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ABSTRACT

Bangladesh has the potential of developing leather industries due to having quality raw
materials (hides and skins) and cheapest labourer market. But still no new entrepreneurs
are attracted to set up new leather industries here because of generating huge amount of
untreated pollutants from tannery and no one wants to bear the environmental risks of
this country. Accordingly, generation, existing management system and impact
assessment along with possible utilization of the tannery solid wastes as value added

products were considered for investigations.

The existing management system of tannery solid wastes and its consequences were
investigated through field survey with structured and unstructured questionnaire; the
tannery workers, technologists, officials were interviewed during 2009-2011. The
maximum amount of solid wastes generated was measured in the peak season (October-
December) in the year 2011 through developed formula and found 443 metric ton solid
wastes were generated in a day from tannery at Hazaribagh, Dhaka. It was also observed
that 90% of the trimmers, (tannery workers) were directly affected by those solid wastes,
the surrounding environment became polluted and soil of dumping ground was
contaminated with organic carbon (7.97% £0.170), organic matter (13.70% %0.292),
TKN (1.54% +0.137), Chloride (0.247% +0.0284) and Chromium (2.28 +0.0291).

The manufacturing of Animal glue through appropriate utilization of more solid wastes,
was targeted as a tool of tannery waste management. Its traditional glue manufacturing
process was modified for producing animal glue from fleshings and pickle cuttings mixing
with raw trimmings which imparted better physical and chemical properties in
comparison to the sample glue collected from local market manufactured following

traditional method.

The main target of this research had to enhance the efficacy of by-product industry
through process modification and integrating with the main industry so that the solid
wastes generated from tannery need not to be dumped and used at the point of origin
triggered to the eco-friendly environment. The findings of this work along with the
findings of the previous researchers created a hope for further progress in research in the

field of leather technology and its eco-friendly environmental management.
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CHAPTER-ONE
GENERAL INTRODUCTION
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Chapter-1: General Introduction

1.1 Overview of the Leather Sector in Bangladesh

Bangladesh is densely populous country. The overall economic development of the
country mainly depends on agriculture, industry, and trade and service sectors. The
industrial blooms were come together in contributing to the national economy of the
country from the mid seventy’s when Jute and Leather industries in Bangladesh were
developed on a large-scale basis. Previously, the leather industries especially tanneries
were owned by Bangladeshi Traders from the Punjabi and Madraji traders after liberation
war in 1971 while there were some tanneries owned by Bangladeshi people as well. The
350 numbers of industries were running with new management and tried to renovate
across the country (Bangladesh Tanners’ Association, 2011). BTA also mentioned that
the 250 tanneries were located at the bank of river Buriganga in Hazaribag, Dhaka, the
heart of the city. But the numbers of tanneries are decreasing day by day. According to
the UNIDO survey report’2005/2006, only 35 numbers out of 192 tanneries are currently

in operation regularly in Hazaribag.

These tanneries of Bangladesh has been almost entirely supported by local raw material
resources while 1.0 million live cattle are imported every year from neighbouring
countries to meet our protein demand adding extra number of raw hides and skins
(Livestock Census, 2004 and Hides & Skins Merchants Association, 2005). According to
the UNIDO and Hides & Skins Merchants Association Report (2005), about 85,000 Ton
raw hides and skins are processed per year in Bangladesh. Among those 40% are done
during the Qaurbani time (75 days) at 450 Ton/day rate and rests are processed in 225
days at 230 Ton/day production rate.

The capacity installed of these tanneries can provide employment for about 27,000 people
by the leather industries directly (BSCIC Survey Report’2002). These people can produce
250 million sq.ft leather per year but the actual production is 180 million sq.ft/year
(UNIDO Survey Report, 2006).
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Most of those industries are export oriented and about 95% of leather and leather
products, in the form of crust and finished leather, leather goods and footwear are
marketed abroad. The value addition of leather and leather goods and footwear exports on
average is 85% local and 15% foreign (Manzur, 1998). As per reports of Export
Promotion Bureau, Dhaka export of the leather sector is approximately US$ 4203.53
million in last 13 years i.e. 1998-2011 out of which US$297.83 million has been earned
through exporting leather in the year 2010-2011.

1.2 Environmental Challenges of Tanneries in Bangladesh

Tanning is the process by which animal hides and skins are converted into leather. The
hides and skins after removal of flesh, fat and hair are treated with chemicals, which
cross-link the microscopic collagen fibres to form a stable, durable material called leather
(Datta, 1999). The chemicals used may be derived from traditional vegetable products or

be specifically prepared by the chemical manufacturers.

Manufacturing of leather and leather goods produce high amount of wastewater, solid
wastes and volatile emission containing different loads of pollutants. As a result the
leather industry as a whole is under critical condition, needs to review by the
environmentalists throughout the world. There is no exception for Bangladesh. Toxic
gases such as ammonia, acid vapour, hydrogen sulphide, sulphur dioxide, carbon dioxide
chlorine etc. are also produced in different steps of leather production. In fact, there is no
chemical which is absolutely devoid of any harmful effect to the environment, plant,
animal and human health; the variation is in the use of doses and the degree of toxicity

and/or harmful effect of the reagents used in the process.

1.2.1 About Tannery Effluent

There is no single process for producing leather without generating huge amount of
wastes. Some of the wastes will arise from surplus, spent or washed-out chemicals used in
the process. Some chemical constituents may be toxic while others are powerful
pollutants in water and on soil. The release of volatile sulphides contributes obnoxious
and toxic odours. Certain solvent vapours can have adverse health effects after prolonged
exposure (FAO, 1991).
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Most of the leather industries haven’t any arrangement for effluent treatment. They
discharge a huge amount of untreated wastewater. According to a FAO report (1991), all
these tanneries process 240 MT leather every day and generating 8.47 million litre liquid
wastes. It is also estimated that tanneries discharge some 10 million litre of highly
polluted effluent daily during the lean season and around 21.6 million litre daily during
peak season (Bangladesh Gazette, 1997). In general, pollutants present in the tannery
effluent are broadly categorized into:
a) Biodegradable Organic Compound measured in terms of Biochemical Oxygen
Demand (BOD).
b) Non-biodegradable or persistent organic compounds measured in terms of
Chemical Oxygen Demand (COD).
c) Heavy metals such as Chromium.
d) A wide range of dissolved substances, suspended solids and volatile

emissions.

1.2.2 About Solid Wastes

The solid wastes generating from leather processing consists of raw trimmings, hair &
wool, fleshings, wet blue trimmings, splitting, shaving dusts, buffing dusts, dyed
trimmings, salts, lime sludge etc. According to a FAO report (1991), 98 MT solid wastes
was generated every day from the tanneries of Bangladesh. Here, it may be mentioned
that to process 1000kg raw hides and skins around 700kg of solid and suspended solid
wastes are discharged (Puntener, 1995). The total leather production in Hazaribag was
estimated to be around 74,000 — 85,000 Ton per year whereas the solid wastes generated
from the tanning industries in Hazaribag during peak period was around 136.5 Ton/day
and those during lean period was around 69.0 Ton/day and on an average 102.75 Ton per
day (UNIDO report, 2006).

1.2.3 Effects of Pollutants Generating from Tannery

At present no control is practised by either the tannery owners or any agency like Water
and Sewerage Authority (WASA), Dhaka City Corporation (DCC) or Department of
Environment (DoE) due to some resource based limitations. So all the wastewater

generated by the industries is discharged in untreated form in the roadside drains and low
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lands, which sometimes overflow causing highly unhygienic environment. Add to this,
the substantial quantity of solid wastes being dumped by the roadside, which are washed-
out filling the drain reducing their carrying capacity. Thus the soil and groundwater are
contaminated by the toxic pollutants severely, which determines the leather industry in

‘RED” category (The Environment Conservation Rules, 1997).

As leather industries generate huge amount of toxic pollutants causing sever health
problem of workers and other people living in the adjacent area. Society for Environment
and Human Development (SEHD) collected the field level data and observed that 58%
tannery workers suffers from Gastritis, 31.28% from Skin diseases, 11.0% from
Hypertension and 10.61% from Rheumatic fevers while the average national morbidity
rate of these three major diseases are only 0.509%, 0.703% and 0.406% respectively. It
also said that some 34.63% of the workers occasionally suffer from various kinds of
fever, 22.9% from cough and 19.0% from Jaundice. Someone may also suffer from
Allergy, Dizziness, Nausea, Vomiting, Irritation of ear, nose and throat, Headache,
Sinusitis, Bronchitis, Respiratory problems, Heart diseases etc. Among the sufferers some
87.5% claimed to have developed these diseases after joining the tannery. This report also
quoted from Dr. Mohammad Hossain, Ex-Director of Health that Liquid and solid wastes
containing various chemical residues are the main cause for the diseases (SHED Report,
2002).

According to the SHED Report (2002) and UNIDO Report (2006), about 89% of the
tannery worker suffered from general illness. They need to take medical treatment
sometimes and thus they are getting looser in their income. Therefore, the cost of human
health impacts on the cost of living and their social status are evident due to income loss
in absentia, loss of working hour, loss of efficiency, saving loss for the treatment and
taking medical attention and occurring malnutrition resulting poor health of the earners

and their family members.

Thus environmental impacts due to solid and liquid wastes from leather and allied

industries are classified into following three major groups in UNIDO Report (2006):
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1. Loss of Human Health: This is defined as death or increased probabilities of
death and by illness including various diseases caused by relevant pollutants. For
example, chromium, nitrate, sulphide, chloride, phenol etc. mostly causes
morbidity and increased sufferings like cancer and other influential diseases.

2. Loss of Human Welfare: This is defined in terms of loss of land value and rent
from the house and household materials and equipment used. For example,
ammonia, hydrogen sulphide, carbon dioxide, chlorine, sulphur dioxide and acid
vapour etc. causes serious damage on metallic materials even on gold ornaments.

3. Loss of Resources: This is defined in terms of its loss of vegetation and aquatic
ecosystem including fishes, aquatic plants and biodiversity loss creating in the
area. BOD, COD, pH, TKN, Colour, Odour, Solid wastes and Suspended solids

etc. are causing this type of damages.

1.3 Problem Identification

Solid wastes generating from tanning industry would be valuable resources of producing
by-products. But there were very few works found in this field eventually no research
work was done regarding on this topic in our country at all, more researches were done
with high technology by the foreign researchers which are not available in our country
rather those research works showed the pathway of utilization of tannery solid wastes

with its limitations.

Sykes (1973) indicated some areas in which the leather industry would need to direct
technical resources, not necessarily to improve its product, but to comply with social
demands which might frequently have the support of legislative action; he also said that
essentially industries used resources wastefully and with little thought for the future as
well as it contaminated the environment with the by-products of its operations and was
therefore uncaring of people; he concluded that the qualities demanded of the products by
the consumers and the qualities demanded for the environment were needed to be
integrated. This was a hypothetical phenomenon given by Sykes and showed the light of
doing something with the wastes generated from tannery at the end but not mentioning

what required to do.
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Islam (1993), Kaisar (1994), Rahaman (1995) reported that the untreated liquid and solid
wastes of tannery were discharged directly through the roadside drain and deposited to
the nearby low lying areas and finally fallen to the river Buriganga which were spreading
the environmental pollution. ESDO (1995) also reported the same with mentioning some
solid wastes such as rotten leather cuttings, fleshings, hair, blood and different types of
chemical wastes which produced poisonous gas and polluted the environment. But
presently these wastes cannot fallen into that river directly due to the obstruction of the
Dhaka Flood Control Embankment which causes serious environmental hazards and
public nuisances and a continuing source of environmental complaints for the local
community and passer-by. Mondal (1997) also did the repeated work and showed the
environmental impact of the City Protection Embankment at Hazaribag; as he found the
sluice gate remain closed year after year and huge waste and garbage discharged from the
tanneries remain stagnant at the upstream and the low lying lands from Lalbagh to Rayer
Bazar Shikder Medical College which were filled with those poisonous wastes resulting
the land fertility was destroyed and the grass and shrub got faded and stained. Yousuf
(1998) did the work repeatedly. But nobody showed the data on the exact amount of solid
wastes discharged from the leather manufacturing industries and the way of mitigating

pollution.

Springer (1994) concerned about tannery solid wastes and classified it as Hazardous, Non
Inert, and Inert with characteristics of Inflammability, Corrosiveness, Reactivity, and
Toxicity; he also enlisted the possible utilization of it by following IULTCS compilation
of by-products. His work was outstanding and showing the actual possibility of utilization

of solid wastes but he did not mention the procedure of by-product production.

Brown et al. (1994) were first to develop the process to extract protein hydrolysate from
contaminated leather waste. He extracted gelatin from chromium leather waste
subsequently developed a two-step process that allowed a protein product to be isolated in
the first step followed by a lower molecular weight, hydrolyzed protein product obtained
enzymatic treatment of the remaining chrome sludge, a recyclable chromium product was
also obtained. But he was considering only the chrome sludge containing chrome shaving

dust and trimmings.
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Rose et al. (1994) mentioned the uses of collagen contained in hides and skins as an
adhesive as well as they highlighted on the use of collagen in food, cosmetics and
brewing industries. This was a hypothetical attempt to use tannery solid wastes by
converting it to animal glue and other products but did not mention the process of

conversion clearly.

Puntener (1995) first published the tanner’s responsibility for active environmental
protection was being assigned more and more importance in the society. He mentioned
that the reduction of pollution in tannery waste was being tackled on three fronts, such as,
tanneries were optimizing and reducing their overall chemical consumption and
improving waste-water purification; tanneries were more efficient in their use of chrome
and were selectively employing non-chrome procedures;. and lastly, recycling of leather
production waste was being more actively promoted. This paper also presented simple
environmental balance scheme and showed a new tanning system which supplements
existing tanning procedures. One of the major findings from this research was the
quantification of solid wastes come out from the leather industry. i.e. 1000 Kg raw hides
yields approximately 150 Kg Leather, 150 Kg Split, 700 Kg Solid Wastes and 30 m® or
400 Kg effluent. The segregations of these 700 Kg Solid Wastes are 430 Kg Raw
Trimmings, 250 Kg Shavings and 20 Kg Crust and Finished Leather Trimmings. But the
major limitation of this study was the limited cost-effective recycling options were
available in this report; only disposal for landfill was performed in previous. Recently the
situation has changed however, because environmental regulations have become more
stringent. Puntener et al. (1995) were continuing their research work and presented the

limited process of composting of metal free shaving dust.

Rutland (1995) introduced different phenomenon of waste disposal and leather
manufacturing. He suggested making all process of tannery be eco-efficient or
environmentally conscious, which was reached by the delivery of competitively, priced
goods and services that satisfy human needs and bring quality of life, while progressively
reducing ecological impacts and resource intensity throughout the life cycle to a level at
least in line with the Earth’s estimated carrying capacity. He also adhered here the

Chemical Manufacturers Association’s commitment to the ‘Community Awareness and
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Emergency Response Code’, Pollution Prevention Code, Process Safety Code,
Distribution Code, Employee Health and Safety Code and Product Stewardship Code.
This was an attempt to introduce the terminology eco-friendly in the leather

manufacturing process rather to mitigate the existing pollution.

Lewis (1997), Kumaraguru et al. (1998) described about the utilization of the lime
fleshings for making tallow or extracting amino acids and free fatty acids; continually,
Cantera et al. (1997) also mentioned another possible way of using hair for felt
manufacturing, organic fertilizer, biogas generation, regeneration of keratin, recover
melanin for manufacturing sun-block lotions, manufacturing of nylon 6.6, etc.; Erickson
(1997) stated about the alkaline hydrolysis process of chrome shaving dust for extraction
of amino acid solution which could be used as a new raw material in powder form for
animal feed manufacturing, fish feed manufacturing, foam enhancer, etc.; Taylor et al.
(1998) also discussed about the protein recovery from chrome shaving dust with cost
estimation; Sykes (1997) and Gish (2000) opined that chrome and vegetable tanned
leather wastes could be used for making leather board; but no one clearly described the
process of manufacturing the by-products. Finally, Bossche (1997) discussed about the
uses of incineration for burning of chrome containing sludge and Reutlingen (1997)
described about the legislation governing tannery solid wastes as feed for animals and

toxic sludge for disposal as land fill.

Shelly et al. (2000) did research work on making Gelatin from wet blue shavings by
protein hydrolysis method; Nogami et al. (2000) also recovered protein from chrome
shavings containing up to 300 mg/kg of chromium was administered as a food
supplement for the development of Tilapia Oreochromis Niloticus; Tahiri et al. (2001)
classified the tannery solid wastes as tanned and un-tanned including raw trimmings,
fleshings, splitting etc. which could be the raw materials of glue manufacturing factory;
Berry et al. (2001) demonstrated about the extraction of chromium from leather shavings
formulating pigments which would be utilized in ceramic industry; Chen et al. (2001)
also mentioned about the hydrolysis process for protein extraction; Bowden (2003)
described the conversion of tannery solid waste materials into useful energy like biogas;

Pulavendran et al. (2005), Crispim et al. (2010) also stated the biogas production from
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tannery solid wastes; Bitisli et al. (2006) experimented on using fleshing and vegetable
shaving wastes in production porous brick; Puig et al. (2008) first suggested about the
separate leather estate for all through controlling pollution; Galarza et al. (2010) also

suggested to control pollution hypothetically.

1.4 Justification of the Study
In 1989, International Union of Leather Technologists and Chemists Societies (IULTCS)

arranged a meeting in Philadelphia suggesting for future research guidelines on Leather
Technology field. It mentioned that scientists must give attention on the following three
major areas on development, such as, (A) Clean Technologies for Tanneries: (i) Solid
Wastes Management, (ii) Effluent Management; (B) R & D for method development, and
(C) Skill development and Cost reduction.

After deciding that, most of the researchers spread over the world are doing research for
method development with cost reduction activities while introducing ‘clean technology’
faces severe challenges on this occasion in different countries. The outcomes of those
research works are published in the following pioneer journals and reports —
i.  The Journal of the American Leather Chemists Association (JALCA), ISSN =
0002-9276.
ii.  The Journal of the Society of Leather Technologists and Chemists (JSLTC),
ISSN = 0144-0322.
iii.  World Leather, ISSN = 0894-3087.
iv.  Indian leather, ISSN = 0019-5758.
v.  Leather (International Journal), ISSN = 1473-6314.
vi.  Government’s and NGOs’ Report.
So far available, a total of 630 research articles are published in the above mentioned
journals during 1990 to 2010. Out of them minimum 33 were cost related, and 64 solid
wastes related, 92 effluent related and rest 441 were found process development related
articles. The last twenty (20) years literature survey revealed that a small number of
research works were carried out in the field of clean technology while most of the
researchers worked on tanning process development; only a few (11%) were done for

solid waste management in tannery.
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On behalf of IULTCS, every developed country has taken a project ‘Technical Regulation
Information System (TRIS)’ which is very much involved in policy development to
monitor standardization activities introduced by national standardization bodies. IULTCS
formulated and imposed the necessary conditions on enterprises to develop their activities
beyond their national border. It gives the leather manufactures information on draft
technical regulations and special specifications. The general aim of this project is to
improve capacities and skills to support member as well as non-member leather
industries. Also on-line training would become fruitful for this purpose
(http://ec.europa.eu/idabc/en/document/2072/5926.html). All industries ensure this policy
to promote sustainable consumption of resources by following appropriate production
pattern concerning environmental degradation. This resource sustainability involves four
principles accordingly:

1. Continuing to reduce the usage of materials and energy through cleaner
production processes to enhance production efficiency and reduce effluents of
hazardous and toxic chemicals;

2. Moving towards circular flows of materials by promoting more strongly their
continued reuse and recycling;

3. Shifting from nonrenewable to renewable sources of energy;

4. Changing the emphasis from selling products to supplying services.

On the basis of above principles of resource sustainability, German Solid Waste Disposal
Act established technical guidelines for hazardous wastes, regulates intermediate storage,
chemical, physical and biological treatments, combustion and final disposal according to
state of the art technology (Hugo Springer, 1994). According to this guideline
International Union of Leather Technologist and Chemists Society (IULTCS) compiled
the following alternatives which can be produced from using tannery solid wastes:

+ Raw trimmings could be utilized in Glue/Gelatin manufacturing;

++ Fleshings could be utilized as Glue manufacturing, composting and landfill;

++ Hair and wool could be used in brush industry;

++ Other protein wastes such as chrome and vegetable shaving dusts could be used in

fish or poultry feed manufacturing and brick manufacturing;
++ Curing salts could be reused;

++ Lime sludge could be converted in composting;
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It has been found in the literature that the quantitative and qualitative potentials of raw
hides and skins suitable for tannery vary widely, not only between continents, but from
country to country, and even within districts. Thus the tannery produces wide range of
solid wastes during its production process and it is very difficult to manage all kinds of
solid wastes inside its own. So, they dumped most of the solid wastes by the low land and

roadside in our country and spread pollution.

Consequently, in principle for sustainable eco-friendly management of solid wastes,
prevention is the most preferred option to be followed while disposal is the least. But in
between prevention and disposal there are another four steps required for managing solid
wastes such as minimization, reuse, recycling and energy recovery respectively.
Practically, prevention of generating solid wastes from tannery is not possible in
traditional process of leather technology followed in Bangladesh, minimization is beyond
the scope, some small amount of wastes i.e. salt is reused while recycle and energy
recovery has no application at all. Therefore only disposal is currently practised in our

country.

In addition, the final report published on June 2005 for Initial Environmental
Examination (IEE) of Central Effluent Treatment Plant (CETP) and Other Industrial
Installations in the Tannery Estate Dhaka Project described that a Controlled Tipping
Yard (CTY) would be established to store the sludge and solid waste of tannery estate.
Accordingly, 10 acres land was selected to construct the Controlled Tipping Yard. It is
also expected that 61,000 Ton per year of solid waste from the tannery estate would be
used in the Controlled Tipping Yard and after a fixed period, solid waste would be
removed to another places as landfill. The yard has to be properly designed so that the
environment, ground water and surface water are not affected particularly through
leachate formation. This report also mentioned about the dumping of solid wastes rather

utilizing it for producing by-product (UNIDO Report 2005).

Moreover, as solid wastes are the pieces of using raw materials in tannery, so resources
are being lost while dumping. An effective by-product industry can manage the solid

wastes and add value by converting the wastes to usable product.
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So we need to find out the suitable way of using most of the solid wastes generating in the
tannery for producing cost-effective by-products as per the IULTCS compilation as

mentioned above which would minimize the resource loss and mitigate pollution.

UNIDO Report (2006) focused a few by-product cottage industries found in Hazaribag
using on an average 29% of dumped solid wastes for various purposes. Some produces
animal glue from raw trimmings, some produces poultry and fish feed from bones, some
dried solid wastes are being used by the by-product industry and poor people living in the
area for burning. As solid wastes contain microorganisms and chemicals, so that the
people are affected very badly and the soil and air becomes polluted directly (UNIDO
Report, 2006 and SHED Report, 2002). So, primarily the question comes in mind that
‘does the by-product industry really support tannery to mitigate pollution in present

situation?’

Again, Hugo Springer (1994) stated that tannery solid wastes could be utilized to produce
different by-products. Animal glue is one of the by-product which is an adhesive that is
created by prolonged boiling of animal connective tissue like skins, bones, tendons etc. at
a certain temperature. Chemically it is the residue of collagen fiber, contains Carbon (51-
52%), Hydrogen (6-7%), Oxygen (24-25%) and Nitrogen (18-19%). Most animal glues
are soluble in water, useful for joints and can be applied hot with a brush or spatula.
Ci02H149N31033  +  H2O = Cy02H151N31 039
Collagen Water Glue

Animal Glue joints are reversible, repairable and can be released easily with the
application of heat and steam. It is also known as Technical Gelatin and used in the
firebox, paper, jute, cotton, packaging, surface sizing of hand-made high quality paper
industry, polymerization of plastics, cosmetics, light filters, Electrolytic refining of
metallic Copper, White-wash or lime-wash of wall, etc

(http://en.wikipedia.org/wiki/Animal_glue).

But the few existing glue manufacturing factory found in Hazaribag produce animal glue
from small amount of dumped raw trimmings only. So, this study has chosen

manufacturing animal glue from raw trimmings with addition of fleshings and pickle
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cuttings while the fleshings and pickle cuttings are being dumped by the low land and

roadside presently. Therefore, the maximum solid wastes could be utilized.

Consequently, as maximum solid wastes of tannery being used for producing animal glue
it does not require dumping and helps to mitigate tannery pollution spreading over the
city. Finally, it can be said that a new avenue for processing the solid wastes of tanning
industry by enhancing economically and eco-friendly by-product manufacturing process
creating new employment opportunity would be opened up on the basis of the outcome of
this study. Thus the study has the following hypothesis, vision, aim and objectives to

meet our goal:

Hypothesis: Manageable Tannery Solid Wastes Pollute Our Environment.

Vision: Wastes could be converted into Wealth.

Aim: The aim is the innovation of appropriate and eco-friendly techniques for utilizing
the maximum solid wastes of tannery to facilitate the environment for sustainable

tannery industry of the country.

Objectives:
1. To assess the status of tannery solid waste generation in tannery of Bangladesh.
2. To observe some environmental impacts due to existing management system of
tannery solid wastes.
3. To support existing animal-glue manufacturing unit through modifying its
traditional production process making it eco-friendly and cost effective.

4. To find out possible integration of tannery and by-product industry.
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CHAPTER-TWO
MATERIALS AND METHODS

W,



Materials and Methods |16

Chapter-2: Materials and Methods

As the study was related with utilization of tannery solid wastes converting to glue, it
required extensive field work for collecting data, experimental work for modifying glue
manufacturing process which should not make any harm to our environment on trial and
error basis, and laboratory work for analyzing soil, effluent, and the quality of glue
produced from the wastes. Thus this study was the combination of experimental research
and applied research consisting field survey, analytical works and technological
modification. The analytical part of the study was carried out at Institute of
Environmental Science (IES), University of Rajshahi and Bangladesh Council of
Scientific and Industrial Research (BCSIR) Laboratory, Dhaka. Moreover, the modified
method of glue production was followed in the bulk production of animal glue which was
carried out in a glue manufacturing factory adjacent to the tannery, M/S. Kalim Leathers
located at Hazaribagh.
P

[ Thesis Compilation

Field Setting Research
e Direct Observation

e Participant Observation
e Personal Interview

Technological Management
e Integrating tannery with

by-product unit
Sample Co_llection _ Applied and Laboratory Research
e Solid wastes and soil e Environmental Impact
sample collection on observation
rqndom basis e Make trial process for
e Field survey on cluster manufacturing by-product

or block basis e Quality analysis

Figure-1: Research methods flow chart
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2.1 Study Area

Tanneries are mainly located in Dhaka and Chittagong, two main economic regions of
Bangladesh, out of which Hazaribagh of Dhaka city is the prominent place where the
maximum number of tanneries are situated near the Buriganga River, becoming the
largest leather processing zone of Bangladesh. This is a principal area of Dhaka Metro
which was built during Mughal period and becomes a part of Old Dhaka. This area is
located in the western part of Dhaka city which is surrounded by Nawabgonj (south),
Pilkhana-Jighatola (north-east) and Rayerbazar (west). The Dhaka Flood Protection Dam
is in the west. Once the river Buriganga was near to the dam but in course of time it has
shifted to about two kilometers away from there by siltation.

The area is densely populated. According to the Bangladesh Bureau of Statistics report
(2001), Hazaribagh area is 5.3 km? with a density of 35,026.2 per square kilometer and an
approximate population of 185,639.
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In general, solid wastes generating from the tanning industries consist of raw trimmings,
hair & wool, fleshings, wet blue trimmings, splitting, shaving dusts, buffing dusts, dyed
trimmings, salts, lime sludge etc. which are same everywhere in the country. So,
Hazaribagh tannery area of Dhaka city was selected for the study carried out. The study
area lies between 23°43'48" N, 90°22'12" E and latitude 23.73, longitude 90.37.

2.2 Survey for Data Collection

A total of 60 acres of lands occupied by the tanneries at Hazaribagh of Dhaka city
(BSCIC survey report, 2002) was clustered in 5 different blocks (B-1: Monessware Road
Block, B-2: Sher-e Bangla Road Block, B-3: Mid Hazaribagh Block, B-4:
Sonatangar/Gojmohal Block and B-5: Kalu Nagar Block) for collecting primary data by

applying pre-tested unstructured and structured questionnaires.
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Figure-3: Map indicating the locations of sampling sites (B-1, B-2, B-3, B-4 and B-5) at Hazaribagh.
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The survey questionnaire was prepared to find out the number of tannery situated in
Hazaribagh area as well as the maximum pieces of cow hide, buffalo hide, goat skin, and
sheep skins processed by those tanneries in a day which was converted into weight as
metric ton by applying the formula developed:

W X n
W e, 1)

1000
Here,
W = Weight of Hides/Skins (in MT)
w = Weight of Hides/Skins (in Kg/Piece)*
n = Number of Hides/Skins (in Piece)
*N.B. The average weight of one piece raw cow hide, buffalo hide, goat/sheep
skin are 12 Kg, 22 Kg and 1.5 Kg per piece respectively (UNIDO report, 2006).

Similarly, the amount of solid wastes generated was also quantified by using formula
developed based on calculated raw weight of the hides and skins processed.

W xp
M= 2

1000
Here,
M = Weight of Solid Wastes generated (in MT)
W = Weight of Hides/Skins processed (in MT)
p = Weight of Solid Wastes generated (in Kg)**
**N.B. 1000 Kg raw hides yields approximately 430 Kg Raw Trimmings, 250 Kg
Shavings/Fleshings and 20 Kg Crust and Finished Leather Trimming. (Puntener,
1995).

Besides, the number of workers worked in those tanneries was also counted. The
researcher used door to door method for collecting required information and made for
direct observation, participant observation, and personal interview of related people such
as executives, technologists, officers, workers, and experts to find out the impact of

tannery solid wastes on people, economy and their socio-economic status.
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In addition, some soil samples were also collected from the dumping area at Hazaribagh
to know the impact of tannery solid wastes on environment. Some secondary data were

also used here to process the primary data.

2.3 Collection and Preparation of Soil Sample

Soil samples were collected on random basis from five (5) different stations
approximately 2Km apart from each other of the low land under the clustered areas of
Hazaribagh thana and adjacent areas. The stations were named by the known local name,

which are as follows-

Station
No. 51 S-2 $-3 S-4 S-5
Name of . _
the Station Beribandh | Kalunagar | Company Ghat | Rayer Bazar Gojmohol

Soil samples were taken by digging six inches deep position from the surface of randomly
selected five (5) different spots of each of the above stations and mixing vigorously.
About 1kg of the mixed sample of each stations were then collected in the pre-labeled
plastic poly bags. These samples were prepared in the IES laboratory for the chemical
parameter analysis. The soil samples were placed on thin and clean piece of paper and left
until air dried (about one week in dry season and longer in rainy season). Visible roots,
plant fragments were removed from the sample and discarded. The soil was dried in the
laboratory at room temperature. During drying the windows were kept open in the
working hours and fans were operated continuously. The different sizes of soil samples
were grinded with mortar and pestle after drying and then those were passed through the
2mm sieve. The grinding and sieving were continued until the entire soil samples were
separated from gravel particles and stones. The mortar and pestle were kept clean and dry
properly in every time after grinding to avoid contamination. After grinding and sieving
properly, 500gm of each soil sample was kept separated in pre-labeled plastic container
covered with screw cap. These samples were analyzed in the BCSIR Laboratory, Dhaka
for determining pH, Organic Carbon, Organic Matter, Total Kjeldahl Nitrogen (TKN),
Chloride and Chromium.
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2.4 Collection and Preparation of Tannery Solid Wastes

Solid wastes of tanning industry viz. raw trimmings, fleshings and pickle cuttings of hides
and skins with small amount of vegetable and chrome shaving dusts were collected from
different tanneries located at Hazaribagh on random basis. Initially approximately 5 kg of
each solid waste as mentioned were collected in plastic poly bags separately, dried and
preserved in the pre-labeled plastic container with screw cap for using in glue
manufacturing trial process. Moreover, a total of 250 kg raw trimmings, 104 kg fleshings
and 30 kg pickle cuttings were collected in 5 different slots for using in bulk production
of animal glue by modified method. In every slot of bulk production, 50 kg raw
trimmings and 6 kg pickle cuttings were kept same but fleshings were varied as 6kg,
13kg, 20kg, 25 kg, and 40 Kkg.

2.5 Glue Manufacturing Method
2.5.1 Traditional Method

Traditionally, animal Glue is produced from raw hides and skin scraps by the alkaline
hydrolysis method at a certain temperature. This process has several sequential steps to
follow consisting cleaning raw trimmings to remove dirt, wetting the cleaned wastes in
lime water, cleaning again to remove lime, and finally heating with boiling water for

several hours, then filtering the liquid glue, evaporated and dried.

This process was followed for producing animal glue from raw trimmings of cow hides
and goat skins separately with applying and avoiding wetting agents and sodium sulphide
in the process respectively. Another ready-made glue sample was collected from the local
market for its quality analysis.

1. Cow hide trimmings with using wetting agents and Sodium Sulphide (G-1)

2. Cow hide trimmings without using wetting agents and Sodium Sulphide (G-2)

3. Goat skin trimmings with using wetting agents and Sodium Sulphide (G-3)

4. Goat skin trimmings without using wetting agents and Sodium Sulphide (G-4)

5. Sample Collected from Local Market (G-5)

Another two trials were done to produce animal glue from vegetable shaving dust and

chrome shaving dust following the same cooking process directly.
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Raw Trimmings = 2 Kg

(All % based on raw weight of raw trimmings)

|

Pre-Soaking
300%Water at Normal Temperature

Run 02 hours, drain

|

Soaking
300% Water at Normal Temperature
0.5% Wetting agent (if necessary)
Run 08 hours, Rest 24 hours, Check pH=8.5, Drain.

|

Liming
300% Water at Normal Temperature
20% Lime
4% Sodium Sulphide (if necessary)
200% Water at Normal Temperature

Rest bath for 3 days, more water was added, if necessary.

|

Washing

300% Water at Normal Temperature
Run 08 hours, Rest 24 hours.

|

Cooking
100% Water at Normal Temperature
Heating for 8 hours; Filter.
0.5% Phenyls

Sundry.

Figure-5: Flow chart of traditional glue manufacturing process.



Materials and Methods |24

2.5.2 Modified Method

Traditionally, animal Glue is produced from raw trimmings only with applying wetting
agents and sodium sulphide in soaking and liming stages respectively. Wetting agents are
hydrocarbons made of saponified chemicals, which creates foam in the effluents creating
barrier to sunlight diffusion in the water body
(http://chemwiki.ucdavis.edu/Physical_Chemistry/Physical_Properties_of_Matter/Interm

olecular_Forces/Cohesive_And_Adhesive_Forces/Wetting_Agents). On the other hand,
sodium sulphide is highly corrosive and producing hydrogen sulphide in oxidation, a

toxic gas (http://en.wikipedia.org/wiki/Sodium_sulfide).

To avoid producing foam and hydrogen sulphide and utilizing maximum solid wastes, the
traditional glue manufacturing process was required to modify. The new process was
developed on trial and error method in the IES laboratory. Fleshings in varied amount and
pickle cuttings in fixed amount were added with fixed amount of raw trimmings in the
cooking process for producing animal glue as well as wetting agents and sodium sulphide
were avoided with increasing amount of water to be added and the duration of liming was
increased. The modified method was followed in the bulk production of animal glue
carried out in a glue manufacturing factory adjacent to the tannery, M/S. Kalim Leathers

located at Hazaribagh. The modified process is mentioned here-

Raw Trimmings =50 Kg

(All % based on raw weight of raw trimmings)

|

Pre-Soaking

500%Water at Normal Temperature

|

Soaking
500% Water at Normal Temperature
Run 08 hours, Rest 24 hours, Check pH=8.5, Drain.

Run 2 hours, drain
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|

Limin

500% Water at Normal Temperature
20% Lime

Rest bath for 5 days, more water was added, if necessary.

|

Washing

500% Water at Normal Temperature

|

Cooking

12% Water at Normal Temperature

Run 08 hours, Rest 24 hours.

Boiling for 30 minutes.
Washed Raw Trimmings were added
Boiling for 30 minutes.
Fleshings and Pickle Cuttings were added
(The amount of fleshings and pickle cuttings were varied.)
Heating for 6 hours; Filter.
0.5% Phenyls
Sundry.

Figure-6: Flow chart of modified process of glue manufacturing.

After producing the animal glue by following the above mentioned processes, the quality
was compared to the quality of the glue sample collected from local market. Five (5)
different samples, regarding a varied amount of fleshings used (6kg, 13kg, 20kg, 25 kg,
and 40 kg), were collected from the bulk production of animal glue separately for quality
analysis.
1. Animal Glue produced by using 50 kg raw trimmings, 6kg pickle cuttings and 6kg
fleshings (AG-1).
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2. Animal Glue produced by using 50 kg raw trimmings, 6kg pickle cuttings and
13kg fleshings (AG-2).

3. Animal Glue produced by using 50 kg raw trimmings, 6kg pickle cuttings and
20kg fleshings (AG-3).

4. Animal Glue produced by using 50 kg raw trimmings, 6kg pickle cuttings and
25kg fleshings (AG-4).

5. Animal Glue produced by using 50 kg raw trimmings, 6kg pickle cuttings and
40kg fleshings (AG-5).

The quality parameter includes pH, Colour, Odour, Adhesive strength, Chloride content,
Total Kjeldahl Nitrogen (TKN), Protein content, Ash content, Moisture content, and Fat
content. The glue samples were analyzed in the BCSIR Laboratory, Dhaka and the IES
Laboratory respectively.

2.6 Collection and Preparation of Effluent

Animal glue manufacturing process has five (5) distinguished steps viz. Pre-soaking,
Soaking, Liming, Washing, and Cooking. Effluents were generated in the former four
different stages except cooking stage. Different chemicals were used or come out and
mixed up from the solid wastes in different stages of both