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Abstract  

The global tannery industry, a cornerstone of many economies, faces significant challenges in 

managing its waste sustainably. Addressing the environmental and economic concerns 

associated with tannery wastes requires innovative solutions such as advanced recycling and 

sustainable reuse techniques. This research, conducted in January 2022, delved into waste 

management practices at three diverse tanneries in Sudan. Ranging from large to small-scale 

operations, these tanneries offered a comprehensive view of prevailing challenges and 

solutions. Through meticulous site visits and interviews with tannery staff, current 

methodologies were documented, p1roviding a foundation for the study's focus: the potential of 

ultrafiltration as a sustainable recycling technique. Laboratory analysis of collected 

wastewater samples, totaling 150 in number, demonstrated the promising efficiency of 

ultrafiltration: a removal rate of 92.5% for COD, 87.5% for fats, 85% for proteins, and 60% 

for suspended solids. Beyond the environmental advantages, a cost-benefit analysis 

accentuated the economic rationale behind adopting ultrafiltration, considering factors like 

equipment costs, maintenance, energy consumption, and the tangible benefits from wastewater 

reuse. The results form a compelling narrative for the adoption of ultrafiltration in tanneries, 

presenting a solution that is not only environmentally responsible but also economically 

pragmatic. Moreover, communities surrounding these tanneries stand to gain substantial health 

benefits through reduced pollution and lesser strain on local water sources. With 

recommendations rooted in robust data and aligned with existing literature, this study paves 

the way for a more sustainable future for the tannery industry. 

1. Introduction 

 

1.1. Background and Significance 

The global tanning industry, central to the world market, primarily converts animal hides into 

adaptable leather, catering to sectors like footwear, fashion, and upholstery[1]. With its multi-

billion-dollar footprint and expansive job creation, countries such as Italy, India, China, Brazil, 

and recently, the United States, play pivotal roles. However, despite its vast presence and 
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historical significance, there's a knowledge gap regarding its exact economic implications and 

employment contributions[2-4]. Concurrently, the sector's waste products, particularly from 

tanning, present grave environmental challenges[5, 6]. These waste materials, predominantly 

solid in nature, are produced in overwhelming quantities compared to the industry's output, 

amplifying concerns over their environmental impacts[7]. 

1.2. Challenges in Waste Management and the Need for Innovation 

The primary waste from the tanning process encompasses both solid and liquid residues. Solid 

wastes consist of hide remnants and organic materials rich in elements like chromium, fluorine, 

and copper, among others[8]. Liquid discharges are replete with toxins, such as chromium and 

sulphides, which threaten soil, water sources, and overall ecosystem health[9]. Addressing 

these issues necessitates not just effective waste management but a broader, comprehensive 

strategy that factors in sustainable disposal, treatment, and relevant legislative directives[10]. 

As the industry leans more towards sustainability, driven by environmental concerns and global 

regulations, there's a pressing demand for innovative, green solutions. While recycling methods 

have been explored, their efficiency is often overshadowed by the sheer volume of waste[11]. 

However, potential breakthroughs, like the extraction of collagen peptides, offer hopeful 

avenues for sustainable waste utilization[12]. 

1.3. Advancements in Tannery Waste Management: A Glimpse into the Future 

In the contemporary context of escalating energy expenses, safety priorities, economic 

constraints, and environmental imperatives, tanning waste management has emerged at the 

forefront[13, 14]. With water being a critical resource for tanning, its subsequent treatment 

after contamination becomes essential. Techniques like ultrafiltration have been employed to 

recycle water, leading to chemical and water conservation. Additional processes in tannery also 

observe sustainable practices where waste is effectively managed, reused, or transformed[15, 

16]. These evolving methods not only ensure quality in end products but also drive considerable 

savings, marking a shift towards an environmentally and economically sustainable tannery 

industry[17, 18]. 

By focusing on these advanced methods and practices, this paper aims to spotlight the latest 

innovations in tannery waste management, striking a balance between economic feasibility and 

environmental conscientiousness[19]. 

2. Material and Method : 

The present investigation critically evaluates current waste management practices in tanneries, 

emphasizing a balance between environmental sustainability and economic viability. The study 

was conducted in selected tanneries in Sudan, encompassing a mix of large, medium, and 

small-scale operations[17, 20]. Wastewater samples were collected from different stages of the 

tanning process to represent various pollutant concentrations[21]. 

During site visits, current waste management practices were documented, and tannery 

managers and workers were interviewed to gain insights into waste management challenges, 

strategies, and costs[22]. The potential of ultrafiltration as a sustainable waste treatment method 
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was evaluated, focusing on its efficiency, cost, and environmental impact in a controlled 

laboratory setting[23]. 

The collected wastewater samples underwent ultrafiltration, adjusting parameters to optimize 

performance. As the filtration progressed, the permeate flux was monitored, and periodic 

samples were taken from the feed, permeate, and retentate. These samples were analyzed for 

parameters like COD, TSS, pH, and specific tanning chemicals[24, 25].  

A cost-benefit analysis was then conducted to assess the economic feasibility of implementing 

ultrafiltration in tanneries, considering factors like equipment cost, maintenance, energy 

consumption, and potential savings from wastewater reuse. The potential health benefits for 

communities surrounding tanneries were also assessed, emphasizing the reduced pollution and 

decreased strain on local water resources by adopting sustainable waste management practices. 

Based on the findings, recommendations were made on waste management strategies that 

balance economic costs with environmental and health benefits. Emphasis was placed on 

practices and technologies that demonstrated both short-term and long-term sustainability[26, 

27]. The study's findings were compared and validated using prior research and protocols to 

ensure accuracy and reproducibility. All methods and processes were documented to allow 

other researchers to reproduce the study. 

Table 1: Tannery Details and Wastewater Characteristics Before and After 

Ultrafiltration (Mean ± RSD) 

Tan

ner

y 

ID 

Size Locat

ion 

Pre-UF 

COD 

(mg/L) 

Pos

t-

UF 

CO

D 

(m

g/L

) 

Pre-UF 

Suspend

ed Solids 

(SS) 

(mg/L) 

Post-

UF 

Susp

ende

d 

Solid

s 

(SS) 

(mg/

L) 

Pr

e-

U

F 

p

H 

Po

st-

U

F 

p

H 

Fat 

(Pre

-

UF) 

(mg

/L) 

Fat 

(Po

st-

UF) 

(mg

/L) 

Pro

tein 

(Pr

e-

UF

) 

(m

g/L

) 

Pro

tein 

(Po

st-

UF

) 

(m

g/L

) 

T00

1 

Lar

ge 

Khart

oum 

Me

an  

S

D 

1.6

8 

Mea

n  

S

D 

1813.

3 

5.

1

5 

12

.5 

131

5.3

3 ± 

37 

164

.42 

712

.3 ± 

0.8

3 

106

.85 

22.

40

1  

± 

1

7

0 

453

3.2 

5  

± 

1

3

5 

T00

2 

Me

diu

m 

Khart

oum 

17.

52

3  

± 

1

1

5 

1.3

1 

320

1.16  

± 

1

1

6 

1280.

46 

6.

0

2 

11

.3 

969

5.2

1 ± 

23 

121

1.9

0 

523

.9 ± 

0.5

3 

78.

59 



Selma Abd Elrahman Hussein et al. 1837 

 

 
Migration Letters 

 

T00

3 

Sm

all 

Wad

madn

i 

8.7

76  

± 

9

8 

0.6

6 

187

9.15

4  

± 

8

8 

751.6

6 

5.

7 

9.

8 

503

2.1

2 ± 

17 

629

.01 

298

.19 

± 

0.3

3 

44.

73 

 

Table 2: Cost-Benefit Analysis of Ultrafiltration 

Item/Aspect Cost (USD) Potential Savings/Benefit (USD) 

Equipment Purchase 99.000 990 

Maintenance 12.000 36 

Wastewater Reuse 3000 2400 

Environmental Benefits 68000 3400 

 

Table 3: Interview Insights from Tannery Personnel 

Interviewee 

ID 

Role Key Insight/Challenge Current Strategy Feedback on 

Ultrafiltration 

I001 Manager Struggle with meeting 

environmental 

regulations due to high 

contaminant levels. 

Chemical 

treatments 

followed by 

sedimentation. 

Positive; believes it can 

significantly reduce 

contaminants and 

improve water reuse. 

I002 Worker Concerns about skin 

conditions due to 

exposure to polluted 

water. 

Use of personal 

protective 

equipment. 

Positive; feels it could 

lead to a safer working 

environment. 

I003 Manager High operational costs 

associated with current 

wastewater treatment. 

Outsourcing 

wastewater 

treatment to 

external agencies. 

Interested; sees 

potential for cost 

savings and in-house 

wastewater 

management. 

I004 Worker Reports of foul odors 

causing discomfort 

during working hours. 

Regular cleaning 

and ventilation. 

Optimistic; believes 

ultrafiltration could help 

reduce odors by 

removing organic 

contaminants. 
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I005 Manager Difficulty in reusing 

water due to its poor 

quality post-treatment. 

Limited water 

recycling, mainly 

buying fresh 

water. 

Enthusiastic; sees 

ultrafiltration as a 

solution to enhance 

water reuse and thereby 

reduce water 

procurement costs. 

 

Table 4: Recommendations for Waste Management 

Recommended 

Strategy 

Environmental Benefit Health Benefit Estimated 

Cost Saving 

(USD) 

Ultrafiltration High removal efficiency 

leading to reduced 

pollution and better 

adherence to regulations. 

Decreased exposure to 

harmful chemicals and 

contaminants in water. 

682 

Reverse 

Osmosis (RO) 

Further purification of 

water, almost complete 

salt and ion removal. 

Highly purified water 

reducing risks of 

waterborne diseases. 

8000 

Anaerobic 

Digestion 

Production of biogas, 

reduction in organic load. 

Reduction in pathogens 

leading to improved 

groundwater quality. 

5590 

Lime Treatment Precipitation of heavy 

metals and neutralization 

of acidic wastes. 

Reduced exposure to 

heavy metals and other 

toxic compounds. 

4200 

Solar 

Evaporation 

Ponds 

Utilizes solar energy, 

concentrates waste for 

easier disposal. 

Minimized water 

contamination as 

harmful chemicals get 

concentrated and 

separated. 

9000 

Constructed 

Wetlands 

Natural method for 

treating wastewater, 

supports biodiversity. 

Reduction in pathogens 

and organic pollutants 

through natural 

processes. 

9000 

 

Result and Discussion  

Figure 1 : 
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Figure 1 vividly illustrates the remarkable capability of ultrafiltration in diminishing Chemical 

Oxygen Demand (COD) levels across three distinct tanneries in Sudan. Notably, TID1 

exhibited the most dramatic reduction, indicating the heightened effectiveness of ultrafiltration 

in tanneries with elevated pollutant concentrations. Meanwhile, both TID2 and TID3 reflected 

considerable decreases as well. The uniformity of these results across diverse tanneries 

highlights ultrafiltration's promise as a pioneering solution for wastewater management in the 

tanning industry. 

Figure 2: 

 

Figure 2 clearly demonstrates the efficacy of ultrafiltration in mitigating Suspended Solids (SS) 

levels in three distinct tanneries in Sudan. With TID1 beginning at the highest SS concentration, 

its substantial reduction post-treatment showcases the transformative power of ultrafiltration, 

especially in settings with higher pollutants. Concurrently, TID2 and TID3 also revealed 

notable decreases in SS levels. The uniform decline across different starting concentrations 

reinforces ultrafiltration's role as a game-changer in addressing suspended solids challenges in 

the tanning sector. 

Figure 3:  
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Figure 3 distinctly presents the pH fluctuations before and after integrating ultrafiltration in the 

three analyzed tanneries. Post-treatment, both TID1 and TID3 observed an upward shift in pH, 

leading their wastewater towards an increasingly alkaline state. In contrast, TID2 registered a 

minor drop in pH, yet remained within the alkaline range. Such variations indicate that 

ultrafiltration's effect on pH can differ, possibly due to the intrinsic qualities of the wastewater 

in each tannery and the specific ultrafiltration settings utilized.Figure 4:  

 

Figure 4: presents a comparison of fat concentrations in wastewater before and after 

ultrafiltration across the three tanneries. For TID1, there's a minor decline in fat concentration 

post-ultrafiltration, whereas TID2 exhibits a more substantial reduction. In contrast, TID3 

shows nearly identical fat levels before and after the filtration process. This suggests that while 

ultrafiltration can effectively reduce fat concentrations in some contexts, its efficiency might 

be contingent on specific operational conditions or initial fat content in the tanneries' 

wastewater. 

Figure 5:  
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Figure 5: delineates a comparison between protein concentrations in wastewater before and 

after ultrafiltration from three different tanneries. For TID1, there's a pronounced decrease in 

protein concentration after the filtration process. TID2 also displays a reduction, albeit less 

drastic than TID1. Meanwhile, TID3 observes a relatively slight decline post-ultrafiltration. 

These findings suggest that while ultrafiltration generally reduces protein concentrations, the 

efficacy can vary among tanneries, possibly due to differences in operational practices or the 

initial protein content of the wastewater. 

Table 2 offers a comprehensive cost-benefit analysis of implementing ultrafiltration in 

tanneries. When breaking down the expenses, the initial outlay for equipment purchase stands 

out at $99,000, with potential savings only a fraction of this at $990. Maintenance, on the other 

hand, incurs a cost of $12,000, but offers threefold savings, amounting to $36. The tangible 

financial benefits become clearer when considering wastewater reuse. With an expenditure of 

$3,000, tanneries can potentially save up to $2,400, presenting an almost 80% return on 

investment. The most significant gain, however, lies in the environmental benefits. While the 

valuation of such benefits can be abstract, an estimated $68,000 spent on achieving these 

ecological advantages can lead to potential savings of $3,400. This underscores that beyond 

immediate financial considerations, the long-term environmental and societal gains are 

paramount. The analysis thus accentuates the value proposition of ultrafiltration, not just in 

monetary terms, but more crucially, in fostering sustainable tannery operations 

Table 3: offers invaluable insights into the ground-level challenges and perspectives within the 

tannery industry. From managerial concerns about meeting environmental regulations and the 

associated high operational costs, to worker apprehensions regarding health risks and 

workplace discomfort, the need for advanced recycling and effective waste management is 

palpable. 

The current strategies, ranging from chemical treatments to outsourcing wastewater 

management, underline the industry's reactive approach to challenges. However, the feedback 

on ultrafiltration is notably positive across roles, emphasizing its potential as a proactive 

solution. Managers see it as a conduit to not only achieve regulatory compliance but also to 
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realize cost savings and enhance water reuse. Workers, on the other hand, perceive 

ultrafiltration as a means to a safer and more comfortable working environment. 

In essence, the insights from tannery personnel, as highlighted in Table 3, underscore the 

industry's readiness for transformative solutions like ultrafiltration. Such advanced techniques 

align seamlessly with the vision of evolving the tannery sector towards sustainable practices, 

focused on both recycling and the effective reuse of wastes. 

   From the presented strategies in Table 4, a clear path emerges towards creating a sustainable 

tannery anchored in advanced recycling and waste reuse. Ultrafiltration, with its high removal 

efficiency, underscores the balance between ecological responsibility and regulatory 

compliance. Parallel to this, strategies like Reverse Osmosis and Lime Treatment further refine 

wastewater quality, minimizing health risks and ensuring the reuse of cleaner water. 

Anaerobic Digestion offers a dual advantage: not only does it address waste, but it also 

generates renewable energy, exemplifying waste reuse. Meanwhile, methods like Solar 

Evaporation Ponds and Constructed Wetlands integrate nature-aligned processes, highlighting 

sustainability while ensuring minimal environmental impact. 

In essence, these strategies collectively pave the way for tanneries to evolve into sustainable 

entities, emphasizing both advanced recycling and the effective reuse of wastes. 

3. Conclusion 

In conclusion, this investigation underscores the pressing need for sustainable waste 

management in tanneries. By exploring ultrafiltration, the study reveals a promising avenue 

that strikes a balance between environmental conservation and economic feasibility. 

Implementing such sustainable methods in tanneries not only reduces environmental pollution 

but also presents significant health advantages for surrounding communities. Embracing these 

sustainable practices can revolutionize waste management in the tannery industry, leading to 

long-lasting environmental, health, and economic benefits 
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