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ABSTRACT 
 

The paper has focused on the estimation of solid and liquid wastes discharged during the beamhouse operations specifically 

from the process of wet salted goat skin. The paper was done based on laboratory test data and literature sources including 

scientific journals, reference books and the websites. Total solid and liquid wastes were estimated yearly 945 MT and 

1,76,370 MT, respectively from wet salted goat skin during the beamhouse operations in Bangladesh. It seems that huge 

amounts of solid and liquid wastes were produced during the beamhouse operations. Solids wastes are raw trimmings of 

skin and flesh trimmings. Liquid wastes contain suspended solid (SS), dissolved solid (DS) and high pH which have 

negative impact on the environment. During the beamhouse operations various toxic gases like chlorine (Cl2), hydrogen 

sulphide (H2S), sulphur dioxide (SO2), ammonia (NH3) etc. are generated and directly merged to atmosphere. After the 

beamhouse operations, solid wastes keep in the open area nearby roadside which produces additional different gaseous 

substances by the microbial action causes public health hazards. Hence, all concern authorities have to aware regarding this 

issue and should take initiative to neutralize the wastes before disposal in the drainage system. 
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1. Introduction  
 

Outer covering of the animal is known as hide/skin 

and worldwide it is the basic raw materials in the 

tanning industries. Animal hide/skin contains two types 

of proteins i) structural and ii) non-structural protein. 

Out of two proteins: 33% [1] is structural proteins; out 

of them 29.3% is fibrous protein which is converted to 

leather by the process of tanning which means the  

conversion of putrescible hide/skin substance into 

leather (fibrous protein). The rest of the non-fibrous 

proteins have to be removed by using chemical and 

mechanical operations. To produce leather from raw 

hide/skin to finish; leather engineers categories them 

like i) wet blue ii) crust, and iii) finished leather for 

better production performance and value addition. In 

every steps of operation involve a series of unit 

chemicals operations and most of the industries 

discharged highly pollutants to environment. All these 

unwanted proteins (non-structural) and wastes discharge 

as green (without treating) solid and liquid wastes to the 

environment in Bangladesh, India, China, Vietnam etc.  

Worldwide leather industry is well-known one of the 

polluting obnoxious and hazardous manufacturing 

sector due to generating excessive solids, liquids and 

gaseous pollutants. There are about 270 leather 

industries in Bangladesh, 243 out of 270 industries are 

located in the western part of capital city of Dhaka and 

others are scattered all over the country [2]. Most of the 

leather industries in Bangladesh located at Hazaribagh, 

in the western part of capital city and covering an area 

of 25 ha [2, 3]. Due to generating high pollutants as well 

causing environmental pollution; leather industry also in 

Bangladesh has gained a negative impact in the society 

therefore facing a severe challenge. However, it is one 

of the exports earning sector to strengthen the national 

economy of the country. Besides, gradually demands of 

finished leather and fashionable leather products 

growing all over the world, due to comfortable and 

distinct properties of leather and also for natural 

aesthetic appeal which properties are not available in 

synthetic materials. 

  It is well known that during leather processing and 

subsequently leather goods production huge amount of 

solid and liquid wastes are generated. All these 

generated solid and liquid wastes discharge directly 

through the drain and deposited nearby low-lying areas; 

finally fall to the river Buriganga through which the 

major rivers of country is becoming polluted. The 

generating gaseous pollutants like hydrogen sulphide 

(H2S), ammonia (NH3), chlorine (Cl2), sulphur dioxide 

(SO2) etc. directly merge into the atmospheric 

environment [4]. All these pollutants cause serious 

environmental hazardous and public nuisance as well 

aquatic life.   

     We have carried out an extensive research work to 

estimate the solid and liquid wastes generated in the 

beamhouse processes of wet salted goat skin. We 

measured different environmental parameters that will 

help us to mitigate the pollution load during the 

beamhouse operations as well as leather processing.         
 

2. Experimental 
 

2.1. Sample and materials 
 

In order to estimate the solid and liquid wastes 

generation from the beamhouse operations of wet salted 
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goat skin, two pieces of wet salted goat skins were 

collected from the Postogola raw hide market at Dhaka, 

Bangladesh. After collection wet salted goat skin’s 

unwanted parts were trimmed off and measure the 

weight to calculate the solid wastes, before going to 

start the first beamhouse operation is known as soaking. 

The wet salted goat skin weight was 1.978 kg and the 

weight of the trimmings was 0.158 kg. After raw 

trimmed the wet salted goat skin weight was 1.82 kg. 

The solid waste was calculated and was 8.7%.  

 

2.2 Reagents and chemicals 
 

In the beamhouse operations different types of 

reagents and chemicals were used to carry out the 

process. The chemicals used in the leather processing in 

Bangladesh are imported from different countries.  
 

Table 1 Reagents and chemicals used in beamhouse. 

Reagents/Chemicals Used in Manufacturers 

Wetting agent Soaking BASF, Germany 

Bactericide Soaking Buckman, USA 

Sodium carbonate Soaking Hainan Huarong, 

China 

Sodium sulphide  Liming Hainan Huarong, 

China 

Lime Liming Awal & Brothers 

Ltd. Bangladesh  

NH4Cl Deliming Hainan Huarong, 

China 

(NH4)2SO4 Deliming BASF, Germany  

Phenolphthalein Deliming Grace 

Biochemical 

(Shanghai) Co., 

Ltd. China 

Bating agent             Bating Hodgson, UK 

Eusapon S Bating BASF, Germany 

Sodium chloride Pickling S. T. Salt 

Crushing 

Industries Ltd., 

Bangladesh  

Sodium chlorite Pickling BASF, Germany 

Formic acid Pickling BASF, Germany  

Sulphuric acid Pickling Qingdao Lasheng, 

China 

*B.C.G. Pickling Nanjing Yuance 

Industry & Trade 

Co. Ltd., China 

Fungicide Pickling Buckman, USA 

*B.C.G. →Bromocresol green 
 

The chemicals were used in each and every operation 

as per requirements.   
 

3. Methodology  
 

We carried out the beamhouse process to estimate 

the solid and liquid wastes. During the beamhouse 

operations, we measured the produced solid and liquids 

wastes in each and every stage and also measured 

different environmental parameters to compare with the 

tannery effluent standards in Bangladesh.   

The beamhouse operations are: 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 

Fig. 1 Flow chart of beamhouse operations.  
 

Process of welt salted goat skin. 
 

Table 2 Beamhouse operations. 
 

Soaking [Percentage based on wet salted wt. 1.82 kg] 

Chemicals % Amount Remarks 

Water at 25⁰C 400 7.28 kg  

Wetting agent 0.5 9 g  

Bactericide 0.1   1.8 g Run 60 min 

pH 9.5 

  Leave over night 

Unhairing & Liming 

Water at 25⁰C 200 3.6 kg  

Lime  4.5 81.9 g  

Sodium sulphide 4.5 81.9 g Run 60 min 

pH 12.5 

Duration of liming 20 hrs 

Fleshing → Remove fats and flesh from the flesh side 

*Pelt weight  1.911 kg 

Deliming [Percentage based on pelt weight] 

Water  60 1.15 kg  

NH4Cl 1.0 19 g  

(NH4)2SO4 1.0 19 g Run 50 min 

pH 8.7 

Half drain the delimed float 

Bating    

Bating agent 2.5 47.8 g Run 90 min 

Scudding → Remove hair root and loosened proteins 

Wash with close door 

Water at 25°C 300    5.5 kg 15 min 

Drain the float  

Pickling    

Water at 25°C 50 955 g  

Sodium chloride 8 153 g  

Sodium chlorite 0.5       9.6 g Run 20 min 

Formic acid 0.5       9.6 g Run 20 min 

Sulphuric acid 1.1       21 g Run 2 hrs 

Fungicide   0.2    4 g Run 20 min 

   pH 2.9 

*Pelt→ After liming the skin known as pelt.  

Re-hydration & cleaning dirt, blood, etc. 

Hair removal, splitting of fibers bundles 

Removal of fats and flesh 

removal 

Removal of lime from the pelts 

Enzymatic loosening of fibers 

Acidifying to reduce pH 

preservation 

Wet salted goat skin 

Unhairing 

& Liming 

Bating 

Deliming 

Soaking 

Pickling 

Fleshing 
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Each and every step in the beamhouse operations, we 

collected the solid and liquid wastes sample for 

quantitative analysis. Liquid samples were collected in 

the plastic container without air bubble, were kept air 

tight to avoid contamination and were stored in the 

refrigerator until analysis. After measuring the liquid 

wastes, we measured various environmental parameters 

like pH, suspended solid (SS), dissolved solid (DS), 

total dissolved solid (TS) and biological oxygen demand 

(BOD5).  

 

3.1 Solid wastes measurement 
 

Solid wastes were measured by weight on the day of 

operations. After collection, the solid wastes were kept 

on blotting paper to absorb the free water and measure 

the weight to know the amount of solid wastes. All solid 

wastes calculations were done as percentage, based on 

the initial trimmed weight of the wet salted goat skin.  

 

3.2 Liquid wastes measurement 
 

Liquid wastes were measured on weight basis. After 

measuring the weight of the liquid wastes subsequently 

liquid wastes were filtrated through the filter paper to 

measure the suspended solid (SS), dissolved solid (DS), 

total dissolved solid (TS), pH and biological oxygen 

demand (BOD5).     

  

4. Results and discussion 
 

4.1 Solid wastes 
 

It is reported that yearly 13.5 million pieces of goat 

skin in Bangladesh [5] is used for beamhouse operation 

as well as for leather processing. Based on laboratory 

result, total amount of solid waste produced in the 

beamhouse operation is presented in the Table 3.   

 

Table 3 Solid wastes in different operations. 

No. Operations Solid waste  

Avg. wt. 

(kg)/piece  

Total (MT) 

1 Raw trimmings 0.04   540  

2 Fleshing 0.03   405 

Total   945 

 

It is clear from the above Table 3 that the huge 

amounts of solid wastes are generated in the beamhouse 

operation. Usually, after tannery operation solid wastes 

are deposited in the open area nearby tannery, foul odor   

generates from the solid wastes and causes a serious 

public health problem. During rainy season all these 

washed away and over flow the drain and finally fall to 

the river Buriganga.  

 

4.2 Liquid wastes 
 

Liquid wastes generated at different stages of the 

beamhouse operations are shown in the Table 4 by 

using laboratory test results. It seems that yearly a large 

amount of liquid wastes is generated from the process of 

13.5 million pieces of goat skin. All these liquid wastes 

are thrown to the drain and fall to low-lying area. 
 

Table 4 Liquid waste generated in the beamhouse  

Operation  No. of goat skin  Liquid waste (MT) 

Pre-soaking 13.5 million 49,195 

Soaking 13.5 million 36,978 

Liming 13.5 million 37,961 

Lime wash 13.5 million 36,855 

Deliming 13.5 million  4,607 

Bating 13.5 million  3,378 

Pickling 13.5 million  7,396 

Total           176,370 

MT→ Metric ton 
 

In soaking, waste liquor contains soluble proteins of 

the skins, dirt, blood and a large amount of common salt 

when skins are processed. The spent liquor under goes 

putrefaction very rapidly and sit offer a good amount of 

nutrients which is favorable environment for bacterial 

growth. 

 In liming, waste liquor carries a large amount of 

dissolved solid and suspended solid, suspended lime, 

colloidal proteins and their degradation products. 

Sulphide emulsify the fatty matters also carry a sludge 

composed of un-reacted lime which are detrimental to 

the utility of the stream that they can make the water 

turbid and settle on the bottom, thereby affecting 

fisheries as well as affecting on the primary link in food 

chain of fish. Suspended solids tend to suffocate aquatic 

life. 

In deliming and bating, liquid wastes contained 

calcium salts, degraded proteins, unused proteolytic 

enzyme, chloride and sulphates. The spent liquor has a 

high alkalinity moderate BOD5 and high ammonia-

nitrogen (NH3-N). High ammonia-nitrogen is toxic to 

fish but stimulates to plants growth and causes weeds 

problem. However, in every stage in beamhouse 

operation a good amount of liquor wastes is generated 

and it has a negative impact on the environment.  
 

4.3. Suspended solid, dissolved solid and total 

dissolved solid (TS) 
 

The data obtained for suspended solid (SS), dissolved 

solid (DS) and total dissolved solid (TS) is shown in the 

Fig. 2  

 

 

 

 

 

 

 

 

 

 

 
 
 

 

Fig. 2 Suspended solid, dissolved solid and total 

dissolved solid. 
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The experimental data noticed that suspended solid 

as well as total dissolved solid value is so high and in 

some operations, the level is several times higher than 

the standard level. Especially in pre-soaking, liming, 

and bating the suspended solid level is respectively 118, 

206, and 100 times higher than the standard level (Table 

5). The suspended matter gets deposited on the bed of 

the stream and kills aquatic organisms of the stream 

bottom. The floating solids interferes the streams ability 

for self purification by re-generation of oxygen to 

absorb the atmospheric oxygen and also interferes 

photosynthesis activity of the stream plankton and 

aquatic plants. Suspended solids caused the turbidity 

which decreases infiltration of sunlight into water and 

thus reduces photosynthesis activity of aquatic plants.  

 

4.4 pH value 
 

pH is measured during the beamhouse operation and 

presented in the Fig. 3.  

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 pH at different stages in beamhouse operations 
 

The pH of soaking effluent is closed to the standard 

value (Table 5) but during liming pH (12.4) is higher 

than the standard value. On the other hand, pH value in 

the pickle liquor is lower (pH 2.9) than the standard 

value. 

The low pH value can create problems in the liquid 

waste water containing heavy metal which may 

precipitate at low pH value. So, it has become the 

responsibility of all concerned authorities, the waste 

liquids should be treated before discharge in the 

environment as specified standard levels.  

 

4.5 Biological oxygen demand (BOD5) 
 

During the beamhouse operation at different stages 

BOD5 values is shown in the Fig. 4. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 Biological Oxygen Demand (BOD5) 

 It is clear from the graph that excluding pre-soaking 

and soaking, BOD5 value is beyond the tannery effluent 

standards in Bangladesh [6]. This liquid waste contained 

high BOD5 value mixes in the low lying area through 

the drain and increases BOD5 value of the reservoir. 

The higher BOD5 value indicates the higher the 

concentration of organic matters present in the liquid 

wastes.  To decompose those organic matters, consume 

dissolve oxygen (DO) which means aquatic oxygen 

level decreases. 

As a result, the aquatic plants and fish suffer lack of 

oxygen. If wastes contain high BOD5 and discharge into 

the stream, positively helps to develop growth of sewage 

fungus that covers the beds and sides of the stream 

which has negative impact on plants growth that usually 

serve as food for fish. 

 

4.6 Environmental impact of solid and liquid wastes  
 

In beamhouse operations as well in the processing of 

leather generated huge amounts of solid and liquid 

wastes, which create a detrimental environmental 

problem. Deposing solid wastes kept in the open places 

produce different types of gases like H2S, NH3, SO2, Cl2 

directly merge to the atmosphere and make public 

nuisance.      

     Poisonous sulphur dioxide gas produces from the 

unused sodium metbisulphide during deliming, causes 

burning eyes, nose and throat, high blood pressure and 

bronchitis. Ammonia gas causes headache, nausea and 

drowsiness. The ammonium salts are harmful for the 

reproduction of fish. Chlorine gas produces in pickling 

which is dangerous for the tannery operators.   

     In the Table 5 shows the comparison of experimental 

data with the tannery effluent standards in Bangladesh. 

Our experimental data exceeds the standards level which 

means the liquid wastes directly contaminate the 

receiving water bodies as well as environment.  
   

Table 5 Comparison of parameters with standard  

Parameters Unit Experimental  Standard  

pH  2.9-12.4 6-9 

Suspended 

Solids 

mg/L 11825 150 

Total dissolved 

solids 

mg/L 22382 

 

2100 

BOD5 20°C mg/L 20-200 50 

COD mg/L Not detected 200 

Sulphide (as S) mg/L Not detected 1 

 
 

5. Conclusions 

Our investigational data says that yearly huge 

amounts of solid and liquid wastes generated from the 

beamhouse operations during the process of wet salted 

goat skins in Bangladesh. All these solid and liquid 

wastes have the negative impact on the aquatic life as 

well as in the atmospheric environment. Hereafter, we 

will compare the laboratory experimental data with 

tannery process data to estimate the total solid and 

liquid wastes.       
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