Table 3:  The most hazardous ingredients in cleaning products investigated.  
	Name 
	Chemical formula
	Physicochemical properties
	Inhalation exposure 


	Skin exposure 


	Sensitization


	Purpose of use in cleaning products 

	Quaternary ammonium compounds


	Examples :
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Di-decyl di-methyl ammonium chloride
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N Alkyl dimethyl benzyl ammonium chloride
(benzalkonium chloride)
	Quaternary ammonium compounds are salts that are soluble in water and alcohol [1]. 
	Because they are not volatile compounds inhalation exposures can happen through products’ aerosolization. Commonly used solutions can cause nose and throat irritation. Benzalkonium chloride is a serve eye irritant [1].  


	Benzalkonium chloride is a primary skin irritant in solutions of less than 10%. Exposures to quats may cause allergic reactions to skin [2].
	Limited evidence implicates quats in the development of allergic responses and occupational asthma 
 ADDIN EN.CITE 
[3, 4]
. Exposures to benzalkonium chloride have been associated with combined respiratory and dermal hypersensitivity[2]. 
	Used as a low-level disinfectant. High level of disinfection is achieved if different quats and alcohols are mixed.             

Mostly used in bathroom, floor, and general purpose cleaners. 

	Glycol ethers 

 2-Buthoxyethanol
	 Examples : 
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2-Butoxyethanol (2-BE) 

	 2-BE boiling point (BP):168 OC.  
	2-BE vapors are irritants to eyes and respiratory tract  [5].  
PELa :50 ppm 

TLVb -20ppm [6]
RD50c-2824ppm [7]
Class A3 : Confirmed animal carcinogen with unknown relevance to humans [6].
	2-BE is a skin irritant. 
It is absorbed in the body through skin[8]. Dermal exposure  is an important exposure route[9] [11]. 

BEI: butoxy-acetic acid in urine: 200 mg/g creatinine 
 ADDIN EN.CITE 
[6, 10]
.
	No evidence of sensitization was found in the literature. 


	Used as solvent in cleaning products to dissolve fatty substances. Mostly used in glass, general purpose cleaners, and floor care products. 

	Ethanolamine
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Mono-ethanol amine 


	BP: 170.8 0C

 
	Breathing its vapors can irritate the nose, throat and lungs,  causing coughing, wheezing and shortness in breath [1]. 
PEL: 3 ppm 

TLV: 3ppm
	It is a skin irritant and it can be absorbed through the skin. Can cause skin sensitization[1]. 
	Exposures to ethanolamine has been linked to occupational asthma [11].
	Used as surfactant

in cleaning products. Used in floor care products, general purpose, glass and bathroom cleaners.  

	Alcohols
	Examples : 
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Benzyl alcohol
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Isopropyl alcohol
	BP: 205 0 C 

BP: 82.5 0 C
	Benzyl alcohol :

Workplace Env. Exposure level, TWA is 10ppm. 

Isopropyl alcohol: Highly volatile. Irritant to eyes, and the upper respiratory tract. Prolonged exposure may cause lung damage [1]. 
PEL : 400 ppm

TLV : 200 ppm

RD50 :5000ppm [7]
	Slightly irritant to skin. Dermal exposure is a potential exposure route[1].
Repeated skin exposure can cause itching, redness, rash, drying and cracking.

Irritates and burns the skin [1].
	Benzyl alcohol has been reported as a contact allergen in cleaning products 
 ADDIN EN.CITE 
[12, 13]
.

	Are used as solvents and disinfectants in cleaning products. 



	 Ammonia

	NH3
	Found in the aqueous solutions on the form of ammonium hydroxide.

(BP): -33.5 0 C. 
	Highly irritant. Inhalation to its vapors can irritate the nose, throat, lungs causing wheezing and shortness of breath. Prolonged exposure can cause bronchitis[1, 14].
PEL :50ppm ; TLV=25ppm
RD50-303 pm 
	Even at low concentrations is extremely irritating to the skin. Repeated skin contact can cause dryness, itching and redness. Can penetrate the skin[1].
	No evidence of sensitization was found. 
	Used in glass cleaners. 

	Phenols/chlorinated phenols 
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Ortho benzyl para chlorophenol (OBPC)
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Ortho phenyl phenol (OPP)

	OBPC

BP: 160-162 0C  

  OPP

BP: 286 0C
	Irritant to eyes and respiratory tract when inhaled [15]. 

	Moderate skin irritant.  Occupational exposures may happen mostly through dermal contact [1].   

	Sensitivity potential reported from animal studies [16].
	Phenols are used as disinfectants in cleaning products


a) PEL=Permissible Exposure Limit occupational standard enforced by Occupational Health and Safety administration (OSHA) 

b) TLV= Threshold Limit Value Standard recommended by American Conference of Governmental  Industrial Hygienists (ACGIH)

c) RD50= Concentrations of airborne chemicals at which a 50% decrease in respiratory rate can occur (developed by animal studies). 
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