lonic Copper:
A More Rational Use of Copper
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Outline

1. What differentiates ionic copper from other coppers
2. Uses of ionic copper: target pests
1. Algae control
2. Mussel control
3. Hydroids and bryozoans
3. Ancillary benefits
A Reduction of TOC
A Reduction of DBPs
A Reduction of T&O
4. Cost Optimizatiorr Cost Adjusted Performance

SEARTHTEC



Regulatory Status of lonic Copper

(as EarthTec and QZ)

A EPA Labeleds an Algaecide/Bactericide,
Molluscicide

A Registered il 50 Statesas
Algaecide/Bactericide, in 30+ States as
Molluscicide

A Certified toNSFStandard 60
A Most uses require no special permitting

Ny EPA




Introduction

What Is ionic copper?

= cupric ion = Cu

Examples of some benefits:

A Effective pretreatment of drinking water
A Results and performance at lower dose
A Add less chemical to the environment
A Conserve time, labor and money
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Green Chemistry



Green Chemistry

. Prevent waste

Maximize atom economy

. Design less hazardous chemical syntheses
. Design safer chemicals and products

Use safer solvents and reaction conditions
. Increase energy efficiency

. Use renewable feedstocks

. Avoid chemical derivatives

. Use catalysts, not stoichiometric reagents
10. Design chemicals and products to degrade after use
11. Analyze in real time to prevent pollution
12. Minimize the potential for accidents
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Source: PaulnastasPhD

EarthTec Is an
example of Green
Chemistry:

A More efficient
formulation

Desired benefits
at lower doses

Less waste
Safer




Copper Sulfate vs lonic Copper

% Inhibition of Algal Growth after 96h of exposure to copper
delivered as conventional copper sulfateBathTec
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Tests performed by AquatigioAssaynd Consulting Inc., against the indicator algal speSielgnastruntapricornutum according to standard bioassays of chronic exposure, 96 hours.



Copper Sulfate vs Chelated and lonic Coppers

Average percent mortality after 96h of exposure to coppased algaecides
at 0.5 mg/L copper equivalent
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Even at equivalent doses of
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more effective that other
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Product Comparison

Copper Sulfatevs EarthTec

Norwalk, OH (2012 vs 2013)

Copper sulfatg lonic Copper

2012 2013

10 8 treatments per year

500 60 Ibs or gallons per treatment

10 Ibs, weight per gal of EarthTec

5,000 4,800 Ibs per year

25% 5% fraction that is elemental copper
1,250 240 elemental copper applied, lgs
100% 19.20% total copper applied, %

When Norwalk switched from copper sulfate to EarthTec, they had fewer total
applications per year and applied <20% of the elemental copper used in previous years,
even though their treatment season spanned a longer portion of the year.



Main message

There is a new generation of liquid copper products that

A deliver copper entirely as cupric ions,*€u
A are highly bioavailable,
A are effective at low doses
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Recommended Dose of EarthTec according to Severity of
Cyanobacterial Bloom

>L/L ppm, as ppb, as

Algal bloom conditions (as EarthTec) copper copper
Preventative dose 0.5 0.030 30
Mild bloom 1 0.060 60
Full bloom 2 0.120 120
Severe bloom 3 0.180 180

EPA max for copper algaecides is 1 mg/L as copper = 1,000 ppb as copper
(Granulated copper requires 5x to 15x more active ingredient)
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Copper Concentrations in Drinking Water
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The copper residual concentration arriving at a WTP is
approximately 1/100% of the Lead and Copper Rule standard



Harmful Algal Blooms (HABS) in the News

. @ Centers for Disease Control and Prevention
s CDC 24/7: Saving Lives, Protecting People™

Caunches updated Harmful Algal Blooms (HABs) webmte and the One Health Harmful Algal
Bloom System OHHABS as hot weather brings extensive HAB events
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HABS are occurring nationwide
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EXPLANATION
25° Microcystin Concentration (MC)
Non-detect (MRL < 0.10 pg/L)
® 0.10 pg/L = MC < 10 pg/L (WHO Low)
] 10 pg/L = MC < 20 pg/L (WHO Moderate) \
A 20 pg/L s MC < 2000 pg/L (WHO High) " \ Source: USGS.gov



Drinking Water Treatment Problems

Associated with Harmful Algal Blooms

Increased Organic Load

A Total Organic Carbon (TOC)
A Dissolved Organic Carbon (DOC)

Taste and Odor (T&O)
A Geosmin, MIB

Aesthetic concerns
Cyanotoxins

A Hepatotoxins, neurotoxins, stomach, skin

Can and do algaecides help?



EARTHTEC

HAB Control
Badger 10/4 9am
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HAB Control
Badger 10/5 @9am
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HAB Control
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HAB Control
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lonic copper for algae control in WTPs
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Case study Callfornla series of

reservows and plpellnes

Terminal Reservoir #2 ]
220 acreft capacity
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Case study: California series of
reservoirs and pipelines
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Case study: California series of
reserv0|rs and p|peI|nes
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EarthTec liquid ionic copper, typically dosed
with metering pumps.

Mobile dosing trailer can be deployed for emergency o
trial applications.



Case study: California series of
reservoirs and pipelines

Dosing hoses from trailer to dosing point




Case study: California series of
reservoirs and pipelines
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Harmful Algal Blooms andicrocystins

HAB in Norwalk, OH 2014
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( Microcystin= 12-22 ug/L 36 h posttreatment.
Treated with EarthTec Monday afternoon Microcystin <1ug/L by Friday

Ohio EPA commended Norwalk on their appropriate management of the bloom.




Harmful Algal Blooms andicrocystins

HAB In Norwalk, OH 2014
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Harmful Algal Blooms andicrocystins
HAB In Herriman, Utah kug,2015
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and two weeks later a followip dose of 0.12 mg/L



Harmful Algal Blooms andicrocystins
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