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Importance of metal analysis
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Two flow injection approaches

• Off-line dilution with 
Hamilton ML500 
series

• Niagara Plus flow 
injection accessory

• 18.5 sec/sample

• All in one dilution 
and analysis

• Assist flow injection 
accessory (syringe- 
based)

• AIM high capacity 
autosampler

• 28 sec/sample

Niagara Plus                Assist



Niagara II valve characteristics

• Minimum swept volume
• Minimum distance from 

nebulizer
• Constant path ID
• Rigid rotor
• Removable stator
• Easy to configure



Experimental parameters

• Varian Vista Pro radial ICP-OES
• Twinnabar spray chamber (20ml internal 

volume with baffle)
• Ceramic VeeSpray nebulizer
• Single-piece quartz torch with 0.8mm bore 

injector



Niagara Plus on Varian Vista ICP



Niagara Plus schematic
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Niagara Plus schematic
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Niagara Plus 
method

Instrument method

Niagara method



Carryover Comparison 
(after 100mg/L standards)
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Diluted oil with 1s rinse
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Carryover in diluted oil samples 
1s rinse
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Assist on Varian Vista Pro



Assist Schematic- rinse/refill
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Assist Schematic- home/inject

Neb



Assist method



Assist 
instrument 

method



Assist calibration
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Reproducibility comparison
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Replicate study 
Average of ten 100mg/L stds for 21 lines
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Comparison of dilution accuracy
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Carryover comparison
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Summary

• Requires off-line 
dilution

• RSD’s <1.0%
• No rinse

– 18.5s/sample
– <0.3% carryover

• 1s rinse
– 25s/sample
– <0.2% carryover

• Uses raw undiluted 
oil

• RSD’s <3%
• No rinse

– 28s/sample
– <0.2% carryover

Niagara Plus                Assist
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