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ABSTRACT

Although the leather industry is environmentally important as user of
byproduct of the meat industry, it is perceived as a consumer of resources
and a producer of pollutants. Only 20% of the raw material waste is con-
verted to leather. There are more than 900 tanneries operating in the 5 dis-
tricts of Tamilnadu, of which 584 are in Vellore District. The wastes pro-
duced from these industries have caused irreversible damage to the sur-
rounding environment. The resultant waste produced in bulk every single
day at the tanneries is seen fit to be used as poultry feed for the benefit of
both the poultry farmers and tannery operators. It helps the former to buy
cheap feed and the | atter make money for a product causing disposal prob-
lem. A Sinister collusion between tanneries and poultry farmers is posing
glare danger to the health and lives of millions of unsuspecting chicken
lovers. There were three important by products obtained during the pro-
cess. Theprotein, Gelable protein and chromium. Hence by thisprocessitis
possible to recover maximum amount of all the value added products thus
reusing the product once considered as awaste. Hence from the resultsit is
evident that the hydrolysis of the leather wastes under suitable conditions
and in the presence of better hydrolyzing agents can help usin recovering
the value added products fromthe materia otherwise considered asawaste.
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Theleather industry isvery important, asitisthe
fourth most export carryingin India. But theseindus-
triesinIndiaare one of the most serioudy affecting pol-
lution sources. Thetota installed capacity of skinsand
hidesin Indiahasbeen assessed to be 53.5 millionmore
than 973 tonnes/year of chromiumisdischarged from

thenearly 131 tanneriesof Ranipet Indugtrid area, Tamil
Nadu. It cannot be removed by simple methods.
(Ranipet, India5" Most Polluted Town In TheWorld
— BlacksmithIngtitute, US).

A potentid consegquenceof chromiumintakesabove
200 mg/day isdisplacement of ironfrom transferrin. At
highlevel schromium may competewithironfor trans-
ferrinbindingand depleteironleve s(Feed internationd,
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1993; WHO, 1988). It isknown that only 20% of wet
sdted hides'skinsareconvertedintocommercid leather,
while 25% becomes chromium-containing leather
waste, and theremainder becomes non-tanned waste
orislostinwastewater asfat, solubleprotein and solid
suspended pollutantg¥.

Pretanned leather shavings, a by-product of the
leather tanningindustry, are primarily beef skin, which
iscomposed of fibrous proteinssuch ascollagen, das-
tin, and keratin. Currently, one of the major uses of
fiberized leather isin the production of |eather board.
Thisproduct isused primarily in the shoe manufactur-
ing industry asinsoles, outsoles, and middlesoles. Itis
also used in the manufacture of leather products such
ascounters, belts, purses, and wallets.

Collagen can beincorporated in coating materi-
as, in pharmaceutical applications, as an absorbant
materid for filtering sul phur dioxide and other air pol-
lutants. Protein hydrolysates can be applied in the
manufacture of cosmetics. They can asoreverttothe
leather industry, beingincorporated at the pretanning
stage and contributing to the subsequent better up-
takeof tanning materids.

Most of these solid wastes apart from dusted salt
have secondary usesin thelocal market; for example,
glue manufacturersand poultry feed makersoften use
thiswaste (and peptidesfor usein feedsand fertiliz-
erg2381 However, animportant problemwiththisuse
isthe presence of chromium. The use of chrome-con-
taining solid wastesfor poultry feed preparation could
cause serioushealth problemsfor poultry consumers.
Toxic poultry feed a pressing public health concern
Poultry feed isbeing produced through using tannery
wasteswithout necessary trestment and sterilization.

Theproblem stemsprimarily from thefact that poul -
try feed producers are not dwaysusing the scientific
methods and not going by the health and hygiene stan-
dards. Poultry isafast growing sector, which contrib-
utessignificantly to the economy. However, thelatest
finding showsthat thingsare not being handled theway
they ought tobeinthisarea.

But acid rain, common acrosstheindustria world,
canleach harmlesschromium from shavingsinto ground
water andtransformit into deadly chromium that causes
liver and bladder cancer. An otherwiseuseful materid,
the leather waste can be used for the preparation of
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protein, gelain and chromium after dkalinehydrolysis
withmixture of akaliesand akaineproteaseenzyme.

MATERIALSAND METHODS

Analysisof chrome-containing leather waste ob-
tained fromacommercia cowshidetannery werekept
at room temperature and analyzed for pH, moisture,
ash, Total Kjeldahl Nitrogen (TKN), chromiumand fat
by norma methods. M oisture was determined by hesat-
ing thesampleat 110°C for 12 hours.

Ashinthedried productswasdetermined by heat-
ing the sample at 600°C for 4 hours™®. TKN was de-
termined by the semi-micro Kjeldahl method®. Total
chromiumwasdetermined using aPerkin-Elmer model
AAT7003 atomic absorption spectrophotometer’™. Fat
was extracted with chloroform and estimated.

Mixed alkalinehydrolysisof theleather shavings

Onehundred gramsof lesther shavingswereshaken
in 1 litreof water, and added 20ml each of 5%6M g0,
3% NaOH+2% MgO and 3% NaOH 3% MgO at
98°C for 60minutes, 120 minutes, 180minutes, 240
minutes, 300minutes and 360 minutesrespectively as
described by Taylor et a1, without and withthe5 g
enzyme akaline protease, prepared from Bacillus
subtillus (From The Microbiology department of
D.K.M. College, Vellore). Then the sampleswerefil-
tered warm through Buchner porcelain funnelswith
Whatman No. 1 filter paper under vacuum condition.

Thefiltered protein solutionswere stored at 4°C,
and the protein yield was cal culated based on the
dry weight of thewaste. Theremaining chromedudge
was kept at room temperature for further analysis
and treatment.

For the separation of various byproductsaongwith
thechromium were completely extracted by following
theprocedure of Cabezaet al.!®. Initialy 100grams of
the chrome shavingswas heated with 500ml of water
with different proportionsof dkaiesand heated & 80°C
for threehours.

Thetwo fractionswere separated and the gelatin
fraction wasrecovered. Thechromesudgewasagain
heated for four hoursat 980C. Thefractionswereagain
separated when the protein fraction was obtained. It
was dried and recovered. The chrome cake wasfur-
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ther hydrolysed with 70% hydrochloric acid. The hy-
drolysatewasthen anaysed for total chromiumusing
atomic absorption spectroscopy (VarianAAA 220FS).

Chromium-containing leather wastes

Alkalies + Enzyme and o
500ml water shake 3 ~ 5 > | 1" Step Hydrolysis |

hrs, at 70 — 80°C

Separation |———— Gelatin

Chrome sludge

Alkalies+Enzyme and
water shake 3 ~ 5 hrs, at
100°C

2" Step Hydrolysis

Protein

Chrome cake

34 Step Hydrolysis

Acids and water shake 3
~ 5 hrs, at 90°C

Chrome containing
hydrolysate

Modification

Chromium recovered as
retanning agent

RESULTSAND DISCUSSION

Increased environmental restrictionsand escaating
landfill costs have encouraged theleather industry to
devel op cleaner technol ogy by minimizing wastesgen-
erated and maximizing thosereused. Theleather waste
mainly congstsof callagen and Cr(111) complexes which
could betreated to givethe potentia resources of col-
lagen protein and chromium(?. In past decades, |eather
researchers have madealot of effort to study there-
useof |leather waste. Before 1970 reports dominantly
focused onusesnot requiring extensive pretreatment of
thetanned wastes, including themanufactureof insula-
tors, building materids, fibrous sheetsand shoe soles.

TABLE 1 and Figure 1 show that theleather waste
containsandarmingly highlevd of totd chromium (105
mg/K g) which when converted to poultry feed isre-
duced to 50mg/K g, which may be dueto themixing of
cornflour and other ingredientsin thefeed. Whereas
the concentration of chromium seemsto bevery high
bothin chickenflesh andliver (such as40mg/Kgand
103mg/K g respectively). Thebioconcentration of the
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highly toxic heavy metal inthehighly proteniousfood
chickenisreally worth taking serious steps. Hencein
the present work effort hasbeen madeto recover chro-
mium and other different by productsof |eather waste
inacost effectivemanner by combining normal akaine
hydrolysisand using enzymes separated from natural
microorganisms.

TABLE 1: Egtimation of chromiumin varioussamples

S.No. Sample Cr (mg/kg)
1 L eather waste 105
2. Poultry feed 50
3. Chicken - liver 103
4. Chicken — whole body 40

Values in the table are mean of six individual analysis
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Figurel: Egtimation of chromiumin varioussamples

TABLE 2: Analysisof leather waste

Parameters % of variousfactors
pH 45
Ash % 11.2
Protein % 84
Fat % 0.19
Ca% 0.34
Mg % 0.33
Cr% 17.21
TKN % 16.54
90+
804
704
60- BpH
“ HEAsh %
E 50 OProtein %
S 401 OFat %
304 Oca%
204 OMg %
104 gcr%
OTKN %

0

Parameters

Figure2: Analysisof leather waste
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TABLE 2 and Figure 2 show the % composition of
the various components present in the leather waste
collected from Ranipet Industrid area. Themajor por-
tion of theleather iscomprised of proteininthefibrous
form ascollagen. When thisisleft into theatmosphere
without proper usagethey becomeapol lution problem
intheform of dumped land filling, seepage of fat and
chromiuminto the underground water and soil causing
damagetotheenvironment.

Hencethiswork iscarried out so that zero waste
dischargeismadeinto the environment. Becausein
thisthree step processinitially gelableproteininthe
form of gelatin, protein which can beused asanitro-
gen sourceintheform of fertilizer and feed, and the
chromiumisfinally recovered, which can befurther
used asaretanning agent.

TABLE 3: Analysisof theproductsobtained by thealkaline
hydrolysisof leather waste

Parameters (%) A A+E B B+E C C+E
Ash 1432 114 1440 1155 1495 11.99
Proteins 67 71 69 74 85 87

Ca 034 035 040 082 048 118
Mg 033 403 008 50 016 6.73
Cr 421 776 428 1144 399 11.82
N 741 1454 840 1456 809 14.13
Fat 009 137 151 331 179 49%

A: 3%NaOH and 5% MgO; B: 3% NaOH 5% CaO; C: 3%
NaOH +3% MgO+3%CaO; E: Enzyme alkaline protease
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Figure3: Analysisof the productsaobtained by thealkaline
hydrolysisof leather waste

TABLE 3 and Figure 3 represent the products of
hydrolysisinthepresenceof different ratiosof adkali hy-
drolyzing agent and dkdi hydrolyzing agent withtheen-
zymedkalineprotease. Theresultsshow that amixture
of 3%NaOH and 5%M agnesium oxide (A) gives67%
of protein, 4.21% of chromium. Similar experiment with
3%sodium hydroxide and 5% Calcium oxide mixture
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(B) gives69% protein and 4.28% of chromium showing
that thereisbetter recovery of different products.

At the sametime, the hydrolyzing agentsA and B
show not much differenceintheir hydrolyzing effi-
ciencies. Whereas C shows a higher percentage of
recovery of different productsincluding total chro-
mium (8.99). But when the same hydrolysiswas con-
ducted with alkali in the presence of enzymeall the
resultswereimproved. There werethreeimportant
by products obtained during the process. The pro-
tein, Gelable protein and chromium. Hence by this
processit ispossibleto recover maximum amount of
all thevalue added productsthusreusing the product
once considered asawaste.

A Sinigter collus on between tanneriesand poultry
farmersisposingglare danger to the hedlth and lives of
millionsof unsuspecting chicken lovers. Duringthepro-
duction of chrome-tanned | eather, chromiumisassumed
to beincorporated into theleather with at |east 3 types
of interactions. Most important isthechromiumthat is
complexed with collagento giveleather itscharacteris-
tic properties. Other interactionswould include non-
productive binding of chrometo collagen and adsorp-
tion of chromium by the collagen matrix.

Oneareaof considerateinterest isthe use of en-
zymesto liberateaprotein rich product and chromium
from Cr-containing wastes. There hasbeen significant
interest inthe use of these protein rich solutionsasfer-
tilizers, detergentsand animal feed. The“precautionary
principle”’ inthecontext of themunicipal law means-
wheretherearethreats of seriousand irreversibledam-
age, lack of scientific certainty should not beused asa
reason for postponing measureto prevent environmen-
tal degradation.
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