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Abstract: 

Tanneries are such industries which contributes a major part in water usage. The tanning industry is familiar with its being a 

potentially pollution-intensive industry. The environmental impacts from tanneries result from liquid, solid and gaseous waste 

streams. Obviously the wastewater effluent from this unit contains considerable amounts of hazardous pollutants, and where 

heavy metals are very common. Manufacturing of leather and leather goods produces numerous by-products, solid wastes, high 

amounts of wastewater containing different loads of pollutants and emissions into the air.  The results of the lab analysis of the 

industrial wastewater effluent show that the contamination is mainly due to High levels of Sulfides reach an average of 1271 mg/l 

as the Sodium Sulfide is used as unhearing agent in the beam house processes.  As well as levels of Chromium (trivalent) in t he 

tanneries effluent range from 1.5 - 157 mg /l in the end-of-pipe effluent. While, the level of chromium from the chrome path 

effluent reaches to 10042 mg/l.Analysis of COD and BOD during the process show that the levels of COD ranged between 1551 

mg/l – 53014 mg/l with an average value of 13894 mg/l. However, the BOD values ranged  between 420 – 27000 mg/ l with  an 

average value of 4695 mg/l which are above the limits of the Egyptian Environmental Regulat ion (Decree 44/2000) for discharge 

to the wastewater sanitary network, while values of TSS, settle-able solids, phosphorous and total nitrogen are within the limits. 

Accordingly, the industry has to treat the wastewater effluents prior to its discharge to the wastewater sanitary network.  

Alternatives for management and treatment of the discharged wastewater effluents to the limits of the Egyptian Environmental 

Regulation (Decree 44/2000) will be identified and assessed to investigate their feasibility from environmental and technical 

perspectives.  A treatment procedure through a bench scale model and treatability study was developed for the industrial 

wastewater streams of the industry to study the analysis of waste discharges and investigate the most appropriate treatment 

techniques. As a results from the treatability study, the most appropriate treatment techniques were conducted using three 

proposed stages of treatment includes primary treatment (p lain settling), chemical treatment, and biological treatment using a 

bench scale biological reactor made of glass cylindrical co lumn. The results obtained from the biological t reatment indicates the 

high effectiveness of the process to reduce main ly TSS, COD and BOD besides appreciable reduction of other parameters mainly 

sulfides and nitrogen. The overall results of the treatability study indicate that the suspended solids are removed with almost 99% 

efficiency while the removal of COD & BOD levels reaches 93-95%. The quality of the treated effluent is incompliance with 

regulatory limits for discharging industrial effluent to public sewer and these levels sustained for consecutive four weeks  of 

feeding the reactor with chemically treated effluent.  
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I. INTRODUCTION: 

Tanning is one of the oldest industries in the world. With the 

growth of population and the resultant increasing demand for 

leather and its products, large commercial industries have 

been established. Tannery productive cycle includes a series 

of chemical treatments using a large number of chemicals 

such as surfactants, acid and metal-organic dyes, natural or 

synthetic tanning agents, sulphonated oils, salts, etc. to 

transform animal skin into an unalterable and imputrescible 

product. Tanning involves a complex combination of 

mechanical and chemical processes. The preservation and 

processing of raw hides and skins for tanning process cause 

severe pollution problem towards environment and mankind, 

rather than being important from economic and employment 

consideration. The tanning operation in which organic or 

inorganic materials become more chemically bound to the 

available substance and preserve it from deterioration. The 

substances generally used to accomplish the tanning process 

are chromium or ext racts from bark of t rees, such as 

chestnut. Chrome tanning produces leather better suited for 

certain applicat ions, particularly fo r the upper parts  of boots 

and shoes, and requires less processing time than traditional 

vegetable tanning [1].Tanneries are such industries which 

contributes a major part in water usage. Obviously the 

wastewater effluent from th is unit contains considerable 

amounts of hazardous pollutants, and where heavy metals are 

very common[2].Manufacturing of leather and leather goods 

produces numerous by-products, solid wastes, high amounts 

of wastewater containing different loads of pollutants and 

emissions into the air. The uncontrolled release of tannery 

effluents to natural water bodies increases environmental 

pollution and health risks. Tanning is a process of making 

leather from skin involves a complex combination of 

mechanical and chemical processes. Due to the two foremost 

constituents of the wastewaters, different organic ingredients 

being responsible for h igh BOD and COD values expose an 

immense pollution problem [3 ].The tanning industry is 

familiar with its being a potentially pollution-intensive 

industry. The environmental impacts from tanneries  result 

from liquid, solid and gaseous waste streams. It must  be 

emphasized that 4 million tons of solid waste per year is 

generated by the global tannery industry. According to the 

some estimat ion, about 0.8 million tons of chromium tanned 

shavings are generated per year globally [4]. 
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In wastewater treatment, removal of resistant organic 

compounds and hazardous inorganic material such as the 

heavy metals is paid a special attention. The effluents from 

dyes, text ile, and pulp and paper industries are densely 

colored due to the presence of residual dyes which are 

designed to be resistant to environmental condit ions like 

light, effects of pH and microbial attack and are microtoxic 

to aquatic life since they significantly affect photosynthetic 

activity in aquatic life by reducing light penetration [4]. The 

treatment of tannery wastewater has been a very important 

issue for pollution control in leather producing countries due 

to its high pollutant content[5].The choice of wastewater 

treatment process depends on several factors like efficiency, 

cost and environmental capability[1]. Treatment of tannery 

effluents is also known as causing technical problems , 

sophisticated technologies and high costs in concern with 

effluent Treatment of tannery effluents has been searched for 

physical, chemical and biological methods. Toxic structure of 

tannery effluents required application of these methods all 

together. After physical treatment, physico-chemical 

treatment methods are usually performed, which involves the 

chrome precipitat ion and sulphide treatment. Physico-

chemical pre-treatment supplies an effluent containing easily 

biodegradable organics in standard aerobic biological 

treatment plants. However, each of chemical and biological 

treatment options has associated problems  [5].The 

characteristics of tannery wastewater vary considerably from 

tannery to tannery depending upon the size of the tannery, 

chemicals used for a specific process, amount of water used 

and type of final product produced by a tannery. Tannery 

wastewater is characterized mainly by measurements of 

Biochemical Oxygen Demand (BOD), Chemical Oxygen 

Demand (COD), suspended solids (SS) and Total Dis solved 

Solids (TDS), chromium and sulfides etc. [6].Tannery 

wastewaters are highly complex and are characterized by 

high contents of organic, inorganic and nitrogenous 

compounds, chromium, sulfides, suspended solids and 

dissolved solids. Treatment of tannery wastewater is carried 

out by physical or chemical or biological or combination of 

these methods. This study reviews various biological 

treatment methods applied for tannery wastewater. 

Characteristics of wastewaters from different tanneries and 

various methods for treating these tannery wastes are 

discussed. It was noted that the Chemical Oxygen Demand 

(COD) removal efficiencies and process capacities were 

affected by the variations in organic loading rates, presence 

of chromium and sulfides. The review shows that all aerobic 

processes have a similar level of COD removal, but the 

highest COD removal efficiency at a high organic loading 

rate was observed in anaerobic reactors. Upflow Anaerobic 

Sludge Blanket Reactor (UASB) exhib ited better 

performance for treating high strength tannery wastewater 

effectively, compared with conventional reactors. Both 

aerobic and anaerobic processes are employed for the 

treatment of tannery wastewater. From the review it can be 

concluded that physical/chemical processes combined with 

biological process is the better option for the treatment of 

tannery wastewater [7]. 

 

Moreover, the wastewater characteristics should also be 

considered when choosing the best process. Few authors 

have previously reviewed the various techniques for 

treatment of tannery wastewater. Electro-fenton process, 

electrocoagulation, electrochemical oxidation and Photo 

Electro Oxidat ion – Electro Dialysis (PEO-ED) were studied 

by various researchers were studied that process of tannery 

wastewater treatment by electrocoagulation and coagulation 

with FeCl fo llowed by advanced oxidation processes. 

Coagulation followed by Fenton reaction in 30 min was 

recognized as the best method of purificat ion of tannery 

wastewaters-COD was reduced by 85-88%. The advantage of 

treated tannery wastewater by ozonation can be achieved by 

enhancing the biodegradable compounds. The oxidation of 

inorganic pollutants  by ozone is usually fast and efficient 

except ammonia which is only slowly oxidized by ozone and 

OH radicals [1].Tannery effluent is difficu lt to treat due to 

high load of organic matter as well as high concentration of 

sulphide and chloride. Due to the high chloride concentration 

a reverse osmosis process is necessary in order to reuse 

tannery effluent. Moreover, the high organic matter content 

in the tannery effluent requires an exhaustive pre-treatment 

before an RO process. Treatment of tannery effluent through 

the use of activated sludge process has been reported by 

many researchers[2].It is studied that organic waste 

substances such as tannery waste contain sufficient quantity 

of nutrients necessary for the growth and metabolism of 

anaerobic bacteria in biogas production [1]. Tannery effluent 

was treated by anaerobic technology [8-10] in this paper. 

This method could not only reduce the sludge producing but 

also recovered part of resources. Many methods were carried 

out for the treatment of wastewater form tannery industries 

including bio logical, oxidation and chemical processes [11, 

12]. The conventional biological treat ment systems in use for 

tannery wastewater are either inadequate or less cost-

effective due to the large variations in tanning practices and 

the kinds of chemicals used in the process. It has been well 

documented that sequencing batch reactor (SBR) system as 

an attractive option due to its greater flexibility and cost 

effectiveness [13]. SBR can obtain higher n itrogen and 

organic carbon removal efficiencies than conventional 

systems. Cyclic concentration gradients, to which biomass is 

exposed in a SBR reactor [14]permit selection and 

enrichment of part icular microbial species more capable of 

carrying out biological processes such as nitrification and 

denitrification in the presence of inhibit ing substance. 

Biological processes offer a natural way of treating 

wastewaters, when compared to more aggressive types of 

treatment. Constructed wetlands can be an alternative to 

more conventional biological treatment systems. The present 

study aimed at  assessing the performance of constructed 

wetland systems operating in series for the treatment of 

wastewater derived from a tannery plant. For a hydraulic 

loading of 180 mm/d, maximum removal efficiencies of 2100 

KgCOD/had (48%) were achieved for unit 1 and 1500 

KgCOD/had (33%) for unit 2. For a hydraulic loading of 60 

mm/d, maximum removal efficiencies of 360 KgCOD/had 

(66%) were achieved for unit 1 and of 250 KgCOD/had 

(60%) for unit 2[5]. In research study [4], the activated 

carbons were prepared from leather (chromium and vegetable 

tanned) shaving wastes by physical and chemical activation 

methods. In comparison with chromium tanned leather 

shaving waste, the vegetable tanned leather shaving waste 

produced activated carbon with a higher surface area and 

micropore volume by both physical and chemical activation 

processes. In physical activation process, the chromium in 

chromium tanned leather shaving led to high ash content and 

inhibit ion of gasification.  The study showed that combined 

with SBR was an effective tool for the removal of COD in 

tannery wastewater. About 74–88% of COD utilized was 

explained by the measurements, justifying the reason as to 

why COD should be used as model component for the design 

of biological treatment systems. These removal efficiencies 
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were much higher than the continuous aerobic systems, 

which showed that SBR could also be used as a high rate 

process. Such enhanced performance with SBR over 

conventional activated sludge process was perhaps due to the 

enforced short-term unsteady state conditions, which 

facilitated the required metabolic conditions for treatment of 

wastewater [15].Biological treatment involves stabilization 

of waste by decomposing them into harmless inorganic solids 

either by aerobic, anaerobic or combined process. Aerobic 

decomposition rate is more rapid than the anaerobic process 

and it is not accompanied by unpleasant odours but anaerobic 

treatment is less energy intensive and, hence, preferable to 

aerobic treatment. Activated sludge process [16],shaft-type 

hybrid bioreactor [17], sequencing batch reactor (SBR) 

coupled with respirometry, membrane sequencing batch 

reactor (MSBR), membrane bioreactor with powdered 

activated carbon (PAC), wetlands planted with 

Typhalatifolia[18], and combined biological-bio logical 

treatment are examples of aerobic decontamination of 

tannery wastewater. Anaerobic methods include 

denitrification-nit rificat ion, hybrid up flow anaerobic sludge 

blanket (HUASB) and single UASB reactor for treating both 

the solid (generated from fleshing) and liquid wastes 

[19],were found superior for the treatment of tannery 

wastewater. In many cases it is more efficient and feasible 

and sometimes obligatory to apply a treatment sequence of 

aerobic-anaerobic, or v ice versa, for strong industrial 

wastewater such as tannery effluents. Removal efficiencies 

of Biological Treatment of Leather-Tanning Industrial 

Wastewater Using Free Living Bacteria were significantly 

and proportionally correlated with time regard less of 

bacterial species or parameters. However, bulk changes in all 

parameters were achieved within the first 24 h. The highest 

removals recorded were 86.7, 94.14%, 79.16, 95.64, 36.33, 

93.66 and 44.91% for total suspended solids (TSS), 

biochemical oxygen demand (BOD), chemical oxygen 

demand (COD), fat, o il and grease (FOG), ammonia (NH3), 

chromium (Cr) and hydrogen sulphide (H2S), respectively 

after only 24 h. On  the other hand, total dissolved solids 

(TDS) and nitrates (NO3) recorded the highest increase 

(97.68 and 45.87%) after one and 7 days, respectively [20]. 

Coagulation-flocculation is one of the most important physic-

chemical treatments of industrial wastewaters. Coagulation 

uses salts, such as aluminum sulfate (alum), ferrous or ferric 

(iron) salts, which bond to the suspended particles, making 

them less stable in suspension, i.e., more likely to settle out 

[21]. Thus, advanced oxidation processes, such as UV, ozone 

(O3), photo catalytic oxidation, and Fenton reagent have 

been used as pre-oxidation or post-oxidation of tannery 

wastewater. However, due to the high cost of these 

processes, coagulation-flocculat ion still remains the most 

widely used one at present [22]. It is also important to 

understand some advantages of the coagulation process, e.g. 

the addition of treatment chemicals may increase the total 

volume of sludge; large amounts of chemicals may need to 

be transported to the treatment location, and polymers used 

can be expensive. The biggest problem in the chemical 

treatment of wastewater is the selection of the chemicals, 

which must be added to the wastewater in order to separate 

the dispersed pollutants . The problem nearly always 

cumulates in finding a suitable coagulant as this must be easy 

to handle, store, and prepare [23].The optimized dose and pH 

for maximum decrease in EC and TDS were 5g/L and 7, 

respectively. The maximum reduction in the amount of 

sulphates and chlorides present in tannery wastewater was 

observed at dosage of 0.5g/L and pH 7. A dosage of 5g/L and 

pH 7 was also found most favorable for maximum reduction 

in values of COD, phenolphtalein and total alkalinity. The 

chromium concentrations in tannery wastewater before and 

after treatment were determined by atomic absorption 

spectrophotometer. A reduction in chromium concentration 

was observed after treatment. The promising results of the 

present study demonstrate that immobilizat ion of chemical 

coagulants can make them more effective for wastewater 

treatment [24]. The study [25] concluded that the chemical 

combination of FeSO4 and Ca(OH)2 at 150 mg/L and 

1000mg/L was more effective than FeCl3 and Ca(OH)2 for 

the treatment of the tannery effluents with a high efficiency 

in the removal of chromium, E.Coli and St. Faecalis, 

ammonia ions, chloride, H2S, TSS, COD and sulfate. A 

small d isadvantage was observed with regard to the COD and 

TDS – tannery effluents remained very alkaline after 

coagulation. Therefore, the pH of the raw and treated tannery 

wastewaters should be adjusted to be neutral before they are 

discharged into a natural body of water, otherwise biological 

treatment will be required to meet safe environmental 

standards.Bio logical degradation, carried out in a sequencing 

batch biofilm reactor, with chemical oxidation, performed by 

ozone is an innovative tannery wastewater process. 

Furthermore, it is proved that the combined process is 

characterized by a very low sludge production. The 

combined treatment at the laboratory scale with and without 

ozonation were compared resulting to be very satisfactory 

only in the latter instance where recorded COD, NH4-N and 

TSS average removals were 97, 98 and 99.9%, respectively . 

Treatment using biological methods appears to be an 

attractive choice for the removal of colour and organic 

content. Due to the lack of information on various aspects 

such as desirable influent COD, optimal level of volatile fatty 

acids concentration in the reactor, the reliable estimates of 

the bio kinetic constants and their dependence on the 

substrate levels, a lot of scope exists for further improving 

the process by optimizing process parameters for best 

performance. The combination of biological methods with 

pre- and post-treatment by physical/chemical methods was 

found to yield better results compared to the individual 

processes [26].erobic microorganisms use organic carbon in 

the effluent and convert it to biomass and carbon dioxide. A 

large amount of sludge is generated along with high energy 

consumption in the process. Aerobic treatment of tannery 

wastewater reduces chemical oxygen demand (COD) by 60-

80% and biological oxygen demand (BOD) reduction is 95%, 

when combined with physicochemical pretreatment. In a 

combined biochemical oxidation and chemical ozonation 

step, chemical oxygen demand (COD), total Kheldal nitrogen 

(TKN) and total suspended solids (TSS) removals of 96%, 

92% and 98%, respectively were obtained. Ozonation step 

was integrated with sequencing batch biofilm reactor. 

Ozonation partially oxidizes the refractory compounds 

present in tannery wastewater and increases their 

biodegrability. Sludge production was 0.1 kg VSS/ kg COD 

removed, which is lower than the value reported in the 

literature for conventional biological systems. Aerobic 

treatment followed by chemical ozonation and again aerobic 

treatment further increases the biodegrability of refractory 

compounds [27]. 

 

The treatment of a tannery wastewater was performed on the 

laboratory scale using the ascomyceteous fungus 

Botryosphaeriarhodina. The fungus was inoculated and after 

five days under agitation at 180 rpm at 28 °C, the COD was 

reduced by 91 %. The total organic carbon also decreased 
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from 4685 to 375 mg L-1 and the turbidity from 331 to 6.5 

NTU, indicating that the biological treatment was efficient as 

the fungus consumed almost all the organic compounds 

present in the wastewater. It was not necessary to add an 

additional carbon source for the treatment, indicating that the 

concentration of organic compounds presented in the tannery 

wastewater effluent were sufficient for microorganism 

growth, during which the COD and TOC were reduced by 

about 91 and 93 %, respectively [28].Although the leather 

tanning industry is known to be one of the leading economic 

sectors in many countries, there has been an increasing 

environmental concern regarding the release of various 

recalcitrant pollutants in tannery wastewater. It has been 

shown that biological processes are presently known as the 

most environmental friendly but inefficient for removal of 

recalcitrant organics and micro-pollutants in tannery 

wastewater. Hence emerg ing technologies such as advanced 

oxidation processes and membrane processes have been 

attempted as integrative to biological treatment for th is sense. 

This paper, as the-state-of-the-art, attempts to revise the over 

world trends of treatment technologies and advances for 

pollution prevention from tannery chemicals and wastewater. 

It can be elucidated that according to less extent advances in 

wastewater minimizat ion as well as in leather production 

technology and chemicals substitution, biological and 

chemical treatment processes have been progressively 

studied. However, there has not been a full scale application 

yet of those emerging technologies using advanced oxidation 

although some of them proved good achievements to remove 

xenobiotics present in tannery wastewater. It can be noted 

that advanced oxidation technologies integrated with 

biological processes will remain in the agenda of the decision 

makers and water sector to apply the best prevention solution 

for the future tanneries [29]. 

 

A comparison between fenton process and photo-fenton 

oxidation process as advanced oxidation processes for 

treatment of tannery wastewater was made. Firstly, the 

physicochemical characteristics of the filtered effluent were 

determined, The chemical oxygen demand (COD) is 554 

ppm, total organic carbon (TOC) is 170.8 ppm, total 

dissolved solids is 50gl-1 and the pH is 3.5. The maximum 

COD removal is (82.7%) for fentonʼs  oxidation process and 

for photo-Fenton process giving maximum COD removal 

(90.1%) at pH 3, Fe2+ 0.5g l-1, H2O2 30gl-1 and time 2h. A ll 

experiments were performed at ambient temperature 

followed by precip itation of chromium with NaOH at pH 8.5, 

stirring 0.5h, settling 2h. The low cost iron sulfate and high 

COD removal make photo-fenton process superior method 

for degradation of organic pollutants from tannery 

wastewater. This study was made with the help of UV-

Vis/NIR spectrophotometer and FT-IR analyses [31].Other 

advanced and hybrid processes should be studied for heavily 

polluted tannery wastewater treatment [31] and converting 

the inert COD to biodegradable forms and increasing of the 

rates of biodegradation of organics in tannery wastewater 

[32, 33]. 

 

Tannery wastewater was treated with these pure and mixed 

consortia ofthree bacterial strains in different microbial fuel 

cells. Comparat ive analysis was made by treating the tannery 

wastewater with foreign microbial consortia (activated 

sludge inoculum) and with plain wastewater containing only 

natural habitat microbes, already present in wastewater. 

Mixed consortia of electrogenic strains gave best results. Up 

to 10.38mA current and 94.3 per centof Chemical Oxygen 

Demand (COD) removal was obtained during 30 days of 

operation[34].When the experiments were conducted at 

optimal conditions, the increase in BDI was 81%, the 

reduction in CODR and BRI were 50% and 25%. The 

feasibility of further degradation of solar Fenton treated 

tannery wastewater by biological process (anaerobic process) 

was studied in batch mode. The solar Fenton treated sample 

with inoculums gave maximum amount of biogas production 

was added at the rate of 0.28 m3/day was 412ml and also 

gave 79% of COD removal. The overall performance of the 

combined photochemical and biological treatment for COD 

removal was 85%.From the above concluded that feasibility 

on enhancement of b iodegradability of tannery wastewater, 

using solar Fenton process was attended and found to be 

effective for this wastewater[35].The treatment of tannery 

wastewater was performed by electrocoagulation method 

(EC) using aluminum electrodes in a bipolar connection. The 

optimum operating range for each operatingvariable was 

experimentally determined. The highest COD and Turbidity 

removal efficiency were obtained with theuse of aluminum 

electrode. The overall COD and Turbidity removal 

efficiencies reached 91% and 100%, respectively[36]. 

 

After settling and a subsequent filtrat ion of raw tannery 

effluents through sand-stone, the filtered effluents were 

treated with various doses of FeCl3. The study observed that 

coagulant (FeCl3)of 150 mg/L dose near neutral pH showed 

the best removal efficiencies for major physico-chemical 

parameters. The analysis  results illustrate that most of the 

physical and chemical parameters  were found well below the 

prescribed permissible limits  for effluent discharged. The 

study suggests that untreated tannery effluents would be 

treated by a combined process consisting of settling, filtering 

and coagulating with FeCl3[37].To determine the efficiency 

of biological t reatment using activated sludge process to 

remove toxic constituents from tannery wastewater, Results 

of the study demonstrated that the removal efficiency of 

about 98.3% and 98.4% for BOD5 (Biological Oxygen 

Demand) and COD (Chemical Oxygen Demand) 

respectively, could be obtained under a HRT of 120 h. 

Results were also showed decrease in chromium ion, 

ammonia nit rogen, phosphorous and oil & grease 

concentrations up to 99.3%, 98.8%, 98.6% and 99.1%, 

respectively. Results were also showed decrease in the color 

absorbance[38]. 

 

The physic-chemical and microbiological parameters of 

tannery wastewater, such as pH, COD, ammonia ions, nitrate, 

phosphate, chloride, sulfate, TSS, TDS, H2S, chromium 

(VI), Escherichia Coli, and Streptococcus Faecalis exceeded 

the prescribed limits. Gaseous emissions posed no serious 

environmental impact and health hazards for the workers. 

However, problems were found to remain in the tannery 

wastewater. Therefore, the author recommends that be 

reduced to a permissible limit before they discharged into 

river water[39].Tannery wastewater is heavily polluted 

containing appreciable biodegradable matters as well as 

inorganic substances like chromium, sulphide, ch loride etc. 

Thus the composite tannery waste water appears to be 

incompatib le for direct biological treatment. .As a result 

biological recovery of valuable chromium has been 

envisaged rather than chemical method to reduce the overall 

cost of treatment. Out of bio logical methods, aerobic 

treatment is observed to be more cost effective and consistent 

in performance than anaerobic process. Looking into all such 

limitat ions a combined aerobic bioreactor system has been 
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developed by incorporating suspended and attached growth 

phase. This Hybrid bioreactor system can be a good option 

for removal of h igh organic content in composite tannery 

wastewater. Chromium removal can also be accomplished by 

virtue of additional attached biomass, always present in the 

reactor system. However, the kinetics of organic and 

chromium removal need to be developed to ascertain about 

the rate of removal and hence the reaction period[40]. 

 

II. Statement of the environmental problem: The Leather 

Tannery industry is committed to reducing environmental 

impacts of their activit ies, and to continuously improve their 

environmental performance and to meeting or exceeding the 

requirements of all applicable environmental laws and 

regulation. The tanning industry generates solid wastes, 

effluents and gaseous emissions that have adverse 

environmental impacts. Air emissions from the tanneries to 

the ambient environment are not significant. However, the 

workers inside the tanneries are exposed to gaseous and 

vapor emissions particularly in the areas where liming, de-

liming and surface finishing operations are carried out. The 

presence of sulfides in the wastewater is the source of 

hydrogen sulfide emission. Ammonia gas can be also 

released during de-liming process reaching a level higher 

than TLV (25 ppm) by volume. Most of private tanneries are 

connected to the general public sewers. The wastewater 

generated by the tanning industry is high in suspended 

organic and inorganic matter, hair, oil and grease, chromium 

salts and other. These suspended matter cause obstruction of 

the sewer lines and flooding in the workplace and even in the 

streets of the surrounding area.  The results of the lab 

analysis of the industrial wastewater effluent show that the 

contamination is main ly due to High levels of Sulfides reach 

an average of 1271 mg/ l as  the Sodium Sulfide is used as 

unhearing agent in the beam house processes. As well as 

levels of Chromium (trivalent) in the tanneries effluent range 

from 1.5 - 157 mg /l in the end-of-pipe effluent. While, the 

level of chromium from the chrome path effluent reaches to 

10042 mg/ l. Analysis of COD and BOD during the process 

show that the levels of COD ranged between 1551 mg/l – 

53014 mg/l with an average value o f 13894 mg/l. However, 

the BOD values ranged between 420 – 27000 mg/l with an 

average value of 4695 mg/l which are above the limits of the 

Egyptian Environmental Regulat ion (Decree 44/2000) for 

discharge to the wastewater sanitary network, while values of 

TSS, settle-able solids, phosphorous and total nitrogen are 

within the limits. In addition, it was  noticed that Wide 

fluctuation in pH value ranged from 1.3 to 10.4. The 

tanneries effluent also is characterized by the high levels of 

total Nit rogen, Phosphates and Phenols which exceeding the 

regulatory limits. Accordingly, the industry has to treat the 

wastewater effluents prior to its discharge to the wastewater 

sanitary network. 

 

III.  Objectives of the Study: Environmental management 

projects require economic integrated approach including the 

combination of in–process, in–plant and end–of–pipe 

treatment modules to comply with environmental regulations. 

The main objectives of this study to find a sustainable 

solution for the industrial wastewater in order to comply with 

the National Regulatory Standards governed by the 

ministerial decree (44/2000) for wastewater discharge into 

public sewage network to protect the environment as well as 

selecting the wastewater streams that need to be treated prior 

to its discharge, identifying the different possible treatment 

trains for the wastewater, conducting treatability analysis for 

investigating the feasibility of each of the identified t rains, 

selecting the most suitable treatment train, and developing 

the basic design for the selected treatment train. The study is 

conducted through very precise characterization of the 

wastewater produced from the final effluent during the 

working shifts and application of appropriate treatment 

options for the end-of-pipe using different treatment 

techniques. 

 

IV. MATERIALS AND METHODS 

 

To achieve the above objectives the following tasks are 

considered the following: determine the total water 

consumption and the possibility for reuse or reduction of 

water consumption to reduce capacity of treatment plant, 

assessment of the liquid effluent in terms of flow and 

characteristics and suggest, if necessary, study thoroughly 

main sources of wastewater contaminants and to suggest any 

in-process and in-plant modifications to reduce pollution load 

prior the end-of-pipe treatment system, evaluate the current 

environmental conditions in the production and service units 

to determine the industry required to upgrade these units in 

order to reduce pollution load in the final effluent, data 

collection including the collection of information relevant to 

the different activities in the industry including qualitative 

and quantitative estimation of solid and liqu id wastes, 

collecting composite wastewater samples from the end-of-

pipe industrial effluent, check on the compliance with 

national environmental regulation and legislat ion and 

description of the existing environmental situation in the 

industry, conduct a treatability study on the combined end-

of-pipe effluents from the industry, suggest feasible 

alternative schemes for remedial measures combining in-

process and in-plant modules to solve environmental 

pollution problems, as well as carry out evaluation for the 

feasible alternative schemes of the proposed treatment 

systems. Accordingly, an audit program was carried out to 

monitor the environmentally damaged activ ities, compliance 

with legislation, opportunities for reductions. 

 

4.1. Description of the industry process: In Egypt leather 

industry is an old technology and goes back to ancient times. 

The technologies applied in the tanning industry in Egypt 

remain almost unchanged regardless of the international 

development of this industry. The technology is based on 

applying traditional methods of manufacturing, which are 

mainly based on experience and practice.Leather industry 

consists of several production processes starting from the 

good preservation, s toring of hide, and its conversion into 

fin ished leather using different successive processes. The 

following figure represents a schematic d iagram of a typical 

leather manufacturing processes in Egypt. 
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Figure 1: Schematic Diagram of a Typical Leather Manufacturing Processes in Egypt  

 

The industry is characterized by a h igh chemical demand. The quantities of chemicals used at each stage, per ton of wet  salte d 

hide are shown in the following table.  

 

Table 1: Chemicals Used at Each Stage in the Tanning Process 

 

Process Chemical  
Maximum quantity per ton 

hide 

Curing Sodium chloride  

 

Antiseptics 

30.0% 

 

0.3% 

300kg 

 

3 kg 
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Process Chemical  
Maximum quantity per ton 

hide 

Beamhouse Wetting agents 

Antiseptics 

Sodium sulphide 

Sodium hydrosulphide 

Slaked lime 

Sodium carbonate 

Enzymes 

Ammonium chlorine  

Ammonium sulphate 

0.3% 

0.2% 

4.0% 

2.0% 

5.0% 

3.0% 

1.5% 

2.0% 

2.0% 

3 kg 

2kg  

40kg  

20kg  

50kg  

30kg  

15kg  

20kg  

20kg  

Tanning Sodium chloride  

Sulphuric acid 

Wetting agents 

Sodium carbonate 

Chromium salts 

Sodium bicarbonate 

Vegetable tans 

10.0% 

3.0% 

4.0% 

2.0% 

10.0% 

1.0% 

30.0% 

100 kg  

30kg  

40kg  

20kg  

100kg 

10kg  

300kg 

Dressing Neutralizing agents 

Retanning agents 

Dyes 

Fat-liquoring oils 

2.0% 

4.0% 

4.0% 

12.0% 

20kg  

40kg  

40kg  

120kg 

Fin ishing Fin ishing agents 4.0% 40kg  

 

4.2 Water balance and Wastewater Discharge of the 

industry process: There are two wastewater drainage 

networks and two end-of-pipe discharge points in the 

industry, one for industrial wastewater and the other for the 

domestic wastewater. The leather tanning industry 

consumes considerable amount of water. The water 

consumption during the leather production also varies 

according to the types of process, quality of h ide and source. 

The following table represents the water consumption in 

tanning operations for one ton of wet salted hide. 

 

Table 2: Water Consumption, lit/kg of Wet Salted Hide 

Unit Operation 
Water 

Consumption 

- Beam house (Soaking & 

liming) 

26.5 

- Deliming / bating 7 

- Pickling 0.3 

- Chrome tanning 4 

- Pressing 0.2 

- Retanning, dyeing & fat 

liquoring 

14 

 TOTAL  52 

 

As shown above the average water consumption is 52 l/kg 

raw hide and reaches 60 l/kg of raw hide as a maximum 

value. However, the international figures range between 40 

– 42 l of water / kg of rawhide. The following tableshows 

the average norms of the international practice of tanneries 

figures. 

 

Table 3: Average International Norms for Water Consumption  

 Process International 

Norms  

Water Consumption l/kg hide  

- Beam 

house 

- Chrome 

tanning 

- Vegetabl

e tanning 

- Dying / 

fat liquoring 

- Fin ishing 

52 – 55 % 

16 – 18 % 

7 – 8 % 

15 – 17 % 

5 – 6 % 

21.3 – 22.5 

6.5 – 7.4 

2.9 – 3.3 

6.2 – 7 

2 – 2.5 

- Total 100% 41 
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The water needs in the tanneries are divided to industrial 

and domestic water. Sources of industrial water to the 

tanneries are provided from two main sources:- 

 Underground water well, which is used directly 

without any treatment in the first stages mainly in the beam 

house processes.    

 City water is used to satisfy the rest of water needs 

for the process in addition to the domestic usage. 

 

Due to the irrational utilization of water, the daily 

consumption of these tanneries ranges between 1000 – 3000 

m3/day. This is in addition to domestic needs ranged 

between 250 – 500 m3/d.  

Large amounts of liquid waste are generated through the 

production line. Almost 85 – 90% of the amount of water 

consumed in the different operation units of tanneries is 

discharged to sewer.  Wastewater flow also varies with time 

that is released as a variable stream with its highest peak in 

the morning hours (about 65% of the total effluent).The 

various stages of leather production generate different 

amounts of waste, about 50% of total wastewater is 

discharged from the beam house operations, 18-30% from 

the mineral tanning section, 15% from dyeing and fat 

liquoring operations and the rest are generated from 

fin ishing operations. The combined average wastewater 

flow from the tanneries reaches about 2000m3/d. However, 

the maximum flow reaches 3200 m3/d when all the 

tanneries are in operation after Eid El Adha and lasts for a 

period of four months. The wastewater produced from the 

company is directly d ischarged without any treatment into 

the public sewer network.  

 

4.3 Sampling and characterization of wastewater  

The main objective of the analysis is to investigate the 

compliance of the wastewater with the limits for discharge 

to the public sewer system, and in case of noncompliance 

identify and evaluate alternatives for management of the 

wastewater to reach compliance.For investigating the 

compliance of the discharged wastewater and identifying 

possible alternatives for its management, the sampling and 

analysis carried out through three groups of composite 

samples were collected from nine selected tanneries of the 

twenty operated ones to conduct the chemical analyses and 

the treatability studies . The samples were taken from 

different waste streams from the tanneries; also two samples 

from chrome bath effluent were also collected and analyzed  

to measure the level of spent chrome in waste effluent. The 

analyses were carried out according to the Standard 

Methods for Examination of Water and Wastewater [44]and 

covered pH, oil and grease, chemical and biological oxygen 

demand (COD and BOD), total dissolved and suspended 

solids (TDS and TSS), chlorides, sulfides, chromium, 

cyanides, phenols, phosphates and total nitrogen. 

 

4.4Treatability Study and Treatment Procedure  

The treatability study and analysis was conducted on the 

composite samples collected from tanneries effluent for 

investigating the feasibility of each of identifying the 

different possible treatment trains, selecting the most 

suitable treatment train, and developing the basic design for 

the selected treatment train for the wastewater streams that 

need to be treated prior to its discharge to the sewer system. 

As well as treatment procedure through a bench scale model 

and treatability study was developed for the industrial 

wastewater streams of the industry to study the analysis of 

waste discharges and investigate the most appropriate 

treatment techniques using three proposed stages of 

treatment includes primary treatment (plain settling), 

chemical treatment, and biological treatment using a bench 

scale biological reactor made of glass cylindrical column. 

 

V.RES ULTS AND DISCUSS ION 

5.1: Type of Pollution Production from Tanning 

Processes: 

The nature of wastewater depends on the process used. 

When the chrome tanning process is use the liquid waste 

will contain chromium salts. Wastewater from tanning is 

also polluted with acids and sodium sulfides causing 

corrosion of sewer pipe lines. Two main groups of 

pollutants (suspended and/ or dissolved in the effluent) 

generate water contamination: natural organic substances 

loosened by the raw material during processing (blood, 

manure, hair, fats, proteins, etc.), and miscellaneous 

inorganic and organic chemicals associated with leather 

processing and remain ing in the spent liquors.The principal 

operations of manufacturing processes and relevant type of 

pollution was investigated and summarized as in the 

following table. 

 

 

Table 4: Type of Po llution Production from Tanning Processes 

 Operation  Type of pollution 

Soaking  
Blood, manure, sand, soluble proteins, strong salinity (NaCl), naphthalene 

and derivatives, emulsifying agents (surfactants)  

Unhairing/ Liming 
Sulphides, high alkalin ity, suspended solids (partially destroyed hairs and 

lime), proteins, high COD and BOD, amines, N-NH4  

Deliming NH4-salts (usually sulphate), inorganic and organic acids, enzymes  

Pickling  NaCl, inorganic and organic acids  

Degreasing 

Natural fats, synthetic surfactants, soaps and other emulsifying agents, less 

frequently organic solvents (trichloroethene, white spirit, light petroleum) and 

NaCl 

Chrome tanning Cr III salts, Na2SO4, NaHCO3, MgO 

Vegetable tanning Natural and synthetic tannins, organic acids, phenols 

Fat-liquoring 
Natural and synthetic fats and oils, including those which are sulphonated, 

sulphitedsulphated 

Dyeing Synthetic dye-stuffs, inorganic and organic acids, ammonia  

Fin ishing 
Organic solvents pigments, emulsifying agents, resins, formaldehyde, heavy 

metals 
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5.2: Characterization of Liquid Wastewater and 

Assessment of Compliance of Industrial Wastewater  

For investigating the compliance of the discharged 

wastewater, the sampling and analysis carried out for the 

wastewater in the industry was conducted as composite 

samples and analysis of the wastewater effluents. Analysis 

of the composite wastewater samples from wastewater 

effluents is shown in following tables and figures 

representing the minimum, average and maximum values of 

analysis results. 

 

Table 5: the Minimum, Average and Maximum Values of Sample Analysis 

Parameters Min. Average Maximum 

Law 93/62 & Decree 

44/2000 

For discharging to Public 

Sewer 

PH 1.3 --- 13.2 6.5 - 9 

BOD, mg/l 420 4695 27000 600 

COD, mg/l 1551 13894 53014 1100 

TSS, mg/l 185 10758 30800 800 

Settleable So lid  

10 

30 

 

0 

0 

 

321 

325 

 

1000 

750 

 

8 

15 

O & G, mg/l 9 89 228 100 

Sulfides, mg/l 0.9 1271 7600 10 

Total Nitrogen, mg/l 12.9 194 543 100 

Phosphates, mg/l 0.95 28 91.5 25 

Cyanides, mg/l 0 0 0 0.2 

Phenols, mg/l 0 0.62 1.7 0.05 

Chromium, mg/l 0 157 511 0.5 

 

 

 
 

Figure 1a: Pollutants Concentrations all over 10 Tanneries  

 

 
Figure 1b: Pollutants Concentrations all over 10 Tanneries  

 
 

Figure 2: Bio logical, Chemical Oxygen, 

and Total Suspended Solids  Concentrations 

 

 

 

 

 

 

 

 

 

 

 

  
 Figure 3 : Oil and Grease, Total Nitrogen, Phosphates, and 

Chromium Concentrations 
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The above results of chemical analysis for tanneries effluent 

indicate the following: 

 The wastewater generated from the tanning 

industry is highly polluted. Most of the pollution parameters 

exceed the limits set by law 93/1962 and decree 44/2000 for 

discharging waste effluent to public sewer.  

 Wide fluctuation in pH value ranged from 1.3 to 

10.4. 

 High levels of Su lfides reach an average of 1271 

mg/l as the Sodium Sulfide is used as unhearing agent in the 

beam house processes.  

 Levels of Chromium (trivalent) in the tanneries 

effluent range from 1.5 - 157 mg / l in the end-of-pipe 

effluent. While, the level of chromium from the chrome path 

effluent reaches to 10042 mg/l.  

 High levels of settleable solids, which result 

mainly from the beam house operations. 

 The levels of COD ranged between 1551 mg/ l – 

53014 mg/ l with an average value of 13894 mg/ l. However, 

the BOD values ranged between 420 – 27000 mg/l with an 

average value of 4695 mg/l.  

 The tanneries effluent also is characterized by the 

high levels of total Nitrogen, Phosphates and Phenols which 

exceeding the regulatory limits . 

 

5-3: Treatability Study and Identification of Possible 

Treatment Schemes 

Alternatives for management and treatment of the 

discharged wastewater effluentsto the limits of the Egyptian 

Environmental Regulation (Decree 44/2000) will be 

identified and assessed to investigate their feasibility from 

environmental and technical perspectives. The most 

appropriate treatment techniques were conducted using 

three proposed stages of treatment includes primary  

 

treatment (plain settling), chemical treatment, and biological 

treatment using a bench scale biological reactor made of 

glass cylindrical co lumn. 

 

 Primary Treatment (plain settling): 

As the waste effluent contains high levels of settleble solids, 

the plain settling is very effective to reduce the levels of 

suspended material and in-turn reduce the organic load. 

About 82% reduction in S.S and 45% reduction in COD 

load were achieved after two hours of settling. 

 

 Chemical Treatment: 

Mixed Effluent:Treatability has been conducted for two 

types of effluents; the first sample represents the mixed end-

of-pipe effluent from the tanneries. The second one 

represents the chrome tanning effluent.The standard jar test 

technique is used for this study, where the composite 

samples are mixed with chemicals for about 18 minutes (3 

minutes as flash mixing and 15 minutes as flocculation 

mixing) fo llowed by one hour for settling stage. Several 

trials have been conducted using several coagulants and 

flocculants with different doses after adjusting the pH value 

to be in a range of 5-6 using HCl. 

The main results obtained from the treatability study are 

summarized in table (6). However, the results show that the 

use of 200 mg/l alum is the highly effective dose to reduce 

COD level by almost 36-60% and S.S levels by almost 60-

93%. Complete analysis for the chemically treated effluent 

prior the biological treatment was conducted and the results 

of the analysis are shown in table (8). 

 

Table 6: Results of Physico-Chemical Treatment  

Alum 
COD Levels, mg/l S.S levels, mg/l 

Before After %  eff. Before After %  eff. 

100 mg/ l effluent 10758 8900 17% 2880 2000 30% 

200 mg/ l effluent 10758 6958 36% 2880 1160 60% 

400 mg/ l effluent 10758 7200 33% 2880 1395 51% 

500 mg/ l effluent 10758 6800 36% 2880 1350 53% 

Lime  

200 mg/ l effluent 10758 7422 31% 2880 1440 50% 

Alum 
COD Levels, mg/l S.S levels, mg/l 

Before After %  eff. Before After %  eff. 

100 mg/ l effluent 13379 7860 41% 2820 227 92% 

200 mg/ l effluent 13379 5319 60% 2820 182 93.5 

300 mg/ l effluent 13379 8399 37% 2820 324 88.5% 

400 mg/ l effluent 13379 7574 43% 2820 348 88% 

Fe Cl3 

100 mg/ l effluent 13379 10267 23% 2820 480 83% 

200 mg/ l effluent 13379 6088 55% 2820 325 88.5% 

300 mg/ l effluent 13379 9493 29% 2820 400 86% 

400 mg/ l effluent 13379 10991 18% 2820 475 83% 
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Chrome Tanning Effluent:Separate test was conducted on 

the effluent from chrome tanning section to precipitate and 

recover the chromium salt, where the alkali salt solution 

(Sodium Hydroxide 10 normal) was added and mixed with 

waste effluent to precipitate chrome as chromium 

hydroxide. The use of NaOH with a dose of 800 mg/ l is 

highly effective to precipitate more than 99.9% of 

chromium salt. The results of the test are given in the 

following table. 

 

Table 7: Results of Chemical Precipitation 

 Initial  
With 400 mg/l 

NaOH 

800 mg/l 

NaOH 
1.2 g/l NaOH 

Chromium 

Conc., mg/ l 
10042 1042 1.5 0.0 

 

 Biological Treatment: 

Clarified effluent from chemical treatment is then passed to 

a bench scale biological reactor made of glass cylindrical 

column with a size of 10 cm d iameter and 90 cm height. 

 The treatment process was conducted batch-wise 

according to the following stages:- 

 Sludge adaptation stage for a continuous period of 

20 days where an amount of activated sludge is mixed with 

effluent to be treated and air is injected continuously. This 

stage allows the acclimatized bacteria to grow and multiply.  

 Treatment of effluent in  batches each batch with a 

retention time of 18 hours with injection of air to keep the 

dissolved oxygen at not less than 2 mg/l.  

 Monitoring during the biological reaction for 

activated sludge concentration (MLSS) and dissolved 

oxygen (D.O) where carried out and at the end of reaction 

the MLSS reach about 3.5 mg/l and D.O 2.3 mg/ l.  

 Settling of the activated sludge in the column and 

siphon out the clarified effluent.  

 Refilling of the column with untreated effluent in 

the presence of sludge blanket while, inject ing air and the 

above stages was repeated. 

The results obtained from the bio logical treatment indicates 

the high effectiveness of the process to reduce mainly TSS, 

COD and BOD besides appreciable reduction of other 

parameters main ly sulfides and nitrogen. The overall results 

of the treatability study are shown in table (8), which 

indicates that the chemical/biological treatment is an 

effective technique for removing pollutant from Tanneries 

effluent. The suspended solids are removed with almost 

99% efficiency while the removal of COD & BOD levels 

reaches 93-95%. The quality of the treated effluent is 

incompliance with regulatory limits for discharging 

industrial effluent to public sewer and these levels sustained 

for consecutive four weeks of feeding the reactor with 

chemically treated effluent. 

 

Table 8: Results of the Treatability Study  

FeSO4  

100 mg/ l effluent 13379 9039 32% 2820 385 86% 

200 mg/ l effluent 13379 5403 59% 2820 312 89% 

300 mg/ l effluent 13379 9661 28% 2820 382 86% 

400 mg/ l effluent 13379 7978 40% 2820 324 88.5% 

Parameters Initial  
After Primary 

Settling 

After 

Chemical 

Treatment 

After Biological  

treatment 

% Total  

efficiency 

pH 10.5 9.5 7.5 7.2  

BOD, mg/l 6721 3215 2500 485 92.7 

COD, mg/l 19628 10758 6958 1000 94.9 

TSS, mg/l 15824 2880 1160 186 98.8 

Settable solids 

10 min, ml/ l 

30 min, ml/ l 

 

478 

485 

 

0 

0 

 

0 

0 

 

0 

0 

 

100 

100 

O & G, mg/l 110 68 42 16.8 84.7 

Sulfides, mg/l 1870 38 15 3 99.8 

Total Nit rogen, 

mg/l 

251 85 59 11.8 95 

Phosphates, mg/l 31.8 28 11 6.2 80.5 

Cyanides, mg/l 0 0 0 0  

Phenols, mg/l 0.68 0.11 0.002 0 100 

Chromium, mg/l 150.86 150.86 0.35 0.07 99.9 
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Figure 4a: Po llutantsConcentrations of the Final Effluent 

at the End of Treatment Stages 

 
Figure 4b: PollutantsConcentrations of the Final Effluent at the 

End of Treatment Stages 

Figure 5: Total Removal Efficiency of the Po llutantsat the End of Treatment Stages 

 

5-4: The proposed Treatment Technique: 

As a result from the treatability study, the proposed 

treatment technique starts with a settling/equalization 

operation followed by physico-chemical treatment 

(Dissolved Air Floatation, DAF)  then biological 

treatment(Sequential Batch Reactor, SBR) as shown in 

figure 5. The average amount of wastewater is about 2000 

m3/d, whereas it reaches a maximum of 3200 m3/d at peak 

production when all tanneries are operating at maximum 

production. The proposed design capacity for the 

wastewater treatment system is 3500 m3/d taking into 

consideration future expansions. The proposed wastewater 

treatment plant should be designed as two modules each 

consisting of the three operations. One of the modules 

should accommodate the wastewater effluent generated by 

the large tanneries operating all year round with capacity of 

1750 m3/d and the second module will be operated only 

when the average capacity is surpassed, and will have a 

capacity of 1750 m3/d. The components of the plant are 

described below. 

 

5-4: The engineering design for proposed alternatives  

 
 

Figure 6: The Proposed Treatment Scheme  

 

The previous results indicated that the best process 

alternative is the settling/equalization operation followed by 

chemical t reatment then biological treatment gives best 

treatment efficiency of the wastewater. Accordingly, basic 

engineering design is conducted for this alternative. The 

suggested treatment sequence of the end of pipe effluent 

wastewater from the industry, as shown in figure 5, shall 

comprise the following: 

 

Equalization and Aeration Tank: The wastewater discharge 

is collected in new Equalizing Tank to absorb any 

fluctuations in the influent flow-rate or characteristics, so 

that downstream treatment plant operates at an equalized 

wastewater flow. It is installed with volume of 1000 m3 and 

retention time of 6 hrs. to allow the influents generated from 

the factory to be collected and homogenized. The tank is 

equipped with aeration system of mixers to prevent the 

suspended solids from settling and two submersible pumps. 

Plain Settling Clarifier: The effluent from the equalization 

tank will be discharge to a clarifier with capacity of about 

500 m3and retention time of 2hrs. to allow the settling of 

any settleable solids.  

Dissolved Air Floatation (DAF) Unit: Suspended solids and 

oil and grease are treated by physico-chemical precipitation 

in a Steel DAF unit. Two modules will be installed each 

designed for a flow rate of 1750 m3/d DAF includes pipe 
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flocculator, air supply system; compressor, air vessel, 

recircu lation pumps, pipe connection, valves, fittings, alum 

and lime dosing system, and all needed accessories . The 

wastewater is discharged from the DAF units to a Service 

tank with volume of 250 m3. 

The optimum amount of alum used for coagulation has been 

obtained from the treatability study. Figure (7) presents the 

relation between the efficiency of removal and the cost of 

Alum per day, based on a flow of 3500 m3/d. Figure (8) 

shows the relation between the costs/kg removed versus the 

concentration of used alum. It is clear from the figures that 

the optimum alum concentration is 300 mg/ l, since the 

efficiency increases only slightly after this value with a high 

increase in cost. 

 

 

 
Figure 7: The Relation Between The Efficiency of Removal and 

The Cost of Alum Per Day 

 
Figure 8: The Relat ion Between The costs/Kg Removed 

Versus The Concentration of Used Alum 

 

Biological Treatment: 

The combined effluent from the service tank will be pumped 

to the biological treatment units (two units of Sequential 

Batch Reactor, SBR) with a design capacity of 1750 

m3/d/each which is carried out through five basic cycles in 

each batch, as shown in figure 9, Filling, React ion, (aeration 

stage), Settling, Discharging, and Idling. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Operat ion Sequence for a Sequencing Batch Reactor  
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Sludge Treatment: Sludge and scum from the plain settling 

clarifier tank, DAFunits, and SBR units shall be passed to 

the sludge collection tank. The tank shall be equipped with 

two submersible pumps to pump the raw sludge to the 

dewatering system which comprise of pre -dewatering table, 

polymer preparation and dosing system, sludge filter press. 

The dewatered outlet sludge should contain a min imum of 

20 – 25%. Unit shall be supplied complete sludge handling 

container, conveyor, control panel and all required 

accessories. 

 

5-5: Economic Assessment of the Proposed Treatment Scheme  

The cost estimations of the Proposed Treatment systemare carried out for a capacity of 3500 m3/day as shown in the following 

tables. 

Table 9: The Capital Cost Estimations of theProposed Treatment System 

Item Cost, EGP 

Evacuation cars for chromium effluent collection  100,000 

Precip itation tank  400,000 

Sewer system length about 2 km, with about 40 manholes  350,000 

Underground concrete Equalization tank (1000 m
3
) 700,000 

Clarifier (500 m
3
) 600,000 

DAF system 1,800,000 

Service tank (250 m
3
) 400,000 

Biological treatment unit including pumps ancillary (sequential 

batch reactor) 

5,500,000 

Sludge holding tank and Filter press 900,000 

Pumps 10,000 

Mixer  75,000 

Construction/installation cost (Electromechanical work)  300,000 

Analysis kit 100,000 

Total Capital Cost 11,235,000 

 

Table 10: The Operation and Maintenance Cost Estimations of the Proposed Treatment System 

 

 

 

 

 

 

 

 

 

 

VI. CONCLUS ION AND ASS ESSMENT OF THE 

TREATMENT ALTERNATIVES  

 

The results obtained show that the wastewater generated from 

the tanning industry is highly polluted. Most of the pollution 

parameters exceed the limits set by law 93/1962 and decree 

44/2000 for d ischarging waste effluent to public sewer, high 

levels of sulfides reach an average of 1271 mg/l as the sodium 

sulfide, Levels of Chromium (trivalent) in the tanneries 

effluent range from 1.5 - 157 mg / l in the end-of-pipe effluent 

while the level of chromium from the chrome path effluent 

reaches to 10042 mg/l, high levels of settleable solids, which 

result mainly  from the beam house operations, the levels of 

COD ranged between 1551 mg/l – 53014 mg/ l with an 

average value of 13894 mg/l. the BOD values ranged between 

420 – 27000 mg/ l with an average value of 4695 mg/ l, as well 

as the tanneries effluent also is characterized by the high 

levels of total Nitrogen, Phosphates and Phenols which 

exceeding the regulatory limits. 

Alternatives for management and treatment of the discharged 

wastewater effluents to the limits of the Egyptian 

Environmental Regulation (Decree 44/2000) will be identified 

and assessed to investigate their feasibility from 

environmental and technical perspectives. As a results from 

the treatability study, the most appropriate treatment 

techniques were conducted using three proposed stages of 

treatment includes primary treatment (plain settling), chemical 

treatment, and biological treatment using a bench scale 

biological reactor made of glass cylindrical column.  

The results obtained from the biological treatment indicates 

the high effectiveness of the process to reduce mainly TSS, 

COD and BOD besides appreciable reduction of other 

parameters mainly sulfides and nitrogen. The overall results of 

the treatability study indicate that the suspended solids are 

removed with almost 99% efficiency while the removal of 

COD & BOD levels reaches 93-95%. The quality of the 

treated effluent is incompliance with regulatory limits for 

discharging industrial effluent to public sewer and these levels 

sustained for consecutive four weeks of feeding the reactor 

with chemically treated effluent.As a conclusion, from the 

study, it is concluded that thephysico-chemical 

treatmentfollowed by biological treatment processusingSBR 

system is the most reliable alternative treatment method for 

this kind of industry.  
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