air in;,, tion into the lower levels of an 

equalization tank can prove even more effective as, in addition to 



avoiding settlement or suspended solids, noccul.ation ma7 be 

encouraged and anaerobic conditions avoided. Given a tank 

2 - 4 •deep, an opti.Jul air now ot ) - 4 •3/hour per a2 
tank 

is reported <11 ). 

Surface ae&-ators are also aui table tor use in equalising tanks. 

4. PHISICO - CHEMICAL TUlmEHT. 

Relatively simple tecbnoloa allows the removal of up to 9.5% ot 

SWlpeoded solids and possibly 70% ot B.O.D. empl07ing pbJ'sico-cbemical 

treatmnt. 

Given efficient clarification (re110val ot suspended solids) the 

final etfiuent from such treatment should have m.tni111l turbidit7 and 

colour and being virtuall7 sulphide and chrome-tree (as outlined earlier), 

should be acceptable tor discharge in most circumstances in Developing 

Countries. Such treat.ment is low in capital requiremnt and the 

technoloa should be comprehensible and well within a tanneey 

technologists' field of competence. 

Onl3' in rare circW11&tances should it be necessary in L.D.Cs to 

proceed to the higher capital intensive and difficult to control 

secondal"J" stages of etnuent treatment (biological) to re110ve the light 

levels of pollution remaining. 

In essence the ph1'8ico-chemical process outlined below is 1-

condi tion i.e. pretreat t.he etnuent b7 adding coagulants and nocculants 

in order to aid the sedimentation of suspended solids. This is followed 

b7 clarification - passing through a aedillentation tank which separates 

the suspended solids sludge from the supernatant, which is a clear liquor 

almost tree of suspended solids and with auch reduced B.O.D. levels. 

a) Pretreat.Mnt 

The C.T.C. publication "Pollution and T&nning"<11 > defines 1-

"Coagulation esaential.17 con.iata in introduoinl into tti. 
water a product capable of uncbarsinl tm pmra117 electrone1ative 
colloids present, hence formina a precipitate. 

nocculation i• the ac&lomration of uncharpd colloids 
resulting froJll a HriH of succ.Hive collisions caused b7 a 
111ehanical stirring proc.aa. 

--1 
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A nocculant is thus above all a coagulation stiJDulant which 
increases the formation speed, cohesion and density of the fioc, 
and consequently' lessens its volume.n 

The materials most :cm.:>nl3' emplo19d are :-

(i) Coagulant 

ilum (ilminium Sulphate ( - ~ (S>4)
3

, 18 ~O) 

Ferrous Sulphate (Fe S>4, -~O) 

The dosages will depend on local circumstances and optimUll 

conditions, dosages are usually found b;r on site experimentation, 

aoo ma;r be governed b;r the e.ff'luent characteristics, equi=-8nt 

available, clarification level expected and noccu1ant (if em.ployed). 

The most usual material 911plo19d is ilum. The C.T.C. workers 

suggest(ll) a general usage of 200 mg/litre (0•2 kg per m3 ef'fiuent) 

ilum, but also quote increased eff'icienc:r at 400 mg/ll tre, whereas 

Giles (S9 ) quotes roughly 800 mg/litre. 

Ferrous Sulphate, employed at 500 mg/litre has several advantages 

i.e. is cheap and will ef.fectivel;r precipitate sulphides present, 

but has the disadvantage of bringing heaV7 colom-ation to both liquor 

and sludge, due to the formation of the black sulph!.de precipitate. 

In some S78tell18 both the above materials are employed. Poole (62 ) 

recently' published data on the ef!icienc;r of a vi.de variet:r of 

coagulants including ferric sulphate and chloride, hexametaphosphate 

and magnesium carbonate, suggesting such materials could efficientl;r 

coagulate suspended solids. But giTen low cost o! Alum, it is 

the most connon coagulant em.plo19d. 

(ii) nocculants 

Floccul.ants are usuall.7 long ch&L-i anionic polyelectrol)"tes, 

and are empl019d at levels o! 1 - 10 111/lltre. 

I .B. The pol,J91ectrol.7'tes are sCllll9Vhat tragile - they are 

e:rlremly viscous and stock solutions must be prepared 

carefully (as per unutacturers instructions) emplo1'1.ng a 

slow speed mechanical stirrer. 

~l 



(iii) Dosing 

Dosir..g of the necessary additions is critical and usually 

carried out employing a dosing pump. 'lbe chemical additions are 

prepared f.n standard solutions and the dosing plllllps adjusted to 

inject the necessary volwne per hour (cf the need .for known effluent 

flow rate). Alternatively, on larger installations a flow meter 

may monitor effluent flow and be coupled to a dosing pump. 

{For most installations the dosing pump should prove adequate. 

Possible cost of a single head pump - controllable dosing 0 - 50 

litres/hour= circa U.S.$ 1,000. A triple head pump (three 

independently adjustable flows, each 0 - 50 litre/hour)= circa 

u. s. $ 2 '500). 

The additions are ma.de separately to the equalized effluent. 

Efficient operation is reported(ll) when the coagulant is added ••• 

"in a vat where the water stops a short time (less than two minutes)" 

whereas ••• "the flocculant will be added in a second vat where the 

volume is detained for a longer time {over ten minutes)." However, 

much depends on the system employed for the clarification, as in 

most cases the central core entry of the sedimentator will aid the 

flocculation and consequently dosing is sometimes carried out at 

the point of entry to the sedimentation vessel. See Fig. XVI for 

schematic layout. 

Employing the dosing pumps it is possible to inject the 

chemical additions directly into the flow feed line and avoid the 

use of separate mixing vats. 

(iv) £!! 

The optimum pH for alum precipitation of lime is said(S9) to 

be pH 7 - 10. Practical operators have generally found the 

natural pH of the mixed liquors to be within this range. If, due 

to recycling or other measures such equalized liquor is not within 

this range, additions of ac1.d/alkal1 may be necessitated. pH 

adjustment, 1! necessary, is best carried out employing a pH control 

unit incorporating a pH monitor, coupled to two dosing pumps. 

(Possible budget price - pH monitor and two dosing pumps • 

U.S.$ 4,000). 

l 
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b) Sedimentation 

There are two possible types of sedimentation vessels. 

(i) Horizontal Flow Tanks - the most basic mli t may 

not be seriously considered i1 high levels of efficiency are 

required. An outline is given at Fig. IlII of such a basic 

nnit, but unless they are :mechanically scraped (expensive, not 

usually possible in a low cost 1 locally produced, version), they 

soon become clogged and may be operated ineffectually with the 

tank full of sludge and the effluent passing over the surface 

without complete sedimentation occurring. 

'11 III! 
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OutlAt V.1 

Horizontal Flow Sedimentation Tanks should be dimensioned 

so as to have a six hour retention time. As such uni ts require 

regular desludging it is neces~ar; to have a spare tank. 

Desludging may be effected by gravity or sludge pump after the 

supernatant has been pumped or syphoned to the standby wrlt. 

Fo1 large flows - over 1000 rn3 /day the mechanically scraped 

units may be cost effective. 

(ii) Vertical Sedimentation Tanks of cylindri~6.l 

local fabrication seem the most efficient and cost effectivA 

primary sedimentators for tanneries, see Fig. XIV. They may 

be fabricated of steel (with epoxy coating), stainless steel, 

fibreglass or constructed in rectangular fonn employing concrete 

or wood, as available. 

Given the 60° angles the walls are self-desludging. The 

ba,sic requirements are for some degree of turbulence at the inlet 

to ensure mixing and encouraging floccnlt.t.tion. Turbulence 
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nc. IIY YIKTIC.&L PUJll SIDDaTATIOI TJJll . 
must be avoided in the 

rest of the unit. 

Employing gravity, the 

solids sett.le and con-

ltfiuent. 
lnt."7 ..... =-~===st Claritied 

~II:= -J&tfimnt. 
D18Cha?p 

centrate at t.he base, trail 

where they m.J' be drawn 

off rta the valve. The 

clarified effiuent is 

gentl)" drawn off at the 

top. The upward nov 
rate should be in the 

range 1 • 0 - 1 • S ,;J /:.2 /hour. 

(iii) Flotation - An alternative method or removing 

suspended solids is by "fiotation" out of the mixed effiuent. 

Tvo major techniques have been employed in general waste water 

treatment and recently trials on tannery effiuent have been 

attempted. 

:- E1ectrofiotation 

The effluent is subjected to electrol)"sis forming gas 

bubbles (hyrogen and oxygen) which lift suspended matters 

to the surface from whence the1 ~ be removed. 

:- Air Flotation 

Air is dissolved in the recJCled effiuent under pressure -

when this pressure is 8ubsequent17 lowered in the treatae.at 

vessel small air bubbles are released carl')'ing the suspended 

solids to the surface. 

B.L.M.R.A. workers published(60) details of notation 

experiments on tannery effiuent, recording positive rel"Ulta. 

Ti1ey calculated that in 1978 a dissolnd air notation plant 

to process 200 m3 /da)" of m:i.Dd beamhouae liquors would cost 

t Stg. £37,500. (Circa U.S.$ 72,500) • 

.Air and roam notation units are included in some npackage" 

eftluent treatment units, said to cost tram U.S.$ 40,000 

upwards. <61 ) 
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The advantages or air notation are the compactness of' 

the treataent unit, coupled with sludges of high solids content 

{15j)(60) however, this is of'!set by high chemical costs to 

~btain optbam pH. The B.L.M.R • .A.. workers(60) suggested 

optimua conditions with dissolved air tlot~tion was pH 4·0 
with dosage ot SOO mg/l aluminiUJll sulphate 5 mg/l anionic 

pol1'91ectrolyte (Halfioc 676). However other workers have 

carried out flotation at high pH levels. 

The consultant believes that "Flotation" will, in future 

be a significant system tor tannery effluent treabnent, but 

tod&7, given the high chemical requirement {acid to reach 

pH 4 · 0) and the relatively early E • ot develop119J1t of the 

Q"BtelU, such plant JG1' not Jet be suitable for Developing 

Countries (except the H.I.Cs). 

c) Etf1.oiency ot Sedimntation 

C.T.C. report(ll) that additions of 400 mg/litre alum added 

to equalized tannery etfiuent allowed the following reductions :-

70ft B.o.n5 load reduction 

80j C.O.D. load raduction 

97 • 5% SUspended Solids reduction 

~01e<62 > reports on the etficienc7 ot various chemicals 

eq>l019d to aid sedi.Mntation ot tannery effluents as may be seen 

at Tabla II. 

TA.BLI II l1PICT or V.ARIOUS CHIMICALS OH TO'llL SUSPINDED 

S>LIDS AID B.O .D • DI A OOMl'OSITI Jn'LODIT SAMPIE. 

Obeid.cal Do ... 

ilua - SOO llC/l. 
ilua + Pol.1Mr 
hrric Chloride 20 llCll 

I 

86 
87 
76 

B.O.D. Reduction 

uJ 
53 
22 

I 
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Giles(59) employing alum, as primary coagulant, at up to 

800 mg/litre, plus 10 mg/litre of an anionic polyelsctrol.yte, 

reports on clarification efficiences; showing reduction of 

suspended solids by 99% and B.O.D.
5 

by 90%. 

d) Possible Effluent Characteristics After Pl1ysico-Chemical 

Treatment 

If tarmery effluent is treated as outlined in Fig. XVI i.e. 

Catalytic oxidation of unhairing liquors - precipitation of ~hrome -

equalization - foll".7Wed by floccul&tion and coagulation, prior to 

an efficient clarification, one could expect nearly s= 3.lld Cr+++ 

free effluent with basic characteristics as shown in Table x. 

TABLE X FilJAL EFFLUENT CHARACTERISTICS 

Original Effluent Efficient Mediocre 
Clarification :::larification 

(Reduction) (Reduction) 
$us pended Solids 3,300 mg/l (95%) 165 mg/J (85%) 495 rng/l 

8.0 .D.S 1,300 mg/l (70%) 390 mg/] (45%) 715 mg/l 

- +++ 
AT THESE LEVELS THE EFFLUENTS FREE OF S AND Cr SHOULD BE 

ACCEPTABLE FOR DISCHARGE rnro SURFACE WATERS IN MOST SITUATIONS 

IN DEVELOPING COilllTRIES. 

e) Sludge Handling/Disposal 

The sludge slurry obtained from the sedimentation system 

outlined earlier should be free of sulphides and chrome and, as such, 

with its high lime content in many areas it will prove acceptable as 

an agricultural fertilizer/conditioner. Certainly it must be 

processed rapidly to avoid reversion to sulphides. 

Sludge at the 3 - 5% solids often yielded by prilllary sedimentation 

is only effectively handled by pumping or gravity. Gi.ven available 

land tor controlled dumping, tanker transport may be the simplest 

system of disposal. 
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(i) Drying Beds - may be reconunended for small-

medium tanneries, not in prime urban locations as the land require-

ment may be great (see below). Sludge drying beds require low 

capital, but are labour intensive as theyrnmust usually be manually 

emptied when the material is dried. Sludge may be shovelled when 

solids content is circa 25/30% at which point the cake may be 

removed for dumping or agricultural use. Snell is reported from 

some sludge beds and is said to be minimised by sprinkling the 

surface with hydrated lime • 

The layer of sand, usually removed together with the sludge 

cake, must be replaced. 

Volwne of Slucige 

The volume of sludge may be calculated from basic project 

parameters. Thus, assuming a daily flow of L.OO m3 with an 

"efficient clarification" as at Table X :-

Suspended Solids 

L.OO m3 at 3,300 mg/l 1,320 kgs/day@ 95i removal 
Dry Solids 

1 , 2SO kg/day 

B.G.D. (assume 50% of B.O.D. removed is attributable 

to Suspended 3olids) a crude calculation may be made:-

400 m3 at 1,300 mg/l = 520 kg/day@ 50% of 45% removed 117 kg/day 

Total Sludge approximately 1,400 kg/day 

If the sludge is in a 4't solids slurry it will occupy 

approximately 35 m3 daily (a rule of thumb suggests s+udge volume 

= 8 - 12% of effluent volume if employing 30/50 litre/kg water. 

Construction of Drying Beds 

Sludge drying beds are nonnally constructed employing layers of 

filtering media with agricultural drain~ge pipes at the base to 

collect liquid efflu~nt which should be recycled back to the 

equalization tank, for further processing. Fig. XV shows typical 

sludge drying bed sectional detail. 

Area ot Drying Beds 
I 

The daily production of 35 m3 sludge slurry may be spread on 
2 

drying beds to a depth of 0·5 m 1..e would require 70 m bed/day. 

--· 

l 
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Convenient size 14 m x 5 m. 

~ TIPJC.U. Om.Dll a>l!mOCTIOI or SfUDGl llll'DIC BIDS 

QJ'nl ti.math bed •&led wit.II (--
1p!'Q9d bi~D· 

Drying period may va't")" f'rom 2 - ·4 weeks dependent on local 

conditions and the degree of chemical conditioning received. If 5 
day working week would require 10 - 20 drying beds dimensioned as above. 

(Total area required 700 - 1 ,400 m2
) 

(ii) Alternative Sluclge Dewateri.ng &stems 

:- Thickeners. Sludge thickeners, similar to the sedimenta-

tion tanks outlined earlier, can be empluyed to further thicken 

sludges to 10% solids in one day. However, even when so t31.ckened 

they are still difficult to handle and require further treatment 

(~.e. drying beds or alternates below). 

:- Filter Presses. As with most roochanical dewatering systems 

some conditioning of the slurry is necessary, lime, ferrous 

sulphate and polyelectrolyte are usually employed. Size of the 

filter press may be calculated from volume of expected sludge. 

Due to high capital and running costs filter presses are being 

phased out in favour of :-

:- Continuous Belt Dewateri.ng Machines. The machines have 

recently been developed - as with filter presses the slurry needs 

conditioning and most units marketed have an integral dosing/ 

conditioning unit. The advantage of these machines is their 

relatively low capital cost, and they may be reco~nded for 

tanneries with effluent volumes of ) 400 m3 /day. The continuous 

belt machines dewater down to 20 - JO% solids content - not a~ 

dry as filter presses but the material is easily handled. 

(Possible cost of continuous belt dewatering machine to process 

50 m3/day slurry (2 - 3% solids) •circa U.S.$ 30,000 - 50,000). 

As yet, small belt dewatering machines are not available 

at reasonable capital level, however, there have b~en rapid 

develoµnent. : r~ this ~e~tor in th'3 irnmec~ar/.:~ p;:ist, and ')nP, r"!rcJ 

l 
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hope t.hat within a few years moderately priced small continuous 

belt dewatering machines may be available, at which time they could 

be ~commended to small - medium sized tanneries in Developing 

Countries. (See Annex IV for typical costs/sizes of units available). 

C SEC01{n..ARY TREATMENT 

It is considered that in most lucations in Developing Countries 

the physico-chemical treatment outlined earlier which, if well controlled, 

could yield a discharge standard of 200 mg/l S.S. and 400 mg/l 

B.O .D.5, should be acceptable to many local ai.lthorities. 

In those few cases where a more purified effluent is essential 

recourse to biological treatment systems may be necessitated. There is 

a wide choice of biological treatment systems ruoongst which are : 

Biological Filters 

Activated Sludge (conventional) 

Activated Sludge (Oxidation Ditch) 

Lagooning (Aerated, Facul ta ti ve and Anaerobic) 

The consultant would agree that all the above systems have been proven 

in treatment of tannery effluent, but feels that the oxidation ditch system 

is suitably robust to withstand the occasional shock load and other 

irregularities (power losses, etc. leading to non-continuous production) 

which may be encoWltered at tanneries in Developing Countries. Whereas 

some of the other systems may be poisoned by such shock loads. Selection 

of secondary treatment system is governed by tannery location, land avail

ability, technical expertise available, local aquipment and energy costs. 

The following systems could be employed :-

1. OXIDATION DITCH 

The principle of activated sludge treatment is that the "organically 

polluted effluent is brought into contact ~ith a very large concentration 

of aerobic bacteria and other micro-organisms present in the fonn of a 

fl0cculant biological agglomerate known as "activated sludge" 11 • <1) 

In the conventional activated sludge system, the sludge flo~ is kept 

in contact with the liquid phase employing surface aerators or diffusod 

air systems, in rectangular tanks, which additionally supply the oxygen 

to maintain the necessary aerobic conditions. The organic material in 

the effluent is effectively removed by the biological activity. 
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In order to maintain the necessary high level concentration of 

the lllicrobiological floe in the process vessel, the effluent, aft~r 

treatment, must pass through a sedimentation vessel (or other system) 

and the majority of the activated sludge floe returned to the process 

vessel. 

Work at T.N.O. in Holland showed a low load activated sludge 

system employing an "oxidation ditch" could be suitable for tannery and/or 

domestic effluents. The Dutch work led to the installation of a number 

of Pasveer ditches in tanneries. 

In esser-ce the Pasveer ditch differs from the conventional 

activated sludge treatment in several ways :-

(i) The treatment vessel is an annular tank employing 

rotating ~teel brush aerators to keep the sludge floe 

in suspension, ensure adequate hydraulic flow and supply 

the necessary air. 

(ii) The larger retention t.ime and lower organic loading has 

shown itself to be more suitable to with...:tand the 

variable character and flow of effluent and shock loads 

experienced in the tanning industry. 

(iii) A further useful consequence of the lower rate of loading 

is the substantially reduced quantity of sludge produced, 

i.e. u·) kg of sludge solids/kg cf B.O.D. removed, as 

compared with about 1·0 kg/kg of B.O.D. removed for a 

conventional activated sludge plant. (
1

) 

The Pa.sveer ditch is re la ti vely cheap with low maintenance, and 

when properly commissioned may yield effluents of satisfactory quality -

down to 10 mg/litre (63 ). 

Suppliers of the rotors, given basic project parameters are prepared 

to give free assistance with the design of a specific oxidation ditch. 

(11 ) 3 T.oading rates are reported to be frC4Tl 250 - 500 gms oon5/m /day. 

Retention time or 2 - 4 days. A typical example may be calculated :-

Thus 400 m)/day effluent, if given fair efficiency primary sedimentation 
3 

could have a B.O.n.
5 

of 500 mg/litre {0·5 kg/m ) s 200 kg B.O.D. 

At loading or 0·25 kg B.o.n.5;m3 /day would require 800 m
3

• 3 days 

retention would suggest 1,200 m3 ditch, which figure would give a safety 

margin. 
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Oxygen transfer by rotors varies according to the depth of immersion 

(adjusted by raising or lowering water level) and may be from :-

2 kg oxygen linear metre rotor (10 cm imre.ersion) i.e. 48 kg/m/day 

to 4 kg oxygen linear metre rotor (20 cm immersion) i.e. 96 kg/m/day 

Allowing safety margin, manufacturers usually suggest 1 m rotor = circa 

30 kg B.O.D.5/day at 13 cm immersion, therefore the 200 kg B.O.p. would 

require 6 • 7 linear m of rotor - Possibly a minimum of 2 x 3 • 5 m. Installed 

. ca.lJS.city = 2 x 10 .tfr. .Power .LJeJJlaild = 2 x 4·8 HP = 0·9 Kw per Kg B.O.D.c 

(Budget ..r:>rice of 2 x 3 • 5 rotors (complete· wri. t with motors and bridge), ... 

(2 x us $ 12,000 =us $ 24,000). 
Typical oxidation ditch layout may be seen at Fig. XVII. 

Opinion varies as to how much pretreatment should be given prior to processing 

in an oxidation ditch. It is generally agreed tr. ':. it is best practice 

to remove sulphides and chrcrnium 

to avoid any possible toxic 

effect to the biological mass. 

Some screening and sediment

ation is certainly easential, but 

whether it is necessary to 

chemically coagulate prior to 

sedimentation seems uncertain, as 

many authorities feel that the 

ditch itself is the most cost 

effective treatment process. 

Practical operational 

outlines for oxidation ditches 

FIG. XVII P.lSVEER DITCH 

E!fiuent Discharge via 1-

.l OR B 

SEDIKE"""iffi"TION TANI- .ADJUSTABLE WEIR 

t 
Ernuent Ent 

may be gleaned from a recent Pa.per b7 Baile7 and Pl.owright (
65) vtrl.ch 

details a ditch installation in the U.K. Berk(
64) gives design data 

and operational efficiency parameters for oxidation ditches operating on 

packing house and dairy wastes, which Jll8Y' have some relevance. 

The materials of constructior.. and dimensions of oxidation ditches 

are governed by the scale of the project. DitcheE np to volume of 

12 - 1300 m3 are operated by 70 or 80 cm rotoro, normally constructed 

by excavation of shallow ditch of less than 2 m deep trlth sloping sides, 

as section :- which is then butyl 

lined or spray concreted. 
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A ditch of 250 m3 volume may have total length 36 m. Total width 8 m 

Effective depth 1 · 8 m 

A ditch of 1 ,300 m3 volume may have total length 63 m. Total width 15 m 

Ef'fective depth 1·8 m 

Larger units - over 1 ,200 m3 volume may have 1 m or even larger rotors 

in reinforced concreted structures, with vertical walls. 

Oxidation ditches nonna~ly need small additions of a nutrient -

phosphorus - which is essential for the blological activity and is not 

available in sufficient strength in tannery effluents. Little seems 

to have been published on nutrient levels necessary, but one personal 

camaunication from an oxidation ditch operator suggested the addition 

of 10 kg day fertilizer (18·5% P2o
5

), per 100 m3 effluent/day, as 

suitable. 

The level of biological floe must be controlled by recycling the floe 

or discharging it as sludge according to condition. It is eaid that M.L.S.S. 

(Mixed Liquor Suspended Solids) should be between 3,500 and 5,000 mg/litre. 

But levels ot 2,500 have been emplo:yed~ Practical advice suggests that 
in the absence of analytical facilities a rule of thumb test may be 

applicable ••• "Fill a maasuring cylinder with a sample of t.he agitated 

liquid - allow it to settle JO minutes. After settling if approx:Lmately 

20% of volume is seen as floe deposit - conditioM are satisfactory". 

It is possible to avoid the installation of a sedimentation tank 

by the following means :- Four times a day the rotor could be stopped 

for i hour - the .floe will settle - an adjustable weir could be operated 

to allow discharge of supernatant (1/4 day's effluent). The rotor 

Jll8Y be restarted once the discharge has been effected and the weir 

readjusted. 

The return of the floe from the sedimentation tank tc the oxidation 

ditch is said to be best carried out employing a sludge return wheel. 

(Bucket type scoops on a wheel), as such wheel is said not to damage the 

floe. However in some installations pumps are employed wtthout 

noticeable harm. 

Commissioning of oxidation ditches is normally aided by acquirement 

o! activated sludge for a local P.O.T.W. However in most Developing 

Countries such P.O.T.Ws do not exist and the noc must be built up slowly. 
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Initially only lim.i ted volume of effluent being allowed to ..... .nter the 

ditch, until an increasing floe of activated sludge allows ever

increasing volume to enter the ditch. 

All reports suggest the.~ over 95% removal of B.O.D.5 is possible 

employing an oxidation ditch, i.e. a liquor with initial B O.D. 5 of 50D 

mg/litre could be expected to be discharged at (25 mg/litre at which 

level effluent is acceptable to all river authorities. 

2 • ACTIVATED SLUOOE 

A wide choice of treatments may be effected employing activated 

sludge techniques (including oxidation ditches as outlined earlier). 

In practice, in addition to oxidation ditches, two alternate fonns of 

treatment are often employed for secondary treat.ment of tannery 

effluents. 

a) High Load Activated .:il.udge 

This system occupies the smallest possible land area, as 

it is usually effected employing a rectangular vessel of some 3 m 

or more depth, with the necessary aeration and mixing obtained 

from surface or immersed aerators or diffused aeration devices 

(see Annex IV) • Retention times of 6 -12 hours usually suf'ficing. 

Thus, for a situation as detailed earlier (at Oxidation Ditch), with 

400 m3/day flow with a fair primary treatment yielding a secondary 

influent at circa 50J mg/l B.O.D.5 (i.e. 200 Kg B.O.D./day) a tank 

of 133 m3 volume could suffice - possibly 8 m x 4 m x 4 m deep -

2 aerators of 4 or 5 Kw could be employed (dependent on 

characteristics). Such unit would have an organic loading of 

1 ·5 Kg B.O.D./m3 day and would require a high level of sludge 

return employing efficient sedimentation unit to ensure the MLSS 

was kept at circa 5000 mg/litre. It rrmst be noted that al though 

such a system is prowm in tannery effluent treatment it is not 

resilient to shock loading and may prove unsuitable to the irregular 

conditions found in developing countries. (Energy input approaching 

1 ·O Kw per Kg B.O.D.5). 

b) Extended Aeration/U:lw !Dad Activated Sludge 

An adapted form of activated sludga employing lancer reten~ion 
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time yields much greater protection against shock loading due 

to the system's enhanced dilution. Such systems however may 

require increased energy utilization. "Extended aeration" 

may be operated with retention times of 1 - 3 days with the 

level of MLSS kept between 1 ,500 and 2,500 mg/litre by means of 

recycling o~ the floe from the secondary sedimentation unit. 

Thus for the 400 m3/d discussed previously the following 

parameters could be utilized :- 1~ day retention = Vessel of 

600 m3 eg 25 m x 8 x 3 m deep with necessary aeration supplied 

by 6 aerators of 1 ·5 or 2 ·O Kw., (or other aeration device - see 

characteristics Annex IV). (Energy input ) 1 ·O Kw per Kg B.O.D.
5

). 

NOTE: With regard to selection •)f systems it is recently reported(67 ) 

'"The investment costs of an oxidation ditch plant are about 20% less 

compared with the investments of a conventional activated sludge 

treatment. The exploitation costs are about 8% higher in 1982, 

mainly caused by difference in energy consumption". 

). LAGOONS 

A wide variety of lagooning techniques have been reconmended for 

treatment of tannery effluents(1 ) (ll). 

Anaerobic Lagoons have been reported(l) to remove up to 85% of 

B.O.D. in ten days, however they normally produce significant air 

pollution - may encourage reversion to sulphides with discharges of 

hydrogen sulphide and can only be recom.-riended in remote locations. 

Cost of such lagoons is negligible as the only requirement is a depth 

of 3 m or so when anaerobic conditions will be rapidly established. 

Facultative Lagoons which operate with three distinct layer~ :-

Surface layer 

Central layer 

Lower layer 

Aerobic 

Facul ta ti ve 

Anaerobic 

Such lagoons/ponds may theoretically operate employing natural _ 

photo-synthesis however under such conditions it is subject to vagaries 

of climatic variation and may not be controlled, and thus is suitable in 

few locations only. 
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Aerated Lagoons have been operated in many tanneries with inputs 

of from 10 - JO w/m3, usually employing surface aeration devices. 

Reported results of such tre.abnent are somewhat inconsistent, and no 

firm recommendation may be given. 

Facultative Aerated lagoons have been pioneered in France(ii) 

and it is reported that following .an efficient primary treatment system 

B.O.n.
5 

reduction from 660 mg/l to 90 mg/l is effected employing only 

2 w/m
3 

at 9 days retention. The syst6m is said to receive 

sufficient oxygen to allow "biological purification activity" with 

insufficient stirring capacity to maintain suspension of solids -

both added and those produced by mineralization. A diagrammatic 

representation of such facultative aerated lagoon may be seen at 

Fig. XVIII, which is adapted .from "Tannery and Pollution"(11 ) where 

the schem is detailed. In summary for a 2,000 m3 /day input two 

lagoons are employed :- No. l - 31 000 m3 

No. 2 - 15,000 m3 
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The two Turbo-Oxiders are fioat mounted and racili t~.te the circular 

motion in Lagoon No. 1 which is 2·5 a deep. Lagoon No. 2 vhic:·i is 

sub-divided into four compartments bas 1 ·7 m useful depth and is fitted 

with aerators as shown. The syste;u generates zones of complete and 

partial aeration in addition to anaerobic zones out of contact vi th 
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the aerators where deposition of solids occurs and anerobic activity 

is encouraged. Prillla facie the system is low in both installaticn 

and running costs, however, this assumes a large availab1lity of land 

as the 2,000 m3 day require almost 10,000 m.2 area of lagoon. In 

areas where ground water contamination could occur the cost of lining 

such vessel would mitigate against the apparenf, low installation cost. 

or more fundamental importance is the need for draining and 

desludging the complete lagoons every S - 10 years, as such may occupy 

up to 3 months, it is possible that the Si!Stem needs some modification. 

It may prove feasible to construct the lagoons so that there were 3 

systems in parallel - two being operated at a:ey one time and the third 

unit out of operation for desludging. Such expansion by 50% of the 

system would however increase the total capacity of the treatment 

unit to over 13 days retention, and require greater surface area 

(almost 7·5 m2 lagoon per m3 effluent/day), but could be justified 

in areas of high energy- cost. 

Evaporaticn Lagoons. May be operated in remote arid areas, 

with dimensions governed by local, 101:.:::.m, evaporation rates. 

However, in such arid areas it is usually considered anti-social 

to regularly evaporate significant quantities of water which, with 

minimal treatment, could be utilized for society• s beuefi t. 

Additionally such svaporation lagoons may develop anaerobic 

characteristics with malodorous discharge. 

NOTE: WARNING WITH REFERENCE TO FULLUTION OF GROUND WATERS 

During the installation and operation of tanks, basins and 

lagoons etc. due consideration mu.-it be given to local geological 

conditions. Where .full geological data is not available as to 

the permeabill ty o.f' the subsoils it may be expedient to line all 

such uni ts (.&:..tyl sheet etc. or concrete) to avoid contamination 

o.f' ground waters by leaching from the treatment plant. 

l 
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ANNEI IA 

AKJUHTS OF R>U.OTION PIR TON OF RAW Hl'l'DliL (SU.T WIIGHT) 

Chrome Vegetable 
Tannage Tann.age 

A] lrA.] i ni:t;y· eq/t 750 

Total solids kg/t 675 350 - 1·,,250 
Total ash kg/t 375 250 - 450 
Suspended Solids kg/t 150 15 70 - 200 
Ash in suspended Solids kg/t 60 25 25 - 6o 

Settled Solids (2 h) m3/t 6 J 1·5 - 1·5 
B:>D5 kg/t 60 85 40 - 100 

!OD kg/t 10 

KHn04 - value kg 02/t 70 120 

COD (K2cr2o7) kg/t 175 120 - 260 

Sulphide kg/t 1 
Total Nitrogen kg/t 10 

Ammonia Nitrogen kg/t 3 
Chrome kg/t 4·5 0 

Chloride kg/t 160 

Sulphate kg/t 40 

Fbosphor kg/t 0·07 

Source: Ref(l) "EnV1ronment&l Considerations in the Leather Producing 
Industr;r". 
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AHHEX I B 

FOSSIBU: COMPOSITION OF TIFICAL "HON-ENVIRONMENTALLY SOUND" 

Chreme TaI1Dage Vegetable Ta.mag! 

pH ca. 10 

Total Solids mg/]. 1.5,000 

Total. .Ash mg/l 8,000 

Suspended Solids mg/l J,JOO 1, 700 

.Ash in suspended solids mg/l 1,)00 600 

:oon, mg/l 1,)00 1,900 

IMD04 - value mg 02/1 1,600 2,100 

COD (K2Cr2o7) mg/l J,Soo 4,Soo 

Sulphide mg/l 160 

Total Nitrogen mg/l 220 

.bmlonia Nitrogen mg/l 6.5 

Chro• (Cr) mg/l 100 

Chloride (Cl-) mg/l J,Soo 
Sulphate (004·> mg/l 900 

Phosphor (P) Ilg/]. 2 

Ether Extractable mg/l 400 

Source: Calculated tram Annex I A assrumi.ng, in general, water 

C0118UJ1Ption of 4.5 l/kg. 
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ANHEI II 

DIP!JTS/OOIOO~ 

Calculate est!Mted soaUd wight • basis 

tor .l.i.M process (aoabd wight 9&7 be aa 

drJ' weight x 2 • 9) 

In pit w1 th changes ot water -

Water WIAp aq be up to 300% on expected 

s~ weight. (lluaber ot changes ot 
water and duration or 8Q8tc1 ng dependent 

on cure condition and ubient tmperature). 

Total Wat.or U.... M7 exceed 11 000j 

Bacteriacide aq be necessitated. 

DrT Drml According to condition 
& Waah 

Green Flesh On Machine (May' need "siding" first) 

Add 

~ 

~ 

200% Water at 28°c 
4·0% Lime (H;ydrated) 

0· S% Gluc1:1ae 

1·5% Sodium Sulphide 

Drum -
2 ·0% Sodium Sulphide 

At intervals for balance o! 

!!!!!!, On *chine 

Round - !!:'!!! - W!ish • Bas1.s tor Del.iJDe and Tan 

DELIME & UN Wash in Drum Rnnn1ng Water for 

~ 
IMU. 

Drum -

70% Water at 2.5°c 
2% Sodium Bi.sulphite 

(Test ~ol Phthalein) 

JJURlTIOH 

2 days 

3 hours 

1 hour 

24 hours 

15 minutes 

15 ainutes 
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TYPICAL OlJl'LINE PROCESS - "5mI-TRADITI-OHA.L TECHNOIOOY" (continued) 

Add Bate 0·3% Pancreatic Bate 

!!:!!! (Teat Pancreatic Bate) Dependant on 
Substance 

~ 
Pickle 70% Water at 25°c 

6% Salt 

1·2% Sulphuric Acid 

!!!:!!!! - l hour 

Add 0·5% Fomic Acid 

DruJll - i hour -
.ldd 12% Self Basifying Chrome 

Drum - 6 - 8 hours 

LlY OVERNIGHT 

Haul -
Pile - ~ hours 

~ HOW IN "WET BLUE" STATE 

Split 

§!!!.!.!. 
Weigl'l .. basis for later process 

BBTAK/D11 Wash in Dnm Mee 0 300% Water at JO C - 15 minutes 

Heutralise 
0 100% Water at JS C 

1 % Calcium Formate 

Drum - JO minutes -
Add 0·25% Sod. Bi.carbonate 

Drum - 15 minutes 

Wash Mee 300% Water at So0 c 

1% D7e 
Drum - 15 minutes -
.Add 3% SJntan 

1 % Sul.phi ted 011 

Drum - 15 minutes -
.ldd 4% Mlmsa Extract 

Drum - 15 111.nutes 

Add 2% Basin 

Drum - )0 minutes 
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TIPICAL OUTLINE PBOCESS - •smr-TRADITmBL TECHNOtoGY" (continued) 

PROCESS 

Fat Liquor 100% Wat.er at Ss°c 
3% Light SUlphated Cod Oil 

1 % Rav Cod 011 

2% Filler (Soya or other fiour) 

0·5% Cationic Oil 

On Machine 

On Machine 

Past.e Ilg On Glass Plates 

Hand Condition/ 
Stake On Machine 

Pole Pg 

Sort/Select 

NOW IN A CRUST STATE 

FINISH TO REQUIRDmNT: TYPICALLY:-

Plate Hydraulic Press 

Buff By Machine 

Dust By Machine 

J.llpregna te By Spra7 or Pad 

Plate - fqdraulic Press 

Bebu£f By Machine 

Dust By Machine 

Pad Pigment Hand Pad or Machine 

~raz Pi.pent Hand or Auto Spra7 

Plate/Emboss Hydraulic Press 

!2.£... Hand or .luto Sprq 

Measure av Machine 

Grade!'.'.Select By Hand 

NOW FINISHED SH'.>E UPPER Lll'l'lllR 

- 45 mi.nut.es 

- 1 S minutes 
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B.O.D. 

c.o.n. 

* Full Chrome 
(tanned) 

* Grain 

* Leather 

* Retanning 

* Split 
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ANNEX III 

GLOSSARY 

Biochemical OJ!jlgen De.mand is a measure of quantity of 

oxygen which may be consumed while biologically degrading 

the organic constituents. The test is carried out over 

f:!. ve days and the result expressed as B .O .D. 5• 

Chemical O!&gen Demand (C.O.D.) is a measure of the 

quantity of oxygen conswned chemically in order to orldise 

the constituents of an effluent. This test may be 

carried out by "tY~o differing methods employing Potassium 

~~nganate yielding a P.V. value or Potassium Bichromate 

yielding a C.O.D. (K2Cr2o7) value 

The adjective "full" is sometimes added to "chrome tanned" 

to emphasize that the leather has not been tanned by the 

semi-chrome or combination chrome processes. 

a. The outer, or hair side, layer of a hide or skin that 

has been split into two or more layers. 

b. The pattern visible on the outer surface of a hide 

or skin after the hair or wool has been removed. 

A general tenn for hide or skin which still retains its 

original fibrous structure more or less intact, and which 

has been treated so as to be i.mputrescible even after 

treatment with water. 

The process of S11bjecting a sld.n, which has been first more 

or less completely tanned by one proceas or one kind or 

blend of tanning materl.als, to a second tanning process, 

involving similar or: more usually, diffenmt tanning materials. 

The under layer of a hide or skin, or part of a hi de or skin 

other than the outer layer, separated by splitting, or 

leather made therefrom. 
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GIDSSlRY (Continued) 

SUspended Solids re!ers to the various suspended solids which are 

capable or being separated !raR'the liquor by filtration. 

Total Solids refers to both dissolved and suspended solids in the 

ernuent. 

** Turbidity 

*ff Wet Blue 

* 

** 
*** 

a measure Qf the llght-t~nsnd.tting properties or water 

is another test used to indicate the q~i ty or waste 

discharges and natural waters with respect to colloidal 

matter. Colloidal matter will scatter or absorb light 

and thus prevent its transmission. 

t.erm for a hide or skin, which has been subject to the 

usual beamhouse processes, chrome-tanned and left wet, may 

be stored or exported in this state. 

From British Standard 2780s 19'6 - British Standards 
Institution 

Fran "Wastewater 1!)\g1 neering" Published b7 Metcalf & Edd7 Inc. 

From "Leather Technical DictiolJ&1'7" lduard Raether Verlag 

Darmstadt. 

1 
I 
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ANNEX IV 

PLANT AND EQUIPMENT AVAILABIE FOR TANUERY 

EFFLUENT TREATMENT PROJECTS 

I INTRODUCTION 

A SCOPE AND LIMITATIONS 

The summarized terms of reference relating to the preparation 

of this Annex were to prepare "a comprehensive Technical Annex of 

some 40/50 pages which should detail rnd analyse the plant and 

equi.pnent currently available fur utilization within tannery 

effluent treatment schemes". 

In pursuance of this objective, contact was made with over 1 50 
companies thought to be active in the manufacture and supply of suit

able equipment. As a result of .follcn.r-up activity, detailed data 

was obtai?lf;d from over 100 companies which fonns the basis for this 

Annex. (Responses received after )1 .1.84 are not able to ba 

included). 

The suppliers with whom contact was made vere either of inter

national repute in the field, or selected from national directories. 

At an early stage in the selection of suppliers it became obvious 

that the list of suppliers and their products could not be 

considered exhaustive, as from directories alo".18 several thousand 

potential. suppliers could be list.ed. Accordingly it was .felt 

expedient to attempt general coverage only within six countries 

Brazil, Demark, Italy, F .R.G., U.K., 0 .s.A. Possibl7 at a later 

date UHIDO may attempt to broaden the data base by axpanding this 

preliminary assignment. 

Of necessi :-,y, a Paper of this brevity must he directed towards 

major items of equipment onl7, thus small but essential items and 

possibly costly items such as pipes, valves, ~lectric controls etc. 

which are not of a specialised nature are not reviewed here. Some 

items of equ.tpment are produced in a multiplicity of sizes and 

styles; tharefore to limit the data it vas, in some areas, felt 

expedient to seek details and quotations relating to equipment 

suitable for tanneries at three differ~nt scales :-· 



Small Tannery 

l-ediwn Tannery 

Large Tannery 
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50 hides/day - R:n.- to Finished 

- JOO hides/day - Rav to Finished 

-1 ,000 hi ies/day - Rav to Finished = 

EFFLUENT 

50 m3/day 

300 m3/day 

1,000 m3 /day 

A major objective of this Annex is to make available basic 

sectoral data to those in develcping co'.liltries whc may wish to 

prepare their Ol-!11 proj 3cts and ll.-ho have only lirni ted local supply 

of such specialised e·-iuipment. To this end this Annex only covers 

suppliers who are willing to handle individual uni ts. Suppliers 

vho are only prepared to install complete projects are thus excluded. 

B SPECIFICATION AND PRICES qJOTED 

Indicative Budget Frices were soaght, on an "ex factory'' t)r 

11F.O.B basis", and it must be appreciated that such "Budget Prices'' 
+ 

may be subject to - 20% acccrding to the real situation anci 

accessories required. 

Budget f·rices, where necessary, were converted to a US $ basis 

at January 1984, employing the following ·conversion rates 

Brazil 
Denmark 
Italy 
F.R.G. 
U.K. 

1,000·00 Cruzeiro 
9·92 Kroner 

1,662 Lira 
2·69 DK 

£ Sterling O· 71 

us $ 1 ·00 
us$ 1·00 
us $ 1 ·00 
ns $ 1 -oo 
us $ 1 ·00 

It may also be pertinent to note that thE: apparent, wide margins 

between cost of eql:.ipment of nominally similar specification ma.y 

reflect variations in materials of construction, engineering and 

technological inputs, ani a wide range of other factors, so that 

apparently similar units may have widely different levels of 

reliability and durability. 

NOTE: Reference to brand or compar.y name does not constitute 
endorsement of any product by the consultant or UNilX). 
Neither does such mention of company or product infer 
superiority or comparison with other produets of a 
si.J!l.i.lar nature not mentioned. 
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II PRODUCTS AVAILABIE 

Under each product sub-heading below are listed the reference 

numbers of suppliers able to offer such plant or equipment or 

alternates. The product and suppliers and reference numbers are 

cross-referenced at Section III A "Product/Supplier Index". 

Suppliers reference numbers may also be f0und under suppliers 

addresses. Section III B. 

The sequence of equipment deal+. v.ith below attempts to follow 

the normal pattern of effluent treat.'llent, i.e. Sc=-een - Primary 

Treatment. - Secondary Trea trnent - Sludge; however, some items are 

used at many stages of effluent processing e.g. pumps, aerators etc., 

and for convenience these are covered jointly at the first possible 

employment in the sequence. 

A. SCREENS 

NOTE: In most cases it is preferreci. to screen effluents prior 
to pwnping and/ or equalizing, thus flow to screens will net be at 
equalized flow rates. Thus given a sm:c.11 tarmery of SO hid.es/day 
which would produce some SO I~ /day, j_ .e • equalized florr of 2 m3 /hour 
it is quite pos[.ible for a peak flow of 20 m3/hour rate be 
experienced for short periods (i.e. discharge of lime float for 
SO hides x 2S Kg at 300% float= 4·4 m3 over a span of 1S minutes). 
Thus for screening purposes flows cQuld be :-

Tannery Daily Flow Equalized Fl.ow 

SO SO m3 2 m)/hour 
JOO )00 m3 1 2 · 5 m3 /hour 

1 , 000 1 , 000 m3 42 m3 /hour 

Possible Peak Flow 

20 m-3/hour 
100 m3/hour 
200 m3/hour 

Potential Suppliers: Ref. Nos. 

.l. , GRIDS 

9/17/20/2J/27/J4/40/SO/ 
SJ/64//90/103. 

GRIDS: designed to ~moved coarse objects, i.e. polythene bags, 

sld.ns etc. for installation in developing countries with low labo~ 

costs may be locally fabricated and manually cleaned. For large . 
j 

projects or where labour costs are high, mechanically cleaned bar 

screens are available. A simplistic outline of such a rotary 

raked vertical bar scraen may be see~ at Fig. A (i). Slightly 
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more soph.i sticated models are more 

no:nnz.l wi. th the rake attached to a 

chain and cog device, operating 

ft1.' {1) IDT.UY llU !C!l!ll(CJUJ> 
Sim '1w 

behind the bar screen. "1idth 

bett.reen bars may vary from 2 -

1 0 ems. Channel lddth is the 

normal basic specification 

parameter. Range of channel 

widths normally 40 ems - 1 ·SO 
metre (1 0 cm steps) •. 

lataJ71ab 

,/ lllbbillh 
CollecUao b>pper 

,/ 

TYPICAL BUDGET PRICES (Supplier Ref. No. 40) 

A 2 

Channel Width 

40 ems 
70 ems 

100 ems 
1 ,SOO ems 

Motor HP 

0·5 
0·75 
1 ·00 
1·50 

Optional Torque Limiting Devic:e 

SCREENS 

us $ 

2,136 
2,708 
J,219 
4,061 

220 

Three broad categories of screens are availabe (with some degree 

of overlap). 

a) SELF CLEAN SCREENS 

Such screens are 

normally composed of "wedge 

ft1. 1 (U} 

'"ire" screen panels. In 

order to obtain the self 

cleaning properties wire 

spacing of correr.t 

dimensions is essential 

as is the correct 

dimensioning of the screen 

panel to avoid blinding of the grld. 

by the charactcristic9 of the grid. 

•sr..1 cL&U• am ll!I• n., 

The wire spacing is governea 

But for many screens 1 ·0 -
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1 • 5 .mrit is an acceptal-le range for tannery usage. A. number 

of pat.ented st.9.in!.ess steel "wedge "ttlre" conf?rmations are 

availa.:>le - some yielding e. high level of "self-clean" properties 

(some lower cost products of more basic design still require 

regular manual ~ttention). Fig. l (ii) shows the typical layout 

of such self-clean screens. 

F.ecently a nu.11ber of 10t-rer cost static screens have entered 

the market, these may ha,1e screens constructed of plastic 

materials, their design may r.ot always yield full "self-clean" 

characteristics, but this is oft~n partially overcome by 

adjusting the angle of the screening unit and the filter action 

may be augmented by fitting a vibratcr (pneumatic or electric 

motive power). 

For a variety of reasons I Plc. l <111) 

W.t. ----+ rumc ST!TIC ~ 
the tvo types of screen are not .b::::c::J:Jd:!~~~~=:.;:;...:== 

readily c0mparable . The 

staL"lless wedge wire units are 

usually self-contained dnd may 

be installed easily and, if 

necessary, i.mplan ted within 

the floor, whereas the cheaper 

plastic screen units are 

simpler, free-standing models, mm -+ 
not easily sunk into the ground 

if the rake adjustment is to be employed. See 'lig. A. (iii) . 

The price span of available equipment is thus wide, some 

renection of material and engineering inputs :-

Budget Prices 

Stainless Steel - Seli' Clean 
(supplier R.er. No. 34) * Static Plastic ~ 

(supplier F.ef. iHt 

* 
** 
*** 

Dimensions Dimensions US $ 
Weir Screen Length 

0·6 m 1 ·2 m 
J·O m 1·2 m 

2 x )·0 m l·2 m 

Complet.3 stair.less steel unit 

2,32h 
8,690 

17 .38o 

1·3 x 1·6 m 
1·9x2·1m 
2·9 x 2··1 m 

Plastic Grill, stainless body, galvanised supports 

May need an additional cost for vibrator of approximately 
1 0 - 20 t extra. 

*** 1 ,6·19 
2,BOS 
c; .17h 
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(Self Clean Screens available in wide ~ange of s]zes - weir 

width available 0· 5 m - 3·0 m by O· 3 m steps). 

b) BRUSHED SCREEUS 

The brushed screen is 

possibly the most frequently 

employed screen used in 

tanneries. Universally 

Imown by its generic naII'.: 

"Parkwood" type, it has 

proven durability and, apart 

from infrequent but regular 

replace:ient of the poly

propylene brushes, needs 

little attention. They are 

available with choice of 

perforation - 1 ·5 mm perfor

ation often employed in 

tanneries. From the 

TYPICAL 
BRUSHED 
SCREEN -

End View 

:u~~1' Ioli.. ·, 
'\ 

...... ....... , .. , .. . . 
.. ..... 

~ 

installation vie1·1J>Oint they 

are simple to sink into the 

floor and require re la ti vely 

little level fall. (__:lc~md ltfi•at. Ol&Ue\ 
Tia D 

* 

Budget Prices : 

Brushed Screen - Supplier Ref. No. 64 

Capacit~ 

29 m /hr 
112 m~/hr 
280 m /hr 

Brush Motor 

0·375 Kw 
0·75 Kw 
1 ·10 Kw 

Screen Size 

0·8 long x 1 ·0 m wide 
1·6 long x 1 ·9 m wide 
3·9 long x 1 ·9 m wide 

* ** 
Budget Price 

us $ 3,387 
7,268 

12, 141 

Stainless screen, mild steel body zinc coated then machine 
enamelled 

** Spares set including bearings and brushes from US $ 150 -
350 per machine. 

(Standard Brushed Screen unit available from 0·5 - 4·0 m long 

by steps of 0·4 m or similar). 
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c) ROTARY SCREEI!S 

A wide range of rotary screens are available. 

shm-~s the side view of a 

F . A r\,,.;) ig. • ..... 

typical model currently 

marketed. Generally the 

screens are of stainless 

steel - so::w screens 

employing perforations, 

others slots. Drive is 

variously by cog or chain 

Sollda 

drive to drum screen periphery, or direct mounted motor. The 

more sophisticated and efficient drum screen have internal 

auger shaped integral conveyance systems, or other patented 

devices, to promote the discharge of the separated solids. 

Additionally, wi. th such screens a cleaning device may be 

installed, employing brushes and sometimes, also, water jet 

spray. 

Perforations suitable for tannery usage are circa 1 ·O mm. 

The fall required by rotating drum screens is circa 0·5 metre. 

Typical Budget Prices (as Fig. A (vi) Supplier Ref. 90 

Through,eut Unit Drum Dimensions Motor Cost US $ 

5 m~/hr 1 mini unit 0·15 Kw 3,800 
80 :rr'3/hr 1 0·6 dia. x O·~ m 0·75 Kw 7,3L1 

180 m /hr 0·6 dia. x 1 ·9 m 1·10 Kw 9,934 
300 m /hr 2 0·6 dia. x 1 ·8 m 2 x 1 ·10 Kw 19,857 

A more simplistic system exists (possibly of a lower "self 

clean" nature) where the crude effluent is fed to the e.x:terior 

of a rotating screen, with t.he cleaned effluent entering the 

rotating screen. 

Budget Prices 

Flow 

70 m~hr 
150 m /hr 
250 m3/hr 

(Supplier Ref. No. 20) 

Drum Width 

0·4 m 
0·7 m 
1 ·0 m 

Cost US § 

4,693 
5,247 
6, 185 
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B POMPS - EFFLUEIIT 

NOTE: The selection of pumps for effiuent handl1ng is most 
critical. It i~ assumed that a screened effluent - following 
equalization - will be pumped fonrard at a con.st&nt rate throughout 
24 hours. It is also assumed that pUD!p flow is goverMd by a 
level control device, as few pu111ps can withstand "dry pumping". 
It is further assumed that in general tanneey effluent is not 
compatible 'With n~rm&l "non-return valve" operation, and for this 
reason some so-calleri "self priming" pumps -.rhich incorporate such 
valves may not be suitable in tanneries. 

The three scales of tanneey mentioned earlier i .e 
m3/hr 

50 m3 effluent/day will yield an equalized flow of circa 2-0 
300 m~ effluent/day will Jield an equalized now of circa 12 • S 

1000 m effluent/dq will Jield an equalized now of circa 42·0 

&Mu -
Medium -

Large -

In general it is inadvisable to attempt pumping even well 

screened tarmery effluents through a pipe Of lees than 38 JDlll (1ln) 

diameter, otherwise the risk or blockage may be great. Where 

possible pipes of 50 mm min.imlln are preferred. This poses problems 

for the small unit above, as even the output of the nol11l81 BJ11all 

commercially available pumps of 38 11111 diameter far exceeds the rate 

of 2 m3 /hour; in such circumstances it JnaY be preferable to use a 

pump/pipe combina tJ on or excess capacity, but incorporate a tinle 

switch (e.g. 2 Jl\inutes on - 5 minutes off) in the pUJllP circuits. 

Alternatively, the helicoidal pump or similar which may be more easily 

controlled, by motor speed adjustment, could be emploJ9d {see C Pwllps, 

Sludge later). .Alternatively, the emploJ1119nt o! 11acerator pumps 

may allow smaller bore pumps to be 9D1plo79d. Care 11111st be taken to 

ensure that t~ velocity through pipes is sufficient to ensure a8lt

cleansing velocity of seine 0·75 JA/sec (i.e. minimum flow rate through 

pipe of 65 mm is some 7 • 5 m.3 /hour) 1 more nonaally now rates approaching 

3 nv'sec may be preferred - but over velocities o! 4 m/aec excessive 

scouring 'tfl4Y occur. 

A wide range of mounting arrangements are available for effluent 

pwnping - the most common are :-

(1) Submersed - Portable Sui table tor small uni ts - a 

submersible pump is installed on the chaaber hue, either 

flexible piping or quick release couplings will allow the 

pump to be easily removed tor serrlce etc. 
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(ii) Submersed:. Sul:nersible pump is lowered to base of vessel 

employing guide rails and attached with a quick release 

coupling. 

(iii) !!r1 Well. The pump is situated in a "dry we11n 

excavated adjacent to the chamber, so that the pump is 

positioned at lowest pumping level anticipated. The pump 

is connected via a pipe through chamber wall. 

(iv) Surface Mounted Pwnp. Inlet via suction pipe. (Need 

for self priming action). 

The characteristics of pumps may vary from manufacturer to 

JDL"lufacturer ar:d there! ore typical performance .::urves given below 

may ~ot alva~ be relevant. (Potential supplier will supply his 

own performance data). Capacity varies according to power input/ 

motor RFtVhead/pipe size etc. A wide range of centrifugal. pumps are 

available for use - generally, considering the high risk of solid 

particles in tar:...nery effluents, it is preferable to employ "wlchokable" 

vortex or similar styles which have impeller chambers with high solid 

passing capacity. 

Potential SuJJRliers: Bet. Hos. 1/14/16/2?/32/33/35/J9/J4h/ 
47/51/69/71/72/81/87/101 • 

.l typical high quality autaersible PUJllP {Vi.th low installation 

cost and trouble-tree 

operation) vi.th a 

turbine illpeller and a 
patented cutter insert 

has pertor.nance curves 

u shown in Flg. B {i). 

.a1s •Y he seen the 

output of ewn the 

81181.lest pump at, say, 

5 m head {approx1matel7 

0 • 5 bar) exceet\.s the 

,,,. I (&) 

r.r> 
l·la 
l·I -1----L-
l·O. 
1•1 
1·6 
Ha 
1•1 
1!.A l--~1...._---0;1 

. 0·6 
O·la 
O·t 
O•O +---..---T__,."P--.-----,.........,...._ ) 

100 • /br 

requirement or small/medium t..&nneries (al.though now r,ould also be 

reduced by fitting a bypass to return some pumped liquor to the 

suppi,. vessel) • 
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Typical Budget Prices for such pumps :-

-~-

Pump 

A 
B 
c 
D 
E 

Kw 

1 . 1 
2·5 
h·O 
4·0 
5·5 

SUB!·1ERSIBIE PUHPS 

Supplier Ref. 39 Supplier Ref. LJ/* 
us$ 1,063 

1,115 US$ 1,40J (2 HP) 
1 ,211 
1'201 
1,342 

T'arbine Impeller 1-:i th cutter 

'~* F'lL11 range available - only above non-clog unit priced -
includes control panel and two J evel regulators. 

Lighter duty submersible pumps are available from a few 

suppliers and could prove suitable in small installations, (e.g. 

Guinard) models of 0·55 - 0·75 Kw "lith outputs of 5 - 7 m3/hour at 

5 m head (according to impeller fitted) are available at US $ 4 - 500. 

A wider range of non-submersible centrifugal. pumps may be 

employed in dry well installations or other situations where they can 

operate under positive suction head. Ex.a.mples with technical detail, 

specification and Budget Prices may be seen :-

TORQUE FIDW - CENTRIFUG!U, Pill1PS (S/R No. 87) 

Installed Motor Absorbed Power Diameter m3 /hr-* ~ 
Power Suction - Discharge 

1 ·5 HP 0·4 - O·S HP SO nun 32 mm 2 797 
2·0 HP 0·8 - 0·9 HP 65 mm 40 mm 15 833 
h·O HP 2·1 - 2·3 HP 80 mm 65 mm 40 n ,632 

* at 5 m head. 

C PUMPS - SLUDGE 

The volwoo of sludge is dependent on the efficiency of the 

~oagulation, .flocculation and sedimentation received during primary 

.. 
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trea t.'llent. A typical sludge volm:ie could be 8 - 1 o< of total 

effluent vol~. 

Thus the three tannery ::>cales previously used as examples :-

Small Tannery 50 m Effluent/day could yield S m3/day sludge 
~dium Tannery 300 m Effluent/day could yield 30 m3 /dzy sludge 

Large Tannery 1 ,000 m Effluent/d.zy could yield 100 m
3 /day sludge 

The outputs cf sludge pumps - e::iploying a :U.nimum of )0 1a.'Tl (2 11 ) 

bore pipes - generally exceeds the continuous flo•-· rates needed for 

the above volumes. It is quite norI"!al for such p~'llps to be time 

clock operated to obtain a few minutes pumping eve;:y 1 /4 or 1/2 an 

hour. 

Potential Suppliers: Ref. Nos: 

c. 1 HELICOIDAL Pill·fPS 

1 /3/10/14/24/2713313 5/44/4 7 I 
65/70/71/72/81/87/103 

These are the most commonly employed sludge pumps. The 

advantage of such pu...'Tlps is that they are positive d.is:-:,lacement, 

able to cor.vey solids and have a sel.f-prim.ing action. The output 

of such pumps is governed by diameter and, eccentricity of the Rotor 

(9.nd pitch of stator) which are characteristics of individual 

manufacturers' ranges, as well as by the viscosity of the liquor 

being pwnped. Thus the formulas involved in pump selection are 

complex. Fortunately the flow is proportional to the speed of 

rota ti on and in practice adjustment of RPM is employed to obtain 

required output and manufacturers all are prepared to assist in 

selection. It should be noted that helicoidal pumps must not be 

allowed to run dry (Flcat Control essential if pumping from vessel 

not continuously filled). Run Dry protection is installed in some 

pumps operated by an electronic sensor and relay. 

Some typical examples of Helicoidal Pumps, specification and 

Budget Price (including motor) may be seen : (Suppliers Ref. No. 47) * 

Installed now at RPM *** P.i.Ee Diameter Cost ** 
HP 250 ~00 1 ,ooo us $ 

1. 5 0·8 m3/h 1·9 m3/h 4·0 m3/h 38 mrn (1-i") 678 
2·0 1 ·25 m3/h 2·8 m3/h 6·0 m3/h 63·5 mm (2") 969 
3·0 2·6m3/h 5·6 m3/h 11 ·3 m3/h 6J·5 mm (2 II) 1,027 

5·0 6·1 m3 /h 1 J·O rn3 /h 28·0 m3 /h 76 mm (3'') 1,289 

7·5 11 ·6 m3 /h 25·0 m3 /h 39·0 m3 /h 101 ·6 mm (4") 1 ,372 
(800 RPM) 

* 'I'.he Table quoted refers to Brazilian standard dome.stic prices -
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discounts may be obtainable for export. 
** Body c8it iron, rotor and shaft stainless steel. Pressures 

6 Kg/cm (Single Stage Pwnps). 

*** Intermediate speeds available in s~ps of 50 RIM. 
rates asscming pressure of 2 Kg/cm • 

Flow 

(Slightly cheaper models may be obtained in other countries, e.g. 

somewhat si.Jlrl.lar specification to the 1 • S lIP pump i.e. 4 ·0 m3 /hr 

may be offered at circa US $ 500). 

c 2 PLUNGER PUMPS 

May equally be employed for sludge pumping, although their major 

employment in the tanne--y sector is for pumping fleshings. Their 

output is possibly too high for small/medium tanneries, e.g. 3 HP, 

7" plunge,.., 76 mm (J") pipe, has an output up to 9 m3/hr (at 3 m 

suction). (Supplier Ref. 81 ). Budget Price: US$ 2,017 

C 3 DOUBLE DISK TYPE -------------------------
Diaphragm pump~, said to be 

suitable for slurries, and tdll 

accept solids up to 12 mm, in 

addition to being self-priming, 

such pumps are able to run dry 

without damage. 

Typical output curves of 

such pumps may be seen at 

Fig. c (i). 

is 

• e 
~ .10 
I 

J 
s 

0 

o 20 JiO .l 60 IO 
c:.p..o1 ~ • IV· 

Specification and Bud.get Prices for Double Disk Pumps may 

be: (Supplier Ref. No. 71 ) 

* ff 

fwni> (See Pi.E!: Bore ~ed RPM Installed ~~- Out~t 
(i'i2 .c (1) HP nr' our 

A 50 mm (2") JOO 0·75 2 
B SO mm (2") 475 1 ·00 5 
D so Jllll (2") 1,480 3·00 15 
F 76 mm 0") 130 10·00 40 

I 

* Pump Aluminium. 

At 5 m head. 

Discs and Trunnions of high grade Nitrile 

Cost un 
1 ,.345 
1,359 
1, 128 
2,439 

l 
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D OOSIMG PUMPS 

Potential Suppliers: Ref. Hos : 8/12/16/)7/46/55/84/85 

Dosing Pumps are available operated by diaphragm or piston. 

The major dil'ferences being pressure and accuracy of discharge. Such 

dosing pumps may disch&rge into :nixing vat or directly into the pumped 

effluent within a pipe. Given typical tannery usage elther style may 

be appliceble, as pressure requirements even when injecting into a 

typical pumped flow pipe is not unduly high. 

Dosing Pumps are normally actuated and controlled by effluent 

flow pwnp circuit and also coupled to pH controller. Proportional 

dosing is available controllable by pH meter and/or flow meter, however, 

provided now and pH are not unduly erratic such levels of sophisti

cation may not be justified within tannery effluent operations. And 

it is more normal in developing countrles to operate an 11on-offn 

system, J'll.8.nually adjusting the 0 - 1 00% control of ma.ximurn flow 

normally available on these units. 

Materials of construction of diaphragm and piston may vary 

according to reagent being dosed. It is essential., however, that 

the pump unit be sufficientl.7 rc~ust and corrosion proof. Pwnps 

are available with 1, 2 or !!lore dosing heads (each individuall7 

adjustable) operated by one motor. 

'l')'pical dosing ranges and budget prices may be seen :-

*** *** ,*! * S/Ref No. ~ S/Ref No. 22 S/Ref. Ho. 12 S/Ref. Ho. M 
Diap!-:--- Pistons 

~US$ 0-~ ;! !!3! ~ 
D - l>4f - -
D - 100 l/hr 669 0 - 105 l/h 608 0 - 120 l/h 61) 
b - 200 l/hr 697 0-1901/h 68J 0 - soo l/h 7JS 

* 
** 

Liquid end of pump constructed stain1ess steel 

Stainless Pump 

Range 
0 - JO l/h -
0 - 200 l/h 

*** Wide range of construction available. Budget Priced quotes 
material not specified. 

~5 
-, ,ooo 

Double Headed Dosing Pumps in general costing from 60 - 70'/. more 

than single uni ts are available with the output of each pump being 

individual ls controllable ( 0 - 1 00% of output) • 
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E SUB:·:ERSED AERATORS 

Potential _hppliers: Ref. ifos: 1 /)4/41/45/52 

E 1 TURBINES - SELF ASPIRATING AIID BLOWER ADJED ------------------------------------------------------
A tynical submersed (immersed) aerator consists of a submersible 

rn0tor coupled to a turbine rotor lTithin a stator. The rotating 

turbine creates a vacuum •·hich is filled Fith air entering through 

a snorkel pipe. The air and water are intimately mixed and discharged 

via diffuser channels to form bubbles in the reactor vessel. High 

rates of oxygen transfer are reported, and the turbulence keeps solids 

well suspended. The efficier.cy of such units increases with depth 

blm·:ers may be employed to increase efficiency at depths of 4 m or 

nore. 

Two zones of activity DI· I Ill lltllll1USll &D.noa • &::>11111![ '~WII 

obtained:- The inner < I are I 
I 

zone A in Fig. E (i) has .( .l ~ 

high levels of aeration 
' &DI ~ and turbulencP-, and is the I 

area of maxim.um activity. 
~ 'I. '/ ,/ ': ' ·fhe outer zone - B in Fig. 

p 

I 

1: E (i) has lesser levels of ' , :T 
T i 1 

aeration, but still ... :, • 
JI ' / /• .... 

sufficient now to allow • 

mixing and ensure soJids 

are kept in suspension. 

Submersed aerators may be employed :-

Stationary - sitting on the base of the reactor vessel held 

by their own mass or positioned with guiderails which may be 

attached to a bridge, 

Mobile - attached to moving or revolving bridges, 

Floating Motor - with buoyancy chamber 

... 

p 

In addition to relatively high oxygen transfer rates a major 

advantage of submersed aerators is their low noise level, which is 

reported to be below 35 decibels at 50 m disr.ance. (Well below 

n')isc 1evel:> of typical surface aerators). 

\, 

" 

> 
I 

I 

I 
' 
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Specification and Budget ?rices 01 some Subroorsible Aerat0rs 

may be seen :-

Supolier Ref. Ifo. 45* 

·:::-:f. -~::-::-

Motor Rating Activity Zones Oxygen Tr<msfer Rates Cost 
US1 

* 

Kw D:i.mensi or.s Self AsEira ting 

A B Basin A Basin B 
metres metres ~ Kg/h!" 

4·4 2·6 6·0 5·0 3·5 3,266 
13·5 4·0 10·0 22·0 14·0 5,704 
30·0 5·0 12·0 45·0 30·0 9,063 

F\J.11 range available ":ith motors of 4·4/5·9/13·5/22/)0fi..4/55 Kw 

See Fig. E (i) above for Zones A and B 

Clean water, standard conditions at 4 - 6 m depth. 

Transfer of oxygen may be increased employing air blowers :come 

so;, increase in the small units but only circa 20% extra transfer 

for the larger units Lh/55 Kw. 

SuEElier Ref. No. 1 

Pump K"·· Ma.x~en lnEut 
hr 

6·5 4·5 

Budget ?rice 
us $ 

3,659 

Other i.Iruoorsible 

aerators are also 

available with Budget 

Prices as shmm: It 

must be noted that 

11·6 7 S,289 
25·0 22 16,o66 

specifications are not 

directly comparable, and 

more detailed output curves are available from manufacturers. 

E 2 CAVITATION AERATORS 

These are reported as being most economical ~hen employed in 

sulphide oxidation operations. 

install. 

They are small and relatively easy to 

Typical Budget Price for a 1·1 Kw unit circa US$ 2,550 (Supplier 

Reference Ne. 52). Reported transfer rates as high as 20 Kg Oxygen/hr 

at high sulphide concentration. 

E 3 OTHERS 

For small scale aeration operations, it is possible to employ Air 

I 



-llU-

Ejectors coupled to submersible water pwnps. The pumped water jet 

passes through a nozzle in the ejector housing; a partial vacuwn 

is created, lihich causes air to be sucked via a snorkel of 2 m or 

so, such air is intensively mixed with the pumped vater. Such units 

may transfer up to 10 litres air/sec, with oxygen transfer efficiencies 

of 10 - 25% according to depth of immersion (1 - 2 Kg oxygen/hour). 

Such ejectors cost of the order of US $ 150 - 40J and require a 

submersible pump, possibly a further US $ 250 - 400 (see earlier). 

F AERATORS 

Potential Supp] iers: Ref. Nos: 4/6/16/22/23/34/36/3 7 /40/49 /94 

Aerators are available in a number of styles :-

Surface Aerators - on floats (high and lov. speeds available) 

St1rface Ael'ators - supported on bridges (high and low speeds available) 

Non Surface Aerators - vi.th motor mounted on bridge and :illlpeller 

at fixed or adjustable illunersion depth. 

Aeration is effected by 4 or 6 or 6 bladed paddle arms (slow 

speed) or by 2 - 1 6 or more bladed propellers or inverted nuted 

integral cone impeller/rotors. Rotors are generally of stainless 

steel construction and with better units dynamically balanr.ed {high 

spe'3d). noats normally of stainless steel or fibreglass foam tilled. 

High speed aerators are directly coupled to the motor - usually 

960 or 1500 RPM, in large unl ts 2 spted operation is available. Slow 

speed aerators with speeds of 40 - 60 RPM require reduction gear, 'f6&7 

be more e:icpensive. ()Jcygen transfe~ efficiencies do not V&r1' greatly 

from type to type L"Ui selection of mode'2. is much influenced by the 

scale of the operation. For small/mediUJll unit& noating aerators 

are JllOre popular having negligible installation costs, vi th bridge 

type constructions only being emploJ9d tor large units where the cost 

of the necessaJ:"7 structure is balanced by ease ot access for servicing. 

The operational characteristics ot aeratora Vlll7 from manu!'acturer 

to manufacturer, but a typical guide to operating depth of a high 

-1 
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P'ig. , {1} OPEIU.TDIO l'EPTH! - HIGH SPUD FI.OUDIG .Alll.lTOllS 

.l!JUTID t!OO:iti~ .lCTIVi..'mD gug_ -

llWst. :U.H IV· Ua.1 t. Si.. Ill. 
2 5 20 i.o 60 2 ~ 1~ 2o liO 60 

1 1 

2 t 2 .. 
J i! ) 

a 
Ji !i L ... 

!i ~s c! 
5 
6 

Tube Req:d.rw4 i! 6 Tube Required 

speed aer::i.tor may be seen at Fig. F (i). 

The dimensions of "Zone of Activity" for aerators vary, but 

typical tank dimensions (a.s quoted by an aerator supplier) rr.ay be 

seen :-

TYPICAL SPECIFICATIOH OF FIDATING AERATOR 

HP 
-h-

2 5 1 o I 20 40 
Oxygen Transfer r~g Ot/hour 3·3 7·5 14·5 25·4 h5·S 
Spray Diameter. Me res 4 4·6 5·5 6·5 8·0 
Mininwn Tank Dimensions - l"1etres 3·5 5·5 8·0 10·0 14·0 
Ha.xillIWll Tank Dimensions - Metres 7·0 10·0 16·0 20·0 27·0 

Measurea vi th absorbed power of JO w/m3 

TYPICAL CURimlT AERA'IUR BUDGET PRICES (in US $) :-

Potential Suppliers Reference Nos . . 
HP h 23 36 37 40 

2 - 3 - 1 ,26q - 1,46o 1,955 
5 - 2,076 6,338 1,700 2,467 

10 10,.563 2,768 8,4.51 2,510 3, 159 
15 11 ,972 - - - J,670 
20 14,085 - - - 4, 152 

noating 
(including 
noat) 

Fiiltd. 

High/IDW 
Speed 

NOTE: 

* * 
* * * 

Lov Low Low High Low 

Budget Prices above based on recent quotes but most 
manufacturers produce full range frnn 2 - 100 HP. 

40 
2,016 
2,316 
2,918 
3,430 
3,971 

* 

High 
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G. AIR BUBBLE DEVICES/DIFF'JSERS 

The basic operation of such de•rices entails an Air Blower (see 

Section H later), connected to one or more porous or perforated 

devices laid or fixed to the base of the reactor, which l:-ill cause 

air bubbles to rise to the surface, oxygenating as the:r rise, in 

addition to stirring the liquor. 

·Jxygen transfer is governed by the d:Lffuser size' rorosi ty' 

bubble size, inunersion depth and loading. Transfer of oxygen is 

measured by the efficiency in relation to the oxygen available in the 

air being diffused. This varies from 20; or so lei th fine bu0bles 

and declines to only 0 - 10% with c~arse bubble systems. (1 m3 air 

holds some 0·28S Kg. Oxygen). 

A wide range of porous r.iaterials may be employed for the diffuser:

Fused Alur.iinium Oride, conglomerated granulated quartz, ceramics, 

sintered plastics. An equally wide range of shapes and sizes of 

diffuser are also available with the result that direct comparison of 

cost:efficiency is impossible. It must also be noted that the cost 

of the diffuser !113.Y only be a fraction of.the total cost - the bulk 

of expenditure often being accountable to the network of piping and 

associated blot--er. 

T!ie sizing of diffuser/blower 

combinations must take due account 

of four components: hydrostatic 

pressure (water head), pipework 

losses, pressure drop through 

diffuser and necessary reserve. 

I!,ajor advantages of diffused 

air systems are the low noise level 

(only the blo~·rers produce noise, and 

this may be damped dotm by enclosing 

and insulating the unit), and the 

lo~: running cost-:;. Fig. G (i) 

shows some comparative capital: 

running costs of alternate large 

-

2·0 

1·S 

1'l g. o (1) CXllP&ll Tm COSTS • 

WlCll run oa,ooo a3/d) 

D Total pcnier coet., 
20 TR at. )c per 
kvb. 
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scale sys terns (published by a diffuser prodace!" 1977). With the 

increase in p~:-er costs the differences today r.iay be appreciably 

more ma!"ked. 

Potential Suppliers: Ref. Nos : 25/28/35/36/40/41/42/ 
53/55/74/82/89/103 

~----l----~~~~-~~~~~~--i~~~~!~~~~~~!'.'~~~~-~~~~~~~!~-~~~-
Sinters) 

a) TUBE 

These are available in a wide range of sizes from 40 - 70 :::im 

diameter, in lengths of 508 - 1,000 mm. Cor.:n.on practice is to 

affix, opposite each other, 

2 x 5'.)J mm tubes to the 1nain 

supply pipe = 1 metre of 

diffuser. A net1·or:: of such 

diffusers may then be easily 

bu:i.l t up as sho1m at 

Fig. G (ii). Nonnal output 

of such diffusers SO mm O.D. 

with pore size 40 microns -

Fine Bubble = 10 - 20 m3/hr/m 

of air diffuser. 

Fig. 0 !!!) <JRm D'M>ll OF 

DIFPUSDS 

'\ ? _J 
500 -· Dittuere 
~-

Oxygen transfer efficiency varies according to depth of 

immersion and flow rates. Typically :-

increasing to 

declining to 

2 m depth 

8 m depth 

15% efficiency 

50% efficiency 

!linimum Air Flow of Diffuser - 33% efficiency 

Maxir.ium Air Flow of Diffuser - 20~ efficiency 

Pressure loss due to air resistance of the diffuser is 

reported at 25 - JO rn.bars, but manufacturers suggest 80 - 100 

mbars should be allowed when calculating blower requirements. 

(Variation in specification affect both output and pressure 

loss). 



G 
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..;.B..:;u..;;.;d ... i:re~ .. .;;.." _C_o;;..;;s;...;t..:;s __ U_S_$!-,..:;4~'.J'---__:;;6....;;..'.) per re ter di f !'user (inc 1 udi ng 

conI!ectors) (Large volume discounts available) 

3udget prices refer to 10J units. 

b) DOHE/PIATE/CAHDIES 

The porous materials mentioned above are available in a lodde 

r~nge of s~~pes and configurations, sane exanples :i:ay be seen :-

2 

(i) ?late Diffuser - 360 n.-n. dia..'neter - output 

S/Ref 89 

S/Ref 41 

(ii) 

5 - 10 m3/hr - Pressure drop up to 5'.J mbar 

dependent on Air L~put (see above) (for fixing 

to distributor pipe net1-:ork). 

Circa US $ 28 each complete 

12" x 12 11 - Circa US $ 18 diffuser plate only 

;'late Diffuser - 260 mm. diameter - output 
3 normal 5 - 6 m /hr. Pressure drop up to 

JJ n8ars. Spring loaded plate to minimise 

bac: :fl Ol~. 

S/Ref 25 Circa US $ 28 each complete 

(iii) Doire Diffusers -17 · 8 cm. dia100ter - Fused Alwn:i.nitun 

Oxide Dome welded and fused at 12" centres to 

411 PVC distributor pipe - output 1 - 2 m mJ/hr. 

Fine 2 mm bubbles 

S/Ref 5J/74 Approximately US $ 21 each dome (Price includes 

pipe). 

LIFTillG COVER - NOU-CIOO DIFFUSERS ---------------------------------------------
The most popular of these c0nsists of a cone shaped plastic base 

fitted with elastomer cover l'~hich lifts around the edges to allcm 

escape of air. When air pressure is reduced the cover returns 

preventing backf1.ow. 

Typical product - 12 • 5 cm diameter output. 10 - 15 m3 
/hr, 

(Bubble size not quoted). (May be larger and less efficient than 

porous diffusers reviewed earlier). Pressure drop circa JO mbars. 

Budget :Tice (Supnlier Ref. JS) Circa US $ 16 each 

l 
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.A. wide range of easily installed porous plastic diffuser tubing 

is now aveilable, which ~ be laid snake-like on the vessel floor 

from a ma.in distrib1.itor pipe. A typical 18 11111. diameter tube 

vi.th pores of 10 - 100 u is said to discharge 2·4 m3 air/hr/m length 

with a feed pressure of O·S bar. Such tubing may not have 

individual lengths exceeding 7 metres. 

Bidget Price: (Suppliers Ref. No. 56) US$ 2·3 per meter (coils 

or SO or 100 m) • 

.A. recent innovation has been the perforated plastic dr\Dil type 

diffusers. These units need ballast to overcane bouyancy. The 

12 - 25 111111 holes produce a high volume of coarse bubbles yielding 

l'9lativel7 low levels of oxygen transfer efficiancy. Their 

advantage is ease of installation with one uni·; handling high volume 

of air output. A. typical ex&JDple - The Venturator - 1 diffuser can 
') . 

have an output of up to 82 ~ air/hr. The low efficiency is such 

that up to 180.,,? air 1 e required per Kg/B.O.n.5 at 3 m. depth1 

this apparent inef f icienc7 is partiall7 balanced by the large volume 

handled. Such air now is ideal tor dispersing suspended solids. 

1 unit is said to be able to agitate a tenk of }·9 m x J•9 m x 3 m 

deep. 

Budget Price (Suppliers Rat. No. 103) C1.rca US $ 220 each, 

including tl.exi.ble hose fitting. 

NOT!s (1) Tbe choice of fine va coarse bubble aerati.on devices 
should not be based on capital cost alone • Fine bubble 
porous diffusers JllQ' become blocked it beav;y concentrations 
of lime are present and it air now is cut off. The 
presence of detergents u:y al.so reduce the e!'!icienc7 of 
fine bubble diffusers. Under good condi t.ions fine 
bubble diffusers ma7 have an aeration etficienc;r of 
4·0 Kg oqgen/KwHr, as opposed to the 1·0 - 1·2 Kg/KvHr 
tar coarse bubble oper&tions. 
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tmTE: (ii) The oxygen transfer efficiencies reported above refer 
to clean water. With high levels of pollution e.g. 
Sulphide bearing Lime liquors the efficiency will he 
appreciably higher due to their avidity for oxygen. 

H AIR BIDWERS 

Potential Suppliers: Ref Nos: 18/26/80/87/92/98/10)/105 

The volume of air required for any treatment process will be 

governed by the degree of efficiency of the diffusion system. 

With trans~er efficiencies ranging from 25% (fine bubble, deer tank) 

ie 25% of 285 gms oxygen/m3 /air = 71 gms o:xygen/m
3 

air = 

14 m3 air " 1 ~ oxygen to low efficiency (c""1'se bubble) operation 

requiring 180 air = 1 Kg oxygen. 

Thus, assuming 1 Kg oxygen = 1 Kg B.O.D.5 the three hypothetical_ 

tanneries outlined earlier, with an efficient primary treatment 

yielding an influent to a secondary treatment system of circa 

500 mg/litre B.0.D~ could require: 

Small Tannery 
Medium Tannery 

Large Tannery 

m3/day 

50 
)00 

1 ,ooo 

BODS/day 

25 Kg 
150 Kg 
500 Kg 

Air Requirement Efficiency 

High m3/d a3/hr Low m3/d m3/hr 

356 {1s) 4,500. m3- ---ci81> 
Q,100 (87) 27,000 m~ (1,125) 
7,000 (292) 90,000 m (3,750) 

To cover this wide span of possible :""equirements and allow 

reserve capacity, it was felt expedient to seek budget prices of 

blowers of 50 - 200 - 2,000 - 8,000 m3/hour output at a differential 

pressure of some 300 mbars. 

extrapolation. ) 

(Intermediate prices available by 

In general it may be noted that the Roots/Positive Displacerm!nt 

blowers are appreciably cheaper than the centrif1J.gal blowers. 

Budget Prices and s~cifications for varying sized units may be 

seen :-

.. 
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NOl-illlAL OUTPUT - AIB BU>WERS 

-
50 m3/hr 200 m3/hr 2,000 m3/hr 8,000 m3/hr 

SuEEliers Note Cost Motor Cost Motor Cost &>tor Cost Motor 
Ref. No: -- us $ Ra.tin~ us $ Rating us $ Rating us $ Rating -

18 (1 ) N/available 2,745 5·5kw 11,038 37kw 16, 730 110 kw 
26 
26 
80 
87 
87 

103 

Notes: (1} 
(2) 
(3) 

(1 ) n " 5,592 9,802 18 ,239 
(2) n n N/available 11,830 18 ,592 
(3) 882 0·8 k\l 918 2·5kw 1,979 20·9kw 9,868 
<4)(5) 805 2·2 kw 831. 5·5kw 2,836 30kw 7,931 
(6) 95 1 ·J kw 137 4·1 kw 

N/available 3,380 7·5kw 
I 

Multi-stage centrifugal Blower 
Roots Blowers 

958 251<\l 3,449 
8, 732 45kw 28 ,296 

Prices quoted "Ba.re Shaft" - Positive Displacement 
Air Blowers output quoted against JOO mbar pressure. 
Kw = Absorbed Power 

81·1 kw 
110 kw 

91 kw 
150 bo 

(4) Positive Displacement Rotary Blowers - bare 
output at 350 mbar differential pressure. 

shaft 
Installed 

power. 
(5) Outputs not as table capacity, i.e. 200 430 mj/hr 

(6) Motor for above. 

I LEVEL ~.ONTROL REGULA.T'ORS 

2,000 = 2,550 m3/hr 
8,000 = 4,250 m /hr 

(Absorbed Power). 

Ievel control regulation, connected to flow pumps, is an essential 

of virtually every effluent treatment plant, to overcome the i.Mbalance 

between influent rate and pumping rate. Thus, level regulation is 

necessary when low level is obtained to avoid "dry pumping" with 

danger to pump and, at high level, to avoid overfill. 

To wt thstand the pressure of solids and tm corrosive nature of 

tannery effluent it is normal to employ liquid level regulators 

comprising a mercury switch which is actuated by tilting, housed in 

a polyproylene bulb, similar uni ts may be employed for the "high" 

and "low" duties with adjusted wiring. 

Although many level regulators may operate at up to 380 v 10 amps 

and os such may directly activate small pumps, for heavier power control, 

an electric level control unit containing a relay is employed. 

l 
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In many countries electricity/safety regulations insist that 

only low voltage circuits be fed via level regulators, in such case 

the use of a relay circuit i3 essential, allowing the regulator to 

carry a 20 - 24 volt ir.put with the ~lay/control circuits being 

capable of switching up to 4LO volts. 

Potential Sunpliers: Ref. Nos: 14/14144/59 (a multitude of 

local manufacturers exist, in addition to these renowned international. 

manufacturers ) • 

Typical Specification and Budget Prices ma7be seen:-

1. Level Regulator 

(i) Supplier Ref: 44 - Standard unit Level Regulator, 

suitable for S.G. 0·95 to 1·10/up to S0°C/J80 volt lOA 

or 250 volt 5A. Shock proof Mercury Switch cased in 

polypropylene. 

Budget Price US $ SS (20 m lead) 

(ii) Supplier Ref. 14 - Similar tQ above, maximum working 

temp to 6o0 c, breaking capacity 10A @ 2SC v. 

Budget Price US $ 43 (20 m lead) 

(iii) Supplier Ref. 14 - Ultra heavy duty - switch encased 

in aluminium inner shell and totally vulcanized in rubber. 

1 oA 2so v. 

Buciget Price US $ 65 (20 m lead) 

(iv) Supplier Ref. 44 - Light duty/clean water operation only, 

micro switch (single pole, double t!i.row) polypropylene 

encased. May be employed to obtain switching with levels 

approximately 1 · ~ m level differential. Possibly only 

employable foll:owing efficient sedimentation. 

Budget Price US $ 21 (S m cable) 

2 Level Control Units 

Typical units available :-

(i) Supplier Ref. 44 - Weatherproof plastic case includes 

-1 
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transfonner to supply 24 v D.C. :for level regulator to 

switch up to 440 v @ 3 amps. 

Budget Price US $ 31 

3 Kore Sophisticated Units 

A wide range of systems are available employing sensors and 

electrodes. Some units can be obtained at relatively low cost, one 

such system with no moving parts and said to be suitable for use in 

sewage, employs continuous monitoring of the electrical resistance 

between an electrode and a return earth (another electrode or earthed 

installation itself). Such system :may be applicable to eff'luent not 

liable to encrust the electrodes. 

(i) Supplier Ref. $1 
Basic controller, single trip 

or With increased trips to 

+ Housing basic 
or With up to 4 lights 

+ Electrodes waterproof 
or Up to maximum length 4·5 m 

Budget Prices: 

us $ 85 
180 

22 
69 
75 

235 
(i.e. Total unit cost varies from US $ 182 - US $ 484 according 
to specification). 

More sophisticated units are available, but their employment in 

developing countries !1181' not be recamnended as the necessarily high 

level of servicing m&1' not be on hand. 

J pH CONTROLIER 

Ptrtential Suppliers s Ret. Hos 1 37 /55/73/84/91 

pH controllers are essentially employed to activate dosing pumps 

or ~olenoid valves, addi.:og acid or alkali as necessary. Conditions 

of good coagul&tion and flocculation vary from plant to plant and 

according to the reagents employed. It may be found in practice 

(trial and error) that good sedimentation is yielded between pH 8 and 

pH 9·5 (for example), outside this zone additions of alkali or acid 

may be necessitated. 
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The range of suitable industrial pH controllers on world markets 

is fairly limited and standard. The total canplete unit consists of 

a robust dip electrode (usually offered in ·45, ·90 or 1·8 m length) 

connected by coaxial cable to the pH controller. Such ~ontroller 

is housed in a weathertight container and contains provision to adjust 

1 or 2 high-low points, at which pumps or valves will be activated or 

deactivated. In most cases the switching of lo"• power-d.ri ven devices 

is direct, if heavy switching is required, a relay rnay need to be 

employed. On some units the high and low settings rnay be shown on 

digital readouts - on others such setting is only adjustable via 

uncalibrated knurled knobs. 

The standardisation of the unit is similar to laboratory pH 

meters employing standa:-d buffer solutions. 

may be manual or by autanatic sensor. 

Temperature adjustment 

Specifications and Budget Prices .

(i) Supplier Ref. No. 91 

pH controller - 2 set points over full range 
pH 0 - 14. Relay contacts 6 ~s at 220 v 

+ Combination Electrode 

+ Electrode Sleeve 8(;() mm with KCl reservoir 

Total 

(ii) Supplier Ref. No. 84.. As above, outputs 
S amp at 240 v auto temp. control available, 
intenial "self test" facility for calibration 
etc. 

Electrode unit complete with visible KCl 
reservoir 

Total 

(iii) SuEElier Ref. No. 37 - Complete unit not 
specified 

(iv) Supplier Ref. No. 55 - Complete unit. not. 
specified 

Budget Prices 

us $ 376 
60 

63 

us $ 499 

us $ 458 

us $ 11~ 

us $ 572 

us $ 2 ,38o'* 

us $ 21700* 

* Domestic prices - Export price may be considerably reduced. 

l 

- -- ---~-----_________ ...._ _______ ~.-....-~~--~~----------
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Potential Suppliers: Ref. Nos: 
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13/19/21/29/35/59/68/ 
82/91 /97 /1 02 

The need for effluent flow meters is questionable in small 

operations - it may be sufficient to neter the incoming clean water 

to the tannery as a fair guide to effluent volume. For larger 

treatment plants which may have prescrilJed discharge rates by local 

authorities or need to control the flow:rea.gent additions closely, 

metering may be considered desirable. 

The cheap (varying from US $ 150 - SO mm ~ipe - US $ 250 -

100 mm pipe) simplistic "in-line" physical flow recorders -

impeller or piston operated, are seldom suitable for effluent 

treatment control, as such uni.ts are not nonnally designed for 

liquids with suspended solids. 

Modern technology has produced a number of systems employing 

non or semi-intrusive devices employing ultra.sonic, doppler or 

magnetic signals to measure depth of liqu9r - flow rate. Usually 

sane degree of standardisation of condition i.e. need long run of 

straight pipe, or weir or flume of known characteristics in pre

detennined channel. Others may be calibrated on site and the more 

recent models include programmed microprocessors which may rapidly 

calculate flow parameters. Some units e.g. Sonic type open channel 

sensors will not function well in the presence of high foam. With 

the large number of unit types available a brief review only of typical. 

types and budget prices is given, in order of increasing cost, of basic 

unit, below :-

(i) Supplier No. 91 - suitable for flow on cal:lbrated weirs or 

open Venturimetrlc canals - aiT.' blowing system with !llini 

compressor. F1.ow ranges 0 - 50/0 - 100/0 - 200 m3/hr, with 

total flow 

Budget Price us $ 722 

(ii) Supplier Ref. No. 21 Semi- intrusive sensor (with impeller) 

for insertion into pipe - calibratable digital display unit 

(only requires pipe size entering). F1.ow and total display 
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in CFM or m3/hr. Wide range. 

Bu<iget I-rice us $ 986 

(iii)Supplier Ref. No. 102 - Non-intrusive ultrasonic flow sensor 

connected to a display unit incorporating microcomputer 

allowing employment : - open channels (flumes ard weirs) 

rivers. Up to 16,000 measurerents able to be stored in R.A.M. 

Can display current rate/nay/month average totals etc. or 

cormect to printer. With only six basic data inputs may be 

calibrated to any channel flow employing inhuilt programme. 

Budget Price Standard UP.it US $ 1 ,676 
Optional Chart Recorders 490 

(Portable Model) ( 2 ,))8 ) 

(iv) Supplier Ref. No. 19 - Clamp on pipe type flowmeter employing 

Doppler Transmitter/Receiver. 

(wall thickness uo to 25 mm). 

and alarms. 

Budget Price 

Sui table for pipes above 18 Illlll 0 .D. 

Flow display - tots.ls etc. 

us $ 2 ,819 

- - - - - - - - - - -

L AGITA'IDRS 

Within tannery effiU3nt treatment operation mixing may be required 

at several stages : 

(i) During homogenization/equalization - this is now more normally 

achieved employing air diffusers or surface aerators; 

(ii) During addition of neutralizing, flocculating and/or 

coagulating agents. When polyelectrolytes are employed 

it may be preferable to employ low speed mixer/flocculators 

(see next section). Where acid/alkali additions are made, 

usually into mixing vats, it is possible to employ cheaper 

high apeed mixers. High speed agitators with impeller 

directly fixed to motor shaft are relatively cheap, whereas 

slow speed and variable speed uni ts, requiring gearing, are 

both larger and more expensive. 

l 
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The sizing and balancing of mixer/vat size is complex 

and the formulas necessitate factors relating to character

istics of the impeller, e.g. number/shape/pitch. To overcome 

this, most manufacturers issue their own perfor.11a11ce charts. 

A typical relationship may be seen :-

Volume to be Mixed HP of Agitator Reguired Blade Diameter 
m3 Gentle Agitation Rapid Agitation 

0·2 - 0·4 0·05 HP 0·3J HP 
0·4 - 0·7 0•15 HP 0·50 HP 
0·7-1·5 0·25 HP 0·75 HP 
1·5 - 2·2 O•J3 HP 1·00 HP 
2·2 - 3·7 0·50 HP 1. 50 H? 
J·7 - 5·6 0·75 HP 2·00 HP 

Typical Budget Prices from an European specialist producer 

* (Supplier Ref. No. 4B) 

mm 

100 
100 
100 
100 
150 
150 

HP High Speed Pro~] .ler Reduced Drive ~ed -
0·25 
0·50 
1 ·00 
2·00 
5·0G 

* 

HP 

0·3 
1·0 
5·0 

RPM Prop. Diam. !!U RPM Prop. Diam. 

1500 100 mm 397 . 462 150 mm 
1500 100 mm 430 462 200 llD1l 

1500 12 5 Jllll1 566 462 250 mm 
1500 150 mm 6o1 46~ 300 mm 
1500 200 mm 800 462 450 mm 

Fixed mounted heavy duty couplings, shafts and propeller in 
stainless steel. M:>tors TEFC Weathe1'Proof'. 

Typical South American Producers' Budget Price 

us $ 

699 
756 
982 

1,231 
1,869 

Supplier Ref'. No. 22 
us $ 

SupJ:!lier Ref 37 
Q[J RPM Prop. Diam. RPM -

1100/1200 100 Jlll1 250 Portable JOO 1,256 
1100/1200 175 mm 400 Portabla JOO 1 ,327 
1100/1200 250 mm 1 ,950 Fixed - -

Note: 1 To avoid vortexing (mass swirling) it is necessary to 
mount agitators off centre and/or at an angle with the 
vertical. (Unless baffles are fitted to mixing vessel). 

Note: 2 The nUJ'llber of' producers of agitators is too large to 
attempt listing potential suppliers. 
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M FIDCCULATORS 

The simplest flocculators consist of slow !·otating vertical 

wooden paddles as Fig. M (i). 

Two or f crur arms may be 

e.1T1ployed wi. th from 2 - 4 
paddl~s per ann. The 

sizing of flocculators is 

difficult and it is nonnal 

to rely on manufacturers r 

specification. The Table 

below shows a specific 

manufacturer's suggestions 

for p~ddle sizes. 20 

11..i i- Beariac 
!1,g. K (i ) TYPIC:.L VER TI Cl. L P.lDDU: FIDCCUU TOR 

30 mi.ns is nonnal time for flocculating, therefore the tank size 

will have a volume equal of 1/3 or 1/2 of hourly flow rate. 

Utilizable Total Taruc Size Paddle HP Arms Paddle - No. Tank folwne Width Depth Height Di.a. m No.per 
--3-- -

m m ill ann 

Paddle 
RPM -

6 2 1·9 1 ·0S 1 ·6 0·7S 2 2 4 - 8 
12 2·S 2·4 1 ·SS 2·0 0·7S 2 2 
20 2·5 3·9 3·05 2·0 0·7S 2 2 

16 - 25 3·9 3·20 2·0 0·75 4 2 
30 - 50 3·9 3·20 2·8 1 ·50 4 3 
so - 80 3·9 3·20 3·6 2·00 4 4 

Due to the wide variation in price due to materials of 

construction/methods of speed reduction etc. there is little purpose 

in listing Budget Prices. It may however be noted that employing 

the above data such slow moving nocculators may in maey cases be 

assembl.ed locally, with tre majority of cost being attributable to 

the motor and reduction assembly. 

N SEDIMENTATORS 

The basic sedi.Jnentator is employed : 

(i) To separate flocculated suspended solids dll..l-1.ng primary 

tree. tznent; 

3 - 6 
3 - 6 
2·S - s 
2 - 4 
1·8 - 3·5 

l 
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(ii) To separate activated sludge, and allow its recycling, 

during secondary biological treatment; 

(iii) To thicken, i.e. reroove further quantities of water from 

sludges farmed at (i) end (ii) above. 

The dimensioning of sedimentation units is usually calculated 

on the upward flow rate within the sedimentation unit. This may 

vary from 1 ·O to 1 ·5 m3 /m2 /hr for primary sedimentation following 

physico-chemical treatment, down to only 0·5 m3 /m2 /hr for some 

secondary sedimentation. 

For small operations 

requiring vessels of up to 3 or 

4 m diameter, the simple 

vertical flow sedimentation 

tank at Fig. N (i) may suffice. 

Such units may be locally 

prcduced - circular in 6 mrn 

plate (Fibreglass skinned 

internally or epoxy resin 

coated) or in reinforced 

11nm11.\ 
lllt17 .... 

n1. I (1) 

VERTICAL nDll 
SEDIMEl!J'lTIOlf 
~ 

ClarUied 
1=-~=~tfi•llt. 

Di•cbarse 

fibreglass, concrete or wood, dependant on 10cal technology. 

Typical Budget Prires for 6 mm steel plate units have been :-

Czlinder Size Surfa~e Area Fl.ow Rate Cost US § 
Diam. Height m MJ/hr 
1 m 3 m 0·8 0·5 - 1 ·5 1,500 
2 m 3 m 3·1 1·5-4·5 J,000 
4 m 3 m 12·6 6·0 - 19·0 5,000 

For larger operations co111J12rcial Models are available witil 

rotating rakes with half or full bridges for access. Scum removers 

are also available, (see Fig. N (ii)). Central entry is common 

practice but some designers prefer the peripheral feed (Fig. N (iii)) 

as this lim1. ts the dispersion of scum and may be more stable with 

respect to high peak and fluctuating loads. It must be stressed 

that the large units are veey expensive to transport, and it may 

be preferable to import in semi-fabricated .form or produce locally 

under licence tra11 experienced producers. 
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P\1. II (U) Cllflll nlll, JWWl. ICIAJ'ID CIM.InD 

Some recent Badget 

Prices of Circular Sedimentators - Clari.tiers :-

CLARIFIERS (Cost in US $ Ex Works) 

ll>iameter Radial Brid_ {l >s~1e .lrm{l) Full Bri!!le <2 ) 
Supplier Raf. 23 Supplier Bet.40 Supplier Ref. 23 

6m S,100 4, 723 8,000 
10 m 6,700 S,100 9,S'X> 
20 ll 12,oso 10,800 18,)50 

(1) Peripheral drive, including scraper and sk:i..Jnnler 

{2) Pull bridge peripheral drive, inr.luding scraper and ski-r. 

Clari.tiers are also available in rectangul..ar form, vi.th •to and 

from" t1P8 scrapers. 
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0 ODDlTIOH DITCH ROTORS 

Oxidation rotors are available in several styles, sizes, speeds 

and diameter of rotor with consequential variation in ox;ygenating 

capaci t7. SJ.ch oxygen transfer is further varied by the depth of 

immersion. St.>• manufactuers' ox;ygen transfer rates ma;y only be 

applicable at high levels or B.O.D. when oxygen demand and efficiency 

is high. So• tJPical anufacture•a report :-

0·1 •diameter rotor 

Rotor Immersion Ox:raen transfer 
• -

0·05 
0·15 
0·25 

1 • 01 m diameter rotor 

lime rs ion 

·125 
·380 

lg per hour per 
• lerurtJt 

2·00 
4·00 
7·00 

RFM 

S4 
72 

Power Consumption Qugen CaJ:!!city 
Iw/m oer mit oower 

:ltr/KvHr 

0·6 2·5 
1 ·6 2·2 
J·4 2·1 

Ox;rgen Trans!er per hour 
per • length 

1 ·7 
10·0 

G.l. ftD the nde nmp Of reported outpata and efficiencies it 

~ be more realistic to take account or .anutacturera • sizing. One 

~acturer rec~nds tor d~atic etfiuent1 s-

~ 
Rotor Ditch Inatalled 

Length iDimter Volme~ ~ HP 

27·S 1·0 0·70 131 32 1 ·0. J·O 
5S·O 2·0 0·70 262 37 1·2. S·S 

1)0·0 4·5 0·10 f.50 44 1·4. 10·0 
27S·O 4·5 1 ·00 1310 S4 2·2Sm 20·0 
SSO·O 6·0 1 ·00 2620 61 J·O m 40·0 

(Interia loadinc1 available) 

Such data 'M7 need llOdi!ication to suit the concentration of 

pollutants/YolUM of ditch aore suitable to tanner;y operation where 

two da7I retention in oxidation ditc~s seems aatis!acto17. In 

man;r circumstances two or more rotors will be necessitated. The 

I 
ll 
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rotor in addition to supplying oxyger. requirement must also supply the 

necessary hydraulic .flow and most reputable ma.nu.facturers will supply 

ditch parameters to match given effluent characteristics. 

Typical Budget Prices :-

(i) Supplier Ref. No. SS 

0 · 9 m length x 0 · 7 m diameter Rotor - J HP 
2·1 m length x 0·7 m diameter Rotor - 7·S HP 

2 x J·6 m length x 0·7 m diameter Rotor - 2S HP 

US $ Cost 

4,900 
6,Soo 

10,800 

(ii) In response to a specific query regarding tannery 

effluent one Supplier Ref. 1 OJ quoted Budget Prices:-

Kg OODS/day Rotor Diameter m Installed Cost tJS $ - HP 

so 1 x 2 m 0·7* 4 6,JJB 
JOO 1 x 4·S m 1 ·0** 22 19, 155 

1,000 2 x 7·S m 1 ·0** J7 47 ,042 

* Including drive - bridge - splashguard 

Note: 

Mammoth rotors with rows of blades, non-horizontal, to avoid 
pulsating flow. Price excluding bridge and walkway. 

Rotors nonnal.ly available from 0 • 75 or 1 m to 4 or 8 metres 
long in steps of 0·5 m. 

Potential Suppliers: Ref. Nos: 55/62/6J/10J 

0 2 BIO DRUM 

A recent entrant to the market has been t~ Bio Drum a n •••• 

rotating biological filter, where instead of plates the filter consists 

of a lot of plastic balls held together in the shape of a drum by a 

sturdy metal net. This new construction gives the advantage that 

the drums can noat due to the very low speci£ic gravity of the balls. 

As at the same time small containers are built into the periphery 

of the drums and these containers lift water out of the water body IU'ld 

pour it over the balls in the upper section, this actually makes the 

drums a combination of rotating filters and trickling filters. 

-1 
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As the same containers also trap air which is taken do'h"Il in the 

1'13.ter and bubbling up between the balls overgrown with biofilm the 

lower part of the drum is also a sort of submerged filter with air 

bubbling through direct along the surface of the biofilm. 

As the drums are freely floating on the water to be treated, 

they can be mounted ir. any tank with a m:i.niJ11um of construction work, 

and they are toorefore very well fitted for upgrading existing tanks 

simply mounting the drums at the edge of the tank by means of a pivot. n 

(Manufacturers description). 

Whether such units may operate at maximum efficiency in tannery 

employment is unlmown to the consultant. Such drums are available 

in sizes from 0·62S x 0·4 m up to 2·5 x 2·5 m. 

Manufacturers specification based on population equivalents 

is given below (B.O.n.
5 

load assumed by the consultant) :-

Supplier P..ef. No. 38 

PoEul~tion BOD
5 

Kg/day Bio Drum Size HP Installed Cost US $ 
Equivalent m -

200 - soo 11 - 27 1·Sx1·S 1 9,073 
400 -1,000 22 - SS 2·0 x 2·0 2 12,600 
700 -1 ,500 38 - 82 2·5 x 2·5 3 ·; 6, 129 

P BIO FILTER DISTRIBU'IURS 

Po~ntia1. Suppliers: Ref. Nos: 15/16/22/27/37/40/67/103 

The simplest syste~ are ~hose which utilize the pressure of the 

pumped effiuent to rotate the distributor ann. (Somewhat similar to 

rotary 'iwn sprayers). Hore sophisticated uni ts may employ a motor 

to ensure regular rotation. Wide variations exist in materials of 

construction and it is difficult to compare prices. 

Some tTt>ical Budget Prices: -

(i) Supplier Ref. No. 15 :-

2 metre diameter 
5 n n 
9 n n 

us $ 56o ) 
us $ 915 ) 
us $ 1 ,408 ) 

Monoje t, central self 
dosing distributor. 
Supported on transverse 
bearers. 

-1 
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(ii) SuEElier Ref. No. 40 

4 metre dianeter us $ 1,805 ) Heavy duty centrally 
10 " " J,008 ) mounted, multi-

) diffuser arms. 

(iii) SuEElier Ref. No. J1 
4 metre diameter us $ 580 

Q BIOIDGICAL (TRICKLING) FILTER - PACKING MATERIAL~ 

The major characteristics of packing material for biological. 

filters are : (i) Large surface area availability; 

(ii) Sufficient voids to allow adequate air flow 

to ensure aerobic conditions. 

Filters are available, or may be constructed to operate in 

several fashions :-

Low Rate Filter Hi~ Rate Filter Roughing Filter 

H;yt4-aulic Loading 
m3 /.,.2. I day 2 - 4 10 - JO )50 

Organic Loading 
Kg BOD/m3 I day 0·1 - 0·3 0· J - 1 ·O )1·0 

~dia Rock, Slag R & S & Plastic Plastic 

Tvntcal material characteristics :-

Diameter Ks perm J Specific Surface ~ 
Area m27iiJ 

River Pebbles 25 - 60 Circa 1,300 Circa 60 50J 
River Rocks 80 - 120 " 900 " 45 50% 
Furnace Slag so - 100 " 900 " 60 5o:i 
Plastic - 30 - 100 n 90 95% 

Rocks and slag are usually available at nomi.nal cost locally 
but it may prove economic to investigate the employment of plastic 

packing. As well as reportedly offering h:lgher ra ~!' of loading, 

plastic media, due to its light weight may require a sin.oler, smaller, 

lower co;st filter construction, vith only a light structure to 

support the media. Additionally, plastic materials vi.th their 

I 
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high voids readily al.low air circulation. Plastic Media is 

available in modu1ar !om or as a random media structure. The 

random structure would appear suitable • Such random J11Bdia is 

available, usually under registered or patented design, as cylinders 

composed of ridged rings, typically J - 10 cm long with similar 

diameters. Alternately, material.s are available composed of 

triangular serrated fins radiating from a central tube. Typically 

such materials are constructed of PVC. 

_!Jwiget Prices : 

(i) Supplier Ref. No. 96 - "flocor R" - US $ 80 - 95 m
3 

(ii) ~plier Ref. No. .56 - "Biofi.ll ll - US $ 85 m
3 

(Prices above fer 20 m3 - higher volume discounts available). 

NOTE: Freight costs of this bulky material may exceed actual 
material cost. 

R FIDTATION UNITS 

Flotation units are an alternative to physico-chemical sediment

ation systems. The process invohes floating suspended solids to a 

vessel's surface fran 

where they may be 

scraped o!f or the 

liquor and collected. 

An outline o! the basic 

system m:r be seen &t 

Fig. R (i). The 

operation is baaed on 

the change in 

solubilit7 or gaa in 

liquids u pressure 

changes. Air is 

Scraper 

rv. a o) nnc.u. DISS>Ln:D .an n.oun<11 WIT 

dissolved in the waste stream under pressure in a saturation vessel -

which is then passed to the non-pressurized reactor vessel where micro 

air bubbles form, rise to the surface carrying vi th them the suspended 

-1 
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solids forming a scum which is mechanically scraped. A discharge 

point at the base may also be necessary for the collection of ultra 

heavy particles. A variety of patented atomizers are employed to 

ensure fine dispersion of the bubbles. Patent screens and 

separators may also be employed for the baffle plate. In addition 

to the above dissolved air flotation (DAF) other flotation methods 

are available e.g. electrolytic flotation, but this seems not to 

have gained acceptance in treating tannery eff1.uent, due to the high 

cost of transformer /rectifier. 

The advantage of flotaticn is said to be that retention time 

in the unit is only some 45 minutes, versus up to 3 hours in a 

conventional sedimentation system. It is also reported that the 

solids content of the scraped sludge is of the ore.er of 8 - 10% 

as opposed to the 3 - 4% obtained by sedimentation. 

It must also be noted that even 1'.-i.th flotation it is often 

necessary to neutralize or otherwise dose the influent. 

Flotation equipment is usually sold as e complete unit. 

Potential Suppliers: Ref. Nos: 7 /1 6/22/34/35/36/68/77 /93 

(1 ) 

Typical Budget Price ~ 

(i) Supplier Ref. Ne. 7 

Complete Unit - 4 m3
3
/hr 

11 
" 90 m /hr 

(ii) Supplier Ref. No. 93 

us $ 12,300 
us $ 105,000 

A tannery developed a system 

for its own effluent treatment plant, fol.Uld it successful 

and is now of'fering to supply such complete 11Silflo11 uni ts: 

Budget Price: 30 ~/hr 
60 m /hr 

us $ 
us $ 

90,000 
125,000 

This plant is complete with the necessary dosing facilities 

and is said to remove > 99% of S.Solids, chrome and grease and 

some 90 - 95% reduction of C.O.D. and B.O.D. 

Cost of treatment employing the Silflo uni ts was reported <1 ) 

ROET. S. "The Developrent of E'. M:>dified Flotation System 
for the Treatment of Tanrrnry Wasten". ALCA 
Convention. June ,983. Hershey USA. 

l 
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for a tannery of 125,000 m3/year (SO'J m3/day):

Capi tal (Amortized 1 S yrs) + Interest ( 10%) 
Dosing (Ferrichloride + Polymer) 
Power (Silflo only) (15 Kw x 13·5 hrs daily) 
Labour 
Maintenance (2% of C.apital) 
Sludge Disposal (Landfill) 

Total Capital and Running Costs 

S ~"'ILTER PRESS 

6·4 c m~ 
9·1 e m

3 1·7 c m
3 7·3 cm 

0·13 c m~ 
2 ·SO c m 

27·13 US Cents m3 

Potential Suppliers: Ref. Nos: 16/27/31/54/60/65/78/86/88 

Exact volumes of sludge and subsequent cake are difficult to 

calculate prior to operation. For an outline guide to allow sizing 

of Filter Presses, the following may suffice: 

a) From Suspended Solids - i.e. 300 m3 effluent/day 

at, say, 3, 000 mg/l S.S. wculd yield r->ome 900 Kg day dry solids (D.S. ) 

b) From B.O.D. - subsequently precipitated and 

settled and from coagulants and flocculant added another 20% 

or so on the above may be produced. 

c) Total may be 1 ,080 Kg - say 1 ·1 mt. D.S. 

At 4% solids content (i.e. after primary sedimentation) this 

could occupy some 27·5 m3 • Following a filter press operation a 

dry solids content of 30 - 35% could be obtained. Asswne, say, 

32% D.S. and a cake of some 3·44 m3 could be expected daily. 

The output of filter presses is governed by plate size, number of 

plates and thickness of cake. The nominal output is easily calculated 

i.e. with a plate size of 1 ·0 m x 1 ·Om, with cake thiclmess of 25 ems, 

40 such plates = 1 m3 of cake per cycle. In pr:;.ctice the volume of 
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cake is less than this due to the system of water recovery not 

allowing 100% complete cake volume. A press cycle occupies some 

3 - 5 hours, ·the ref ore two cycles may be produced within a normal 

working day, w1 th the possibility of up to five cycles per day if 

operated over 24 hours. 

Filter Presses are available in a wide range of sizes :-

Typical Filter Press basic specification :-

Pl.ate Size nm. No. of Pl.ates Cake Thickness mm. Volume of Cake 
~r czcie m3 -

soo x soo 10 - 50 23 - 25 C·03S - 0·17 
630 x 630 20 - Bo 2.3 - 25 0·12 - 0·4B 
Boo x BOO 40 - 100 28 - JO 0·5.5 - 1·40 

1000 x 1000 6o - 120 33 - JS 1. 38 - 2·76 
1200 x 1200 40 - 120 33 - 35 1·5 - 4·S 
1450 x 1450 40 - 120 38 - 40 2·4 - 7·2 

Filter Presses are available with manual operation of the 

pressure control and manual unloading of the cake - quite satisfactory 

with small units - or with all operations automatic. 

2. !ypical Budget Prices were sought from manufacturers capable 

of handling cake of (i) 0·2 m3 /day employing 2 - 4 cycle/da7 

(ii) 1 ·2 ~3 /da7 

(iii) 4·0 m3 /da7 

The responses are given below in alphabetical order s-

(a) Supplier Ref'. No. 31 

(i) 0·5 m x O·S m plates - 11 off 30 nm cake 
ri&nU&l • • • • • • • • • • e • • e • • • • • • • • • • • • • • • us $ 7 I 900 

(ii) 0·63 m x 0·63 m plates - 31 off 30 mm cake 
semi-automatic • • ••• • • .. •• • • • • • • 0 'JS $ 15,200 

(1.ti) 1 •O m x 1 ·0 m plates - 46 off 32 mm. 
Fully automatic ••••••••••••••••• 

(b) Supplier Ref. No. 54 
(i) 0·63 m x 0·63 m plates - ll off' manual 

(11) 1·0 m x 1·0 m plates - 34 off' - auto. 

@ us $ 43,600 

• us $ 8,028 

• us $ 27 ,323 

l 
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(c) SuE,Elier Ref. 76 

(i) 0·5 x 0·5 m plates - 20 off - 32 mm cake 
manual ····••••··················· @ us $ 8 1~2y 

(ii) 0·63 x 0·63 m plates - 70 off - 32 mm cake 
manual US $ 27 z 700 Auto @ us $ 36 1000 

(iii) 1·0 x 1 ·Om plates - 90 off - 32 !llll cake 
Auto @ us $ 881000 

(d) Supplier Ref. 65 
(i) 0·6 x 0·6 m plates - 16 off - 25 mm cake 

manual .....•....•••...••••..•..•. @ us ~ 11 16o6 
(ii) 1 ·O x 1 ·0 m plates - 24 off - 2S mm cake 

senti.-autanatic ................ • us $ 291000 
(iii) 1·0 x 1·0 m plates - S7 off - 2S mm cake 

semi-automatic •••••••••••••••• @ US$ 42,580 

Items ii and iii above full automatic operation 

available at ............ circa US $ 121000 EXTRA 

(e) Supplier Ref. 86 

(i) O·S x O·S m plates - 20 off - 20 mm cake 
manual ........................... @ us $ 11 1 718 

(ii) 0·8 x 0·8 m plates - 40 off e 20 Jllll cake 
semi-automatic ................ • us $ 25 2307 

(iii} 1 ·0 x 1 ·0 m plates - 90 off - 20 J11D. cake 
Auto @ us $ 92 2695 

(f) SupElier Ref. 88 

(i} 0·63 x 0·63 m plates - 15 off - 20 mm cake 
MaDU&l ...••..........•............ • us $ 13 2011 

(ii) 0•80 x 0·80 m plates - 6o off - 20 mm cake 
manual .•..•..•••.....•.••.•.•.•... • us $ 37.zOOO 

(iii} 1·2 x 1·2 m plates - 95 off - 20 mm cake 
Full7 automatic ................ 4i) us i 96.z6oO 

NOTE: (1) The output of the above presses may be obtained fro:.n 
the table given earlier - extrapolating where necessary 
according to the number of plates. 

(2) The above prices include the necessary high pressure 
pumps which account for almost 40% of the coRt of the 
smaller uni ts, d6clining to some 20% for the large uni ts. 

(3) All references to sizing of filter presses assumes the 
necessa:ry preconditioning with lime and/or ferric salts 
has been carried out. 

l 



T BELT PRESSES 

Potential Suppliers: Ref. Nos: 

-136-

5/16/27/36/43/52/61/ 
76/94/95/l 03 

The recent errergence of Belt Presses has widened the choice of 

sludge dewatering equipment. Belt presses, usually operating two 

endless sieve bands of synthetic fibre mesh running over a series of 

rollers which convey, dewater and press the sludge, have low capital 

and running costs given their outputs. However, even the smallest 

unit commercially available at this time, 0·4 m belt width, has a 

nominal capacity of 3 - 7 m3 /hr, i.e. 72 - 168 m3 /day sludge, and 

as such is suitable for a tannery with a total ef'fluent 500 m3 /day. 

Belt presses require preconditioning and flocculation of' the 

sludges and most units have inbuilt dosing and mi.xing vats. It 

is normal for Belt Presses to yield a final sludge of' some 28 - 35% 

D.S. 

Typical capacities of Belt Presses are reported :-

Band Width nun Nominal Sludge Capacity Input m3/hour 

400 
1 ,ooo 
1,500 
2,000 

(a) Typical Budget Prices 

(i) SuEElier Ref'. No. 94 

3 - 1 
8 - 18 

12 - 27 
18 - 36 

Belt Width 0·4 m us Capacity as above 
Belt width 1 ·0 m us n n n 

Belt width 1 ·5 m us n n n 

Bolt width 2·0 m us n n n 

(ii) SuEEliers Ref. Nos. 43/92 

Belt Width 1 ·0 m us$ 6,3,000 Sludge Capacity 
3 - 15 m3/hour. 

(iii) SuEElier Ref'. No. 61. 

Belt Width 0·5 m us$ 801000 JOO - 450 Kg 
Solids/hour wading rate 

l 
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(iv) Supplier No. 76 

Belt Width 
Belt width 

O·S m 
1·2 m 

us $ 31: 740 
us $ 44 925 

Price includes pump, nocculators and washing devices. 

An interesting new entry to the field of dewatering devices 

is a new high capacity belt dewatering unit which, while not over 

sophisticated, is very much cheaper than the above units. It is 

said to be able to handle from 2 - 1 0 m3 /hour slurry input yielding 

a easily handled final sludge, of some 12 - 18~ D.S. 

Budget Price 

U C'F.:NTRIFUGES 

us $ 11,8)1 
TJS $ 14,085 

Basic 
Including :flocculator 

The dewatering principles of centrifuges are well known. The 

application of centrifuges to dewatering of tannery sludges has 

recently ~xpanded and centrifuges are now operating at tarmery 

effluent treatment plants in France, Germany (F.R.) and Japan. 

Major advantages of centrifuge type decanters are the ease, regularity, 

and cleanliness of operation. However, whether such fast running 

plant, up to J,500 RPM, imposing high demands on its bearings, would 

be suitable in many developing countries where servicing facilities 

are poor, may be questioned. However, the employment of such 

equipment in large tanneries located in Newly Industrialized countries 

could be envisaged. 

Outline specification and budget prices {Suppliers No. 43/95) 

Centrifugal Sludge Decanters :-

l 



Inner Diameter J11D. 

MaxiJllwn Speed ~ 
Throughput m3/hr * 
Cake Dryness % D.S. 

Budget Price US $ 

* 
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Sraall Unit 

340 
J,SOO 
8 - 15 

10 - 35% 

31,690 

Mediwn Unit 

530 
2,250 

20 - 40 
10 - 35% 

62,000 

Dependent on type of sludge (Primary/Secondary"). 

V CHROME RECYCLING UNI'I'S 

Potential Suppliers: Ref. Nos: J0/57 

A number of suppliers offer package plants for chrome recovery 

and reuse. The systems are not directly comparable as systems 

employed may vacy in efficiency and ease .of control. 

Typical offering is (Supplier Ref. No. JO) :-

Screening of used chrane - storage - precipitation -

vacuum filtration (float to reuse for pjckl.e) - redissolving -

All with toll automatic control. 

Standard Units available 7/10/15/20/J0/40/50 m3 chrome noat/da;y. 

Typical aidget Price for Package Type uni ts 

7 m~da;y chrome noat 
20 5/day " " 
SO m /day " " 

(Self evidently the amo'\lllt of chrome available for recovery is 

dependent on the degree of fixation obtained during tannir.g}. 
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W LIME RECYCLING UNITS 

Potential Suppliers: Ref. Nos : 30/57 

'Ille range of techniques available for recycling of lime is 

large although most package plants offered employ vacuum filtration 

or UF/RO systems. A typical offering (Suoplier Ref. JO) employs 

vacuum filtration to retain the suspended solids and much of the 

organic load present in the used lime liquor with the filter. 

The clarified liquor is subsequently mended with lime and sulphide 

etc. and recycled for use vi th savings approaching SO.% of chemicals 

employed. 

Typical BudgEt Prices for such complete plant are:-

2S m~/ day Lime 
JS 5/ day " 
7S m / day n 

Fl.oat 
n 

n 

(Alternate capacities available) 

us $ 100,000 
us $ 119,555 
us $ 210, 110 
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