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5. Conclusion
The study confirms the technical viability of producing pervious concrete using local
raw materials without significant compromise in mechanical or hydraulic performance.
Such an approach supports low-cost, eco-friendly construction solutions for rural and
semi-urban areas.
6. Recommendations
- Further long-term durability testing is advised.
- Field implementation trials should be conducted to study performance under real-life
loading and weather conditions.
- Consideration of local climate and water availability in mix design optimization.
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Abstract

Pharmaceutical-grade sodium chloride (*NaCl*) is widely used in medicine,
pharmacology, and biotechnology. Its production requires strict quality control,
compliance with regulatory standards, and advanced purification technologies. This
paper examines the primary methods for producing high-purity sodium chloride,
including evaporation, recrystallization, and membrane technologies. Key factors
influencing the final product quality, as well as the applicable pharmacopoeial
standards (USP, Ph. Eur., JP), are analyzed. Particular attention is given to modern
trends aimed at improving technological processes and ensuring environmental
sustainability.

Introduction

Sodium chloride (*NaCl*) is an essential component in the medical and
pharmaceutical industries. It is used in the preparation of injection and infusion
solutions, hemodialysis fluids, and as an excipient in drug manufacturing. The critical
parameters of pharmaceutical-grade sodium chloride include high purity, absence of

impurities, and compliance with stringent quality standards.

The production of pharmaceutical-grade sodium chloride involves multistage
purification processes aimed at removing mechanical, organic, and inorganic
contaminants. Modern technologies allow for the production of a product with minimal
impurities, ensuring its safety and effectiveness in medical applications.

Raw Material Sources and Preparation
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Pharmaceutical-grade sodium chloride can be sourced from:

1. Natural seawater and underground salt brines — contain impurities such as sulfates,
calcium, magnesium, and other elements that require removal.

2. Rock and mineral salts — require additional purification to eliminate insoluble
compounds and trace elements.

3. Synthetic methods — involve chemical purification and controlled synthesis of pure

NacCl.

Primary processing includes filtration, removal of mechanical impurities, and chemical
treatments to precipitate unwanted components.

Production Technologies

1. Evaporation and Crystallization Methods

Vacuum evaporation is one of the most commonly used methods, ensuring a high level
of purification. The process includes:

- Brine concentration — removal of water under reduced pressure to increase NaCl
saturation.

- Crystallization — formation of pure crystals through controlled cooling.

- Washing and centrifugation — removal of residual impurities and mother liquor.

- Drying — achieving the required physicochemical properties of the final product.

2. Membrane Technologies

Modern methods include reverse osmosis, ultrafiltration, and electrodialysis for brine
purification:

- Reverse osmosis — removes microelements and organic impurities, ensuring high
purity.

- Electrodialysis — selective removal of impurity ions under an electric field.

- Ion exchange processes — substitution of undesirable ions with safe alternatives.

3. Recrystallization

The recrystallization method involves sequential dissolution and precipitation of NaCl
crystals, significantly reducing impurity levels such as Ca?", Mg?*, and SO.+*". This

method is often combined with membrane technologies to achieve maximum purity.
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Quality Standards and Control

Pharmaceutical-grade sodium chloride must comply with international pharmacopoeial
standards:

- USP (United States Pharmacopeia) — defines purity requirements, solubility tests, and
impurity limits.

- Ph. Eur. (European Pharmacopoeia) — regulates testing methods, including
spectrometry and chromatography.

- JP (Japanese Pharmacopoeia) — establishes national standards for pharmaceutical

NaCl.

Quality control includes:

- Chemical analysis (ICP-MS, AAS) — determination of impurities at ppm (mg/kg)
levels.

- Microbiological control — ensuring the absence of pathogenic microorganisms.

- Physicochemical tests — measurement of pH, conductivity, and moisture content.
Environmental Aspects and Innovations

Modern technologies focus on reducing environmental impact by:

- Water recirculation in technological processes — minimizing freshwater consumption.
- Utilization of alternative energy sources — application of solar and geothermal energy
for evaporation.

- Advancement of membrane processes — reducing the use of chemical reagents.

Conclusion

The production of pharmaceutical-grade sodium chloride requires the application of
complex technologies to meet strict regulatory requirements. Modern methods such as
membrane filtration, recrystallization, and vacuum evaporation enable the production
of high-purity products with minimal impurities. Further developments in this field

focus on improving technological processes and minimizing environmental impact.
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