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INTRODUCTION 

Following  the United Nations Conference on the Human Environment 

held at Stockholm in   ,9/¿,  the General  Assembly of the United Nations 

established the   United Nations Environment Programme   (U.N.E.F.). 

The United Nations Industrial  Development Organisation   (U.N.I.D.O.) 

with its spedai   role in the  field of industrial  development has 

collaborated with  the  newly formed UNEP to form a joint work programme 

within the environment field.        The project to which this report 

relates is a -omnonent of this joint study programme. 

The major objective of this study within the leather sector, which 

from time immemorial  has been universally recognised as having great 

pollution potential,  is given in the project document as follows  :- 

"To study the leather industry in depth, in order to assess the 

environmental considerations which have an impact upon its operation 

and development. The  study will  be of a background and »stocktaking» 

nature which is necessary for formulation of an environmentally sound 

development in this branch of the industiy». 

Suggestions were sought at meetings from the representatives of 

several developing countries,  in order to formulate a work plan to 

maximise the utility of the final report to the developing countries, 

especially where  the leather industry is now, or potentially,  is of 

significant economic or environmental impact. 

D. Winters   (United Kingdom) was appointed as Senior Consultant 

to co-ordinate  the project and to edit the project report, and he was 

assisted in varying degrees by consultants, and the report owes much 

to the inputs of the following  :- 

Teferra Assrat      (Ethiopia) 

D. A.  Bailey (U.K.) 

W. Frendrup (Denmark) 

T. J.  Johnson        (U.K.) 

T. Mathews (India) 

J. A. Villa (Argentine) 

W. Weber (Switierland) 

Due to the large mats of material accumulated, and the wide span 

covered in the different chapters, and the divergent areas of interest 

it has been felt expedient to report on the project in Wo volumes. 



Thus  Volume   1   deals  with  the more generalised   situation,   including 

the  possible environmental   impact   of the  industry,   treated  theoretically, 

and   based  on  three  area studies,   as  well   as  the   financial   implications 

f  the   introduction  of control   plant  and   equipment. 

Volume   ÍI   has  a more technical   treatment   and   aims  at  mitigating the 

harmful  environmental  effects of  the  leather  industry,  giving some detail 

as  to mean«  by which environmental   impact may  be  lessened   by employing 

"beat   environmental   processes",   and  alBO  outlining possible effluent 

treatment  systems  applicable in differing circumstances. 

Thus Volume   I   is addressed  to  governmental   and  industrial   decision 

maker«,  and  Volume   II is of more concern to the  entrepreneur and 

technologists,  as well as the planner.     Both Volumes, however,   are 

clo«ely interrelated and need to   be read  in conjunction with each other 

by thoee who wish to implement  any specific proposal. 

In general  the report  is directed towards  the developing countries 

where the tanning industry in many cases  is undergoing expansion.    However, 

much of the data IB  pertinent  to   the more developed nations although in 

the«e area« more  sophisticated and  costly treatment schemes may  be employed. 

The recommendations outlined  in Volume  II are given as general guides - 

treatment plant«  have not  been operated under the exact  conditions quoted 

but   international   authorities  in  this  field agree that   in most   instances 

the proposed treatment plants should operate efficiently,  subject  to some 

minor local modifications. 

The methodology employed in  the area studies, and  the terms of 

reference for the technical studies are n.t  recorded here to avoid 

repetition,  but may be found in the "Report of the Preparatory Study 

Group Meeting",  Vienna,  19 - ?3 August  1974, UNIDO/lTD.290. 
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CHAPTER  I 

ENVIRONMENTE ^DERATIONS   IN   m LEATHER INDUSTRY 

MB PBOJKT AND ITS CHALLENGES:       SUMMARY AND CONCLUSIONS 

A THE  PROJECT 

A summarised description of the project i8 given in  the project 
document as follows  :- 

i-       The study ana identification of   : 

a. processing techniques and methods used. 

b. the type and quantity (per unit of output o» other 

appropriate unit) of materials discharged (vaste and/or 

pollutants) for each type of major process. 

c      types of damages resulting  from the discharge of 
unused materials. 

d. »be.f available and most practicable environmentally 

beneficial technology -  deluding technologies available 

for recovery and/o,  reuee of waste mataríais. 

e. adaptability of the different technologies  to varying 
types of local  conditions. 

2. The domination of trends within the industry;      includlng 

he development and utlli»tIon of envi^ntally sound tschnologies. 

3. The determination of the most,  ragorous environmental criteria 

and the highest standards which  can be met  (technically and 
economically). 

1..      -he „.termination of the Impact 01 environmental  consld.T,tlon, 

on futurs develop»« especially the Investment implication, 

«Irtng special consideration to harmful «atrial,, adaptation „f 

technologies, «I a better utilisation of resource,.     . 

The initial »ork pian of th. proJ.ct docmilenl ^ en :: r,sis of the ^ »** *— - <*^ «*- ~. * .t 
Ï"' *~ 8r,aS °r COUntri" •"» — -PPl•>nUti„n fro» the ter.,„.        Hou.TOr> (oUMim the discussjm3 it 

f <»ta, .Uff «embers, constant, and representative, of t- 

IT"^ C7lri" ln n'• (SthlOPl* *nd 1MU)' lt •"«- 'PP-nt 
lui,! r"T"Ch ""ld " 8alMd fra" ,J* th•' "~ """"". ^" «ad be „..d for more Uchnlcal ^ ^^ ^ ^^ ^ 
studi.. Ihl, oonclu,lon „., rMrtid vh6n it ^   conci 

•re. .tudl., ., i„ thenw.lv., only Meld ,««»*., 
report.   l.„w      . »»«»»hat g.n.r«liMd situation 
report,, tau, ln q„„tlUtiv. d.U, .ho»,,« th. „.d for . »chnid 

MM. 



ba^round  -M,h veld   heir   t.„ „„»   '.he  area   studies   into   true 

re-re, tive. vhu3,   in  ..lddUion  til   .4rea   ,,tudleg  cover1n(, Ar(JenMne> 

Ethic:-, a and  India   ( ;tate   , !' Tmi l   :j»du),   it. vas decided  to  report 

separately on  the  foil ovin,*   :- 

Possible  Er-olori ^al   Impacts   ,f  the   Leather  Industry's  Wastes. 

The   Leather  Industry'-   Solid vvpstes. 

Financial   and Economi-   ¡affects  caused   by  Pollution  Mitigation. 

Better Environmental   Processes of Tanni ng. 

Tannery Effluent  Treatment and DìSPOSPI . 

The i:eed   for these  summarised technical   desk studies was 

necessitated as there  is a dearth o" definitive works  on  the subject, 

although there  is a mass of papers and  publications  covering the field 
at specialis-   levelî,. Tnis prüject and   ltg ^^   .g   therefore 

an attempt  to summarise   the   technical,  ecological and  financial fields   of 

environmental nuisance  mitigation in  the   Leather Industry 30 that an 

outline,  at least, of al!   asnectswin   be available  to all   interested 

parties who otherwise would  have to refer to  a multitude of different 

publications  to build un an  overall  ni-ture. 

Certainly in the develop! nP countries,  which more  and more are 

involved in tne leather industry, the need for a concise summary 

covering all  the above asneas  has been clearly shown in r,he  area studies. 

B.      THE CHALLENGES 

One of the maj.r problems of a global study within the  leather field 

is the  large variation in  the   technology employed from area  to area and 

country to country, and even va thin a country.       These variations are 

partly attributable to  the degree of mechanisation, but also  to some 

extent to the type of technology employed, and  the chemicals used therein. 

It is obvious that variations  in mechanisation and technology may well 

yield vastly different environmental impacts,   according to  local 

circumstances. However,  the variations are  countless and  could not 

easily be compressed within this project. Additionally, in most areas 

there had been no analysis of tannery effluents, and their impact. In 

order to overcome some part of this disability, it was felt expedient to 

adopt a basic typical tannery effluent. This is detailed in Annexes I 

and IT. By use of such a typical tannery effluent one was enabled to 

quote possible theoretical financial and ecological impacts under 

varying circumstances.      The acceptance of this typical tannery analysis 

was not an easy choice.        The analysis accepted was that which has been 

found applicable in Western Europe.     However,   there was little reason 
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the use of counter-current washing was claimed  to  reduce  total   water 

consumption  from   ij-ï  to 6-3 mVton  (il)  in addition to bringing 

about a major reduction,  perhaps as much as 60<,   in the  toxicity 

charge". 

However,   in the  realisation  that such new  technologies are unlikely 

to be available  in  the mass of tanneries in the  developing countries for 

many years,  and even in newly  installed tanneries  such techniques may 

not be employed   for 5 to  ,0 years;       hence  it  is  felt more appropriate 

to consider offering advice aimed at improving  the more conservative 

conventional processes currently accepted by tanners,  in an effort to 

improve  their impact on the environment and/or treat the effluent so 
produced. 

C.      SUMMARY 

There is little doubt that the  tannin«; industry is a potential 

polluting industry of some significance. Indeed this has been 

recognised for several millennia and, accordingly,  in several of the 

old established world religions  the  t-nning industry confers with  it 

and its associates  some degree of second class citzenship,  in recognition 

of the environmentally degrading nature of the industry.        However with 

modern techniques and mechanisation much may be done to mitigate  the 

effect of the  industry on the environment,  and today it is within the 

technical and economic competence of the majority of the world's  tenners 

to reduce their impact to a much less significant  level.        it must be 

stated tnat in many developed and developing countries tanners have 

not yet accepted the challenge,  and continue  to  pollute with  little 

regard for their environs. Technologies lor mitigation are available 

in th? developed world, although in some areaü  the huge costs of 

capital equipment  for mitigation, especially  =n smaller units,  is not 

always to be found.       In the developing world,  the  situation is not as 

clear cut.        We have examined three areas in some detail,  and one may 

summarise our findings as follows   :- 

I.      In India   (State of Tamil Nadu) a study of some ÖÖ tanneries 

representing the h - 500 tanneries in the State revealed that 

little effluent treatment was being practised,  and in most cases 

tannery effluents were discharged to river or agricultural land 

after minimal primary treatment.       Evidence is supplied which 

shows quit«  clearly that in one River,  The River Palar,  tannery 

*  (ii)    • /ton is equal to 1/kg 
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inhabitants complain  that  the water is heavily contaminated, 

"he number oí'  tanneries  that  require mitigation control 

equipment  is  small. 

III In the Argentine  the current  situation is  that   the majority 

of  the  tanneries are   in the   ireater Buenos Aires area, employing, 

with a few exceptions,   Lit'le or no effluent  treatment systems. 

Tanneries discharge   their effluents  into  some   .b  natural   water 

conduits, which  serve as  sewers for all of  the industries   in  the 

area,  all of which   flow directly or indirectly  into the  River  Plate. 

Apparently no  public   indignation has been particularly aimed at. 

the   tanneries  for  their environmental   impact,   but  the  authorities 

are  instituting a  series   <f mitigating measures,   trie  results of 

which are  that  tanneries vil!  either have  to  install equinment for 

treating the'f effluent,  or be  relocated  ir. more  remote ar»jas of 

the   country, where   they will   have  to  tre   t.  their effluent  to  some 

extent, depending on  the  particular J "»nation. It npuears   that 

with regard  to large  arid medium size   tanneries no problem is 

expected.      However  the   large number of smaller establishments 

are   thought to pose  a problem, and,  as  these  smaller  tanning 

establishments generate some 20% of the tanning industry's effluent 

their continued generation of untreated effluent will  pose  a long 

term pollution problem. 

In the Argentine  in general  expertise is available to cour sel 

the  tanners,  and  it   is understood the major problem will   be  of a 

financial nature  -   this affects the  smaller units who are not 

as  credit worthy or   find difficulty in  relocating. 

IV During the evaluation of the possible   theoretical ecological 

and environmental effects which could be related to the discharge 

of tannery wastes,   the major point to emerge was the effect of 

stream flow of the   recipient water course,   thus for a normal chrome 

tannery operating  so as to produce an effluent with characteristics 

as in Annexes I and  II, discharging its effluent to a river,  in 

order to support normal fish life the receiving stream should have 
3 

at least a flow of  ^ m /day stream flow per kg.  of hide 

processed/day.        Whereas with a flow of U mr /day/kg of hide 

processed/day the stream will not be able to support fish life in 
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potential future pollutant. In many developing countries the 

leather industry is just emerging, with  tremendous scope for future 

expansion,  as thsse countries process their own raw materials instead 

of exporting  them in the untreated state. 

There  is, without doubt, need of soundly balanced summarised 

data on the  technical and financial aspects of tannery effluent control 

measures,  and it is hoped that this report may be used as a discussion 

document in  the necessary liaison between Governments and Industry. 

In the case  of ohose countries where new industries are being installed, 

there is little reason to suggest that problems will be encountered,  as 

in mo3t cases  such tanneries will be medium to large scale ventures, 

often with  some foreign participation,  thus the expertise and finance  are 

usually available. Control may be exercised by the planning 

authorities as when licences  to operate are granted  they can quite 

easily be made conditional on suitable effluent  treatment measures being 
employed. 

Although  Item 3 of the  summarised project description asKed for 

••the determination of the most rigorous environmental criteria and the 

highest standards which can be met  (technically and economically)», the 

consultants felt that no rigid standards  should be quoted,  feeling that 

standards must relate to many local circumstances. However, in 

Volume II, when discussing effluent treatment techniques and plant, 

clear guide lines have been established,   relating degree of effluent 

treatment and purity of final effluent with location of the tannery and 

conditions of the recipient.      Likewise in Chapter III of Volume I when 

discussing 'possible ecological effects of tanning effluents» guidance in 

this field has also been given.       It is felt that sensible interpretation 

of the data in this report could provide a basis on which standards 

could be built for many different circumstances. 

In those ùeveloping countries where the leather industry is baaed 

on a large number of medium or small tanneries already existing, the 

problem is not so easily overcome, such tanneries may not generally have 

the expertise or finance available and great social problems will be 

encountered if unachievable standards of effluent treatment were insisted 

upon. m Volume II of this report processes to mitigate the 

pollutant potential of the effluent are outlined which are suitable for 

large, medium or small tanneries, although for some suggested process.« 

the internal plumbing requirements may not easily be available to the 

«all units. A „rie. of outline effluent treatment plant plans is 
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of technical «know-how», which must be considered the prim, aim of 

>• to improve the leather industry environnait      "" 

»ill «hortly b. publiïheTb/îh??^,.   i"! "ld ""^tiH «.Mure. 
France, .t PF ,6o, «¡¡ToT«S £JX? ST**«»** ***' **». 
to the «any indu.triali.tlin tT M» 1  ^    *1V# f°r diBtribution laixet. „ the develops, world who need guidance. 
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There  are  some A'   tanneries  in Ambur, most of them  fairly larpe 

mechanised units  processing both wet blue and   finished   leathers   for export. 

A  few pro.-ess E.I.   end  chrome   tanned leathers  -il so  for export.       All   these 

tanneries  are situated outside municipal   limits. ¡'he  tanned goods  are 

transported by ro;.d and all   the  tanneries extent   three  have their own 

wells  for- water supply. Three  tanneries get.  their- water from the  Palar 

River since  their own well   waters are highly saline  and hard. The 

larger units have   their   >wn generators for power   supply in addi ti, m to 

the  State  Electri   ity Board  Suppiy. 

The  composite   tannery wastes  are highly coloured and give  forth   foul 

smells. Some of the tanneries have a number   of earthen lagoons   into 

which all   the effluents are  collected. Some  tanners have acquired large 

areas of  land around their  tanneries which has  been rendered useless  for 

cultivation by continuous disposal   of tat. effluents. Another group of 

tanners whose tanneries are   located on either t-,nk  of  the Palar have 

constructed masonry  settling tanks.        But  even here,  the uncontrolled 

mixed wastes overflow and pollute  the river. Some  tanners do not even 

have  these  settling tanks,  and allow the waste  to  flov directly into the 

dry river bed during summer. All  the wells  in the Ambur area have had 

their water rendered saline and hard.       The adjoining agricultural  lands 

have  reportedly experienced significant drops in productivity. 

The working environment tends to be less than  satisfactory due to the 

high noise  level  in the mechanised tanneries. Son» cases of complete 

whitening of hands are reported from workmen engaged in production of an 

assortment of white  leathers -  from use of titanium dioxide. There are 

a number of complaints of a  lingering fleshy feeling that is not removed 

after use of ordinary soaps. 

of Tannery A Data 

Tannery A is a chrome tannery with a capital  investment of 

I 5,600,000 and employing 600 workmrs.      It is mechanised and uses 

500,000 litres of water per day piped from tne Palar River.       The 

existing well water being highly saline, cannot be used.      power Is drawn 

from the State Electricity Board Supply. 

About 6,000 goatskins are being processed daily into finished 

leather.        UnhaiMng is done by lime-sulphide painting for three houre. 

Nellmlng is done in drums for twenty-four hours followed by fleshing, 

esllMng, washing and • udding. âft*r pickling,  the hides are chroma 

tannmd In drums for  six hours using 2 >f chroma  liquor prepared in the 

Ummtj.        neutralisation,  dyeing and fat  liquoring are carried out in 
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the usua.  __ and  the leathers are  nnished 

Leathers etc   for export. g>"PPer 

There are no municipal  sewers  in the area. A1] waste u 

'u m x   i j m x   3 m   and allowed  to «ttu 

: : ::r:: --» r ,t «t ^. _ _,:;.;:;"fro" 
«-onsets  in a well     <*-\i* i ~, ¿a 
It f.       , „< "•"  '° " d8ep)- F"» »I» «11 

:cr:j
icaiiï wd ,nt° -——• «- - - -aJ«. 

This  tanner has nlano tn  „-• S pians t0  set up a  treatment plant. 

Tests 

Alkalinity (CaCO  ) 

Chloride  (CI-) 

BOD 

COD 

ToUl Solids 

Dissolved solids 

aiapsndtod solids 

T- Nitrogen (M) 

Phosphats (m ) 

Total ChrosÉLw 

Hsxavalsnt chraalua 

*"ttl*    UlÜn«    &"-    Chrome      Retan*    Compositi 
Tanning    Dye ,(i) 

7-5 

l,09ü 

28,600 

3,600 

9,590 

U8,830 

4i,000 

1,|00 

8,200 

13,390 

1,250 

I,8I0 

5,280 

39,250     (8,720 

5,100 

1,300 

6,700 

3ii,360 

22,670    ,3,98o     28,«»0 

5,830     ,6,580     1*, 71*0       6,250 

1,650 

880 

2,700 

6,200 

5,100 

I,l00 

7-0 

3i0 

li, 800 

1,750 

3,1*00 

iU,800 

12,000 

2,800 

135-0 

1*5-0 

• 25-0 

Nil 
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(b)    CASE STUDY OF A TANNERY  IN  PALLAVARAM 

Tannery B is   located  in Pallavaram  (about   20  km.   from Madras)   in 

Chinglepet district. ¡'here  are  about,  iS tanneries, in  the  Pallavaram 

area orocessing bot,h E.I.  and  finished  leathers. rhe   tanneries  are 

outside Madras city  limits and  have  been In existence  for more  than  30 

years. The  tanned  goods  are   transported  both   by   road  and   rail. 

Tanneries have  their own wel.s  as  .source of water  supply. óome  of the 

tanneries, whose well  waters  are  saline,  use municipal waters  for 

finishing ODerations.       There  are  no municipal   sewer3. Jome   tanneries 

have generators in addition  to   the  State Electricity Board  supply. 

Semi-chrome and  ful1   chrome   finished  leathers are  produced  in a few 

tanneries. Vegetable  tanned  belting leather and o+her Industrial 

leathers are produced in one  of  the  tanneries. The  remaining   tanneries 

"íostly produce E.I.   tanned  sKins  and  kips. 

The  composite  tannery wastes  contain hiph  amounts of suspended solids, 

dissolved organic  impurities,   salinity and alkalinity,  apart  from being 

highly coloured and emanating a  foul  smell. During  the  rummer months 

one tannery reuses effluent for soaking and liming after primary 

sedimentation due  to acute  shortage of water.        Some of  the mechanised 

tanneries have either a series of masonry or earthen lagoons. All 

wastes are allowed to flow into these lagoons and the sludge is  removed 

periodically and disposed of as manure or landfill. The  supernatant 

is allowed to evaporate in the  summer and overflows on to  surrounding 

waste land during the "lonsoon. 

Summary of Tannery B data 

Tannery B is a vegetable  tannery with 30 workers, processing U00 

cow calf and kOO buff calf hides into E.I.  for export. 50,000 litres 

per day of well water is used and power is drawn from the  State Electricity 

Board Supply. 

Unhairing is done by lime-sulphide painting for one day. The 

hides are then re limed for ó days,  after which they R« fleshed, washed, 

de limed and pickled.        Vegetable tanning is carried out in pits  for i3 

days using avaram bark, in combination with wattle extract. This is 

followed by myrabing, oiling and drying. 

There are no municipal sewers. No effluent treatment is 

practised.        The waste soak and lime liquors are run through separate 

drains and allowed to collect in earthen lagoons. Meste bark liquor 



•-lo-  through another drain  to a  separate earthen  lagoon where it 

evaporates. The  overflow is  let out on open   lands. 

Fl..hi„,:8 are disposed of for «lu, manufacture  and tanned 

trimming are disposed of for manufacture of leather boards. 

TABLE IV 

CHARACTERISTICS 0F INDIVIDUAI. aun COMPOSITE WASTE« 

FROM TANNERY (b) 

Analysis 
' Ma.ior  ProreRsoB 

PH 

Alkalinity 

Soaking    Liming    Delime    Pickle    Veg. 

Tan. 
Composite 

(CaCO   mg/i) 

Chlorides (<Jl~mg/l) 

Total  solids  (mg/1) 

Suspended solids (mg/1) 

BUD  (mg/1) 

COD  (mg/1) 

BOD load 
(kg/100 kg.hide) 

7-8 

800 

11-5 

i,800 

8-0 

iiOO 

¿V0 6-2 

",200 300 100 

22,'20 22,500 ,,,560 

2,500 6,000 200 

'»•00 ,,920 630 

2,090 3,950 ,,200 

2,350    1,200 

ló,7ó0 52,01,0 

600  , ,',320 

620    3,300 

1,300    6,500 

0-U09 ,-87     0-528        0-331,    0-31,0 

7-5 

Ö00 

i,685 

720 

1,1*50 

2-h 

*(i)   Sep note on  page   19 ~~ ~~ •—•  

V.       CAUSES OF PRESENT INADEQUACIES 

There are a number of reasons why no effective precautions in the 

form of waste treatment and planned disposal are at prient being taken 

to safeguard the environment.       These include  :- 

• •      Low economic status of the majority of tanners. 

2- Availability of large area, of barren  Un,1  not  easxly worked  for 

^.cultural  purposes,  allow.ng easy dump.ng of wastes wxth virtually no cost 

3- Ineffective enforcement of existing legislation by the 

concerned public health authorities. 

U.      Inadequate education and information dissemination among 

tanners regarding the costs/benefit, of regard for the environment. 

VI.    MITIGATION OF ENVIROMMEKTAT. n,,,, 0F TAfm, ,in, TAMMPDTPc 

The e?*?""1011 l8 nOW Changing fradUally "ith ÍnC—in« -banisation. 
C.L.R.I. m co-operation with N.E.E.H.I. are holding seminar, and 

symposia where tanner, »re Invited to present their views and, if 

Possible, be convinced of the need for adequate effluent tre.t^nt and 



other environmental  safeguard!. une notable   instance of such a 

"conversion"  is  a  tannery in  the Rqnipet area  for which the C.L.R.I, 

and N.E.E.R.T.   ire guiding  the   installation of a low cost waste 

treatment  plant  at a aost oflJSjS o0,300. 

The  present,  survey Itself vhich  involved  inter alia discussions 

with numerous  tanners and their associates,  has made many of the1* realise 

the importance  of the  treatmen'   of their effluents. òome hnve already 

intimated their interest in preventing  further pollution of their own 

water sources,   and of their desire to  have better relations with the 

public,  whose disenchantment with the   foul   smell  and pollution of 

productive lands and water "ourses,  is becoming increasingly vocal. 

VII. GENERAL RECOMMENDATIONS 

Based on  the  survey results  it is  suggested  that the   following basic 

recommendations   -ould be implemented  :- 

i.       Since  nil  the  tanneries in Tornii  Nadu  are  situated in places 

where  there  are no municipal  sewers, and  keeping in mind the 

economic constraints of a majority of these establisnm nts, a 

general basic muthod of handling effluents could be primary 

sedimentation followed by treatment in an anaerobic lagoon followed 

by an aerated lagoon before final disposal  on land or into a water course. 

This  could   be on a group co-opprative or   individual   basis.   (See  Vol.II ) 

2. The composite tannery wastes should always be screened to 

remove all  solid matter  (e.g. hair and fleshings)  and the screened 

wastes should be subjected  to sedimentation,  preferably in masonry 

tanks. The sludge should be dried out and disposed of as manure 

as suggested by the Indian Standards Institution  (IS  : ji83 -  i°69). 

This is being practised now by a few tanners,  but not very 

systematically. 

3. Effluents containing chromium should be mixed with waste lime 

liquor and the sludge allowed to settle in masonry tanks before 

disposal by landfill or incineration. 

k-      In areas such as Vaniyambadi, Ambur, Pernambet and Ranipet 

where there is a high degree of salinity in well waters, the soak 

and pickle waste liquors should be segregated and allowed to 

evaporate in solar evaporation ponds. Dusting salt should be 

disposed of in the dry state.        Further,  soaking the hides and 

skins in the minimum amount of water during the first soaking will 

ensure the minimum quantity of waste for disposal. 
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Vili 

5.       For tannerie,  located in one proup,  as in Kutchery Road at 

V^adi, or ln v.  Kota Road at Perna^t, a co^on treaty 
plant, e.g. a trickling  fiUer Qr ^.^ ^^   ^ ^ 

communally constructed and operated to reduce the cost of 
treatment by individual tanneries. 

LEGISLATION AND  vr*..;..-»^ 

»JIT 7    M"UWi '•"ta t,k'n lo inprore "- «»i•—« 
effet,.iy lmfllemented) the„ ls a _d for itand^s Md ^ 

euch .«,«,,, M „n as thos. for vater quaiuy for yarioiis Mea 

The  Indian P„rliainent has enacted the Hater ip•„.„», 
of Pollution) Act    ,m u„. (Prevention and Control 
th. T H<       J «nagement u « Stat, ,„bj.ct ,„„.,. 
he Indian Const,tut.on.        Th. varlous Indlan states 

Process of aettin, up their ora Uater Wluta „^ « 
enact r, ïtelUr leRls, ,„,, „ ^^^ ^ ^ " 

some time before the beneficial effect, „r       t 

»ter Pollution ace».. 

in the state of M1 „,du the dlaposal Qf , 

HUÍ.  .7 of th. Ta«! N„d„ factories „a...   ,950 „d „^ J6 
? 

Ih.- 1« see, to c„,ck the disposa! of trad. .„1 nunlcipal ^ ' 

i"     T" lnt° ~~- SySt "" """•• - neighbourhood of water cours.,. (Se. „,, „„ 

for conw of vatar ^^ ,„ J.»^        "» *- «» — 

P.•iIlrd,T,rndardS InStUUtl0n (IS" h" ••1-" •«-«<. for 
?S °f *" lndUStrlal •fflM"t' *«*— i"- 

(aJ    Inland surface waters (is i 21*90 _ 19?4) 

(b) Public sewers (ls , 3}Q6 . ^ 

(c) L«nd used for irrigation  (is : 3307 -   196S) 
(See Annex IV) 

Such data is being up-dated continuously in the li.ht of   „ 
in the field. g     of advaï»ces 
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NOTE i      (TAMIL NAüU) 

rh« average mights of the various raw materials processed in the 

tanneries visited »re as follows  »- 

Cow Hide lO to  i5 kgs 

Buff Hide 20 to  30 kgs 

Cow calf hide 2 to U    kgs 

Buff calf hide 3 kgs 

Qo*t or sheep skin I   kg. 
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ENVIRONMENTAL TUPin» OF THE ,kmjKa _,,_ 

ETHIOPIA 

I        Introdnr-n nn 

Ethlopi. „ . cour,try vUh a Urge  p 

IT T*has "ot " miy d—* "•i— 
still .»ported ra« for proc.„ln(, .!„»„.„ - ?   • 

r:r rr~----- - iirjr* 
wU1 stil1 be exported unprocessed. Thus tharft 

exists a large potential for the FtM« <      , 
Ethiopian Tanning Industrv to 

ZTù:T 
is

1
md,rstood that ^ *» *~ PT: rteualiz. the exploitation of thle potential. 

Thu,    the current environnai ln,pact of the leather 

when the industry is expanded. 

« Addt'ir"?th> tanni'*industi7 ""**- *»1— at Addis Ababa and Asmara onlv but ~,~„* A      , 

*• * •i area,.        nJ'Z ZZ,^ ^ ^ 
2 -jor Uanerle, .„d . plcltllng ^ ^ ^ 
" tanneries in Asmara 

•-«- »1« ta^er, and the, ,o„„ to be operation*, 
ultra Urge t^r, at „„Jo and M3..a (sow ,? ^ 
»nd 70 - 80 km. for Addle Ababa) 

'      " **» " •*"1 "»* «•» »°rveT „norteo on In 
_Ud. report ... „.med «^ aw<Mh  

""' «""-«I •»«».. .in« tb.t «... nrr~ 
incorporated. " •  



iL_     flWIKAl. ENVlHL>fflttNr*L  jIP-lAilUN 

Hespcnsilx. i ! •>   f"T   mivi r   mmental    ifcit'*'.     I«   ^.«t-mi   hy   «#>*#"« 

Ki n1 5l r 1 *» «s,   Put 1 «•    ftuth.ritiPm   -»nrt  * i «>   «mm    uni!»',*«  »>>«»•>   H   *-M'# 

ir,   this   impor'ant    rouget '"h*   f n ¡ I >wl n$>   ir»   •»••»ww»     '   Ui#  «w i " 

vi«w«,   responsi M 1ttles  and   a   tivi'i»»«    >'   v<-i   u«   pit M     '   «-i«»«   •. < 

tt.M    , ', i  a     '' " .'-"1   during   ' h*>   sjrMy   :- 

Mini »try of Pubi ir  Health 

The Ministry   are nert irt*»d  ¡*t   the   m  ne*snip    <•»«"    '   '*W»r»  •»*   • 

mans <>f effluent   disposai.       *  series c.f i nepei-tj ,HI  sites  h*«# 

.«en   introduced   t  ••  check and  analyse   the wat4»r     <»nt «jnitrnt .inn ;     'hi* 

step   is to he   ''allowed by individual   analysis   oi   fa   • >ry affluer* 

discharges into   the rivers. LegisUt tor,  in  draft   for« has  tieen 

compiled and now   awaits <k>vernmeilta)   enactment .     The draft   spe  U'ie» 

the  maximum B.O.Ü.  and suspended solids permissible   i>ri<n   • 

discharge into  rivers or municipal   sewers. Mo new   licence e will 

be   granted to individual enter-p•"«» unless  satisfa   tory effluen» 

plants capable  of meeting B.Ü.U.  and 3S specifications are  r«uilt. 

MinJ8try of Community Development 

The Ministry welcomes any move to reduce  the  contamination of 

rivers which are   used for potable purposes.       They  state however that 

any plans for effluent treatment muat b.> designed  to ensure  that   the 

cost of plant and  its running costs must bear a realisti.' 

relationship to  the production cost of the article manufactured. 

Ministry of Com—>ree and Industry 

The licensing of any future projects (including tanneries) 

should be conditional on the erection of effluent  treatment  plants 

to meet the standards now in the process of Implementation. 

Existing tanneries should be  compelled to conform with reflations 

provided that the  cost of effluent treatment bears a reasonable 

relation to the  production costs, (reasonable  time  being allowed). 

Awash Vallsy Authority (A.V.A.) 

From its study and survey of streams in Addis Ababa It had 

concluded that the majority of these which drain into the Little 

Akaki and Great Akaki Rivers,  the main tributaries of the Awash 

River in the Upper Basin, and which flow« through the uree» ©entre 

of the city, are  highly polluted.       The main cause of pollution is 

attributed to animal and human excrements, septic tank effluents, 

trade and industrial wastes. 
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+ 300/í/OO llides/dny 

*      Sole Leather Tanneries 
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ILENVIKONMENTAL TMPA,T n, ^afiNTIN£ TAtMTWï TMnilCTDV 

*S WiH  be see" ^ i" the vast majority of cases effluents 
fro. Buenos aires tanneries enter conduits with other industria, 

wastes and  flows by various  rouf, to the  River Plate. Thug no 

specific  information ,8 available as  to  the  impact Qf ^ 

industry's effluent. 

So».  , , y.ars aro fish „ort,lit, data and other „idenc. or 

ront-d»,,• m TOje  .«,„   MeHlBl,,,„g th. vei7 ^ danger 

01   these  indiscriminate discharge*        T+  -i» ^    , uisawrges.      it is assumed that this 
reported fish  mortalUy is  the   result of heavy poUutlon ^ fay 

a B O.D    of  the waste waters,   greater than the  maximum Hmits allowed, 

«hat part,   if any,  the tannin,  industry has played in this situation 
has not. been evaluated. 

3     «untine tannar, e:Tlu.„ts>   ,973/71. amount, to •.rly 3 Muim 

«   » yar. B, far th. greater „u»b.r of th.ae tannarla, .„ 

IZT,T'the lndustrlal belt surroundin« a•»r "-»• ««.. 1-di.t.l, outsida  the  ,,ty,  and vrlmarlly ,„  „_  „^ 
Avellaneda and  rAr.iK nv,„        u 

Unas, rhe number of such establishments  in the 
city itself is  relatively small        UH+K fu ciy sman.      With three exceptions,  the 
anneries located outside areater Buenos aires are of lo, production 

apacuy,  rarely more than  ,00 cattle hides a day.        Considered by 
zones,  the effluent volumes are as  follows   :- 

Tories in Avellaneda and Lanus (,200,000 m3/year    i2.[% 

" The Federal Capital 
" other parts of 

Greater Buenos Aires 

the rest of the  country 

Total .   .   . 

These effluents flny into  . 

350,000 m3/year    ,2-3% 

100,000 m3/>Bar    ,h-0% 

900,000 mVyeer    3,-6$ 

2,850,000 m3/year  ,00* 

Th« Riachuelo 
l2-i0%  (tanneries in Avellaneda 

and Lanus) Tk      nj uaiius; 

tot.,    ' th°" f'°"S t0 "" *W PUt« - »» —. th. total tannery effluent in : 

The River Plftte  (Rio de u p^ )66. ^ 

The rivera of the remainder of 
th> country 

3«-6* (tanneries in the interior) 



It   is evident   therefore  that the major recipient of waste 

water  from the   tanneries  is  the River  Plate,  and especially its 

tributary,   the  Riachuelo,   located centrally in the industrial   belt 

of Greater Huenos Aires,   in the  zone between the capital   city and the 

cities of Avellaneda and Lanus. 

Clearly the Argentine  Leather Industry has an environmental 

impact, when it employs  such  large volumes of waste water. 

By   i960 thir       -act will   be   70 to 80* greater,  because of the 

expected growth of the  tanning industry during the next  five years. 

By  that year,  therefore,  the  leather industry may be discharging an 

annual volume of ', million m3 of waste water  (which contains some 

0-003 per cent of solids and fatty residue) into the natural  rivers 

and streams. 

In Table VI may be  seen the effluent treatment given in the 

majority of Argentinian Tanneries. 

As is evident from the Table, despite the apparent heavy 

pollution of the  River Plate and other waterways by the tanneries 

only one establishment out of 300 has a complete effluent treatment, 

and recycling system, and only four other tanneries have well 

developed treatment systems including oxidation tanks and systems 

for more  than primary treatment.        The rest of the group of 2h 

leading tanneries in the country only have primary treatment systems 

while the  remaining ¿76 are operating primary treatment systems on a 
trial basis or not at ali.. 

In addition to the liquid wastes produced by Argentinian tanners 

it is suggested that the industry produces some 69,000 m. tons of 

solid waste annually,  of which some 5 -   i0,000 m. tons will be 

present in the effluents. (Perhaps 3,000 or more m.  tons of 

fleshing» and trimmings  (5% of the total produced).        Up to 

3,000 tons of Hair and  fat  (majority of such waste) and some  small 

PMi-l of the  i.uuo m.  tons of buffing dust produced annually.) 

The balance of solid wastes are disposed i- 

a)      The fleshings are sold to cattle food ftctori«» and 
gelatine producers. 

(b) The ahavings are sold to bricK factoría« and factories 

doling with reconstituted leather and boarda. 

(c) Uather off cuta, trüsvlng« and unaaable split« are «old to 

factoría« for reconstituted leather. 



TABLE VI 

í'annery ¿ Location 

Moron   (B.A.) 

Lanus   (H.A.) 

Drainage Sit«. 

Primai-y treatment 

Settling tanks; 
Primary treatment 

3.   (¿speranza  (Santa Fe primary treatment. 
'i.   Uel   Viso   (B.A.) 

').   Lami s   (B.A. ) 

o.   Ternas  de ¿smora 
(B.A.) 

''.   .Jauregui   (B.A.) 

h. Avellaneda (B.A. ) 
(J. Mal pu (Mendoza) 

iO.L»nus (B.A.) 

il.Azul (B.A.) 

i.:'. Bernal (B.A.) 

'3.Federal Capitai 

i il. Federal Capital 

•1>.Avellaneda (D.A.) 

'ö.Del Viso (B.A.) 

'7.Avellaneda (B.A) 

'8. Federal Capital 

« 9.Federal Capital 

20.Lanus(B.A.) 

2\ .Federal Capital 

22.Lanus  (B.A.) 

23.Federal  Capital 

2\x.Federal  Capital 

|00 Small Tanneries 
I^nus  (B.A.) 

50 Small Tanneries 
Avellaneda (B.A) 

26 Sole leather 
tanneries at 
various locations 
throughout the 
interior of 
country. 

Arroyo Moron   -  R.   Plate 

Cpnal  So rand i    -•  Riachuelo 

Arroyo Esperanza 

Arroyo Pinasco      R.   píate 

Canal   Sarandi   - Riachuelo 

Riachuelo 

Settiing tanks; 
Oxidation tanks 

fVimary treatment 

Complete  purification 
plant   (settling tanks, 
recycling,  oxidation 
pond, etc.) 

Labyrinth  type  settling Rio Lujan - R 
tanks & oxidation tanks 

Comprehensive  treatment Riachuelo 

Primary treatment 

Primary  treatment 

Primary treatment 

Primary treatment 

Primary treatment 

Primary treatment 

Primary treatment 

Plate 

Treatment including 
oxidation tanks 

Primary treatment 

Primary treatment 

Primary treatment 

Primary treatment 

Primary treatment. 

Primary treatment 

Primary treatment 

Primary treatment 

No treatment 

No treatment 

No treatment 

Canal  Snrnndi      Riachuelo 

Arroyo Azui 

Arroyo St. lv,minR0 =ltlachue,,. 

Enclosed concili r.  ^ h. Plate 

Municipal  sewage  system B.A. 

Canal  Snrandi      ¡tUchuel.-. 

Arroyo  Pinasco  *  H.   lì,te 

Arroyo St.   Domingo-Riachuelo 

Municipal sewage system B.A 

Municipal sewage system B.A 

Canal  Sarandi   - Riachuelo 

Municipal  sewage system B.A 

Riachuelo 

Enclosed conduit » ,?. piate 

Municipal sewage system B.A 

Riachuelo 

Riachuelo 

Various rivers and streams 

200 Tanneries 



(d) The buffing duet is collected and burned as it is not 

economically exploitable in the Argentine. 

(e) The hairs, fats and grease, not being easily reeovered 

are disposed of into the effluents.   (Hair pulping usually 

adopted.    As Argentina is such a large meat producer the 

economics do not allow recovery of fats from tanneries). 

This method of disposal through the sale of wastage for 

different purposes works well in Greater Buenos Aires, and in other 

populous cities, e.g. Cordoba, Rosario and Mendoza, etc., and in 

places where commerce is active and where there are important and 

varied industries, but in the interior of the country greater 

difficulty is encountered in the sale of wastage, and therefore their 

accumulation in unsalubrious deposits is often the result. 

In addition to the liquid and solid waste impact on the 

environment, it is often the case that the tanning industry has a 

potential to produce noxious odours. 

The greatest efforts to combat this problem have been undertaken 

by the tanning community in Buenos Aires, a city which is completely 

developed and is heavily populated.    it has been said:^ "Despite 

the fact that certain of these tanneries are located in the midst of 

residential communities, they burden the neighbourhood with no odours, 

and one can move about in the vicinity of these establishments with 

the same sense of wellbeing as in any other business district, 

without perceiving any objectionable emanations".      Even with 

tanneries located in other cities and regions there is no record of 

complaints by the public due to objectionable odours. 

Although to date the Argentine industry has taken limited steps 

to examine and improve its environmental impact it is of comfort to 

note that research work regarding the industry's effluents and their 

environmental impact is now being carried out by a dedicated 

individual    (associated with a commercial tannery) as well as at 

the Leather Research Centre at La Plata (C.I.T.E.C.) 

In Annex V may be found some characteristics of tannery effluents 

from various processes - these do not differ in any substantial way 

from the »Typical Tannery Effluent Analysis» shown in Annexes I and 

II, and, in the absence of other data, one may assume that the 

possible ecological effects discussed in Chapter III would apply to 

the Argentine. 
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III    MITIGmON OF THE LEATHER TMnn^v.c miR0NMEMTAr THp¿PT 

The official agency responsible for pollution control is the 

National Station Départant (Obra, Sanitarias de la Nación), 

which inspects the tannerie, periodically every l5 days to check 
for compliance with regulation,. Thi8 ^ co.operataa ^ 

The Ministry of Natural Resources and Human Environment and 

The Directorate of Bromatology of the Province of Buenos AW 

Jointly   these bodies liaise with Trade and Research Institutes and 

Associations, and together they have recently proposed mitigating 
measures to alleviate pollution in three ways :- 

(•)   By setting limits to the quality of the waste water; 

(b)   By enforcing measures making mandatory the installation 
of complete waste water treatment planti| 

(O   By enacting industrial promotion law, to encourage and 

•Mist in the relocation of tannerie, to the interior of the 

country, especially to those areas with the smallest 

population and the greatest availability of natural streams, 

(a)    limitai for. r.-nty of ,mu<int 

Thus within Qre.fr Buenos Aires there is a network of 

15 «closed conduits and natural watercourse,, foP each of 

which permissible limits have been set for tne Wologlcâl 

Oxygen Demand (B.O.D.) and Consumed Oxygen (CO).        The 

••tablished limits are as follows i- 

B.O.D. 
White 

Ni tanza 

Lujan 

Tigre 

Reconquista 

Maciel 

Riachuelo 

Vaga 

Santo Domingo 

Mtdrano 

Moron 

0*1 Rey 

Baldonado 

Cildanei 

Sarandi 

*»•• Unit, apply to .11 industrial liquid wa.t.. 



(b)     Enforcement of Eft   'lent.   Treatment    ) 

(e)     Re locati on of   Fanne, i es ) 

In many cases  tannei   es are  taking  advantage of 

relocation assistance  off» red by lìovernment promotion schemes 

in  order to overcome   ' >:e  •  ist.s of effluent  control. 

There has been an   imi-.'diate   favourable  response on the 

part of the leather  indus'ry  to the  i-nwisions of the  promotion 

plan  for  two basic   reasor     : 

(a ) Because   V.u:  further away from Buenos Air«s nnd 

the  more  underpopulated  'he proposed  site,   the more attractive 

are   the  incentives offered! 

(b) Because  all   the  tanneries of ¡îreater Buenos 

Aires are  faced with a  very real   threat of eviction because of 

the  pollution situation. 

As  s result three  large  tanneries are   »lready under 

construction in zones well   removed  from Greater Buenos Aires, 

i 5   projects have  been  put  forward to  set up factories in the 

interior,  and there are   i0 cases of agreements and contracts  for 

installât' >n or  the  transferring of tannery sites. In most o*' 

the  ^?.sc¿  the construction includes totally equipped treatment 

plants. It is thought that this gradual   removal   to other 

zones is the right answer for the large scale establishments. 

However, it leaves the problem of the smaller tanneries still 

pending unsolved. 

There are small  tanneries  (processing 5 to 20 hides a day) 

which perform no treatment at all, and discharge their waste 

water directly into the Greater Buenos Aires sewage system, 

which as already noted,  empties into the River Plate.    Because 

they are very numerous,  these small tanning establishments 

generate some ¿0¡í of all the effluents produced by this industry, 

and unquestionably pose a pollution hazard. Most of them are 

located in Avellaneda and Lanus  (60$), with the rest scattered 

over a wide area in the  interior of the country. 

This is probably the most serious problem with which 

Argentine environmental authorities will have to deal in 

connection with the tanneries.        At the larger establishments 

strict measures are already being applied, and there is every 

reason to believe that within ten years all of these producers 



will  either have  related  to the  )Mt,.r,,;    ,.  ,he  ,.,„„„ r<y 

w^  Bnvir„,«„t.Hi   ,,mln ions wil  

innta"0"    "mr'le'e   »y**»"   «'or wast*  water   tr.,,^nt. 

i"   the   ,,„. of the  alial ,   tanneries  on   ,,,.  other hajld 

nei the,   of  the«,  tv„ solutions  is  fM,lt.le,   becau;îe  of f.(),t 

-on.iderations.       Kor the  moment,   there  are  no  suitable 
3'ilut.ions. 

The  expert who carried out  the Argentine  are,  study 

^eats   that the Centina tannin« industry should adopt the 

following  .series of counte nneasures  to  reduce   the harmful 
effects of pollution  :- 

The  better coordination of the  actions of the 
official  azotes ^ ^^ ^ ^ ^^^ 

individuals engaged in private research. 

k „    2' The alloca«°n»  from the  tiovernment.s official 

;r; T8 "n tiraes lar*er than thnse p—^ - aside for pollution control and research. 

3. The enactment of legislation  requiring the 
anneries to contribua . p.rcentage of their ^^ ^ 

in the area of pollution control and research. 

fc. The required installation,  as a minimum,  of a 

Pri-ry waste water trea^nt plant at all existing tanneries. 

The required installation of solid waste 

incinerators at tanneries located in the interior of the country. 

(Where recycling or utilization is not practised). 

500 his      „    ^ reqUlred ÌnStallatÌOn at  *«»•*•• processing 0       e8      day or more of a ^ for the  conpiete 

UZT 7fallir*that>ttwreiocation«*«--t—rtM to remote regions. 

7. The required performance by the group of  ,*> 

»nail tanneries located in Avellaneda and Lanus of : 

<*> The oxidation or removal of sulphides from 
their effluent; 

0>) The continuous balancing and pH control of 
their effluents. 

8- The required installation of the following at 

11 large and small tanneries (the majority of the laTg. 
tanneries already have them)  ,. 

(•) Pu*> action disposal system. for fleshings and 
their storage in external receptacle», 

0») Waposal systems for tri«ingB and their storage 
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in external  receptacles; 

(c) Systems for the rapid delivery of these 

wast« materials to other users. 

H      ARQPITINA POLLUTION MITIGATION COSTS AND EIPlMDITURi 

The Qovernmsnt diverts a very small   sum of the annual budget, 

just about U.S.JÍ 26,000 per year,  towards  research in the  fight 

against pollution, and no  financial  support has been forthcoming 

from the tanneries for this purpose.        ^lite the contrary, they are 

opposed to Investment of this type as being non-profitable, and have 

invested only in treatment plants on a rudimentary basis. 

Conse«juently the effect of these investments on the production costs 

of tanned leather is infinitesimal. 

Up to the present only l- 53*> of the total capital invested in 

the leather industry has been destined to setting up treatment plants 

of residual waters. This percentage represents 2-OU* of the 

fixed investment and 9-52* of property and installations, and 

accounts for less than 0-5% of the cost of production. 

In the new tanneries under construction, and those in the 

projected stage, the percentage allocated for effluent treatment 

plants reaches h-Uh% of the total investment. It is suggested 

that at this capital level, effluent treatment costs would account 

for 0-8 -  i-Oí of the cost of production. 

V        CO-OPERATIOH WITH OTHER INDUSTRIES 

It is obvious that there should be reciprocal co-operation 

between the tanneries on the one hand and the meat packers and 

slaughterhouses on the other, since both types of establishment 

produce waste material of animal origin, with similar characteristics, 

with the result that the problems they face are also similar. 

To date, however, no such co-operation exists, for the reason 

that fundamental solutions have not been considered.     Co-operation 

of this kind is found only at the Integrated plants (meat packer - 

tannery), of which there are only a few in the interior of the 

country. 



CHAWlh 111 

POSSIBLE ECOLOGICAL ANI) ENVIHONMENfAL EFFECTS WHTOH 

COULD BE RELATED TO DISCHARGE OF TANNERTWAISTIS. 

A.       QINIRAL 

In the introductory note, in Chapter  I mention waa made of pOS8ibl. 

great variation in  characte dstica  of tannery waates.      I„ order to 

obtain some meaaure of uniformity in the area studies and the technical 

sub-studiea  (forming the balance of the report Vols.  I and II), lt W88 

felt expedient to accept «Typical  Tannery Effluent Characte ristics» - 
thee* may be fully se.n in Annex I and II.        The typlcal data „^ 

ws baaed on the findings of studies in Western Europe.        However    no 

•Itene, ia available to suggest that such a "typical tannery effluent- 

dees not represent a reasonable mean of pollutants from the va,t majority 

of mechanised conventional »non-environmentally sound« global leather 
production. 

Only limited scientific work hee been undertaken concerning the 

environmental and ecological effects of tannery waste., and in this 

Chapter the use of the -typical analysis- allowed a widened discussion. 

Tannery wastes are largely waterborne and characterised by high 

a-ounts of putrefactive organic material,, a. well as possible toxic 

inorganic substances.      These pollutants occur in the effluent» both in 

th. dissolved and suspended state..       In addition, tannery effluents may 

bedeeply coloured and can give rise  to noxiou. »ells.        These feature, 
cosMn. to make tannery n8tets of nlntiv%l7 Wgh „pollution potantial„ 

The major characteriatics of the accepted «typical tannery« effluent 
•re as seen in Table  VII . 

TABU vn 

MAJOR CHARACTERISTICS OF TH, nmiCAL TAMMMT g^nBiT- ADBTrtn. 

ISSSPJZ V«g«Uble  Tannery 

10,000 

1,500 
KMnO^alu. „ ^       ( f0Q0 ^^ 

B'°'D'S 1/1 900 ,,7oo 
***** HA ,60 160 

Chr 
Total Solids 9g/l       ,0>000 

Suspended dolid. mg/1        2)5oo 

Chnm mn 70 
Chloride ^        2500 zsoQ 
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use  o»'  hides green   -i      ired,   11 «»<«r«»(i  ,>r   • itif'lesh«<ii 

)        Segregation    H    •omMtiHt • • >n    • !   wa.«t»   «t rmvnm, 

3)       Fl »'•«•  <ìf discharge    ><   final   e ff i um' ,   i   »     muni   li*,   «tut, 

waterway,   land «te. 

Fot   instante,   when discharged  un» rwated   in» i « we»,»-   no<ty   •<   «gy 

impair  the quality of   the water and h« detrimental   t,o   the  w»     belrw; of 

aqua» i     orpanisms.        on  Und,   ander    ert.ain    i-   mistanoes.   i«   my result 

in a decrease  in nrodu -ttvi ty  of  land  and/nr    ontaininst i on  of  ground water - 

Tn sewers there   ip a possibility  of  interference witr   proper  functioning 

of sewerage and waste water treatment   systems. 

B.       DISCHARGE UF TANNERY WASTES INTO  SURFACE WATIR 

The discharge of untreated  tannery wastes into surface we ter bodies 

(probably the most common method of effluent disposal  In developing 

countries) may bring about, a deterioration of the desirable  physical, 

chemical and biological qualities of the water. The water may bacarne 

turbid and coloured due to non-settleable organic matter and the presence 

of tannins and colouring substances used in leather manufacture It may 

give rise  to noxious odours due  to decomposition of unstable organic 

matter.        This decomposition may also deplete the dissolved oxygen in the 

water body that is vital for aquatic life.      The water may become saline 

and hard due  to the presence of inorganic salts, and may acquire som« 

measure of toxicity due to the presence of chromium,  sulphides and ammonia 

in the waste.        Pathogenic micro-organisms such as fl. anthracjg also may 

increase in water courses that recai ve tannery waste discharges.      Further, 

due to turbidity and colour the process of photosynthesis may be 

restricted, thus affecting the primary link in the food chain.      Sludge 

deposition at the bottom of the water course and the depletion of 

dissolved oxygen in water bodies can affect fish and other aquatic lift. 

In this Chapter the above factors are reviewed in relation to the 

water quality criteria for various beneficial uses of water, i.e. public, 

agricultural and industrial water supplies, cultivation of fieh and other 
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- «th dl rr.„nt 9tM,. nf fmrth 1B - -- 

wind infn.it,, „.pth of -.tor ^ í^HUT, 

*i<* m, .Tt vm^i.tic or .nt^om.tic  i„ri«.n«.       ^   ,. 
-Ptfic-t n,tlon in th. ^.hold or lim -- 

or Uli. <*   ^o d..ltn.fd . DC «p of  ì  -  ,  v -./,  .        , 
low but tol.r.t^J by m „.H..  T unfMc.rAi, 
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OUÎfAU 
•TWCAM  FLOW 

CUM/i/Ka  HtOf 

rr»ocr«f o/i- 

Tfca DO profili» ara basad on the Street« r Bielps formulation 

for • wa.it* with Uta  characteristics shown in Arma» s 1 and II. 

The calculations assume a  sluggish  »tra»*,  atra»» reatration constant 

of 0-i«6 par day and BOD removal  rave constant of 0?3 prr day, at 

?0°C with a saturation ÜO value of 8 mg/l,  «nd whan thoro waa no 

oxygen deficiency prior to discharge of the affluant. Fig.    TI 

ahowa DO profilai for thraa flow conditions 2, U and b mVday stream 

flow/kg hlda procesead/day. It should h« noted that   for tha 

thraa catas tha  san»  ratas of strew raaaration and organic matter 

removal wan» assumed which aay not ba true.        Further, tha profilas 

may ba nodi fiad dna to siudga deposits and scouring if such 

conditions exist at diffarant  flows. 

It ia aaan that to meet tha water quality standard to «apport 

normal  fish life a receiving stream should hive at least a flow of 

6 m /day etrea* flow par kg of hide processed/day. At a lower 



2. 

n«, or i, „ /(Ujr/kf of hld# p^,^,^/^ ih# ntrtmm (rin not ^ 

•hi«  to .upport  firti  lif.  in  mm* of it« roete». At « .till 

lowar  flow of t a Wh«  -,f hid.  proraa-d/day,   tte  .in.« will 
ha  roapl.tely d.Vol(i of  ,)Wr) „o^^^ of tht wMt# outfali  Md 

tte   ..oM.qwnu.1 .naarx.M,   condition, aay  l..d  tu  th.  fonction of 
no.tt„Ä .iudf, r,ft,., noJtlou- gM#t  hlfh turbtdlty #tr^ lowtrlnf 

tte  Mattet! r  vain« of tte   recai vin* MUri. 

Tte ^orraapondin« valuta of air.« flc,w for  a WR,Ubl, tanning 

•ffl«.nt  ara   ,,  U,   /-.•   and   3-««.  ,u.  a./daj/kg.  of hid.  proe....d/day 
raapar tl »a ly. 

Tte abo», an.-y.i8,  though teaad on rollati,, data, «u.t b. 

•ppliad to  fi.id rondition. with caution.      Tte  .tro. roaratlon 

rate and tte BOD rami  r.f  should ba dataminad  for a.ch particular 

c»aa.        Furtter, upon dilution in tte atro« tte wa.te may ««Mbit 

« BOO valu,  hitter   than what  la ...um.d,  on  tte teal, of tte analy.i. 

of raw «at., and tharafor, may daplata tte DC to .till   lower l.«l.. 

rte «..lor r-on.titu.nt. of tannery w.u. that contribute to a 

hlfh o*y«en demand are proteina and vegetable Unnln.. 

la)    Protein. 

rannery wa.te rater,  contain con«ld.r.ble Mount, of 

protein, .sp.ci.lljr when . h.ir pulping unhairing system i. 

ueed.      Ttea. protein, ar« bioloficily degredable, and 

cu., high oxjfn demand togather with tte poa.ibl. formation 

of lar«. amount« of primary .lud«, during treatment of waste 
water. 

(bj    Vaa.tabi» tannin. 

Vegetable tannin, and »n-tannin, praaant in waste water, 

i nero* tte cteialcal oaygen demand coneiderebly. Spant 

"•••table tan liquor contain, a alfnlficant proportion of 

non-alod.grad.bl. material« which can parai.t in tte final 
affluant. 

•feorjanic PolluUnta 

Will« organic .ubatane«, added to a water body could bacon, 

innocuous in du. cour* by microbial action, inorganic pollutant, ara 

of a «ora permanent natura, uni.,, thay ara in tha «u.pended state 

or ara pracipitated fro« eolution and «attla down.        Chloride«, 

chromium, nitrogen, sulphate, and ealphide. ar. tha common inorganic 

pollutant, proant in .ignificant quantitia. m tannary waatea. 



rabie VII! Hat«   -ne  „,,.«,• quality   -rit.er1.-i  wü.h  respect   to 

the above parameters   !-r  various  ber.efi.-ia]   uses of water.       The   t,,n 

referen.es  . o:,,„i ted   in   fruning  this   rabie are based ,.n observations 

of a   Urge  number   ,f  researches.       Wherever- 'here  vere  di ff«ran.-ea 

in  the  recommendations   V,.  more   lenient   value .,*„  selected.       fhe 

values for water 3JPFílJ¡ t • !u-   fish   life are  arrived at on  the basi«, 
•   analy.i,    r rlilt,aral  Wi,Mrs „ ^   i(e  in ^   .^^   )n ^  ^^ 

0'   laboratory  ..•• idles. 

TABLE _rrj 
Water Quality   ,:¡ i terla  for V--tri• ses mii'er 

Dornestj- Water      Irriga ti or,    Fi ah/Aguata 

i , Chloridea 

2, Dissolved Solids 

3, Nitrogen  (Ammonia 

¿4, Sulphates 
;;, Sulphides 

,0X1 

5o.-. 

i 

• '• ) 

) 

-e ) Û7 ï~ 
10 J 

700 

,70 '^rve) 

¿,000 

¿oo vo 

0-3 

High concentrations of inorganic constituents in domestic water 

supplies interfere mainly by imparting a brackish taste to the water. 

Sulphates may also have a  laxative effect. The water quality 

cannot be brought  to acceptable  levels by conventional  simple water 

treatment, processes unless  costly tertiary methods such as ion 

exchange,  -nemica!  softening etc.are utilized. 

On the basis of rabie Villana the characteristics of tannery 
wastes in Annexes I and  II,  Wg. ri    was pi,pared.        It 8nows leyela 

of stream flow or dilution b* ow which various water uses are 

impaired due to discharge of tannery wastes. 

It is seen that when the available dilution is about  ,  cu.m/day 

i»r kg hid. proneswd/day, chlorides, dissolved solids and sulphates 

in the waste are sufficiently diluted so as not to Impair water 

quality for major uses of water sources.        Mitrogen in tannery 

••stes is present in both organic and inorganic (ammonia) foni..    Since the 

organic nitrogen in the waste is ultimately decomposed to yi«ld 

am.onia, the total nitrogen in the waste is taken for calculating 

the dilution requirement. The* ..sumption, provide a cowerretire 
requirement for effluent dilution. 
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ensure a completely innocuous dilution.        The actual 

environmental  impact of the more normal   trivalent, 

precipitated chrome  from tannery wastes has not been 

established. 

(b) Effect of Sulphides 

In vater,  soluble sulphides  (sodium sulphide used in 

tanneries)  ~an result in unpleasant taste and odour problems. 

Sulphiies ''an react with iron and otter metals causing black 

precipitates. They can also react, vith oxygen causing a 

decrease in the DO content of the vater. It has been 

observed that sulphide toxicity to  fish increases as the pH 

value is lo-Tered.      One report        states that T/ater containing 

3*2 mg/1 of sodium sulphide  caused trout to overturn in 120 minute» 

at  pH 9*0,  in 10 minutes at  pH   !•?< and in J, minutes at pH 6-0. 

In another study        the  toxicity of sodium salphide  containing 

effluents was determined specifically and the highest concentrations 

permissible for three species,  i.e üaphnia magna,  carp and 

gambusia affi nis were  found to be 1-9,  50 and 760 mg/1 

respectively.        For industrial uses in general,, even small 
(1) traces of sulphide are sometimes considered detrimental. 

(c) Effects of Nitrogen and Phosphorous 

Nitrogen and phosphorous from tannery effluents could 

enhance the problem of eutrophication in receiving waters. 

Being plant nutrients they may encourage the unaontrolled growth 

of algae and other plant life.      This could eventually lead to 

the formation of blooms and depletion of dissolved oxygen, 

causing fish kills and the development of anaerobic zones where 

bacterial action produces noxious odours and a general lowering of 

water quality for aesthetic and recreational uses. 

Such limiting nutrients and their critical concentrations 

are likely to differ in different bodies of water and have usually 

to be determined individually in each case. Analysis of the 

waters of 17 Wisconsin lakes led to the suggestion that annual 

average concentrations of 0*015 mg/1 phosphorous and 0-3 mg/1 of 

inorganic nitrogen were critical levels above which algal blooms 

can be expected. 



However it must be noted that the phosphorous level, in 

tr.nn.iy effluent are  seldom likely to exceed the ! mp/1 Bhovn 

in Annex  I ,nd  IT «nd thus the dilution needed to avoid the 

-Uica,   levels  is not  high. Some modern tanneries employe 

polyphosphates as  "conditioners" prior to  tannin, may veil 
exceed the 1 mR/i  and could thug hfive a ^^ ^ ^^ 

disturbance „nless greater dilutions are  available. 
(d)    Effect of nhlori des 

It is difficult  to determine exactly what concentrations 

of sodio, chloride  (common salt) can cause  toxicity in «ter.. 

Chloride concentration of h00 m^/1  was reported(7)to be harmful 

to  trout and „000 mg/1   to bass,pike and perch. it is 

nevertheless knovn that problems of corrosion,  taste and quality 

of vater necessary for industrial or agricultural purposes can 

occur at .odium chloride  concentrations belov those at which the 

above mentioned toxic effects are experienced, 

(e)    Effects of Suspended Solid« 

Suspended solids from tanneries include both organic and 

inorganic material.      These solids may settle in part and could 

adversely affect fisheries by covering the bottom of the strea, 

or Uk» and destroying fish food bottom fauna or the spanning 
grounds of fish.      Wpters normally contalning HQ ^ ^ ^ 

suspended solids are unlikely to apport good fresh water 

fisheries    . Jeposits containing organic material may 

deplete bottom oxygen supplies and produce hydrogen sulphide, 

carbon dioxide, methane and other noxious gases. 

Suspended solid, in „t.r may interfere with many industria* 

pre.«, and cause  foaming in boilers,  or encrustation on 

equipment exposed to water, especially as the temperature rises, 

(f?    Effect of colourr odour, turbidity and qrea«« 

The nresence of colour, odour and turbidity most affects the 

use of vater for domestic, industrial, recreational and aesthetic 
purposes. Water quality crlteria for ^^ ^ ^ ^ ^ 

domestic and industrial  ,afr supply,  iimlt  colour to 75 and 3 
to 9 units respectively   (8) TV, +v. f«  wveiy . In the 8pecifiü case of tannery 

discharge, the ,,.Ur may remain unsuitable for domestic and 

industrial use, and the colour persist even after treatment. 



On*  .,tudy('described   t,he dlrfi-uM.v   ,,f  rem,vi,iP  the  colour 

at .rir.r.ted  V.  tannery  ,-psie at a  „a'er treatment  plant located 

do  nstre.im oí'  tannery  onfalls.       Sa-, ..^r  rolour  correspondí,„• 

) units  or:  pl.-itinu.-n-.-otu.i*.  scale   could he   roduced   to  only  1 

'!f'"r ••'•'••^ul-i'inn,   sedimentation,   fi J f ration and  oh 1 ori nat ion. 

•:iin.j.ii ty  of the  -iter  redu^e,   li(>ht penetration and   imnai-- 

photosynt.heUc  a^ivi.v   of a^uauo   niants. [t   is  p,:Ual ly 

iiîTi -ulf.  to aspidi t.aneri -ai   valúen   for turbidity   in va ter 

sources ar-eptaMe  for -ater supplie.-.,   since even   lanTe  concent-, 

Mons nay be  removed hy  conventional   va ter treatment processes. 

Likewise -ater quality  criteria  for   recreation and  aesthetic 

nurnoses  vary greatly,   and am difficult   to define   in numerical 
terms. 

(g)    Effect of Bacillus  anthracis 

Anthrax is  primarily a disease  oí' animals,   but  it can he 

transmitted to man. The  bacillus  can  survive  for  Ion* periods 

of  time in the  soil or on hides in  the   form of spores. It is 

reported that in 1 )^ out  of o,0JJ tons of dry hides  handled at 

the  Liverpool Docks one-quarter x-ere   contaminated --4th anthrax 

Sp0res ' Moore     >kmentions  cases on record  rhere anthrax 

was  transmitted  to human  beings through watercourses  receiving 

tannery waste discharges. 

C.      DISPOSAL OF TANNERY WASTES UN  LAMP 

Disposal  of municipal and industrial waste  -ater or savage on land is 

an old practice.        m developing  countries with  their predominantly 

agricultural  economies this is a common method of disposing of such 

effluents.       Disposal of wastes on  land could not only eliminate pollution 

of surface water bodies,  but is also an effective way of fulfilling the 

oft quoted twin objective of waste  recycling and optimum utilisation of 

resources. In my instances industrial wastes have also been applied 

on land either for irrigation of crops or as a means of disposal through 

evaporation and infiltration.      Tannery wastes when discharged on land, 

because of their high content of dissolved solids may affect soil fertility 

(beneficial and adverse effect, have been reported), or may contaminate .ub- 

•urf.ce water.    Besides the liquid wastes, leachates from salt and du.t 

dampings may also contribute to this problem. Stagnation of wastes 

on land also creates considerable smell nuisance. 
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(V)    Effect on Soil Productivity 

Accordio  to ,  ,,udy  in   Indi, ('5,) th,  prodllctl.,t fcy Q[.   ^  ^ 

Creased   vhen   tannery „a3t*s ,ere apniied  on   field, and  3,w   DflrM 

ot   the  land  heran* completely infertile,  and  germination of  r,dd- 

seed, was  not  satina : tory . Another  gt,ldy ( , -^^  ^J 

*rwth  of  tomato plant,   vhen   ^»ated   ,ri 'h   tannery * < Huer - 

termination  of seeds .as   retarded and   inhibited   to  ~, „ extent 

They .Iso   reported that with   -ontinuo^   irrigation ,| th the   ,f fluent 

there was  an adulation  .,r „»dlun» arul  chlorides  in  M,  ,M1 T+ 

h« however been reported («       that some   Ne,   .ealand tanneries  have   ' 

Heen irrigating  Und .ith   their effluent for many decades.        rhis ' 

included  chrome  tannery effluent a? ,.n ,     . 
,   eniuent as ,*n. ¡(esmant types  of crass 

appear to   thrive. 

It i s  veil   known that  irriuntinr  ,.„* 
.       , irrigation  water may inter.'ere with apricul- 
t-al  operations in three  vays.       PirsUy,   hy    ,han(,in<f ^ 

characteristics of the  soil:       secondly,   ,y interfere ,dth   water 

«Ptake of plants;    and thirdly,  oy the   possible  influer,,  on   the 

metabolic  processes uf plants   through  su-h  substAn-,-. »mi  su..n  SUDS tance s as   -hrominm. 
Ti.nn.ry vastes have the  potential  for „.^  in &n  th£   ^ 

The presence of a high concentration of  sodio,  ln the wastp   „^ 

in defloculation of soil   (,lay) particles,  and   thus destrovs   i *8 

structure  which is essential   for staining soil     porosi^ and 

aeration. This i3 M lmport,ant conglderation  gi^ an ^ 

supply of oxy,en is rehired  in the soil  for optl.u, „art Prcn,h. 

Ou-, utilization of vater having . hlgh mi) or ^ (M ln' 

muent    lack of 0Xygen and  reducing ,onditians ^ ^^ 

Rrowth significantly. 

Both trivalent a„d h.*.•i.„t „„roMlM lo„s „ ^ . tr> ^ 

—Iti«. Plant, „ -WPWly iff,ct<d ,t about 5 ^ for eich ini(iS) 

A. n.„tlo„.d ..,!,„ l„ thls „„„,.< div,pg<!nt vlêvs h8ve  ^ 

T- "t0 th*,ff,ct °f •*"«» *"*„ u», „„«, ,nd 
»ludg., on pl„t Uf. .„d ,o, 1  productivity.        ^ of „,. TOrt 

.m    7"y •m-"t'- *•«-' ««• ».v. er..Uv dlf,.rln(! 

.«.Ct Of  .ludg..  ,„d oth.r   .Olid  „,„.   ,.  dl.Cu„,d,   tul   „^ 
•tu«., in th. U.K. „,!„« .audg.. „, „u h.w „^^ 
ilauld   tannami- u._4... liquid tannery wastes. A rec,nt 30nfldtntlal „,popt 

the following eff.ct on plant life:- 
09) quotas 
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"Some  tannery  sludges havp   been used as  fertiliser on »  local 

basis, mainly on  account of their  protein content.,  hut also as « 

source of lime,   without any reports of adverse  effects on   TODS. 

In   sevage  ;-orKs   processes,  .hr >rrri urn alonp with   other heavy inetals 
(9) 

annears  to  con-entrate  in  the  sludge,   and vork   at.   H1MHA -ho'-ed 

that,  quite  high   concentrations   of    -hromium could   ne   tolerated  in 

slidge digestors.       However, sewage  wo^ks sludge   *'i nds a regular 

market as a  fertiliser and  for  some years the  Ministry of Apri culture 

has  been investigating the effects  of heavy metal    constituents  in 
(1  i) 

se -age  sludge on   niant growth. Patterson reports that 

Proctor barley  suffered no visible  effects '-'hen  prom as a test  crop 

in  sandy loam at   nH levels of  co-i'-"   in  the presence of UD to 2'JU  ppm 

Cr   TIT. He also   reports that   a   nine le application of [',0 ) ppm Or  T TI 

on  neat soil  vas   stimulating to  a   ran>^e of crons  but vi th repeated 

annual   aupli-ations of r>û) ppm   "r   HI   toxi- effects Mere noted,  even 

though growth depression v;as slight.       ('',01 npm  is equivalent to 

t ;J )  lb Cr/a're ). Williams has been condudüng fiel d  trials on 

the  effe-t of a   range of heavy metals,   Zn,  Hi,   Cu,   Cr on red beet  and 

celery.       Chromium alone had no  adverse effect  after h years on either 

croo,  irrespective of -./hether it   had  been applied  once at. the  rate   of 

?*5Ü  or CO) ppm in  the soil or as  U  annual  applications of \?c', npm  in 

the   soil. Arising from this  uork  the   'grioul turai   Development  and 

Advisory Service   had stated      '"      that   'so far as  is  knû.vn at present 

chromium is not   toxt- to plants  "h^r  present in   '-ationi^ form  (e.ft. 

gs  a chromium salt such as chromium sulphate),  unless present in very 

large amounts   (over 500 ppm in the  soil)1" (References in this abstract 
see  below) 

(2)     Contamination of Sub-surface  Water 

I>gooning of tannery wastes  or spreading on  land for evaporation 

or irrigational purposes may lead  to contamination of ground water. 

One  study (^reported deterioration of well water supply for a tovn 

when tannery wastes were disposed of by careless drainage.       The 

problem was mitigated when the wastes were treated with the town 

municipal waste water. Another study^     reported the effect of 

discharge of wastes from a group of tanneries into the dry bed of a 

(9) Bailey, Dorrell 4 Robinson,   J.Inst.Water Poll .Control, 1970   (1)  1 

(10) Patterson,  Min. of Ag. Fisheries & Food.  Tech.Bull No. 21,  19H 
page 193 

(11) Williams,   Private communication 

(12) "Permissible  levels of Toxic Metals in Sewage used on Agricultural 
Land'» Ag.  Dev.   & Advisory Service, Advisory Paper 10 MAP? V 
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river.        The river had a considerable amount of subsurface flow 

which was being tapped for domestic and irrigation water supplies. 

The  survey showed  that the background concentrations of total 

dissolved solids increased from between 6l»0 and 7^0 mg/1 to 

1900 mg/1  and chlorides from 88-180 mg/1 to 820 mg/1 in the area of 

the  tannery effluent  outfalls.      The effect of contamination was 

observed up to a distance of 6 km. 

D DISCHARGE OF TANNERY WASTES fWTO MUNICIPAL SEHERS 

Discharge of tannery wastes to municipal sewers is a common practice 

where the area is covered by a sewerage system.       Before disposal to 

sewers it is usual to  remove specific contaminants depending upon the local 

municipal ordinances.       Constituents of tannery wastes which may be 

regulated to suit the local municipal standards include  suspended solids, 

alkalinity, pH, grease and sulphides.        This is done mainly to prevent 

incrustation of sewers,   sewer clogging and other forms of interference with 

the sewage system and operation of waste water treatment plants. 

(1 )    Interference with Sewerage System 

Tpble II gives two typical standards for discharge of industrial 

wastes in sewers. It can easily be seen that the   raw tannery wastes 

of Table VIkill have to be pretreated to meet these  standards. 

TABLE  II 

Umita for Industrial Effluents Discharged into 

Public Savers 

Characteristic 

PH 

BOD „g/1 

Suspended solids mg/1 

Oils and Oreas« mg/i 

Chromium ng/i 

Sewage & Ind. 
Wastes Assoc. 
Washington D.C. 

5-5 - 9  ("> 
300 

350 

100 

Indian 
Standards 
Institut« 

500 

600 

100 

2 

Tannery efflu«nts are known to caus« deposition of calcium 

carbonate with the consequent choking of the receiving sewer.       This 

is due to the conversion of calcium hydroxide to insoluble calcium 

carbonate by the carbon dioxide produced by decomposition of organic 

matter. Sometime the hair and fleshings h«lp to form a binder 
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with this cal úum carbonate,  causing the whole mass  to adhere  firmly 

and build up on  the inside of the  sewer surface. Necessity for 

frequent sewer  cleaning where  tannery wastes were  discharged into 

sewers has been  reported l-5)(^)(?/)    . yt- i ?» noted   that 

segregation of beamhouse and tanhouse wastes reduced  scaling, as did 

the discharge of wastes into sewers carrying other wastes of low 

alkalinity or when  the  tanne-y wastes were sufficiently diluted. 

Sulphide  bearing wastes are  objectionable  from  the  point of viev 

of safety of sewer workers and concentrations greater than 10 mg/1 
(28) 

»re considered  obiectionable . rtixing of tannery  wastes vi th 

an a'idir waste  in a sewer may result in an excessive  release of 

hydrogen sulphide.        Concrete  severs are likely to  suffer damage when 

they are made  to   ^arry sewage  containing a high  concentration of 

hydrogen sulphide due to admixture  with tannery vastes. Hydrogen 

sulphide gas by  itself is not injurious to nortland  cement   concrete. 

Unmage usually occurs after the  gas is converted  to   sulphuric a id by 

dissolved oxygen or  through the  action of many species  of aerobic 

bacteria.        Both  sulDhides and sulphates in tannery   vaste effluents 

may cause   corrosion due to production of sulphuric  acid at the -cater 

line and crown of the se-/er through the action of micro-organisms. 

(2)    Interference with Waste Treatment Operations 

Treatment of tannery wastes with municipal sewage is now an 

accepted practice.        The presence uf  tannery waste does not 

interfere with treatment operations if it does not exceed about 10Ï of 

total flow.        Plants may be designed to accept the  additional organic 

load and to handle heavy sludges when the volume of tannery effluents 

exceeds this value*     '*     . Other authorities quote much higher 

acceptable volumes of tannery effluent, Frendrup*       has said that 

20-30$ of tannery effluent could be present in domestic sewage without 

necessitating special treatment. It HAS been suggested alao that 

"The lime content of tannery effluents could be helpful in reducing the 

phosphorous content of sewage;    on the other hand the excess 

phosphorous content of domestic sewage could also aid the treatment of 
the tannery wastes". (ti,B* Tannery •*•**•• •*y of course all be treated on 

*    their own with no admixture of domestic effluents.) 
At small plants where no such precaution is taken and the tannery 

waste Yolume is more significant, interference with waste treatment 

operations could be due to one or more of the following factors t 

(i)   facessi ve alkalinity/high pH resulting in Interference 

with biological treatment processes e.g. activated sludge 

treatment. 
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(ii) Hair and   fleshing vhi eh form sf.im on sedimentation 

tanks,  clop   sludge removal  equipment or  produce mats in 

digesters. 

(ili)Lime   sludges and adherent deposits  -hioh clop severs 

or interfere   vith proper  operation of  sedimentation tanks. 

(lv) Excessive  loads of organic matter vhich overload the 

treatment units of the plant. 

Chromium is   known to be  toxic to biologa!  waste treatment 

processes.      However, the toxicity of the trivalent form present in 

tannery wastes is   relatively much lover*14)     . 0ne  study*31 Wnt, 

out  that bacteria  can tolerate  hi,h concentrations of chromium where 

large amounts of organic matter are present.       This could be one reason 

for the large ran^e  of toxic levels reported. Combined municipal 

and tannery wastes  rosining .-7 m*/l chromium ,ave been treated 
satisfactorily^ .      In ^  „^ ^^  Qf ^  ^^ 

operations, chronüum is concentrated in sludge  in primary sedimentation 

tanks. Concentrations of up  to 300 mg/1 of chromium in combined 

sludges did not interfere with operation of digesters having a 

minimum retention  time of 2!  days <3?) .        Therefore chronlum Qf ^ 

levels in the »typical" tannery effluent (TpbleVIÎ)is not expected to 

interfere with the operation of sewage treatment plants. 

Sulphides up to a concentration of 200 mg/1 „re tolerated by the 

anaerobic digestion process^).       During waste  treatment operations 

sulphides may also be produced from reduction of sulphates.      However 

the above limit is not normally expected to be reached in tannery 

waste discharges to a municipal  collection system, since a greater 

fraction of sulphides and sulphates would be in dissolved form and 

therefore would not b. collected in the sludge which i, fed to 

anaerobic digesters. 

1.      NOIIQUS SMELLS AND OTHER AIR POLLUTION 

The leather industry is commonly associated with noxious smells 

arising from its raw material,, medieval method, of processing and effluent 

Sposai.        With the gradual expansion of the industry from its traditional 

village tannery »tting to modern, highly centralised factories in urban 

areas, the problem has become more acute. The growing demand for a 

cleaner environment, .specially in the  context of increasing population 

growth and spreading huiaan settlements, ü forcing tannerie, to reduce 

or completely eliminate all environment degrading «byproducts» not the 

least of which is the characteristic noxious smell. 
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Very little work  has been carried out In tanneries to assess  the 

intensity of smells generated during different operations of processine 
of skins and hides. 

1.      Origin of Swells in  ['»nneries 

A tannery,   like any other industry,  ran  pollute the environment 

by its solid,   liquid and airborne discharges.        Into the  latter 

category would   fall   the odour causing teases,   smoke and dust.. ¡'he 

main source  of smells in a tannery are organic   compounds, end-products 

of anaerobic decomposition or putrefaction of proteins include  indole, 

skatole, mercaptans and miscellaneous aldehydes,  all  of which are 

odorous  (3ij\ Smells in tanneries intenstfy from unhygienic 

practices in hide and skin processing, and delayed disposal   of liquid 

"nd solid wastes. Different operations in  tanneries which cause 

smells are briefly des-ribed b eloi*. 

When the  hide or skin is  removed from an animal,  the outside of 

the hide or skin  is normally covered with dirt,  while the  inside of 

the skin contains micro-organisms held in control  by the metabolic 

defenses of the animal. Therefore, immediately after the  hide or 

skin is removed   from the animal,  decay starts unless the hide  is 

properly cured. tenst reistant in rav: hide  or skin to bacterial 

attack are mucoproteins, albumins,  globulins and soft body fats, 

while more resistant to bacterial attack are  the  fibrous proteins 
(35) ' hair and collagen . 

The beamhouse operations whi -h include soaking,  liming,  deliming, 

bating etc. are  the most disagreeable steps in  leather manufacture 

from the point of viev of potential smell  production. rhese 

processes may produce putrescible organic matter, e.g.  soak pit sludge, 

lime sludge,  green fleshings,  limed fleshing and trimmings which may 

all be responsible for noxious smells.        During soaking the  removal 

of curing salt and rehydration of the skin introduces the possibility 

of bacterial growth and protein putrefaction. Many unhairing 

systems in practical use are based on a balance of lime and sodium 

sulphide, sulphydrate or dimethyl «Bine sulphate to produce rapid 

efficient unhairing systems with controlled swelling^ . y^^ 

sulphides have the potential to liberate hydrogen sulphide when mixed 

with acids.        Hydrogen sulphide is an extremely bad smslling gas 

which can be detected in concentrations as low as 0-, ppm. Spent 

delins liquor,  if not quickly disposed of, can give rise to 



nutritive  „,„.       *     .„ ,IBt,nÄ   ,jnwant#d    <mHmmnts<  pr|)t#in 

degradation nrnduts,   ,M**.,  h.w   *„,,  . ^   ,„,H,   ^ „.,   ^^ 

of  the   ,Mn  and   in   th,  n.1,   f« 1 11-.-   and  „,„.«  are   •„Ved   hy   th. 

• nzyme action, ^r^nt   hai.   n *P*nt   hat*   liquor  nmy al«o  he putrefai ¡ ve. 

HnkHn* -an   not   hy   itself ,ivP   rl „   t(,  noxl()1JR  3nw , , a _ 

Vegetable   Unn.ns   ,,w   fropi a   ^ ^   ^.^   ,)f   ^^  ^ 

he   found ,n .,,„,,   ,MVMl  nuts.   „,„   ,,nd „^ ^  ^     * 

extracts have   their   o„n «ciliar  smells. 

Chrome  tannin,   .,r „in,ra,   Unm ^   .^ „^ ^    ^   ^ 

any  smell, „,• an .„.,„   ti,mabie nat|jpp> 

Some of the  vo,aM„ solvents,   ,a,^r, ......  u„d ln „ „ 

may   -ause different   odours. 

The ,ompos1te   M4Il1d vast,,,  let   ,„„   ,ron, a ^^ ^  ^ 

nollut.in, in nat,.ce  and  ,nnUi n   larp„   amoijnts  nf ^^ ^ ^ 

•+ilch   include   hair,   parti.-le,  of   fle^h      n• ,    • 

Although the  relatively  hi »h  MM  t-*n^-   •     4   >.* .., «  .V  nijrri  PH  tends   to  inhibit   putrefaction   for a 
time,   the i-aste  is  inn*- rentlv mti«..<ki J 
. .   . .       „ (36"     r8ntly p,JtmÄ! ihle *"° may eventually b.COMe 
httrhly offensive       ft' T•^V. JJ 

' Impr0pftr <»«*>a.l  of tannery effluent, has 
h~n on, of the maior  .,,„„. of noxlous  amlïs  tn tanjÄties_ A 

Sv*d1.,h tannery experienced difficulty due to evolution of hydro«n 

sulphide when treatinp raw shui^e; the difficuHv ,.-. „„e~~ma b~ 
a  -«taLytic oxidation  prOce0.,  (37) # ' '   * k uB"  ^ 

II.     Health Hazards üu.  to Mortn„. „,A1. ^ ^^   „ ,_ 

The effect of disagreeable odour,  on people lt primarily a 
nui«nc effect,  and it  i. U8ually trMt#d „ ^ ^  ^ 

-.«..  however,  wh.n secondary effects   „M >, qult, lf-porttf|t. 

otu      th
ÍnrnW °d0UrS "* l"d t0 n*U-a-      *•".   ^.ft odours that rejrularly interf.r. ^i+k,     ! 

with onas wallbain* ^3uM3o; w lwrw 

lng '     0n th« •Gnomic front,  th.  loss of 
proparty values naar poorly operatad tannarle, i. MPtlï . 
of off.nsiva odour,. P,rtly ' COn"<*<— 

^roeen sulphida ^ich i. Ub.rat,d durlnf 80B-  Qf ^ 

oparation, is an irritant ,.„ ^ .^^    ^ 

70 to  700 ppa my trrluu th. mcuouB ^^^^ of th> ^ ^ 

r-piratory tracie.      (m. «!«» .llo^l. cono.ntr.tion for 8 hour 

•xpo.ur, in vorlcin« ar... i. 20 ppB1). p,^^^ ^^ or 

bronchial pneu^nl. i. lik.iy to follow  prQl ^^ ^ 

conc.ntr.tion. in th. ondar of 2K to 660 pp. •>        „,.„ Uwli of 

.xposura „ay c.uM  .y^to«. .Uc„ .. h.lld.c|l.| ^„^.^ „clt#B,nt( 



nam*.i     T   »ras-t n>i ntest i n,i 1    i i >-t ii t-t tn••«««,   -irvtwiis   tnd   sens«»inn  of 

I 11  r\   1 »•   * h*»   ti >se ,   thron'    imi     ties'    t«   >•*• I !    ;*'•   touts   >>'      ouphinp. 

Numerous   rnM>rii   4rt»   t• r»»•=?*»!.».»»n  Py   .li'feretit   wntneri   in  hazards 

il   hydro«» n   sulphide   in   tanneries <n< t   -uni   Jrhurmanri 

described   --Hnmx     t   poisoning   hy   hydrogen   sun hide   in   a   )•'• m deep 

hit   :-        "The  d1srharve   vilve   for   t he   T 1 uiire   .-it   'he   pit   bottom  in   a 

tannery   h;td    i      lump  and   was   ntinnai ly    <i*»ried   "rom   intride. «Then 

i*   hr-iKf   H   worker en*§n«d  the   pit   tu  open   * he   valve. This worker 

and   three   othe's  who wen'   to  heir him   *> i ¡   un<- ma<'i OUR  and  ultimately 

died'1. luptfl et   H I    ' presented   H   report   of  a  study of an 

Indian  tannery  of «  similar di suster which yielded  five  fatalities. 

The  hydrogen   sulphide  -onrent rat ion at   various   level-*   in the  pit 

vere   )-fii,  mg'1   ,i<   liquor  surface and    ¡f,f) mg   1   at   i   meter above 

liquor surfa-e. According  to  these  authors hydropen sulphide   in 

concentrations   >f   /• 3r mg'1  will   "ause  immédiate unconsciousness 

and 0-78 mg'l   may prove   fatal. 

Other dangers exist  from chlorine and  chlorine dioxides in 

oxidative  unhairing,  and when bleaching with   chlorite. 

Fire  hazards may alsr   be  present when using nitrocellulose 

materials  in  finishing. Henlth hazards due  to exposure to 

miscellaneous  chemicals during finishing  operations in a tannery 

are well documented 

Dust  problems normally arìse in a tannery from buffing 

operations. The nature and magnitude of air pollution problems 

caused by dust depend on four factors   : 

i)     the  concentration of dust in the air 

il)     size  range of particles 

ili)    chemical  composition and 

iv)    rate of settling 

Leather dust of ftner sizes are harmful  to human health and comfort. 

III.      Control of Noxious Smells in a Tannery 

Source  control is the most effective means of abating odour. 

In many cases this requires only good sanitation practices, as the 

most persistent and offensive odours arise  from putrefaction. 

Preventive measures are usually cheaper than control  measures. 

Putrefactive odours may be greatly reduced by the proper use of 

disinfectants,  spray systems and ventilation systems.        Tust 

problems arising in tanneries during machine operations in general 

and buffing machines in particular, may be controlled by provision 

of suitable  cyclone separators. 



I'h« mils cauMd by putrefaction of solid and   liquid -astes 

Vnt rated durinp tannery operations  -an  he   reduced  by rapid disposal 

'•Hhout  »110,111« time  for putrafa-tion. Aerati»,,  in Presence of 

manganese  -mlrhate as catalyst seems  to be   the favoured method  for 

removing sulphide from effluents. Aerobi*- biological methods of 

effluent  treatment, devaterin* of éludée by mechanical  means, e.g. 

filter press,   vacuum filters  or on sand beds will   considerably reduce 
the smells. 
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HAPTEN     ÏV 

TANNERY ai LID WASTES 

PRODUCTION  -  DISPOSAL AND KB'SE OH  HEOVQUN'. 

Although  MI other .sert inns  of tMs   r^n,,,.t   it   has been feM   exœdien» 

*° dismiss   separately  the   production and  ßn«in;ni<*>nisi   imna'-ts  of tannt "c 

a-Mv-Hy and  the mitigation o*" advene environmental  e^fe^t..«?,   Ht   is felt 

that in deal ine vi t,h  tannery solid vaste«   su'h dema^s'inn  is not   feasible 

and,   therefore,  here all   <na in*- aspects of  solid wastes  produced  hy tannine 

activity are discussed,  Mth the exception tt-t   solid vastes produced during 

treatment   of effluent   {e.p,.   sludges and  cakes) need not   be discussed here 

as  they are  referred to In  Chapter TIT of  this Volume,   and also  in  p*rt   TJ 

of  Vol un»   y j   if this report. 

A.       Production and Characteristics of   i'anne^y .joMd JJP S te S 

I.       Tannery Operations that Affect  the -jeneration of Solari Wustes 

Information regarding the produ-tier. 0f  solid vastes  is  somewhat 

meag^  and contradictory.       rhi s nay  be  indi"oatiVR  of the  lov economic 

valuation given such products.      It may nl s^  be  true tha*   the  relative 

la~k of available data is due  to the   ra-t that   tannery soiirj wastes 

bave  a  somewhat  lov key impart, on  the environment,  "hen -omoared -ot.h 

the  tannery effluent vfii-h is  reported to have nu-b  -reater 

envi ronmental   1 mpfiot. 

Tannery solid wastes may be produced in  varying qnantitip«  from 

the  foll^nng processes: - 

On receipt of the  salted,  "green" or dried hides the  tanner will 

trim to remove  irregular matter -  this will   produce   rav trimmings in 

a "green" or cured state.      Sfllted hides are   then often dusted to remove 

the surface curing salt, or ,unn salt may be  dissolved in  soak liquors, 

thus the possibility exists to produce salt dustings vM"h nay contain 

up to 25* of organic impurity due to  the ^esei'ce  of blood and dung 

etc.        blowing soaking  (rehydration of the M de  or skin)  it may be 

that the material is again trimmed, yielding an untanned trimming 

waste  (potentially putrefactive, no 1      ,er -ired).      Lime and Sodium 

Sulphide are normally used to remove  the hair,  the method of unhairing 

will  decide whether the hair vili  be  re-ove^ed as a solid,  or pulped 

into the effluent.      At this stage it  is no^a]   to  flesh the bide and 

skins,  producing a waste of flesh and  fat nth a certain amount of 

hide pieces.    Lime sludge may be produced ir the lime pits,hut in 

many cases, such sludge is allowed to enter the effluent rather than 

being corerted and disponed of as a solid viste. 
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The dehainod,   fleshed pelt 1s now passed through  the dellndng, 

hating  pi^nn, and tannin, proves.     Tann< ,:   he comnleted^ 

us1n, .hromlom or vegetable materials.     Chrome  tannine KPI produce 

no direct  solid waste   (ignoring the effect on the effluent), 

vegetable  tannage may yield tan bark from leaching of equal'or 

greater „eight than the  raw material  being processed.       Following 

tannage the leather is machined during shaving,   splitting and 

huffing,  and these processes all   produce  solid wastes in profusion, 
in addition to trimmings. 

Tphle   X      outlines  the major sources of production and 

possible applications for ,ome tannery solid waste products. 

TABLE   I 

gOURCES^AND USES OF MUDiftSTES FROM TANNERIES IN HIINOART 

(Source US) 

Solid WPste By-Product. Place of Production      Posaible Application 

Non-proteinous By-products 
Used salt 

Spent bark 

Tan Liquor Sludge 

By-product fat 

Non-collagenous Protein 

aiming Protein 

Pig Bristle 

T*ll and Body Hair 

Untanned Collagen 

Shavings i Chrone Tanned 

" Vag.  Tanned 

Tanned splits 

By-products of Staving, 
Lavaliing, fabrication 
etc. 

Salt dusting & 
Store house 

Tannin Extraction 

Vegetable Tanning 

Mechanical or 
Chemical dofatting 
of hides/Beamhouse 

Lime Yard 

Beamhouse 

Beamhouse 

Chrome Tanning 

Vegetable Tanning 

Splitting 

Stitching & Cutting 
of Leather 

Regeneration (partly) 
for salting 

Carton Industry; 
As a fuel 

Boiling, dispersing f, 
Recycling to tanning 

Soap Industry 
Currying of leather 

Substitute for Casein 
Animal Pood 

Brushes 

Carpet & Drugget 
Industry;    Cushion» 

Olue, Leather Board 
Synthetic Leather 

Bacovery of Tanninj 
Artificial Leather 

Leather Board 

Fibre Leather, Sole 
Patches}    Mosaic Leather 



Oí) 

TT       :hira  <e •--'i -s and   jnant'Mfcs of Tannery Solid W^tr»*; 

Tt   is   i^'    '~!hie   •      »ene ^al > ¿e  on   the   cha^acte^ir;*"' 's  o'"  siHd 

ta-.nety 'apte1*.        '' >  '•"' anned  c J la-»ennus matters  <-i ted   ' n   l'a*'1« 

•ir,, i  the  ''it      < • .î  :p'-' i      fir," •" • » 'le '•'•"' be,  as  they a"«  -T  'f> ••   to 

r-,»,,-e*'a ••'1 on .   a-.'    • f 

1 r.  ^finv de1' ï 

* hese  i1'1 ces 

t radi * ' '''liai ' 

... her ., .! ;,i 

t, 1 R     ' r    'lot 

er,, i '-.^"'nent,.! 

t'^d'-an,   'sta^b 

••    "-Ms oc 'ii-i nantir! odeurs he" one  o"'i"eable. 

.,<. „ ,.,,.,., i-r-4eo!  -j t   i*   tv>e  foui   -»d-iui-s i.rhi "h emanate   from 

i;t   ;•!•.•'.;.•'   • .is'es  i.'hi f>i   a •'•nun*   fnr  much   o*"   fte   s"if»l 1 

•i'-; i-'/Bn ••'•>, t arme -i es.       lAÍhe^eas  the ^aionjty of 

'ii^-     a''e   no   such noxious  sme1ls assoni ated  --i t h   them. 

.,.r.r     » '••a.*   tanned r   'id wastes t;i"e   lit.Me 

imr*,   as  any  v< <H to r-  t >   the   tannine  quarters  of 

• p»-q'hi   fir 'ndeed to any nther- main"  tanri"7 

t.e-'ti('v H disastra'!1-: nni'1 "onnen• al  e*'*'*,1 if t.he 

ra 11   «i-Mirra-' ' s of s-ii'd   'ane'"' vaste« whi^t1 usually si'"-ound  the 

1 an-e^ie". Aes*h9*'    i11.1/   ' ""  °o!;d vastes   lover  the "hole  quality 

•if  life,  and  in «">"•«   -a-ie:-- en"ou'-a.*e  'rermin as vel l   as "M^e-in^  the 

locality "i th   -i  -^its^a    •" malodorous  vapo-i"s. 

Ivd4"'dual ' ".   as   >'<e may see   ,,jten,   fhe  solid vastes ha re  little 

noten.* 1 al   **••>*•* es    •'' -at   '"- on"'i ronmenfai   dama7e,  hut T.rhe" a-" -'imulated 

•,hey r-ei-tainly ii a ve  an euvi pnnmenfa'   'mnact  vhioh   ts  most eas-ly 

not.i ned ï Q a  dò-Toraci'n<*  of the aesthetic ni • u-e. 

It is nerhans tKe  ••"l'ime,  not  the  character sti.>s o»* t^yinity 

f-at ma'^e tamely s "'id vasfes an imnm-tant environmental   sub/ie^t. 

*•   's there for-e self-evident  that ^ood h-uise''eepin2 techniques could 

easily miti-Tate the en"'•••inmental   mi sance o*' tannery s'tes.     Reculât* 

"o1 lection and d'sposai of solid •••astes requires no ^rea*  expenditure 

or hiph levels of te'hnolo^y.       Thus In this  sector fev countries or 

tanning act-1 "e areas  should haire problems due to ec^nn-H " aHlity o" 

d4sab i'ity. 

Tbc ma«^ of so^-id wastes produced in a tanne*"/ ir ^eat,  1t has 

been suggested       zh&t 13$ of the original protein material leaves 

the tannery in the form of effluent,  sludge,   fleshings, trimmings, 

shavings etc. — of which the greater part would appesa as solid 

wastes.      Another authority shows that only ?8¿ of the original 

protein content of the rav hide is used when processed into shoe 

uppers.       of the remaining 72$ it is said that one-seventh 1s 

chrome leather waste.      Admittedly much of this solid vaste is 

generated at shoe factories, but. even so the volumes produced 

within the tannery are freat. 
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g.       Disposal,  Reuse,   'Je eye ling of Solid   tannery Wastes 

T Th(> method  adopte'    o*- disposal   of  tanner;-- vastes vai-y creati-" 

Py-nr- area  to  area and   r-oun+ry to  country,   de pendino; on many  tutors. 

In  onerai,  -here tannin» industrie? bave  been long established there 

usually has ^een a slmul taneous growth  in industries vMr-h eap utilize 

tannery vaste«. TM r pattern,  «Mop held £ood until   the last decade, 

"a« especially belnful   to  the tanning industry in the  -ase of raw and 

"Hmed  fie-hiogs,   trimmings and splits,   in this  sector the pre senne of 

f^ue,  gelatine  and  fat rendering units  removed these mögt, ohnoxlmis 

solid wastes. Today,  however, with the  growth of -ynttetir- adhesive*, 

the  demand,  in most areas o*" the world,   for raw or limed    trirnmincrs 

and  spHts has  fallen rapidly and neuer uses have not yet been fully 

established. Thus 1n many areas the tanner can no longer receive 

payment Por these materials  from the glue works,  and ig often   forced 

to pay transport costs himself. 

The subject of utilization of tannery by-products is too  large to 

be treated comprehensively in this report,  and  for those requiring 

deeper Insight into the subject Uro United Nations publications are 

available  :- 

1) A Food and Agricultural Organisation of the United Nations 

publicationi       »Processing and utilisation of Animal By-Products" 

(F.A.O. Agricultural  fevelopment Paper No.  75).        This paper outlines 

many lo*r level  technology processes which may be used to economically 

reuse slaughterhouse and tannery by-products. 

2) A paper presented at a 1971  United Nations Industrial 

Development Organisation Seminar j "The Proper Utilisation of By- 

°roduots from Hides and Skins, Leather and Leather Products Industries» 

by Messrs. Halamek,  Sucbomel  and Pektor  (UNIDO ID/Wo 79/10). 

TV» gives fu-ther details of possible means of utilizing various 

tannery wastes,  generally employing higher levels of technology than 

the F.A.O. paper. Tn particular it outlines a method of utilizing 

various materials previously used in glue manufacture, and other solid 

wastes in the production of a semi-synthetic poromeric leatherlike 

material.        Such a process environmentally is near perfect, as it 

allows scrap from the leather and leather shoe making operations to 

be recycled to form a substitute material   for shoe components, 
including upper leather. 
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Such  sophisticated  recycling  is o'- course  *>e   •>• '•   o /     i: ;-ai 

intensive and could only be   '•opsidered  "in a-"'1" -•'*»-   Knvy 

concentrati ons of tanning activity, T'h1 oh t-ou'd  • ••• Hn -p -,') ','"-' fient 

solid "aste  by-products   to allo*-- economie onerati   ••       '  -jch  a 

process. 

TT      The demand fo- tannery so"! id wastes has varied  greatly during 

recent years,  and generally the increasing cost   of  labour and   the 

availability of substitute materials  bave been blamed f<-    lac 

of demand. Hal amek tabulates  the data relating p-1 ce of 

tannery <?olid ».-aste "itb   nr; --e   ir   finished recycled   product   in 

Czechoslovakia; - 

¡'ABLE  XI 

Waste product Relativ«    Relative 
Price  of   pH«e  o-0 

"-lid 1   kg.   nf 
Waste Finished 

Product 

Coefficient: 
' rod'ict 
Pri ce 

Waste pn ce 

Chrome Tanned Shavings 
• Vegetable Tanned 
Clicking Wrste 

HMbrous 
Leather 

0-03 

0-16 

n-,5 12Ì.-2 

Split Glue Stock Photographi c 
Gelatine 1-ld 70-00 )^-Ö 

SpUt Glue Stock Edible 
Gel atine i -Jil 35-L0 2^-1 

Chrome Tanned 
Clicking Waste 

Hyrolyzate 
of Glutin 0-li2 3-90 9-3 

Snlit Glue Stock Arti f 1 ci al 
Casings 
(e* 50 mm) 

8-57 52-50 ó- t 

Hand Glue Stock Glue 2-02 7-1.0 3-7 

Machine Glue Stock Hide   Pat 2-lj2 6-00 2-5 

Vegetable Tanned 
Clicking Waste 

Used Instead 
of Coal O-ll 0-12 1 -1 

The data in Table XI is only ill -- -ative of the situation at 

a given time and place and the co-efficient will vary from country to 

country. 
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  so11d  tannery wastes are countless,  and 
•^finti on may onlv be made of* a  «*P,T nf mn •        . -tun   j    ,i    e*' of   ma,tor importance. 

— '''"*   "^laM'ie and   Adhe«Hve  H»nnfact.iim. 

h      
r>r'P;f ,h°  f"aditi—'  — of  ,„,ld ,:a3tes  (ne,hin.gs and 

shaving)  <a  for the „«„„f,^ or ^ ard diffeTwt gradps 

of WlaMn.,  i-ludin, photo.ranhi. and edible .raHe«, The 

associate beU^n  th«   tannin, Industry and the gelatine and 

-lue inducer ha, been   lengthy and  m,3t..ia!l- beneficial 
AwoHaUon extend, ,8ll   mit.8,d,  the  ^ ^^  Qf ^ ^^ 

fleshing,-  and ,Pm.,  from the tannery>   and ^ ^^  ^ 

gelata and ,lue maHng. ,he use  of common processe,  (e „ 

" 'nin. fon platine making .M ch 1s only the continuation of the 

Ham. ~h1ch has been used as a preliminary for leather making) 

Provide, a stron* technical   link. The  converslon of ^^ 

to gelatin* invola three stages;       baking of longitudinal ' 

bonds alón, the chains,  b^nP of latera1  bondp b^n ^ 

chain, and disruption of the hydrogen bonding system. 

The Widespread interest in messing neshi^ and b],ie 

shaving  into glue and gelatine is evidenced by the Kork carried 
out in d1f«W. ,fflintrJ„. Anoordlnc t0 Conrfe (I8)the 

market for platine is expanding,  particularly in the 

Pharmaceutical  industry  ffor encapsulation). Untanried 

collagen vas preferred  for this use t ^AA 
"""• A medium quality glue 

has been produced commercially 1n  Czechoslovakia m     from 

"brP" ShaVln"R and ""hin^. A magnesium oxide process for 
making medium or W grade gelatine  suitable for use in 

Pharmaceutical  miration, and food products from chrome 

havings was developed in Germany.• A t,r, „^ proceg, 

consisting of alkaline and acid treatment for the manufacture 

of animal elne has also been developed, utilizing different 
leather wastes (5. )    .        chr0Re tanned ^^ ^ ^ ^ 

present a special problem because tanning makes hydrolysis of 

collagen <H fficult. ArconHng to ^ ^^ ^„^(W) 

the increased use of »„et blue„ is leadlng in ^^ ^^ 

to an increase in the amount of chrome tanned shavings and 

Pieces.        These are at present taken for detanning and 

subsequent manufacture of glue and gelatine. 



'"'.ir a"d '¡s'îrl -i- piin-ivri adhc-'"e *n Pn!<i r¡+an (52) > Leathe- 

<?nrar fr *-Mn "ripens 's hyd»*olysed i.-i+h pulnhuHr a^id, dried 

and powdf^fH . ^Vie  n^T^j<r fi»^,. alor-c  o- ^ <-.-inMnation <-'H. 

'"1ci"   ; * lf • '   -innHed  immediate!" a^ter  treatment "1 th   •for-malin. 

Adhes'-c   •-n-fi'i^s« •• i nrp based on l'Hnal   wine  and  tri methyl   phenol 

a-e  ^^epa"ed  in + he  ".S.A..   ^    . 

bj ìrease  '<er "'cry 

"be  TIT,1''o Efri'ipr,f   i'omjni cs^n  riw4-, mentions  that 

rhe-e  nt^i-iv^iy aii   un + anneH wastes  °oiild be user! for- -rii-e a^d 

»e"'af-! "e •^an",'a-T,,)re f   HIP» ad"ent, of pret*1esbin<r, nr t'lneH^i- 

af*feF-  "'.vin';,   '-ad  resulted ^ a*"  ^""«ase  in creen f!eshir~e. 

The  b-i-»H >.ate~ content  of these "ate H a1 s   ("'<-1J'v, 1 has  been a 

distin"f  di "ad^anta^e  for- the ahn-'e  niT^se.        The »se of 

these "lateral <?  in  r-endeH n<r had,  on  + he  o the- ha^d,  become 

"lore  none-* M g . SOPO Ti>1n(; is P ma ìor- TtaT-['et'  fo~ the  '»»•ease 

re-^over-ed in  these  r-ender-inpr onerati ons. 

")      Conver-pion to Animal   t^'eed st'iff and   Proteins 

Utilization of neshin^s as an animai   feed s'mniement  has 

received "on«,ideT-able at.ten+ion since it  has notent ¡ai   fir 

larice scale adaptation.        Hovie^er there  are ^heaner and fo^e 

effiliert raw materials s'i<-h as niant  n-otein for- the same 
(5U) purpose        . outlines of some of the  processes used  for 

conve-ting fleshings and e»!UP stock Into arimai  fped snpolements 

are described helov. jn p process developed in Jaran  \^> 

hide  fleshings '-rere m^xed with carbohydrate  residues, 

inoeculated "itb  fungi  and fermented to  produce a substance 

useful   as a sunnlemenf  to feeds for cattle and poultry. 

After   -on"-er"?ior> into a powde^  MmeH   '"'eph-'   -<- ba-^ ^-a-i  fo''->d 

in Germany to he useful  animal  feed substitute?        . Tt •*s 

noted that the minerals, higher pH *nd traces of sulphide 

present caused no disadvantage. Me»ls obtained from 

fleshings and glue stocks could be added for fattening in equal 1- quantities 1n Heu of other animal  foodstuffs  (fish meal) ^'. 

A formula for protein feed of 20-25* solids in which $0% glue 

stock is used for pigS and poultry was produced 1r East Germany 

in 196/L The animal feeds made from fleshings were found 
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U'Hn* in  „on* e-wnMal   a«*no aMds,   ar,i     -„Id ^  h* „,ed as 

soie r-aMnn«. ^din* w,„ „in,  ^^ apfj  .,M...VenR in Tnd1a' 

li-   «^..«d   + hu*   delved,   dented   n..«,^    -o„ld   no'   n.^   a. 
Ufi   only   «,„,,„„   ....   ,,rot,e1p  ^n   an<„%1    f.eed> 

for naHnp  *r,înal   r*ed9.   f.esM^s  v.-ed  should h*,  free 

r-•. tnri- -atpV-,1,.      When ,,w-, va«, ,,.«d a, an accelerator 

-onta^nated H-nn   'le-Hn^ and  rendered   them unfU ror. ,ne. 

"", gently anther. „„«r-e .,"  trorf-Uy h„  su^ed,   m the 

• •„•  or   oh1rir.,rat.*rt   ,-od-W«-.   !;,c,   as   na„,er1 ..., de„  1n   „^^ 

">o-e 1, e^den-«   tu*   pent   -Mnrnphennl R „„ed  ,n t,reaMnr rav 

i'der are ab.o-ted hy t>e   r,er>,  and transmitted as toxi o " 

r,ll",ï1i0X<ne   'n  fhe  •<*e«ed r-^dno^ added to aninal   feed.-(59) . 

d) leather S'ih'-f ^^BS  f-om Leather irfP«ites 

An ^nortant   outlet  fn» tanred «having,   tHmnri^., and 

*•-   1« man.fW.m-e  nf  ,eat.h(.,.  <,,b«titutos. A, early as 

W Stather (6°>  „,ed ieutb-r „having  to  obtain, nroducts 

*th r ^^  "i^lBr ^ 1eather. securing fibre«, long 
• nou,h tha,  „0„]d   rel+ „^  „[th hinde^  ^^ & ^^ ^ 

rtrnv salpa   -father» ,„n.,i,t1nß nf 70%  chrong   Rhavlngg ^ ^ 

rubrer latex vas manu^t,irf>d as early as  192H  (6,)    . Tn 

GZe.ho,lovaHa( 2>    ,hrpnB 1eather shav1nf,s ^ .^ ^^ 

'or production of "plastic leather» which  can be ,18ed for sllpper 

soles, middle  soles and counter    as wn  as the poromerlp 

material^ppviou.sly mentioned    (U7).      The Krenoh Rubber 

Society tested shoe soles made from a mixture of rubber 

and ^olla^en, mixtures of 10 up to 100 parts of colLagen to 

each 100 parts of rubber (l8tex) was used. In the presence 

of formaldehyde the use of untanned collagen lead to the 

formation of chemical bonds with rubber. The possibility of 

making water absorbent, semi-synthetic product., by mixing collagen 
fiHre, was studied in Japan &Ì »^ dust ftM ^ ^ 

incorporated into the manufacture of leather substitute material 

by aPPlyingth. dust to the surface by means of electrical 
Peking        .       A mthod of m]ring recon8tltutad lMthgp a^t 

involves refining chrome tanned leather pieces to provide an 

aquaeous fibre stock, adding a plasticised polyvinyl acetate 

«.in to the «to«* and precipitating it into fibres (65). 
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e)       Leather Board  <YQT* father Wastes 

Leather Boari mainly used as insoles,  midsVles, 

stiffeners and heel  lifts  in the  footwear industry,  and in 

making cheap leather ?oods,  are being nroduopd  in different 

countries  out of shavings,   trimmings,   splits,  buffings etc. 

A mixture  of vegetan1 e and chrome tanned   shavings is also 

used  in  the manufacture  of leather board. 

Tn Japan attempt? were made  to manufacture  leather board 

from the  short fibres of chrome collagen  recovered by 

disintegration of the fresh split  from chrome  leather for 

which  there  is no other use.        Materials used for leather 

board were  chrome  ^lia^en  fib^e,   cotton,   kraft ruin and 
( 66 ) 

chrome  sbavirgs . Short length  fibres which cannot be 

used  for artificial   leather manufacture  could be utilized in 

leather board    •» ufacture. 
(60 

In I^dia very ¡comi sing results '-ere  obtained  in 

leather board manufacture using vegetable  and chrome tanned 

shavings and rubber latex as the basic ravr materials. In the 

manufacture of leather boards,   "hrome tanned shavings vere 

*"ound to  -r-eqnire a special   treatment *"or  separation of fibre 

due  to their greater resistance to tea1-. Oondux type mills 

(vet grinding) have been used with  satisfactory results. 

f)      Utilization of Leather Wastes as Fertilizer and Soil 

Conditioners 

When there is no demand for glue and  gelatine manufacture 

etc.   fleshings are ^eing used in some countries as manure. 

Vegetable  tanned shavings,  after digestion, are being used in 

Indie  as fertilizers. Woodroffe^6®'  used thoroughly 

disintegrated vegetable tanned leather  v  s+« as a fertilizer 

successfully over a long period. Fertilizer may be the 

end use of unturned vastes, provided they are sulphide free. 

The  soak liquor containing salt and proteins is used in India 
(69) 

for irrigating coconut gardens^     '  .        Lime sludge obtained 

from lime pits is used as a soil conditioner in India. 

Effluent sludges obtained from vegetable tanneries are being 

used  successfully as fertilizers  (?°)      The results of yield of 

"jo*e,r" crop grown on plots using different fertilizers  sho«ed 

in India that tannery '-aste sludge helped the growth of the 

crops as good as the poultry manure. The disposal of 
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TArLs m 

ri.iVTI-iiMVüMTAl.T.Y   SOUi'D AUD 'rjSQTtrtjJ l'.'fACTTJKS OF SOM'. 

WASTE nrsi-osA 1,    » ( i ) 

Sn'íd Wnste ferivi ropitsritai iy 
Sound   I (ti HzaM on 

Envi ronmerita! ' iL 
fínso'md "r.ji ^ z^,i or 

Salt. dust. 

(av. Oreen  l'ies^nes 

"si r 

Lim« Sludge 

T1med flerMng«. 
Snlltp anr>   Tricing«. 

Ve.^etable  Tan ^ark 

Vegetable  tan sludge 

Vegetable and abrome 
tanned shavings and 
spi 1 ts 

Effluent, sludges 

Solar evaporation afte»* 
di seni ir? ne»   in   mi ni fri FI 

amount of va ter and re- 
MFin» in   pipeline e*-". 

Tmmediate disnodai   for 
fin« manufacture,  ani^iai 
f'«ed etc. 

Washing.  dryinc and 
utilization fn~ carpet, 
dm ('«»et industry etc. 

Utilization for bui! din«» 
construction, soil 
conditioning etc. 

Wlzatlon for glue and 
Solatine  ~p    "nature, 
animal  feed, etc.. 

Use as fuel and stable 
ground cover 

Fertilizer,  soil 
conditioner 

Manu facti) re of leather 
boards, reducing chrome 
liquor,« etc. incineration 
along with  sludge 

Devatering and 
Incineration along with 
other solid vastes#(ii) 

Stori np, in  bears and 
alloi.'i»i^ t,o be "ashed 
?vay during rains 

Pi H nrr  in  tarmery yards 
and allo'*ing  to putrefy 

Allowing 1t  t,o cho^e 
eff nent drains 

All ovine it to be 
disposed of into se'-iers 
or rivers thereby 
choking them. 

Filine; ir  tannery yards 
and alloT,»ing to putrefy 

Dumping inside  tanneries 

All ovine entry into 
effluent fiow 

(Fsing for agriculture 

Drying in open yards, 
disposal into water 
course.  1agooni ng 
indefinitely. 

*(i)The information given in the above table is particularly relevant 

to developing countries. 

*(ii) It haa been reported that incineration of tannery eludge nay cauee 
Cr III to be oxidieed to the Cr VI, hexavalent, for« which ie a auch 
ffreater environmental haiard. Thue the looation of any duao for aeh 
ie of great importance. 



sludges  containing chromium to agriculture is becoming 

increasingly difficult,  and is discussaci in Chapter III 

IV    Tt may be appreciated that the available techniques  for 

solid waste  utilization are  legion, and each country must   find 

acceptable methods within its economic reach. Many of the 

orocesses discussed earlier are capital  intensive,  and/or 

require large volumes of tannery by-products, not always 

available. 

If one  characterises "environmentally unsound" processes 

»s those "which have higher vater   consumption, use excess 

chemicals and discharge wastes which allov little or no 

provision for recycling»,  one may then categorise as 

"environmentally sound» such processes which mitigate the 

above defects,  see Table XII. 



(JUAPTüh V 

Ü1¿3IB^ FINANCIAL KNL EC; Ur.MlC fcrKECTS rfHTCli 

r-°"rjJ «*-3^'' '••HtJM I'KE INTHUIJUC-IUN OF TANNERY 

EFFLUENT  POLLUTION ftiMTHQL  MIITIATIOM  MmsnuEQ 

"•••  iNi£Ri«micri w 

Industrialist, generally move  slowly  ln   implementing pollution 

mitigation measures,   the  usual   reason ^iven  is  that  costa are  beyond 

the  financial   resnnr-es of their sector of  industry -  tanners  a«  no 

exception  to  the  run of the mill   industrialist. m many countries 

tannery effluent ,-ontrol is not practised on the .rounds of inability 

to raise the necessary -api tal required to install affluent treatment 
uni ts. 

In other countries, especially the developed countries where 

control  measures have  been made obligatory,   tanners complin that 

they must  ,arry the burdens of , ffiuent treatment, whereas thelr 

international  competitors do not have this  financial  burden to bear. 

Thus global  competitiveness is often quoted as  a reason why 

industrialists in any country do not implement effluent control measures. 

In this  section of this  report an attern, t     , made to outline 

possible capital  ^osts  for tannery effluent  treatment schemes,   and their 

effect on cost of production.        it must be  understood that there are 

great  cost differences   from cr,lint,rv t,0  country and within countries, 

and thus no firm fibres are acceptable universally. 

The  costing   -overed in this Chapter refer only to the effluent 

schemes  relating to the  finished leathers -   chrome side leather and 

vegetable  sole  leather.       Information is provided in Volume  II  Parts  I 

»nd TT on the effluent  to be expected f-an »we* blue» and »ready to 

finish"  leathers, and,  using such data the  costs quoted in this Chapter 

may be adapted to the differing levels of process.        The Figure IX 

covers the effects of effluent treatment costs on Internal Pate of Return 

(IRR)  for »ready to finish» and »wet blue» leathers, as „11 as finished. 

This report has referred to »treatment of the effluent» from 

tanneries.      This phrase is deliberately vague  - it doe» not tell us to 

what standard or level   tannery effluents could economically be  treated. 

Realistically, it must be accepted that if Industry is expected to expend 

and develop, and at the same time make a worthwhile improvement in Its 

Impact on the environment, expectations must be adjusted accordingly. 
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•'   ' "i    «N,v  them   Is no  problem In  producing demi ne ral i sed water from 

••.i.»  e'TMeni,   nur   the  price  to be  paid may he  far higher than any 

"     M..my    -.Mild  stand. Hai le/7''suggests   that,  by   treatment  to a 

le-ondary  stage   íHiologlcal ) the  cost, would be  some ,'<)* of a full 

effluent   treatment   Including reverse osmosis. yet even   this secondary 

stage may well  achieve  some  W* removal  of H.0.[). This may not produce 

drinking  water,   or even  the  oft.  quoted  standard  of  BOD/S.S.   <V3<) mg/1 ., 

»'"t   certainly wo„)d make  a drastic   improvement  in environmental  conditions 

••••"1  v.-ouUi  a.H*a.' economically a.-hlflvable  in most, countries. 

The  fol lowing histogram KIG.  VIH shows 3ome  relationships between tost 

arni   levels   of pu"i fi .-at inn   :- 
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In order to „„time  possible  costs of effluent,  treatment,  various 

deviously published estimates of schemes pr0p08ed  1n the  U.S.A. and India 

are  quoted   later.       Additionally the costs of the major treatment schemes 

P'-opo,ed  in  Volume.   IT of this report ha e been eosted in India Tabi, W(72) 

Although  this  report, recognises the need to improve  tannery solid 

"aste disposal  methods,  it has not attempted to give defiled costings 

a, the disposal  methods available are too variable,  but in any case    the 

HTluent. treatmen,   costs are  far higher than solid vaste disposal  cost, 
'••'neh are  pompara lively infinitesimal. 

#(i)   H'3 fall» - 4.546 n.3 ~ " ~ " "  
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ahora trreat advantages due to 

H.       FACTOHS  TUmJEHCIMO COSTS QF TANNERY gmi.wr TREATMENT m,• 

The  far-t.-,.s ~Moh influence cost of treatment plants are many and 
only ma.-jov  topir«, may he reviewed here. 

T.      Decree  of Purl fnation 

The  histogram in A «hove quite  „wiy 9no,«, the relationship of 
•sts to pu ri fi rati on level. 

IT.    Unit 3ize - Economy of s^ale 

Unta ^uMished  in the ij.S.A.^^7'') 

6"onomy of  s-ale   :- 

^"•s   Treatment  plant Capital   Costs  for  :- 

A tannery ,,-Uh throughout of 2,20)       <o day    = 

" " " '» » 6,r'00 

" »i?, ;7ñ 

  "        »Í45,3óo 

(See C later. 

This surest, a six.rold reduction in capital   -o*t per unit fc 
a twenty-fold increase in plant size. 

Ho-ever,   data published in India(75)(76)   sho,,a 1 
economies of scale  :- 

Thus Treatment  Plant Capital  costs for  :- 

A tannery ;dth throughput of      \ , OTJ Kg daily 

»    it 

'i    ii 

323Ö USt per 20Kg Hid« 
. ,Q P«r day 

81,0 

n 

II 

Leaser 

II n f» it n 
II H it n it 

II n II II n 
II II II it II 

107-li US| *•* WXg Hide 
Per day 

95-0 

8i-2 

68-8 

65-3 

n 

2,000  II 

h, 000 >» 

8,OX « 

10,000 '» 

This ,97,/72 data from India, although not revering the same scale 

of operations does not shov even a halving of capital  costs per ,ait for 
a ten-fold increase in plant size. 

It must be assumed that the reported high economies of scale in the 

U S.A. are attributable to the relatively high percentage of sophisticated 

chemical engineering plant employed, which is subject to économes of 
scale. 

rjsing now cost» technologie,, as in India, the economies of scaT 

are greatly reduced as excavation and similar labour intensiv activities 
are less subject to economies of scale. 

Whether one employs sophisticated chemical engineering plant or 

"low cost» techniques, it does seem .. if there are sufficient economie, 

of scale available to ju.tify tanners co-operating vith each other, in 

areas of heavy tannin, activity, to operate corneal treatment plants. 
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>'      (V'f 

"'•"''•    ''    •'"o   m.'t.i  • • 

""  • •''  ' 'iti»'e>ifìr; 

T'.'-tr:),   .'.Jakarta 

i'lir^e/.',). 

•   "••it.   -o ii-prit, rarefi 

...: ,,.»•,,v  .ini-¡ ¿.m-:e;;fî . se-vi'-'P  ••finid 

•.,.«0   ei"'i'"'OT"i •',   -inri   nost   .TlMnHMe;: 

• -•'   .r.-t   -;,.,  h,e »T¡ xed "1 «-H   domestic 

i •. ''ff>   ' t * r 11 -    'hp    ilT^e^qt''   in    nr    •"hß 

.--vti'e naxi"'"" advance   t^ he 

• >' -int«=•   could > e  installed  by 

/'JI'íM'Ií:  parties  chafed acordin«" 

•"ri'ii'T"   i^p'is   of  *.hi?   •• '"M - >•" 

oyj st .  e. "*.   ."• "d*\T"  i '""dvii,    .V 

T,i.d.^T'e-ii),   /'¡ei"? Ai   e •    ,r   c 

l". a^eas '••her,e  t;i:r-:>-     •   t 

•'*   *-r¡y   ne  that,   T   ur';<    *:«?•' ;* 

he  socia!"y advantage > r- 

suggest  'hat  "r to 33^ of •   •. •• 

le-a^e  ••-¡thout   di ffi >•!' ty,   .>u 

Vf'fl'IS, S'l^h    n    Í0i,'t    ri'.-'    -, 

t.ï'en <•>*" economies of s-ale. 

termers  or mini ^ipal i ties,  ;md   * 

t . vol unie and   foncent rati rv:-,, 

TIT    Local  Conditions 

All  '-'i1"1   apnr^r-iate that   ^eosranhi c  situation -^ M   creati y influence 

-  ^4   of treatment niants.        r.pnd a-ail»' ility or    »henHse vil1   dictate 

*••> s-roe extent the method o^ treatment   that may he employed. Proximity 

v-i  -onidenVai   nronerty can similarly  influence -hoice of treatment 

T^'  "'' "'«'1   '*e°  /olume TT Part TT). s>lr-h io~ai   --"nditior.    ca.-> *e 

see"  -••..: i' c • ' 3d  •'r the estimated Tndi an  tanne~v ef'ufint treatment cao" tal 

-osts  q.iored  in Chapter V - Û,  ^here   the  f^ure of n.s.g 13, i 3«; is qun*ed 

for- a  nira'i   tannery compared '-dth (t.S.  # 13''V;!-U foT" an u*-han unit of the 

same  size.        With su-h larrje variations td4-' --n a country -if. i «? not 

«surprising to  find equally lar<?e variations  fron country to country, 

ha lor differences here are exfavation  and lah'nr costs,  these  seem 

proportionately in line vit h actual   cani tal  .costs for treatment scheme?. 

Tt is interesting to compare excavation costs as these may account for up 

to $1% of the  cost of rural tyne schemes,  and even in more sophisticated 

schemes may represent some 20-30;« of  total  capital   -ost  ^\ 

Excavation coats are reported aa   ^2>  i-    (Normal «oil,   i.e. 
n1ay>  gravel,   sand and some rock un to  2 m denth excavation) 

Mean Excavation Costs - Per TTT in U.S. $ 

Buenos Aires (Argentine i 

Ethiopia 

Europe - Denmark 

" Great Britain 

India 

U.S.A.     (Central N.Y. Stute) 

U.S.*     3-87 per m3 

0•KO    »     n 

2 • 00 »» » 

1 • 75 •• » 

0-25 " '» 

3.00 » •• 
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Tartant   cUffe-en^..-  ir,   -ont. H 1 ]   rP<,„lt   'rom t.he availability 
of  ,hR.u,   .o,-,,   ,^el   qllpr,,,e,   for  UnK   ,.abr1 .;it;.in   ._mriared to   ro?tly jm_ 

rnH"   r,,r   these  h"' '•' ^«m^,   similarly  rot.nr,  ..nd  air di ffusers   if 

"'•in'V!e   '"^"y. e-er,  4° so^-hat ^uder,  „fly i>e  nroduced at appreciably 

»In.- -osi" bri-* and ,lay linlnp«  tu lagoons and tanks 

vhers avarie    an he eff.rt.iTO  and   far -heape^ than -or^te,   and v:nere 

avalóle  alio-  tnie  ..Low ,v„   „  „< ^ ,   engineering vorks. 

'••       »JRLTSHEI; DATA AS  m CAPTTAL CfSi'S OF TANNERY EKFLUEN r THMT^MT 

SCHEMES.   

Limited data  ir avallaba  OP   tin,  M-  Qnd  su,h Serial   as   i» 

-b-   „bed   ,f^  seen,  -onni-Mn,.       elated examples a^e available   r~m 

*any »mntHes,   b^   few -onnrehensi ve  s-hsnep  have been puhlicallv  Wftd. 

Data contained   ' n ^ ted  otates,   Environmental   Protection Awn,7 * 

' ""eat ""en* :- 

HP'r  -   -nest  Frarti^ahle  Control   ne-hnoloi:y   -rrent]y available» 

- hn81-an.v nretreatment   followed  by «^vated  sludge.       (Pump, 

screen,  equalize and primary clarification,       ^lloved by an   ' 

aeration basin,  secondary clarifier,  graded media filter and 

"hlnrinatlon coupled with  the necessary sludge handily plant). 

3AT «   »Best Available  Technology Economi-all y Achievable» 

suggests HPT treatment plus nitrification and denitri ficatton. 

These  U.S. E.P.A.  fibres  relate to 1970 ~osts, when abstracted and 

equated to a common unit value   (a 20 kg salted hide has been assumed 

<V- simplicity,  and as a mean of typical U.S.  Packer hide and as a 

smaller Afro-Asian Hide) yield us  Tpble  UH 

TABLE  IUI 

CAPTTAL COSTS OF TANNERY EFFLUENT TREATMENT PUNTS (U.S.*) 

Tannery Production Effluent 
Capaci ty Volums i 

(Assuming Hides «t 
«HST  

DAILYî DAILY: 
2,26* Kg.   =      i)3 Hides 76 m3 

6,80a Kg.   -      3I4O »            227 m^ 

15,870 Kg.   -      79I4 »            530 m
j 

15,360 Kg.  =• 2,268 »        (,5iJU m3 

BPT 
Standard 
Capi +,al 
Cost 
JXono) 

36Ó 

U73 

667 

I ,lo2 

BAT 
Standard 
Capital 
Cost 

527 

721 

1,065 

1,797 

BPT 
Standard 
Capital  Coat 
per 20 kp; 
Hide psr day 

3,238 

I,39I 

nUO 

5(2 

T^s ordinal  data assumed an effluent of U n.S. gal. per lb.  raw 
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'he a'wive .-o?;t.-, we-e baspd -vi  -eU^vely <=o-M-5ti-a'.ed  '-eat^em 

«v^m«, a-d,   a*   the  ot.her pnd of  M>e   s.--a'e,  we  have  ,-nrt  exa—ies ha«?ed 

or   'i^v ^Rt-i  teobnol,-,^. Ki^i-e-   j-^t^d  a»   a   1 )/•'  ••^d-is  Semina- 

h'ised   -  * t"-ee  '."•eat-.'TRni  <;vt"es -»a;/ hp  seen   ¡n   "qh'p XIV 

"^  M'rPe  s'a^es of t"ovnp".t    . ic;t-erj ..ere._ 

"rea'.ne^   jt.-.^e       T  - Epient   Mxpd  a-d  settled.       S.   3.   wwi   >•>* 

"       TT   -  Above,   -lue;  ,ipier.n'n;,.  ancj  aerat;r,.,   ] ri .-,..,,,.. 

(^.'-.¡J.   lern  ' Kin  1 •)() mf/l ) 

'' "    ITT  -  Pnsvee- oxida'' -n d'toF    ;n -la-e O'' .ìe-,Mnn 

la^oonfi   (J.-.;).   •>!   t.o 50 mg/]) 

'"A'njí    XIV 

CA^TTAL WST  ."TiH  VE^F, ^ LE   TANflEHV  SL'* M'EM :' 

I'-tEATMENf  PLANT     expressed in Tí.S.jS **) 

"annc — production Capacity Oocita1   Copt, rie>-  -jr 
Vrooosped: 

fide 

'"réarment   "fa~Ps : 
T 7 T— 

•3' 
1,0'-I '.v. TPÜ7 - bO hides * l-9)i c. i ; i 

?,)M ' '. M - \.yi ii 1-Ri. J- " i 

'  »   ' ' ' T. ri - 2Ì ) it i -r •> 3- ; 
f ,  vv> 

•*. 
n - l,ni M 1-3' 3- >3 3 

I   ), "1 A "» II 

" 

C)-, •i 1-3» 3- iJ 3 

St.a-^e  ., 
''a *+al 
Tosf    o'er 
,J'' 'P. 
Ide  - .d. 
,•>,-.. T 

N. ) 

' 1 

•>. ) 

*     '''des a-, an average of   >j  --. 

•»H*-     -¡-«e   to   -.3#   g no-'ve"sior  a' '   ic -  1   ".S.g 
Ass"-ed eTine-if   r-d^-ed   = 3'    1   >-» M de at   :«o¡j   ,*-  ::, n; ,.,.../, 

Al*'"^b  tH« U.S.A.    E.KA.  and   -,d<an  .,.,(,,  <M riT.3S qi|.,ef, .,, ,)1/ft 

a-e  -.v.   •>•-  tHe  same   -ro«ess n" ^rea-e-;   •>-* -ay  -^a-e   . ;.,e ^ - ie.,ei 

of t>e  3.   .A.   -osts vttH  3t»*e  3 T" the   Tndian  ^S'.P,   a.?  • he   -esnUant 

e^lue-     ill rot be  TreaMy d'ffere-t in  nhPrn-ter. p. m*;- he seen 

that a*   *•«   -"> ;    <des ne" day tannery Jevel  <•«   find   :- 

Capital Cost for Tannery Effluent Treatment 

U.S.  HPT costs  at ¡im x ni rea [i.s.jj 110J    =    VmS.$ 550, VO 

Indian Stage 3 cost«, 503 at      j.3.¿ 05.3    =    ü>s>¿    32^i0 

Hot», the U.S.A. and Tndian fibres appear to be based on de* ; 
studies. 
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'"•"" "-S.  treatment. ro*tfi are  so„e ,1xteen.fold   ,h,^„  q„,,psfed   ., 

Tndia,   t.Hs  1, not, an -na-ent.able  dl-eren,e if u  <3  >.e^he^  >j,/ 

-.S.  exnavaM.n ,n„t,   ^nap, ,11   labo„r „,.,t.q?)  ,re   ^;..p_f,ild ^^ 

^an  -i   :„   ~. PfrC3n  f,hese exWmfig ^  n nd orf)p„ 0^„nn. 

r.reat^t   „n,„ f,.(ted> ^  ^^    ^.^ ^  ^ ^     ^ (y2) 

(K«ed on a-tual   pro.ie-,,)  *nd  capital  ,„stS from a ne-  rm)ecf  jn 

EtMnMa nre  so.e ^¿ of the  'T.S.A fibres  (if20, hides  •<,,• davi 
H-K  „,  ^,ft d1frerenne  lB at.,ribljtable  to vas(ly di^orwr t   ^J ^ 

hnt  ,»,* is also due to the use of  -r^ Co8t„ teohniq,^.        „^^ ' 
rns>s -nn   „ar,, ,rnm  l0^tion to locatiop even ^^   ^     ^ ^^; 

as q„e,Hon,  ,„rr, a, the rrodl]rMnn ^^ ^^   ^.^^ ^ 

and  the  „oil   .t-u-We may have a Urge hearing on  the  ,   • ,,„   ,J> 

Although d^„,Psion o. capital   cost, may he of ,lse.   t,,e ^ ^ fa,r.or 

is the reliUnpshln or ,ffi,1n„,  * _ x sn,r n    erriuent treatment, rapita]   oost.«   ..,,  ,u,„er-. „¡„ó 

assets. Here lutle Information is available. 

With ,,„„ ,.,„ deviations tn „a.,Jtal .„,t „t1nateE  ,nr sfrh]ent 

treatment H •„t be expected that -„.,,, of ,fn„ent t„at„ent nl,„, 

—.red ,1th the „,„,,, cantal val„6 of ,,„, „,„„„   ,„rlM¿„ 

v. ,,.    ,„  „„ tr.„e„do„„r. -hus „ „nd t„. „ 3 A_ ^ 

fat    or ,„ .xt„.a sna„ ,,.s. Tonnety  ,,,, ^ ^ ^ ^ .. 

retirement for o,ntrol duties t„ BpT Uve] ta i(iQ. ^       ^ n 

•!,»,  h„t at a ,„,. ,,.s. ^ (t,,nty „,, ^ 
1s dovn to 37< of nl.„t replacemnt. »alie. 

L~1c v-,.,d „„gest that the ratto o' ,~ ,r.t treaWnt costs.fixed 
assets  of tannery ...o„xd „. co„,tant. a, ,„ „^ Oo5f„ ^^  ^^ 

area, the tanrec h„ndlne and civil enpipeerin,, r„!t ,.„„ „n „, 
reduced p„ rata.        If that s1t„.tlon rtlt- n „„ .„^ ^ 

global  ror.r.tH.I«,,,», aa a„ vo„ld h.„ ,0 ^^ ^ ^^ ^ 

coratant peroent.,. to -„v.r th.,r contro! plant. „OWVer> duHng th„ 

"LT       ' C:rt"d 0,,t "ltMn thl" P"-1"rt' » ~ '•"d «-* -Auent treatment r;ost.!» in ^prtain PU... <_ DJ.UJ    J Brt,ain cases in Ethiopia were: 
*• ^ Tannery Civil 

Case R    r^r.o )   inn ^ Effluent Plant    Engine er in« COB te 
oase B    (Circa I4-50O hides per day) „ „ 

CM« C    (Over 1,200 hides per day) „ „    *   ' 

(Not included in the abstract, in Are. Study) - Tannery "   '^^ 

Procsein« skins equivalent to „5 hid.. p.r day Effiu.nt Plant 37$ 
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D. SrUiJY ESTIMATES OF CAPITA., COSTS OF TMN&HY EFFLUENT TREATTîE^T 

Employing the  expertise and  contacts cemented during the   course of 

this   project,  estimates of rani tal   rosts were  obtained,  fror.  Indian 

sourds, of ^ nrooosed effluent,  treatment schemes disused in VoLume TI 

of this report. The estimates  covered the  fol>owin* cases t^hloh have 

had   oanltal   cost«?  sn.o^ested in UNTDo Working  Papers: 
CASE 
A_T    Chrome  Side  Upner Leather Tannery 

(Daily ino-it   ,,¿ni Afri-an hides at S'-2   kf:  daily = 

l'V.72   kf.   soaked,  equivalent to   \7):  hides at  ?0   K*. 

Assume effluent at    ¿JO mVday 

B.O.D. 3,60) m^/1 

Suspended Solids      1 J, 001 mg/1 ) 

(Ref.   UNTDO Working   Paner TD/Wl 157/11  - SOME ECONOMIC ASPECTS 

CONCERNING  THE ESTABLISHMENT OF TANNERIES IN DEVELOPING COUNTRIES) 

Rural  Lo-aHon Treatment: Primary Sedimentation 

AnaeroM c  Lagoon 

Oxidation   Ji'ch 

CASE 0rM• Pl0tS 

i-II Ghrom 31d* I]PP*r father Tannery - Input, and Effluent as A I 

Urban Lo ation -  Limes Balancing only: 

Treatment: Mix & Balance 

High Rate  Bio.  Filter 

Activated  Sludge 

CASE Rapid Gravity Filter 

¿-HI Chrom Side "PP*r Leather Tannery   - input  and Effluent as A I 

Urban Location  -  Pull  Flow Balancing 

(•j^Si; Treatment Otherwise as A li 

!_L Modern Rapid Vegetable Sole Leather Tannery 

(Dally input w African Hides/day - !4,<)0O Kg.  soaked 

Wight;        Assume affluent at 60 mVday, 

V>D 5,100 mg/1 

Suspended Solids     li,Ç0o m* n   ) 

(R»r.  UNIDO Working Paper TU/WG l57/9 - A RAPID,   ULTRA ECONOMIC 

PROCESS POR PRODUCING  SOLE LEATHER  IN  DEVELOPING COUNTRIES,  IN 

ORDER TO AID THE SUBSEQUENT PRODUCTION AND EXPORT OF LEATHER SHOES) 

Rural  Location -     Preatmert as  A  1 



OASE 

_1L    M2deZlj£1¿1dJ^t.able  Sole   Va..,   ;•.„„.,., . w   HTld Effl 

as fJ T. 

"rbpn long* s op _ Treatment as A  rTr 

The 
..„t. „Mmat«„ fo. the  prono«.«! ^eatment sterne, may he  ,een 

1 n   ''ahi e   j[y 

TABP F „ 
Sjr^ARY OF COST ESTIMATES TN INDIA Q„- EymtRMT 

TREATMENT SCHEMES 

{—      ^¿Z?*:*  Rf'hemeS d"^led in •-   TT  rar.,  rr of 

SOHEME rw 
(mr/1 

1 ''^ 'iosr 
> ¿ ì 

A  T    Chrome  Side    'nne- Leader 
f'a^nerv    _   yliral   Area 

ATT    Ohmme f^de   Jnner Leather 
'"annery -     Urban Area 

AITI  Oh-one Side   "mer I.eatbe- 
i'anne-y -   Urban Area 

1   I      v ^tao'e   ^n->e Leather 
"amery .   ..>,,.,ai   Aren 

^IT    Ven^.aMe  Scie  Leathe- 
Tap.^e^r _   "r-tar Are«» 
(FN1-   ''low  Balan-irp) 

-•>0 nr/day 

-20 n3/hr 

ii  " Zh- 

ou m  /riav 

A0 mvday 

3o'io 

3ö0ü 

Ì ,Oi> 

51 On 

51 oo 

.'1. iJS 

138,   vj 

', •')() 

?,?-:- 

?7,K) 

I.       S-'de Leat-^er-   Tannery iarr^ra-hlnf* 1    m h-i^... ^     v —__ ¿ .ar       a.mn;   1,003 hides per day)     'Hef:   TD/WO 

If one examine«  the M<;*  pctj^»... <•„_ +.^  p, e     i mates tor the  Chrome 'Fpper Leather 
-eat.•*  Scheme   ,-•^ed ,r ~pMe   „     u  ^ „  ^ ^ ^  ^   ^ 

Ma a-rn^ i, -ore  economi„   (w Vp 1Jr ^  ^ ^^  ^ 

examination  ^  -T^, ^^ nnly„  _+ ^^ ^  ^ ^ 

"""^  f- ^ ^W« -—  **   t"   '-al   Mr.wWe,. 
7*., , s. Í 139,^00 „ m^afed „ ,he  rapUaJ   ,^ ^ 

affluent  ^ relatin, to an lnpil-  of 1VfJ 7?  K?< 

•rt, ,,S.Ä 15H.,!7 ^ „  ^  wdQ _ day> ^ • : 

*th the „. s., ,5.0  (?orj ^ daiiy) or ;;_s_ ^ io7 hides ^ 

"hov-n in  r=bleIIV     earner. 
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n-26* 

The  suggested  »Fixed Capital» without effluent,  treatment plant 
fl1r the   tannery in TD/WG 157/11   for  this  tannery to process 1,200 

Afri ran Hides daily(equlvalent to 87^  hide* at 20 kg.  daily) was 

U.S.* 2,Ü60,600. Thus the Effluent   Treatment Plant at that 

level would represent  son»  

of the  "Fixed Capital" of the tanning unit. 

The "Fixed Cppital» referred to in TD/VG 157/11 relates to 

costs in an African country where a high percentage of building 

materials and machinery are imported. Under Indian   renditions 

(or elsewhere where low  *>st techniques are established  in the 

"ivil engineering field),   it is conceivable that tannery fixed 

costs would be  50| of those calculated  for the African  unit, 

under such  conditions the U.S.« 130,500  for Effluent Plant 

would represent          

of the  '«Fixed Cepita!» of the tanning unit. : 

A 197Ü Tropical Products Institute  of the U.K.  Report   (77) 

published  some suggested  Capital Figures for tanneries. 

Figures may be abstracted  from this report relating  to a 

tannery with a throughput of 21,000 Kg.  daily (i.e.  equivalent 

to 1,050 hides at ?0 Kg.   daily). For such a unit a   i<>72 

"Fixed Capita]  Cost» of Stg. £ 76^,900  is quoted,  i.e. 

U.S.I 1,335,760.       Accepting the U.S.* 158-1,7 capital per 

20 kg.  hide  per day,  the effluent treatment capital would be 

U.S.* 166,393.      (The  report itself gives a composite  cost for 

ancillary services and effluent disposal of U.S.I 239,280). 

Our calculated effluent  scheme would therefore represent      ... 

of the fixed cost of the tanning unit. 

VARIATIONS OF FROM 5-6l< THROUGH 9-06< TO U.26% OF EFFLUENT 

TREATMENT CAPITAL COSTS AS PERCENTAGE OF TANNERY FIIED CAPITAL CAN BE 

SEEN IN THE ABOVE EIAMPIIS COSTID. WHEN VIEWED AGAINST THEITIT 

WHICH 13 THE LOWEST AMERICAN PERCENTAGE qroTp Iw TABL7"j^ " 

THE IMPORTANCE OF ADOPTINQ "LOW COST" TECHNIQUES WHERE FOSSIBTB Tfl 
FORCIBLY SHOWN. "~ ~ " — 

5-63* 

9-06* 
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"ARLE   IVI 

RELAPTO'lSriTPOKCAPTTAI   n,-,S",v E,>WT  TPHTWim  T^ 

PLAN"  '-iEPLACEi^ir 

^"es - if.3.  E.P.A.  Estimate.,   (73)  (7li) 

}*^  3jze  -  .') ÍP f]ldes '•*PT Leve] 

• ò •      ft        ' 

Plan«-    'epi arment    ¿fluent 
V»'uc  O.S.g     >'Q      >ea'.ment. 

'.;i"\{t-a!   COR h 
1     • M as  * of 

v rjrwn   - 113 Hides day 

Snu;i '   - 3) i      ti ti 

i-ediur J .       >i M 

Lar^e ?,->-v<       " " 

366 

1,132 

r>n7 a cement 
IM ue s  : 

¿IS l: °- ,* 

035 "h-% 
l.?oo L""'-6^ 
3,1 is' 37-3Ü 

IT      Vegetable  S^e Leather   rann«^ o v> «ides  per day)     (Fef:  rD/./: 

Although  the  .adulation, refe, to a 3o]e father tannery of 

rifled size,  the data could he  ^e^ed to any vegetate  tannery n, 
«nmilar throughput. 

«Vom   r-'h^e  IV       ^Hllhe  ,een that the  capital  ,03t of 

'J.S.* 27,.5"   fo. Fnll  Flo.  Balanced affluent   Preatment  relates to an 

urban situation. ^ „W, Working ,flper IDAra , i7/9 „^^ ^ 

possible fixed tritai  c^t«,  for such a production unit  :- " 

A-    O.S.* ¿3»,US? - Lov cost Project       - includes maximum local 

manufacture,  and reconditioned machinery. 

B-    U.S.* 53U.902 - A Presti.« Proieot - all   new machinery. 

Again it may be seen that the capital  costs estimated within tM* 

«por*, for the effluent treatment plant, a, a percentage of the fixed 
capital, are 

 11-71 - 5-u 
Again it appear, that nsing »lov cost- technique the -treatment» 

capital coats do not approach the high level« suggest,d by U.SJ.PU. 

(11*9* for 113 hides/day;    ?!:•« for 3fc0 hides/day). 

It 1. possible that the tannery fi»d capitel could be reduced in 

certain countrie. by $0% (as discuseed in the chrome tannery case), and 

even under such circumstance«,  the effluent treatment capital costs, a. 

• prcentage of the tannery »Fixed Capital- would only b. froB1 2yiâr.^2% 

for this relatively small production unit. 
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LANCIAI. &VWrS nv CAPTAI     -0S PS OK   rANHERV  E^nu^n 
T-ŒA. MEN r 

T^ prevés section,    r tris renrrt esHnated panici   „3t, ha-e 

be.. „,„« for- tannery efH„ent ^atment -ystems.       or .ore  importan^ i, 

the effect of ,„,.h ^«mtai  exnend<t,ire on ,o,t8,  sales nH„, and 

^t1M»w. The MíTh  le-el,  of cost, suited   <n  f.he  U.S.A. 

(rot y*t  <n oneraMnn,  but  due t« be enforced hy July i T77?> would have a 
massive eifert on sale prices   *'!' 

inte nestr- 
and the foilOT.rlne   !>hle nay be of 

PETENT  CHANGE  TN  PHTçg  flEEDSn   i-u-i 

Tannery Size R.P.T.  Treatment      B.A.T 

1• '-S. Hides Daily (113 Hides Q ?-> K<») 

^0i "           " " (3>.0        " " « ») 
70,i "             " « (¡Q).           -, -, „ n) 

°,0)0 "              M „ (2,?':>n      ir      -i      1,      „) 

*    Su-h that, net  income  remains  constant 

Treatment 
o.-o, • 3-S' 
3-6 'i-H 
2-2 3-7 

1-3 ?-n 

TM rj.s.   *t,,dy su^e^.s  that  .one  30 Í of »small-   t,aTOr,e,   ,rv, 

Mdes pe. day may be   forced to H..e  die to the  f<nan~ia,   ^a,t  0, 

1nstall!n- effluent ,nntrol   systems w tb ,„„n lar,,,e  heno,,fq o, 

e-nomy of scale  the  larRe- unit, are   ..ven a dist.'-w.  ,dv,n + a.e. 

"he hi,h on-nat«,    due  to e-luen+   con>,„   me^^ a,  „..^^ ahov, 
r- the  --.S.A.  h,ve provided amnurVMon  rnT. tanner   ;.   „,.ir.,   ,V]n+H(,, , + r 

•ere ^n,r, ti0 ingtall   i>ontro1   nlant>        wf>  ^^   ip  ^^  ^    ^ 

or  ,at*P 13.^ n |q eaaily nrnv(!n  tn   ^^ .   ^   a„t._M„ 

•hat industry vo„id  he   »lohally uncompetitive. r„  *•,„,..   me   r^„t 

study does not  Indiate   that in nost   develóle. ,w,ntr^s   ,,s.   k ]r,dJ. 

-ill  approach  th« r,.S.A.   levels,  and  if -iov ^-ost" sys-mc  Je  „Id''" 

aether vith   their minima!   .,n„^ 0,  s.ale,   thpse   _s j,.^^.   1r 

hunden *dli   net  he   forthcoming. 

Available estimates obtained duHn* the area sh,d^e, ,,<•  .,,-   _,„., 

o* the on.oSt due  to installati., „•• effl,ien, „ontrn.   ra„1MMp,  ^^ 

m^h  l«.*r in  those At>o-As<an   ^,^M where Dolll] + i.n   „„„^    .,   ' 

nract1«d,  and^the  nH,  upM ^  ne^sary apnear,  ,n  ^^   ^ 

•'•> to ?• tf. „ot   an unreall8t1„  nr1ne  t.i  n%y  r^ an  !¡ndouKted 

improvement to the envi ron.nen1-. 
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57/1 I 

Wni.h.d iettar « 06'!5)flirt*! ! * ^.^^^ ,    f *     ';?°°'.ooo 
Investment  in (| S.|    400 0OO 

Finir1--J ' 
(Efi'lue'ii    I'reatnii; 

l i O g N D 

I        REAOt    ro    FINISH 

II       WET-SLUE 

III      FINISH; 
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I.       Tn order +.0 nrove the validity of the 0-? - 2-0* pri-e unii ft needed 

compared to the  U.S. E.P.A.   1-3 - 9-0*  (B.P.T.) a financial  analysis was 

made of the effect of varying effluent treatment nosts using capital and 

production costs contained in TD/Wr, 157/1 I   (Side Leather Tannery-  17,1,72  Kg. 

daily input). The result is the diagrama« c expose  of relationships 

of I.R.R. TAlues to  the investment cost for effluent  treatment plant,  as 
shown  in PI aure    II. ns1nR n^^   u  Rnd the control   CORts/flxed 

capital percentages established earlier for the side leather tannery - 

5-Ó3 - )i-2o% it can be shown that the effect on cani tal   aspects of 

effluent treatment will he (for Finished Leathers)  1- 

Zero Effluent Treatment Costs 
5-6$ •> 11 » 

\\2% « » t. 

- llj'O I.R.R. 

- 12-9 I.R.R. 

- 12-2  I.R.R. 

Lowering of I.R.R, 

Certainly the  lowering of T.R.R.  by 1-|  -  ,-8* is in line with the 

reported 0-5 -  I-Oí effect on costs observed during the area studies. 

TI      Calculations  for the smaller vegetable tannery (Ref.  ID/Wn 157/9) 

(higher R.O.D. assumed than for chrome tannery,  therefore data if used 

for chrome tanaery would show extra high effluent charge),  suggests normal 

control   costs/fixed capital percentages of $.y$ - n- •>%. Tf these 

Percentages are used wth figure   II       (not designed for this purpose, 

but unlikely to yield greatly different results), the effect of the 
effluent treatment costs will be 

Lowering of I.R.R 
Zero Effluent Treatment costs - ilj-o l.R.p, 
5'1* " " " -13-0 I.R.R. 1-0 

11'7% " " " -12-1   I.R.R. 1>9 

Even if the effluent treatment costs are doubled  (i.e. effect of 

possible 50* Iowaring of fixed capital   in certain situations;  the control 

costs/fixed capital  percentages would be 10-2 - 23.a* *nd the effect of 
affluent treatment costs will be  :- 

Zero Effluent Treatment _ I^.Q I.R.R. 

10*2*        " "       Costs -I2.3 I.R.R. 1.7 
23'hi       " " » - 10-8 I.R.R. 3.2 

Lowering of I.R.R 
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ANNEX I 

COMPOSITION OF TYPICAL "NON-ENVIRONHKNTALLY SOUND» TANNERY 

EFFLUENT 

Chrome Tannaue         Vegetable Tannage 

ph ca.    i0 
Total solids mg/1 10,000 
Total ash mg/1 6,000 
Suspended solids rag'l 2,500 i,5oo 
Ash in suspended solids mg 1 1,000 500 
Settled solide (2 h) ml/1 lOO 50 
BOD- mg/1 900 1,700 

KMnOi   - value               mg o2/i 1,000 2,500 

COD    (K2Cr20?) mg/1 2,500 3,000 

Sulphide mg/1 IÓ0 
Total nitrogen rag/1 i20 
Ammonia nitrogen mg/1 70 
Chrome  (Cr) mg/1 70 
Chloride  (Cl") mg/1 2,500 
Sulphate   (SO,*) mg/1 700 

Phosphor (P) mg/1 i 
Ether Extractable mg/1 350 



ANNEX II 

OF RAW MATERIAL  (SALT WEIGHT) 

; 

AMOUNTS OF POLLUTION PER TON 

: 

Chrome Vegetable               Ronge 
Tannage Tannage 

Alkalinity eq/t 750 

j Total  solids kg/t 6?5 350 -  1.250 
Total ash kg/t 375 250 - 150 
Suspended solids kg/t i50 75                    70 - 200 
Ash in suspended 

solida kg/t 50 25                    25-60 
Settled solids  (2 h )    m3/t 6 3                .-5-    7-5 
BOD- kp;/t 60 85                 ho - IOO 

IOD kg/t i0 

KMnO,   - value kg 02/t 10 120 

COD  (K2Cr20?) kg/t • 75 •20   - 280 

Sulphide kg/t 7 

Total Nitrogen kg/t IO 

Ammonia nitrogen kg/t 3 
Chrome kg/t US 0 
Chloride kg/t lóO 

Sulphate kg/t 1*0 

Phosphor kg/t 0-07 
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ANNEX III      (KEF.   INDIAN AREA  JñlM) 

TAMIL NADU STATE RéGULATIONS 

In this. State  the disposal of liquid  industrial  e muent into 

rivers,   tanks, municipal drains or  sewers is g3verr.e     by Rule  ,7 of 

the T«m1l  N.du Factories Rules,   ,950 and action 30 of the Tamil Nadu 
Public Health Act  1939. 

The.se are reproduced belov  : 

Rule  \7 of the Tamil   Nadu Factories Rule;;   1950 

Disposal of trade vastes and effluents   : 

• )       In the case  of a factory where the drainage  system is 

proposed to be  converted to the  public  sewerage  system, prior 

approval of the  arrangements made  shalL be obtained from the 
local  authority. 

2)       In the case  of a factor/ situated  in a place where a public 
seve-at* system exlsts>  prior approval   of the arranf,ements ^ 

for    he  disposal   of the  trade vastes and effluents shall be 

obtained from the  Publi • Health Authorities or  ,uch authority 

as  the  State Government may appoint in   this behalf. 

Tamil N*du  Public Health Act   ,939,  as modified ur  to  *th January   , Q7n 

fihsetgr_iy.  Drainage  - Acti H«  v, .'P»n„^., of «ter-ourses 

írohibited). 

No  oer.on shall,   save a, may he   «ei-rally or  specially prescribed  :• 

• )       put,  or cause to be  put,  or   -aus*   'o fui  or  flow or be 

carried,  or 'Knowingly permit t0 be r„t.  or to  fall  or flow or be 
ci rried,  into any water course 

(9)    any solid or liquid  sevape matter,  or 

(b)    any poisonous,  noxi.us or polluting  liquid proceeding 

from any manufactory or manufacturing process,  or 

2)      put, or cause  to be put, or cause  to fall  or be carried,  or 

knowingly permit  to be put or to  fall  or be carried,  into any 

water-course,  so as, either singly or ln combination with other 

similar acts of the same or any other person,  to  interfere with 

the due  flow of such water-courses, or to pollute  the water therein 

the  solid refuse of any manufactory, manufacturing process or 

quarry,  or any rubbish or cinders,  or any other waste or putrid 
solid matter, or 

3)      commit nuisance in or in the neighbourhood of any watercourse. 
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ANNKX   IV (FiEF.   I Mr I AM AREA STUDIO 

STANDARDS  FOR THE  DISPOSAL OF   INDUSTRIAL  Ef M .'J (¡NTS 

Characteristics 

BOD,   5 days,  20°C 
COD 
pH 
Suspended solida 
Total  dissolved solids 

( inorganic) 
Temperature 
Oil  and  grease 
Phenolic compounds 
Cyanides 
Sulphides 
Fluorides 
Total   residual  chlorine 
Insecti-ides 
Arsenic 
Cadm i urn 
Chromium  (hexavalent) 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
Zinc 
Chlorides 
Boron 
Sulphates 
Per cent  Sodium 
Ammoniacal Nitrogen 
Radioactive materials 

Alpha emitters 
Beta emitters 

mg/l 
mg/l 

mg/l 
OC 

mg/l 
mg/l 
»*T/I 
mg/l 
»*A 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 

•«/I 
•«A 
m«/l 
•*A 
•f/1 
««A 
«•«A 
•«/I 
"«A 

•»«A 

/uc/ml 
/uc/ml 

Tolerance limits   for industrial 
 effluents  discharged  

Tnt.j   Inland        into                     On  Land 
Surface                Public                 for   Irri- 
Waters                   Sewers                 gation 
( IS:2490-          ÍIS:^06-            (IS:}}07- 

-JUAl L2I4J 1?65 
30 

?50 
5.5-9.0 

100 

io-? 
10 -6 

500a 

5.5-9.0 
6oo° 

2100* 

10 
10 

-7 
-6 

a 

b 

* 

Subject to relaxation or tightening by the local  authority. 

Relaxable to  750 by the local  authority. 

These requirements shall apply only when after treatment  the 
sewafe is disposed of on land  for irrigation. 

500 

5.5-9.0 

2100 
40 45 
10 100 3( 
1.0 5 
0.2 2.0 
2.0 - 
2.0 - 
1.0 - _ 

Absent — _ 
0.2 - _ 
2.0 - 
0.1 2 
3.0 3 
0.1 1 
0.01 - 
3.0 2 
C 05 - 
5.0 15 

- 600* 600 
- 2 2 
— 1000» 1000 
- 60 60 
50 50 

IO"? 
10" 



- 9, - 

¿WM y    (HBF. ARGENTIMI AREA STUDY) 

SOHE CHARACTERISTICS OF TANNERY EFFEUEMTS 

LleAng       Bealhouse    Tarai BS. 

Colour(0f wa8te water 

i 

(Of sedimentary water 

(Of the sediment 

Treated 
Liquid 

Appearance , 

( 
'Of the 

Dark Orey Slightly 
yellow 

Dark Orey Slightly 
yellow 

Floccular Slightly 
Floccular 

sedimentary water 

Odour 

pH 

( Totals 
Solida t Fixed 

( Volatile 

Solids in(Totals 
suspensionFlzed 

( Volatile 

Sedimint-(In lO minutes mlAt. 
•ble        t In 2 hours "   » 

(Volatile 

p.p.m. 

p.p.i 
H   II 

n N 

p.p.m. 
n n 
*  n 

Chlorides (CI) 

Alkalinity (CaCO ) 

Acidity (H^SO^) 

Total sulphides  (S*) 

Organic nitrogen 

onia nitrogen 

p.p.m. 

p.p.«. 

p.p.m. 

p.p.m. 

p.p.m. 

Consumed ( Qross liquid   p.p.m. 

BO© 5-daysGross Liquid    p.p.m 

*t20c W-„t 
liquid 2 hrs. 

Chlorine demand p.p.m. 

Fatty substances 
(MUICIM Vf ÖFganic 
solvents) p.p... 

Turbid 

Putrid 

11 -u 

3l*,3.0 
20,206 
iii,i0li 

2,,UO 
9U0 

1,200 

9 
30 

1,570 
650 
920 

7,362 

2,750 

»56 

USU 

kB 

860 

3,691 

5,81*8 

Turbid 

Odourless 

9-3 

5,31*2 
5,09U 

2U8 

khU 
• 80 
256 

< ,93 • 

330 

trace 

21 

69 

iii5 

129 

Greenish 
Grey 
Greenish 
grey 
Floccular 

Turbid 

Sulphurous 

6*6 

»6,2,6 
ili.Oió 
2,200 

3,314 
«,272 
2,072 

• 91* 
i62 

2,926 
1,820 
i,106 

5,586 

98 

6. 

3i 

• 3 

390 

«76 1,092 

92 
Dissolved oxygen 

638 

51i 
p.p.m 

Slightly 
yellow 
Slightly 
yellow 
Floccular 

Turbid 

Sui generis 

7-9 

16,576 
ih,086 
2,1*90 

l,0U2 
686 
356 

3 
5 

i,006 
669 
337 

6,958 

1,100 

n/c 

139 

20 

630 

832 

532 

80 

0 

(Source 3) 
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2.5 

11 
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L25 11.4 
1.8 
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