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ABSTRACT

1. Introduction and General Classification

In the current raising context of structural waste management [1], the National Institute for Research and
Physico-Chemical Analysis (INRAP) is a key player involving this process, as it consists of a central
administration, a maintenance and IT service, 3 research laboratories, and a central analysis platform comprising 17

analysis departments. These departments generate several types of waste, including primarily:
1) Waste from chemistry (Organic solvents, acids and bases, heavy metals...)
2) Solid waste: Laboratory glass and plastics, filtration material, soiled containers, broken glassware...)

3) Electrical waste and electronic equipment (PCs, keyboards, mice, obsolete equipment, electronic components,

batteries...)
4) Waste from the vehicle fleet: mechanical spare parts, tires...
5) Printing waste (Cartridges, inks, ...)
6) Metal waste from the maintenance and machining service
7) Waste from cleaning activities (cleaning products)
8) DIY waste (paint, varnish, glue, sealant, gardening)
9) Other waste: Clean packaging, papers, cardboard, recyclable plastics
10) Residual household waste...

Each type of waste has its own specific environmental and health risks, requiring rigorous sorting and appropriate

treatment channels [2].

% 2. Environmental Strategy
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In Tunisia, the National Waste Management Agency (ANGed) is an official Tunisian reference organization, one of
whose missions is mastering the management of different waste types. Earlier, it was established inspired manual
dedicated to identification, classification, packaging, storage, transportation, and waste treatment from laboratory
activities [3]. At INRAP, the "Chemical Waste Management and Environmental Safety" team has adopted the
management model mentioned by ANGed to develop an adequate waste sorting system specific to our wastes
(www.anged.nat.tn). To achieve this purpose, the waste management team has implemented adapted strategies:

1) Diagnosis of current situation: It was conducted to inventory the various wastes generated by different INRAP

departments for preliminary classification.

2) Establishment of sorting areas and waste identification: Dedicated containers are installed for each waste type.

Each waste type must be clearly labeled according to its nature and hazard.
3) Implementation of safety equipment: For handling hazardous or risky waste.

4) Separation of hazardous and non-hazardous waste: It is essential to avoid any mixing between waste categories

to facilitate their treatment.

5) Secure storage of hazardous waste: Chemical waste containers are kept in separate rooms away from work

areas to avoid risk of incidents such as leaks.

6) Collaboration with specialized contractors for waste collection: Contracts with companies approved by ANGed

for the collection and treatment of chemical waste.
7) Ensuring traceability of the various collected wastes.

8) Respect of color codes: Adoption of color codes to facilitate sorting.

&
Blue: Papers and Cardboard
_
Red: Organic and household waste
Yellow: Contaminated plastic waste
=
Green: Broken and/or contaminated glass

White: Recyclable plastic

Figure 1. Color-coded segregation containers used for sorting different waste categories at INRAP
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3. Impact and Valorization

Regular staff training and awareness is essential to ensure correct waste handling and strict application of sorting
procedures [4]. The waste management and environment team plan to organize regular awareness sessions on waste

management soon and to provide clear instructions on sorting and storage procedures.

Despite the efforts of the Waste Management and Environmental Safety Team and the commitment of the General
Directorate Board, the chemical waste management system remains in a primary early stage. This limitation is
mainly attributable to the financial constraints associated with its deployment, including the continuous increase in
costs related to the acquisition of waste containment and packaging equipment, the supply of personal protective
equipment, specialized personnel training, as well as the development of a storage infrastructure compliant with

current regulatory standards.

The high cost associated with waste removal and treatment constitutes a major economic and environmental

challenge [5], requiring the adoption of effective mitigation strategies, articulated around the following axes:

1) Waste reduction at source: Process optimization and the application of low-impact techniques help minimize
the consumption of critical resources. For example, implementing automated Solid Phase Extraction (SPE) to
replace liquid-liquid extraction in chemical analyses constitutes a more efficient alternative, reducing the use of

hazardous solvents and limiting polluting discharges [6].

2) Reduction of dependence on fossil fuels and transition to renewable sources: The use of sustainable alternatives
such as solar, wind energy, or green hydrogen, produced from renewable resources, represents a promising
approach. In particular, “Green Hydrogen” can be used as an energy vector for the conversion and valorization
of biodegradable waste into energy, thus contributing to a circular economy and reducing greenhouse gas

emissions.

3) Substitution of products with high environmental impact: Reducing the use of substances that are difficult to
biodegrade is a priority, involving their replacement by more environmentally friendly alternatives, such as

bio-packaging, which offer better biodegradability and a lower ecological impact [7].

4) Encouragement of research in the field of waste valorization: It is crucial to encourage researchers to develop
advanced and ecologically sustainable processes. This includes, for example, the development of innovative
recycling technologies, such as prototypes for redistilling organic solvents using renewable energy sources, as

well as the optimization of biological treatment techniques for more sustainable waste management.
2 4. Conclusion

Waste management in research institutes represents a complex but essential challenge. A proactive approach
integrating sorting, securing, valorization, and training not only helps reduce environmental impacts but also
optimizes resources and ensures staff safety. This approach helps promote sustainable research, combining

scientific innovation and environmental responsibility. “Such an approach is no longer an option, but a necessity."

Future efforts should focus on the following key areas:
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1) Development of dedicated treatment infrastructure: Establishing specialized facilities.
2) Integration of green chemistry principles: Promoting ecological methods.
3) Capacity building by regular training programs: Improve waste monitoring and traceability.

4) Advancing research innovation in waste valorization: Supporting projects on recycling or solvent recovery.
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