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• Naturally occurring element in the Earth’s crust

• Arsenite (trivalent) H3AsO3

• Arsenate (pentavalent) H2AsO4
- and HAsO4

2-

• Natural sources

• Weathering of arsenic-bearing minerals

• Anthropogenic sources

• Product manufacturing

• Mining

• Pesticide application

What is arsenic?
• Naturally occurring element iiiiiiiinnnnnnnnnnnnnn thhhhhhhhhhhhhheeeeeeeeeeee EEEaaaaaaaaaaaaaaaaarrrrrrrrrrrrrrrttttttttttttttthhhhhhhhhhhhhh’s crussttttt

• Arsenite (trivalent) HHHHHHHHHHHHHH333333AAAAAAAAAAAAAAAssssssssssOOOOOOOOOOOOOOO33333333333333

• Arsenate (pennnnnnnnnnnntttttttttttttavvvvvvvvvvvva nnnnnnnnnnnnnttttttttttttt))))))))))))))  HH2AsO4
- annnnddddddddddd HHHHHHHHHHHHHHAAAAAAAAAAAAAAsOOOOOOOOOOOOOOO4
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• Natural ssoooooooooooooouuuuuuuuuuuuuuurrrrrrrrrrrrrcccccccccccccccceeeeeeeeeeeeeeeeesssssssssssss
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••••••••••••• Mininnggggg

• Pesticiiiiidddddddddddddddeeeeeeeeeeeee aaaaaaaaapppppppppppppppppppppppppppppppllllllllllllliiiiiiiiiiiiiiication
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• Cancers

• Skin, lung, liver, kidney, bladder

• Vomiting and diarrhea

• Gangrene, numbness, and paralysis

• Skin thickening and discoloration 

• Blindness

• Diabetes

What are the effects of exposure?

WHO Org.

• Cancers

• Skin, lung, liver, kkkkkkkkiiiiiiiiiiiiidddddddddddddddnnnnnnnnnnnnnneeeeeeeeeeyyyyyyyyyyyyyyy,,,,,,,,,,,,,, bbbbbbbbbbbbbbbllllllllllllaaaaaaaaaaaaaaaddddddddddddddddddddddddddddddeer

• Vomiting and diaaaaaarrrrrrrrrrrhhhhhhhhhhh
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• Arsenic is a global issue

• 150 million people worldwide1

• 70 million in Bangladesh and India2

• 13 million in the US3

Who is affected by arsenic?

1.    J. Toxicol. Clin. Toxicol. 
2.    Science
3.    EPA

• Arsenic is a global issue

• 150 million peoppppppppppppllllllllllllleeeee wwwwwwwwwwwwwwooooooooooooooorrrrrrrrrrrrllllllllllldddddddddddddddwwwwwwwwwwwwwwwiiiiiiiiiiiiiidddddddddddddde1
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1.    J. Toxicol. Clin. Toxicol.
2.    Science
3.    EPA
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• Precipitation 

• Adsorption

• Membrane

• Require pre-treatment

• Require post-treatment

• Suitable for municipal water treatment

What treatment options are there?
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• Precipitation

• Adsorption

• Membrane
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• CuO effectively removed arsenic

• Both arsenate and arsenite

• Not affected by competing anions

• Does not require pre- or post-treatment

• Long processes to make CuO

• Questionable purity of CuO

• Particles very large and not uniform

Previous research at U. of Wyoming
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• CuO effectively removed arsseeeeeeeeeeeeeeennnicccccccccccc

• Both arsenate annnnndddddddddddddd aaaaaaaaaaaaarrrrrrrrrrrrrsssssssssseeeeeeeeeeeeeeennnnnnnnnnnnnniiiiiiiiiiiiittttteeeeeeeeeeeeeee
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• LLLLonnnnnnnnnggggggggggggggg ppppppppppppppprrrrrrrrrrrrroooooooooooooooccccccccccccceeeeeeeeeeeeeesses to make CuO

••• QQQQQQQQQQQQQQQQQQuestionable purity of CuO

• Particles very large and not uniform
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Why use nanoparticles?

• Highly reactive
• Faster synthesis of CuO

• Smaller particles = larger surface area
• Higher overall efficiency

• Highly reactive
• Faster synthesis of CuuuuuuuuOOOOOOOOOOOOOO

• Smaller particless === llllllllllll gggggggggggeeeeeeeeeeeeeeeerrrrrrrrrrrrrrrrr surface aarrrrrrrrrreeeeeeeeeeeeeeaaaaaaaaaaaaa
• Higher ovveeeeeeeeerrrrrrrrrrrraaaaaaaaaaaaallllllllllllllllllllllllllll eeeeeeeeeeeeefffffffffffffffffffffffffffffffiiiiiiiiiiiiccccccccccccciency
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Materials and Methods
• Preparation of CuO Nanoparticles

• Sample Collection

• Batch Experiments

• Preparation of CuO Nanoppppaaaaaaaaaaaaaaarttttiiiiiiiiiiiiiccccccccccccccccc ssss

• Sample Collection

• Batch Experimeeeeeeeeeennnnnnnnnnnnntsssssssssssss
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Materials and Methods
• Preparation of CuO Nanoparticles

Ethanolic Solution
Copper chloride (0.2M)
Sodium hydroxide (0.4M)
Polyethylene glycol
Microwave for 10 minutes

• Preparation of CuO Nanoppppaaaaaaaaaaaaaaarttttiiiiiiiiiiiiiccccccccccccccccc ssss

Ethanolic Solution
Copper chloride (00000.........22MMMMMMMMMMM
Sodium hyddrrrroooooooooooooooxxxxxxxxxxxxxxiiiiiiiiiiiidddddddddddddddeeeeeeeeeeeeeee ((((((((((((0000000000.4MMMMM)
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Laboratory                vs.               Modified

Difference: Options, Price

~$50,000                                         ~$300
4th Int. Electronic Conference on Synthetic Organic Chemmmmmmmmemmemmhemm
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• Preparation of  CuO nanoparticles

• Characterize nanoparticles 

• Physical Properties 

• Chemical Properties

Materials and Methods
• Preparation of  CuO nanoparttttttttttttiiiiiiiiiiiiiicleeeeeeeeeeeeeeesssssssssssssss

• Characterize naaaaaaaaaannnnnnnnnnnnoooooooooooooopppppppppppppaaaaaaaaaaaaaaarrrrrrrrrrrrrrtttttttttttttiiiiiiiiicccccccccccccccllllleeeeeeeeeeeeeessssssssssssss 

• Physical Prrrrrrrrroooooooooooooppppeeeeeeeeeee iiiiiiiiiieeeeeeeeeeeeeeessssssssssssssss 

• CCCCCCCChhhhhhhhhhhheeeeeeeeeeeeeeemmmmmmmmmmmmmmmiiiiiiiiicccccccccccccccccaaaaaaaaaaaaaaaallllllllllllll  PPPPPPPPPPPPPPPPPrrrrrrrrrrrrrooooooooooooooooperties
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• Prepare CuO nanoparticles

• Characterize nanoparticles 

• Physical Properties – size, shape

Transmission Electron Microscope

Materials and Methods
• Prepare CuO nanoparticles

• Characterize naaaaaaaaaannnnnnnnnnnnoooooooooooooopppppppppppppaaaaaaaaaaaaaaarrrrrrrrrrrrrrtttttttttttttiiiiiiiiicccccccccccccccllllleeeeeeeeeeeeeessssssssssssss 

• Physical Prrrrrrrrroooooooooooooppppeeeeeeeeeee iiiiiiiiiieeeeeeeeeeeeeeessssssssssssssss – size, sshhhhhhaaaaaaaaaaaaapppppppppppppppppeeeeeeeeeeeeeee
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• Prepare CuO nanoparticles

• Characterize nanoparticles 

• Physical Properties – surface area

BET Surface Area Analysis

85 m2/g

Materials and Methods
• Prepare CuO nanoparticles

• Characterize naaaaaaaaaannnnnnnnnnnnoooooooooooooopppppppppppppaaaaaaaaaaaaaaarrrrrrrrrrrrrrtttttttttttttiiiiiiiiicccccccccccccccllllleeeeeeeeeeeeeessssssssssssss 

• Physical Prrrrrrrrroooooooooooooppppeeeeeeeeeee iiiiiiiiiieeeeeeeeeeeeeeessssssssssssssss – surfaccee aaaaaaaaaaaaaarrrrrrrrrrrreeeeeeeeeeeeeeeaaaaaaaaaaaa
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• Prepare CuO nanoparticles

• Characterize nanoparticles 

• Physical Properties – size, shape

• Chemical Properties – composition, purity

XRD – X-Ray Diffraction

Materials and Methods
• Prepare CuO nanoparticles

• Characterize naaaaaaaaaannnnnnnnnnnnoooooooooooooopppppppppppppaaaaaaaaaaaaaaarrrrrrrrrrrrrrtttttttttttttiiiiiiiiicccccccccccccccllllleeeeeeeeeeeeeessssssssssssss 

• Physical Prrrrrrrrroooooooooooooppppeeeeeeeeeee iiiiiiiiiieeeeeeeeeeeeeeessssssssssssssss – size, sshhhhhhaaaaaaaaaaaaapppppppppppppppppeeeeeeeeeeeeeee

• CCCCCCCChhhhhhhhhhhheeeeeeeeeeeeeeemmmmmmmmmmmmmmmiiiiiiiiicccccccccccccccccaaaaaaaaaaaaaaaallllllllllllll  PPPPPPPPPPPPPPPPPrrrrrrrrrrrrrooooooooooooooooperties –––––––––– ccccccccccoooooooooooooommmmmmmmmmmmmmppppppppppppppoooooooooooooooosssition, pppppppppppuuuuuuuuuuuu yyyyyyyyyyyyyyyyy
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Materials and Methods
• Preparation of CuO Nanoparticles

• Sample Collection

• Worked with USGS and CSREES

• Chose ground water sites with highest arsenic

• Followed Wyoming DEQ Sampling Procedure

• Preparation of CuO Nanoparttttttttttiiiiiiiiiiiiiicleeeeeeeeeeeeeeessssssssssssssss

• Sample Collection

• Worked with UUUUUUUUSGGGGGGGGGGG aaaaaaaaaaaaaaannnnnnnnnnnnnnnnndd CCSREEEESSSSSSSSSSSSSS
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Sampling Locations



Materials and Methods
• Preparation of CuO Nanoparticles

• Sample Collection

• Batch Experiments
Use laboratory reagent grade salts

Reaction volume = 50 mL

Reaction time = 30 minutes

Adsorbent concentration = 2 g CuO/L

ICP-MS and IC to analyze supernatant

tioo2 g

toooooooooooooo rna

• Preparation of CuO Nanoparttttttttttiiiiiiiiiiiiiicleeeeeeeeeeeeeeessssssssssssssss

• Sample Collection

• Batch Experimeeeeeeeeeennnnnnnnnnnnntssssssssssss
Use laborrrraaaaaaaaaaatttttttttttooooooooooooorrrrrrrrrrrrrryyyyyyyyyyyyyyyyy  rrrrrrrrrrrrreeeeeeeeeeeeeeeaaaaaaaaaaaaggggggggggggggggent gradddddddddddddddeeeeeeeeeee saaaaaaaaaaaaaaallllltttttttttttttttttsssssssssssssss
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Materials and Methods
• Preparation of CuO Nanoparticles

• Sample Collection

• Batch Experiments
Adsorption capacity

Reaction kinetics

Effects of oxidation state, competing anions, pH

Groundwater samples

iottttttttttttiiiiiiiiii

s

• Preparation of CuO Nanoparttttttttttiiiiiiiiiiiiiicleeeeeeeeeeeeeeessssssssssssssss

• Sample Collection

• Batch Experimeeeeeeeeeennnnnnnnnnnnntssssssssssss
Adsorptioooonnnnnnnnnnnnn cccccccccccccaaaaaaaaaaaaaapppppppppppppppppaaaaaaaaaaaaaccccccccccccccciiiiiiiiiitttttttttttttty
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Results
• Adsorption capacity

• Langmuir isotherm 

• Maximum adsorption capacity at pH = 8.0

• 26.9 mg Arsenite / g CuO nanoparticles

• 22.6 mg Arsenate / g CuO nanoparticles

• Adsorption capacity

• Langmuir isotheeeeeeerrrrrrrrrrrrrmmmmmmmmmmmmm 
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• 222222222222266666666666666..........99999999999999999 mmmmmmmmmmmmmmmmmggggggggggggggggg Arseniteeeee /////// gggggggggggggg CCCCCCCCCCCCCCCCCuuuuuuuuuuuuuuOOOOOOOOOOOOOOO nanoppppppppppaaaaaaaaaaaarrrrrrrrrr llllllllllllllllleeeeeeeeeeeeeeeesssssssssssss

••• 22.6 mggggggggggggg AAAAAAAAAAAArrrrssssssssssssssseeeeeeeeeeeeeennnnnnnnnnnnnnnnnaaaaaaaaaaaaatttttttttttttttteeeeeeeeeeee / g CuOOOOOOOOOOOOOO nnnnnnnnnnnnnnnnaaaaaaaaaaaaaaannnnnnnnnnnnnnnooooooooooooooppppppppppppppppaaaaaaaaaaaarrticlesAAAAAAAAAAAAAArrrrrrrrrrrrrr/ g

ooooooooooooooorrrrrrrrrrrrrrpppppppppppppcap

Ars//////////// g

ximttt pppppppppppp

rttttttttttttttttiiiiiiiiiiiiicccccccccccccc

• pa
pa 26 nano6.9 n

mua

9 muO

m acity

mg Cu

sorpcap

erm

ti on

m

mgCug Ars e / g C sente nat
g Arsee / g C

m adacit
mgCuO

mumty at ximat pH
muO 6 O 22.na 22anop

•oparticl

0

le



Results
• Adsorption capacity

• Reaction kinetics

• 1 mg/L arsenic

• 2.5 minutes – 20 hours

• pH = 8.0

• Adsorption capacity

• Reaction kinetics

• 1 mg/L arsseeeeeeeeeeeeeeeennniiiiicccccccccc

• 2...555555 mmmmmmmmmmmmmmmiiiiiiiiiiiiiinnnnnnnnnnnnnnnnuuuuuuuuuuuuuuuutttttttttttttteeeeeeeeeeeeeesssssssssss –––––––––– 20 hourrrrrssssssssssssssss
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Results
• Adsorption capacity

• Reaction kinetics

• Effect of competing anions

• 1 mg/L arsenic

• Various sulfate, phosphate, silicate concentrations

• pH = 7.0

• Adsorption capacity

• Reaction kinetics

• Effect of comppppppppppettiiiiiiiiinnnnnnnnnnnnngggggggg iiiiiiiiiiiiiiioooooooooooooonnnnnnnnnnnnnnnns

• 1 mmmmmmmmmmmmmmmgggggggggggggggg/////////////LLLLLLLLLLLLLLLL  aaaaaaaaaaaaaaaarrrrrrrrrrrrrsssssssssssssssseeeeeeeeeeeennnnnnnnnnnnnnnnic
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