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The global reliance on topical antimicrobial agents, specifically hand sanitizers, has shifted from a clinical necessity
to a ubiquitous consumer requirement. However, behind the simple application of a gel or spray lies a complex
chemical framework governed by rigorous regulatory standards. Understanding the Safety Data Sheet (SDS),
chemical composition, and regulatory landscape is critical for manufacturers, distributors, and safety officers. This
article provides a comprehensive technical breakdown of hand sanitizer formulations, focusing on the Assured
brand and similar ethanol-based products, while navigating the intricacies of FDA regulations and DOThazardous
material classifications.

1. The Theoretical Framework of Alcohol-Based Hand Sanitizers

Hand sanitizers are primarily classified based on their active pharmaceutical ingredient (API), which is typically
either Ethyl Alcohol (Ethanol) or Isopropyl Alcohol (Isopropanol). The mechanism of action is rooted in the
denaturation of proteins and the disruption of microbial lipid bilayers. For maximum efficacy, the concentration of
alcohol must fall within a specific window—typically 60% to 95% by volume.

The Mechanism of Antimicrobial Action

Alcohols exhibit rapid broad-spectrum antimicrobial activity against vegetative bacteria, viruses, and fungi. The
process involves:

¢ Protein Denaturation: Alcohol molecules penetrate the cell wall and plasma membrane, causing the structural
proteins within the pathogen to unfold and aggregate.

 Membrane Disruption: The lipophilic nature of alcohol allows it to dissolve the lipid envelope of many viruses
(such as SARS-CoV-2), rendering them inactive.

e Optimal Hydration: Pure 100% alcohol is less effective than aqueous solutions because water acts as a
catalyst in the denaturation process. This explains why the WHO-recommended formulations and products like
Assured Instant Hand Sanitizer utilize concentrations between 62% and 80%.

2. Chemical Composition and Ingredient Functionality

A technical analysis of the Assured Instant Hand Sanitizerand similar gel-based products reveals a sophisticated
matrix designed for stability, skin compatibility, and controlled evaporation. The following table identifies core
ingredients found in technical specifications and their specific chemical roles.



Ingredient Name Chemical Purpose Technical Characteristic

Ethyl Alcohol (62-80%) Active Ingredient (API) Antimicrobial solvent; volatile organic
compound (VOC).

Water (Aqua) Solvent/Catalyst Facilitates protein denaturation;
diluent.
Glycerin (Glycerol) Humectant Prevents skin desiccation (drying);

high viscosity liquid.

Propylene Glycol Skin Conditioning Agent Enhances ingredient penetration and
maintains moisture.

Carbomer (Copolymer Type A) Thickening Agent Cross-linked acrylic acid polymer;
creates the "gel" texture.

Triethanolamine (Trolamine) pH Adjuster / Neutralizer Alkaline agent used to neutralize
carbomers to form a clear gel.

Tocopheryl Acetate (Vitamin E) Antioxidant Skin conditioning; stabilizes the lipid
barrier.
Aloe Barbadensis Leaf Juice Soothing Agent Botanical extract used to mitigate

alcohol-induced irritation.

Advanced Polymer Rheology

The transition from a liquid alcohol solution to a stable gel requires the use of Carbomers. These are high-
molecular-weight polymers of acrylic acid. In an acidic state, the carbomer molecules are tightly coiled. When
neutralized by a base like Triethanolamine (TEA), the molecule ionizes and expands due to electrostatic
repulsion, thickening the solution into a clear, viscous gel. This rheological property is essential for consumer
usability, ensuring the product does not instantly run off the hands upon application.

3. Safety Data Sheet (SDS) Technical Breakdown

An SDS (formerly known as an MSDS) is a standardized document containing 16 sections designed to
communicate the hazards of chemical products. For hand sanitizers, the SDS is a legal requirement under the
OSHA Hazard Communication Standard (29 CFR 1910.1200).

Section 1-3: Identification and Hazards

These sections identify the product (e.g., SKU 903083-80z Assured Hand Sanitizer) and its hazards. Hand
sanitizers are almost universally classified as Flammable Liquids (Category 2 or 3). The flash point for a 62%
ethanol solution is approximately 21°C (70°F), making it highly ignitable at room temperature.

Section 9: Physical and Chemical Properties
Technical writers and engineers focus on this section for logistical planning. Key metrics include:
¢ Flash Point: The lowest temperature at which vapors will ignite given an ignition source.

¢ Specific Gravity: Usually between 0.87 and 0.93, indicating it is lighter than water.
e pH Value: Adjusted to 6.5-7.5 to match the skin's natural mantle.



Section 14: Transport Information

This is where the DOT (Department of Transportation) classification resides. Most hand sanitizers are assigned
UN 1170 (Ethanol Solutions), Class 3, Packing Group Il or Ill. However, small consumer sizes (like the 8 oz
Assured bottles) may qualify for Limited Quantity (LTD QTY)exceptions, which relax some labeling and
packaging requirements for ground transport.

4. Regulatory Compliance and FDA Oversight

During the COVID-19 pandemic, the FDA issued temporary guidances for hand sanitizer production, which led to
an influx of new brands. However, this also led to significant safety issues, primarily Methanol Contamination.

The Methanol and 1-Propanol Crisis

The FDA has recalled over 75 brands of hand sanitizer due to the presence of Methanol (Wood Alcohol).  Unlike
Ethanol, Methanol is toxic when absorbed through the skin or ingested, leading to blindness, neurological damage,
or death. Technical analysis of recalled products often shows that manufacturers substituted industrial-grade
ethanol or denatured spirits containing high levels of impurities.

Labeling Requirements

The FDA mandates a Drug Facts Label for hand sanitizers, which must include:

1. Active Ingredient: Including the percentage.

2. Purpose: Antimicrobial.

3. Uses: To help reduce bacteria that can potentially cause disease.

4. Warnings: Flammability, external use only, and "keep out of reach of children."

5. Practical Field Guide: Storage, Handling, and Disposal

Proper management of hand sanitizer stocks is vital for facility safety, especially in high-volume environments like
warehouses or hospitals.

Storage Requirements

Because hand sanitizer is a flammable liquid, it must be stored in accordance with NFPA 30 (Flammable and
Combustible Liquids Code). Large quantities should be kept in dedicated flammable liquid storage cabinets or
areas equipped with automatic fire suppression systems. Avoid storing near oxidizers or heat sources.

Managing Expired Product

As noted in environmental health and safety (EHS) guidelines, hand sanitizer does have an expiration date. This is
not necessarily because the alcohol becomes toxic, but because the alcohol content evaporates over time,
especially if the seal is compromised. Once the concentration drops below 60%, the product's efficacy is no longer
guaranteed. Expired hand sanitizer should not be poured down the drain in large quantities due to its
flammability; it should be treated as Hazardous Waste (D001 characteristic waste under RCRA).

6. Comparison of Formulation Standards

The following matrix compares the standard commercial gel (like Assured) against the WHO-recommended liquid
rub.



Feature Commercial Gel (Assured) WHO Liquid Rub Formulation

Active Ingredient 62-70% Ethanol 80% Ethanol or 75% Isopropanol
Consistency Viscous Gel (Carbomer-based) Thin Liquid

Skin Feel Smooth, moisturized (Glycerin/Aloe) Functional, can be drying

Drying Time Moderate (20-30 seconds) Rapid (15-20 seconds)
Packaging Pump/Squeeze bottles Spray bottles/Dispensers

7.Troubleshooting and Common Operational Challenges

Maintaining a safe and effective hand sanitizer program involves solving several common technical challenges:

Issue: Product Cloudiness or Separation

Cause:This usually occurs due to pH instability or temperature extremes. If the pH drops below the threshold
required for the Carbomer to remain neutralized, the polymer will collapse, and the gel will liqguefy and turn cloudy.

Solution:Ensure storage temperatures remain between 15°C and 30°C. Verify the integrity of the seal to prevent
the ingress of atmospheric CO2, which can lower pH.

Issue: Excessive Tackiness (Stickiness)

Cause: High concentrations of Glycerin or Propylene Glycol, or an imbalance in the Carbomer-to-Neutralizer ratio.

Solution:Adjust the formulation to reduce humectant load or ensure the neutralization process is complete during
manufacturing. For consumers, ensure a smaller amount of product is used and rubbed until completely dry.

8. Final Technical Considerations

The efficacy and safety of hand sanitizers are dependent on a delicate balance of chemistry and compliance.
Manufacturers like Ningbo Cleaner (the producer of Assured Hand Sanitizer) must adhere to cGMP (current

Good Manufacturing Practices) to ensure that every batch meets the labeled alcohol percentage and is free from
contaminants like methanol. For the end-user, the Safety Data Sheet (SDS)remains the definitive document for
understanding the risks and requirements of the product.

As we move forward, the integration of greener chemistry—such as bio-based ethanol and naturally derived
thickeners—will likely define the next generation of sanitization products. However, the core principles of protein
denaturation and flammable liquid safety will remain the cornerstone of technical hand hygiene standards.
Professionals must continue to monitor FDA recall lists and EPA N-liststatuses to ensure that the products
deployed in their facilities are both safe for human contact and effective against evolving viral threats.
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