TEACHER PAGES
Chlorine or UV at Thistlewood: A Water Disinfection Debate Kit
Debate kit · Grade 11 · Science
A grade 11 debate kit on whether a fictional utility should replace chlorine with UV disinfection, weighing residual protection against chemical byproducts and handling.
	Time
	2 sessions, about 60 minutes in all

	Prep
	Low prep

	Materials
	None

	Rubric
	At the end of this document

	License
	Public domain (CC0). Copy, edit, and share freely, without attribution.



Objectives
1. Students will evaluate evidence on both sides of a water-disinfection technology resolution.
1. Students will explain the chemistry trade-off between residual protection and disinfection byproducts.
1. Students will construct and deliver a rebuttal supported by named evidence.

Standards
HS-ETS1-3 (NGSS): Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs that account for a range of constraints, including cost, safety, reliability, and aesthetics as well as possible social, cultural, and environmental impacts.
How this material addresses it: Both Evidence File cases weigh the same competing disinfection solutions against prioritized criteria of pathogen inactivation, lasting residual protection through the distribution system, byproduct formation, and operator chemical-handling safety, the trade-off evaluation this standard requires.
WHST.11-12.1 (Common Core ELA): Write arguments focused on discipline-specific content.
How this material addresses it: Students draft discipline-specific rebuttal arguments defending either chlorine or ultraviolet disinfection using named evidence from the Evidence File, the focused argument-writing this standard requires of Thistlewood's disinfection resolution.
Vocabulary
Disinfection: Disinfection is the step that kills or disables germs in water so it is safe to drink. Water plants usually disinfect with chlorine, ultraviolet light, or ozone.
Pathogen: A pathogen is a germ, such as a bacterium, virus, or parasite, that can make people sick. Keeping pathogens out of drinking water is the most important job of water treatment.
Also: residual, byproduct, ultraviolet
Teacher overview
This is a two-team structured debate for a 60-minute block split across two sessions, with the first session used for evidence review and case preparation and the second for the debate itself. Students argue for or against the Thistlewood Water Authority (a fictional utility created for this debate) replacing its chlorine disinfection system with ultraviolet (UV) disinfection, a resolution with real chemistry and engineering tension between two disinfection technologies that solve different parts of the same problem.
Differentiation
Support (below grade level)
Provide a simplified evidence card for each side listing only its single strongest point, and give sentence starters for rebuttals ("Our opponents claim ___, but the evidence in the file shows ___.").
Extension (above grade level)
Ask students to reason, using only the Evidence File provided and not outside sources, about what a "second treatment step" combining UV with a small residual dose might actually look like in practice, and to incorporate that reasoning into a stronger rebuttal for either side.
ELL supports
Pre-teach "disinfection," "residual," and "byproduct" with simple definitions and a labeled diagram showing water leaving a treatment plant and traveling through pipes to a house, with chlorine's residual shown as protection along the way that UV alone does not provide. Allow students to deliver rebuttals from written notes rather than extemporaneously.
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Resolution & Background
Resolution: "The Thistlewood Water Authority should replace its chlorine disinfection system with ultraviolet (UV) disinfection."
Background: Thistlewood draws its supply from a river, so it is regulated as a surface-water system. Chlorine has disinfected drinking water in the United States for more than a century. It kills pathogens at the treatment plant. It also leaves behind a lasting residual that keeps protecting water as it travels through miles of pipe to reach a customer's tap. The maximum residual disinfectant level for chlorine is 4.0 mg/L. Systems typically maintain a working residual of 0.2 to 2.0 mg/L in distribution. Chlorine has two drawbacks. It can react with organic material in water to form disinfection byproducts, and plant staff must handle a hazardous chemical safely every day. UV disinfection works differently. It inactivates pathogens, including some that resist chlorine at practical doses, by damaging their genetic material with ultraviolet light. It adds no chemical to the water and forms no disinfection byproducts. UV's drawback is that it leaves no lasting residual. Once treated water leaves the UV reactor, it has no ongoing protection against contamination or bacterial regrowth for the rest of its trip through the pipes.
Evidence File
Case for switching to UV:
1. UV light is highly effective against pathogens such as Cryptosporidium and Giardia. Chlorine inactivates Giardia only with long contact times at the plant, and it cannot practically inactivate Cryptosporidium at the doses used in drinking water. (General water-treatment engineering principle.)
1. UV disinfection adds no chemical to the water and forms no disinfection byproducts. This avoids a trade-off built into chlorine use: operators must keep the residual below the 4.0 mg/L maximum residual disinfectant level while holding a typical operating residual of 0.2 to 2.0 mg/L, and they must monitor and manage that balance every day. (Source: EPA Stage 1 Disinfectants and Disinfection Byproducts Rule.)
1. A fictional engineering memo written for this debate estimates that switching to UV would sharply cut Thistlewood's annual chemical-handling incidents. The plant would no longer need to store and handle bulk chlorine gas or hypochlorite in the same volume. (Illustrative estimate created for this debate, not a documented figure.)

Case for keeping chlorine:
1. Chlorine provides a lasting disinfectant residual that keeps protecting water as it moves through miles of pipe, guarding against contamination that enters after treatment. UV disinfection stops protecting the water the instant it leaves the UV reactor. (General water-treatment engineering principle.)
1. Federal rules require surface-water systems to keep a detectable disinfectant residual throughout the distribution system, so even with UV installed the utility would still need to add a small chlorine residual afterward. UV would not eliminate the chlorine system; it would add a second treatment step on top of it. (Source: EPA Surface Water Treatment Rules.)
1. Thistlewood's current chlorine system already meets the federal maximum residual disinfectant level of 4.0 mg/L with room to spare. It operates in the typical 0.2 to 2.0 mg/L range utilities maintain in distribution, so the existing system has no compliance problem that switching technology would solve. (Source: EPA Stage 1 Disinfectants and Disinfection Byproducts Rule.)
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RUBRIC · FOR TEACHERS
Chlorine or UV at Thistlewood: A Water Disinfection Debate Kit
Debate kit · Grade 11 · Science
	Criterion
	Emerging
	Developing
	Proficient
	Advanced

	Evidence use
	Repeats a claim with no cited evidence from the Evidence File
	Cites one piece of evidence without explaining its relevance to the resolution
	Cites at least two pieces of evidence and explains how each supports the team's position
	Cites multiple pieces of evidence, explains their relevance, and anticipates the opposing side's likely response

	Rebuttal quality
	Does not respond to the opposing team's points
	Responds to an opposing point but without new evidence
	Directly rebuts a specific opposing point using evidence from the file
	Rebuts multiple opposing points and explains why the team's evidence outweighs them

	Organization & delivery
	Argument is difficult to follow; no clear structure
	Argument has a structure but transitions between points are unclear
	Argument follows a clear claim-evidence-conclusion structure
	Argument is clearly structured, confidently delivered, and directly responsive to the resolution
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