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DH-PRO UV Disinfection for Wastewater Treatment

Module 1: Introduction

Learning Objectives
By the end of this section, you will be able to:

e Evaluate the regulatory and safety drivers shifting wastewater disinfection from chlorination to
alternative technologies.

¢ Identify the primary benefits and potential technical challenges associated with implementing
Ultraviolet (UV) radiation in municipal wastewater treatment.

o Distinguish between the three major UV lamp technologies used in modern wastewater
disinfection applications.

Executive Summary: As regulatory agencies impose more stringent chlorine residual limits and safety
requirements, UV radiation has emerged as a high-quality, cost-effective, and safer alternative to
traditional chlorination/dechlorination for municipal wastewater treatment.

The Shift from Chemical to Physical Disinfection

Effluent from municipal wastewater treatment plants (WWTPs) using the activated sludge process must
be disinfected to protect public health and aquatic ecosystems. While chlorine has historically been the
industry standard, its dominance is being challenged by several critical factors:

e Safety Risks: High-profile concerns regarding worker safety and public exposure during the bulk
storage and handling of chlorine gas.

e Regulatory Pressure: The New York State Department of Environmental Conservation (NYSDEC)
and other agencies are implementing more stringent chlorine residual limits.

e Environmental Toxicity: Chlorinated effluent can be toxic to aquatic life, often requiring the
additional step of dechlorination, which increases operational complexity and cost.

e Risk Management: New requirements for Risk Management Plans (RMPs) and strict storage
mandates for sodium hypochlorite have increased the administrative burden of chemical
systems.

UV Technology as an Innovative Solution
Ultraviolet (UV) radiation provides a physical disinfection process that avoids the chemical byproduct
issues associated with chlorine.
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DH-PRO UV Disinfection for Wastewater Treatment

Core Advantages

e Reduces safety risks associated with hazardous chemical handling.
e Eliminates environmental toxicity issues in the receiving water body.

e Maintains high-quality effluent while potentially optimizing energy usage.

Design and Operational Challenges

Despite the benefits, Professional Engineers must apply engineering judgment when addressing specific
site disadvantages:

e Cost Variability: Fluctuating capital and O&M expenses based on flow and water quality.

e Lamp Fouling: The accumulation of inorganic or organic deposits on the quartz sleeves, which
reduces UV transmittance.

¢ Photoreactivation: The potential for certain microorganisms to repair their DNA after UV
exposure when subjected to visible light.

Design Tip: Because wastewater characteristics vary significantly by community and treatment type,
always require pilot-scale evaluations and independently obtained treatability data before finalizing a
UV system design.

The Erie County Southtowns WWTP Demonstration

To provide a data-driven comparison, a comprehensive pilot-scale demonstration was sponsored by
NYSERDA, National Grid, and the Erie County Department of Environment and Planning. This study
evaluated three distinct UV lamp configurations:

1. Low Pressure-Low Intensity (Ip-li)
2. Low Pressure-High Intensity (Ip-hi)
3. Medium Pressure-High Intensity (mp-hi)

The study focused on long-term performance, energy consumption, and the comparative efficacy of UV
on both filtered and unfiltered (secondary clarifier) effluent.
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UV Disinfection for Wastewater Treatment

Checkpoint Quiz

1. Which of the following is a primary driver for WWTPs to switch from chlorination to UV

disinfection?

a)
b)

c)
d)

UV is a chemical-based process that is easier to regulate.

Increased regulatory restrictions on chlorine residual limits and safety management of chlorine
gas.

UV radiation completely eliminates the need for secondary clarification.

Chlorine is no longer effective at killing fecal coliforms.

Answer: (b). Regulatory agencies are reducing allowable chlorine residuals and requiring intensive risk

management for chemical storage.

2.

When evaluating the feasibility of a UV system, which technical "disadvantage" refers to the

biological repair of microorganisms post-treatment?

a)
b)
c)
d)

Lamp Fouling

Tailing

Photoreactivation
Transmittance Interference

Answer: (c). Photoreactivation is the process where target microorganisms repair DNA damage caused
by UV radiation.

3.

The Erie County Southtowns WWTP pilot-scale demonstration specifically compared UV

performance against which traditional process?

a)
b)
c)
d)

Ozonation

Membrane Filtration
Chlorination/Dechlorination
Aerated Lagoons

Answer: (c). The study was designed to evaluate UV as a direct alternative to the standard

chlorination/dechlorination sequence.
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Module 2: Background

Learning Objectives
By the end of this section, you will be able to:

e Evaluate the critical risks associated with chlorine disinfection and how they compare to the
advantages of UV radiation.

e Select the appropriate UV lamp technology (Ip-li, Ip-hi, or mp-hi) based on treatment plant
capacity and operational constraints.

e Calculate required UV dosage and identify water quality parameters that interfere with
disinfection efficacy.

Executive Summary: While chlorine remains common, UV radiation is an increasingly preferred physical
disinfection process that eliminates hazardous chemical handling and toxic byproducts by using specific
C-band wavelengths to disrupt microorganism DNA/RNA.

Chlorine vs. UV Disinfection: Professional Considerations

Chlorine Disinfection Issues

While established, chlorination presents three primary engineering and safety challenges:

e Personnel and Public Risk: Chlorine gas is lethal upon inhalation; facilities must maintain
complex Risk Management Plans for storage and feed lines.

e Aquatic Toxicity: Residual chlorine and chloramines are toxic to biota at concentrations as low
as 0.002 mg/L.

¢ Disinfection Byproducts (DBPs): Reaction with organic matter forms carcinogens such as
Trihalomethanes (THMs) and Haloacetic Acids (HAAs).

The Physics of UV Radiation
UV light (30—400 nm) is divided into UV-A, UV-B, and UV-C. The UV-C range (30-280 nm) is phototoxic.
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Purchase this course to
see the remainder of
the technical materials.
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