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Abstract: Aqueous free chlorine remains widely used in water treatment on account of its low 
cost, ease of use, and generally high efficacy as a disinfectant. However, certain pathogens (e.g., 
Cryptosporidium parvum, Giardia lamblia) exhibit considerable resistance to chlorine. We have 
found that inactivation of chlorine-resistant microorganisms can be significantly enhanced during 
chlorination processes by utilizing sunlight-driven activation of free chlorine to generate various 
reactive oxygen species (e.g., HO•, O(3P)), as well as O3, in situ. For example, the inactivation of 
Bacillus subtilis spores (common surrogates for chlorine-resistant pathogens) in pH 8 phosphate-
buffered solutions dosed with 3-6 mg/L Cl2 can be accelerated >2-fold by irradiation with 
simulated sunlight for as little as 12 minutes. Similar results are observed under natural sunlight, 
as well as in natural water samples obtained from regional drinking water utilities. A lack of 
spore inactivation under sunlight alone, coupled with nearly complete suppression of 
enhancement effects during chlorine photolysis in the presence of 50-mM t-BuOH (a HO• and 
O(3P) scavenger), attest to the role of photochemically-generated ROS in these systems. 
Implications of these findings will be discussed in the context of possible strategies for practical 
implementation, with emphasis on both centralized and decentralized treatment. 
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