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The beginnings (1960s’): Greenfield’s and Fassel’s
plasmas



3

The standard “helical” load coil

• Temperature of the plasma tends to follow the shape of the helix 
and creates non-uniform heating, allowing the bottom of the 
plasma to tip. This provides the possibility for sample to escape 
around the outside of the plume



4

Avio 200:  Flat Plate Technology

• Generates perfectly symmetrical plasma
• Full Power range from 750-1500 W (in 1 W 

increments) in both Axial and Radial modes
• No coil, no bonnet, no cooling

◦ Flat Plate technology achieves greater plasma 
robustness and stability because of its unique 
design, leading to less sample loss, greater 
analytical signal, lower argon consumption, and 
less maintenance 

Patents 7106438 and
7511246
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New Induction Plates

• The new induction plate 
plasma running at 1500 watts 
and 8 L/min of argon plasma 
flow.

• The new Induction plates do 
not require cooling
◦ Even under prolonged max-

power operation, the new 
aluminum induction plates look 
like new with no sign of aging.

• For more information see:
◦ Patent No. US 7106438 and 7511246       http://free.patentfetcher.com/
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The Flat Plate RF Oscillator
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Avio 200:  Flat Plate Technology
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New Induction Plates

• Plasma running kerosene at 
full RF power

• 1500 W and 10 Lpm
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Avio 200:  Cutting-edge Innovation

• Patented Flat Induction Plates operate at half the Argon 
flow of helical designs
◦ Avio (and Optima) platforms are the only ICP-OES systems capable of 

running at 8 L/min plasma gas
◦ Same robust plasma conditions for all samples
◦ Full power range allows the analysis of all sample types
◦ No helical load coil needed: eliminates maintenance, consumables cost, 

downtime and leakage risk

Saves up to € “XX” 
per year  for argon 

gas 



10

About ICP-OES Argon Gas Consumption (Lpm)

Plasma On / Running
PerkinElmer PerkinElmer T.…o A…..t S…..o

Optima 8300 DV Avio 200 DV i… 7… 5… A….

Torch - Plasma Flow 8.0 8.0 12.0 12.0 13.0

Torch - Aux Flow 0.2 0.2 0.5 1.0 0.7

Torch - Neb Flow 0.6 0.6 0.7 0.7 0.7

Optic - Detector Purge 1.2 0.0 0.1 0.0 0.0

Optic - Cone, Snout, Trasfer Optics Purge 0.0 0.0 0.0 6.6 3.0

Optic - Polychromator Purge 0.0 0.0 3.0 0.7 0.0

Total Argon used 10.0 8.8 16.3 21.0 17.4
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Avio 200 ICP-OES Application Notes 

• Environmental
◦ Analysis of Micronutrients in Soil Using 

ICP-OES 
• Food & Bev

◦ Analysis of Micronutrients in Milk Using 
ICP-OES 

◦ Analysis of Micronutrients in Fruit Juices 
Using ICP-OES 

• Industrial
◦ Meeting the RoHS Directive with M/W 

Sample Preparation and ICP-OES 

• and more to be released shortly.
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Applications: Soil Analysis with the Avio 200 ICP-OES

HUMAN HEALTH • ENVIRONMENTAL HEALTH

© 2016 PerkinElmer
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Introduction

• Micronutrients in soil are the building blocks for the crops we eat and 
feed to livestock

• Proper plant nutrition promotes efficient growth and water usage
◦ Maximize production amount and quality while minimizing environmental impact

• For consumers and industry, it is important to monitor the 
micronutrients in soil
◦ Variation in soil quality region to region
◦ Prevent or monitor soil depletion
◦ Proper land custodianship with effective fertilizing and crop rotation

• Nutrients can be monitored with Flame AA, ICP-OES, or ICP-MS
◦ ICP-OES provides a good balance between ease-of-use, cost, and speed of 

analysis
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Samples 

• The soil samples selected represent residential and agricultural 
land plots as well as specialized garden soils

◦ Residential Yard: a single sample of local soil
◦ Agricultural Field: three samples representing:

- Vineyard
- Rotational crop field
- Pasture

◦ Home Garden: three samples representing:
- Amended yard soil
- Consumer pre-packaged “garden soil”
- Commercial “garden soil”
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Sample Preparation

• Samples are high in carbon (organic matter) and dissolved solids
◦ Background interference on elements of interest
◦ Plasma loading from carbon impacts element ionization
◦ Reduction of nebulization efficiency

• Microwave-assisted digestion as a solution
◦ Conversion of carbon to CO2, removing carbon from the sample solution
◦ Rapid heating and cooling for short digestion times
◦ Higher temperatures than open-vessel digestion
◦ Closed vessels prevent analytes losses
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Sample Preparation: Microwave Assisted Digestion

• Titan MPS™ Microwave Sample Preparation System
◦ 1 g of sample added to Titan 75 mL digestion vessels
◦ Add pre-digestion spikes, as required
◦ Add 6 mL HCl (37 %) + 3 mL HNO3 (70 %)
◦ Let sit for 10 minutes, then cap vessels and digest
◦ Transfer to auto-sampler tubes and dilute to 50 mL with deionized water

• This method was designed for elements leaching
◦ No total sample digestion
◦ Remaining solids were centrifuged and the solution decanted for analysis

Titan Digestion Program for Soil
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Parameter Value

Nebulizer Meinhard Glass Type K1

Spray Chamber Baffled Glass Cyclonic

Sample Uptake Rate (mL/min) 0.8

RF Power (W) 1500

Nebulizer Gas (L/min) 0.70

Auxiliary Gas (L/min) 0.2

Plasma Gas (L/min) 8

Instrumental Conditions:  Avio™ 200 ICP-OES
Method Parameters

Instrumental Parameters

Low Argon 
Flows

Short 
Integration 

Times
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Instrumental Conditions:  Avio™ 200 ICP-OES

Calibration Standards Calibration Results
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Results & Discussion: Accuracy

Analysis of Reference Soil Solutions

• Recoveries within ± 10 %  accurate methodology
◦ Cobalt outlier due to the trace level concentration
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Results & Discussion: Sample Analysis

• The different soils analyzed for have similar makeup
• Since this is a logarithmic scale, there are significant differences with Ni and Zn having 

great variability
• This type of analysis is important for truthful labeling.



22

Results & Discussion: Spike Analysis

• Soil samples were spiked prior to digestion
◦ Added directly to digestion vessels before the addition of acid

• Spike concentrations were expected to be near the analytical 
values the elements analyzed so that the spike signal is not 
overwhelmed by the analytical signal

• Spiked to confirm:
◦ No analytes losses during the sample preparation process
◦ Elimination or accurate IS compensation for matrix effects

Spike Levels
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Results & Discussion:  Spike Analysis

• All spike recoveries within ±10 %
◦ Some variability due to the high TDS
◦ With microwave digestion and internal standards, compensation for matrix effects was 

effective and spike recoveries were successful



HUMAN HEALTH • ENVIRONMENTAL HEALTH

© 2016 PerkinElmer

Analysis of Micronutrients in Fruit Juice 
Using the Avio 200 ICP-OES
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Samples 

• The fruit juice samples selected represent a variety of commonly 
available consumer products

◦ Orange Juice: Two no-pulp 100% juices. One is Ca fortified
◦ Apple Juice: Two 100% juices
◦ Cranberry Juice: Two juices. One is a juice-blend (not 100%)
◦ Grape Juice: Two 100% juices
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Sample Preparation:  Microwave Assisted Digestion

• Titan MPS™ Microwave Sample Preparation System
◦ 5 mL of sample added to Titan 75 mL digestion vessels
◦ Add pre-digestion spikes, as required
◦ Add 8 mL HNO3 (70 %) + 2 mL H2O2

◦ Let sit for 10 minutes
◦ Cap Vessels
◦ Digest
◦ Transfer to auto-sampler tubes and dilute to 50 mL with deionized water

Titan Digestion Program for Fruit Juice
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Parameter Value

Nebulizer Meinhard Glass Type K1

Spray Chamber Baffled Glass Cyclonic

Sample Uptake Rate (mL/min) 0.8

RF Power (W) 1500

Nebulizer Gas (L/min) 0.68

Auxiliary Gas (L/min) 0.2

Plasma Gas (L/min) 8

Instrumental Conditions:  Avio™ 200 ICP-OES

Method Parameters

Instrumental Parameters

Low Argon 
Flows

Short 
Integration 

Times
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Instrumental Conditions:  Avio™ 200 ICP-OES

Calibration Standards
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Results & Discussion:  Sample Analysis

• The Ca fortified Orange juice “B” is readily identified and confirms labeling
• Different juices do indeed have differing concentrations of micronutrients
• The 100% cranberry and cranberry blend show the greatest differences within a juice 

family, confirming that 100% juice and juice blends are not the same and that testing for 
labeling requirements is critical.
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Results & Discussion:  Spike Analysis

• Juice samples were spiked prior to digestion
◦ Added directly to digestion vessels before the addition of acid

• Spike concentrations were expected to be near the analytical 
values the elements analyzed
◦

• Spiked to confirm:
◦ No analytes losses during the sample preparation process
◦ Elimination or accurate IS compensation for matrix effects

Spike Levels
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Results & Discussion:  Spike Analysis

• All spike recoveries within ± 10 %
◦ No matrix effects
◦ No analytes losses

- K not reported as spike (50 mg/L) was much too low for 
the K concentration found in the samples (≈1000 mg/L)
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Summary

• The combination of Titan MPS and Avio 200 ICP-
OES accurately measures micro and macro 
nutrients elements in a variety of soil samples and 
nutritional elements in a variety of fruit juices

• Benefits of using the Titan MPS
◦ Easily handles a variety of sample types
◦ Faster and more complete digestions than with hot blocks 

or hot plates
◦ Efficient conversion of carbon content to CO2 to reduce 

background and matrix effects
◦ Effective extraction of elements of interest

• Benefits of using the Avio 200 ICP-OES
◦ Significant cost savings by using only 9 L/min of argon
◦ Much faster multi-element analysis than Flame AA
◦ Able to measure elements which are challenging with 

Flame AA

To download the full 
application notes, visit 

www.perkinelmer.com/avio200
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ASTM Methods D4951 and 
D5185 for Lubricants using 
the Avio™ 200 ICP-OES
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Two ASTM Methods for Lubricants – D4951 and D5185
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D4951 – General Recommendations

• Wavelengths listed in method are only a suggestion
• Samples prepared by weight to weight with oil and solvent to a 1/10 

dilution. Solvent to be used is either xylene, kerosene or a mixture of 
both

• Requires an internal standard – no recommendation for an element
• Run QC every 5 samples, limits are ± 5% (many labs do ± 2 %)
• Rinse 60 seconds between each sample
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Instrument Conditions for D4951

• Plasma Gas – 10 L/min
• Aux Gas – 0.8 L/min
• Neb Flow – 0.40 L/min
• Pump Speed – 1.3 mL/min with 

K-1 nebulizer
• Fast Flush – 10 s at 4 mL/min
• Read Delay – 25 s
• Replicates – 3
• Torch Position - -4
• Autosampler Rinse – 5 s.

• Tip of the green bullet in the 
central channel should just be 
short of touching the top flat 
plate for best performance
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Typical Blend Plant Run – around 20 samples per day, 3.5 minutes 
per sample

First QC

Last QC

After 20 samples, QC is within ± 2 %
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Syngistix software for ICP-OES
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Syngistix: New Look and Feel
Tabbed Ribbon 
Style Toolbar

New Status 
Panel With 
Quick Links

Alternate Line Shading to Make 
Tables Easier to Read

New Analysis Window Combines 
Manual and Automated Analysis!
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Syngistix for ICP – Version 2.0
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Syngistix: Cross-Tab Data Viewer 

• Presents results in tabular 
format

• 5 separate tabs allow easy 
data review and quality 
control
◦ Corrected Intensities
◦ Concentration In Calibration 

Units
◦ Concentration in Sample Units
◦ Internal Standards
◦ QC

• One-button function exports 
data to Excel
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Avio 200 ICP-OES Pre-Loaded Methods (1)
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Avio 200 ICP-OES Pre-Loaded Methods (2)
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Avio 200 ICP-OES Pre-Loaded Methods (3)
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Avio 200 ICP-OES Pre-Loaded Methods (4)
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Syngistix sw common paltform for AA, ICP and ICP-MS

• Syngistix is the new software platform from PerkinElmer for AA, 
ICP and ICP-MS

• Syngistix has replaced WinLab32 for AA, WinLab32 for ICP and 
NexION Software Platforms

AA ICP ICP-MS
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Questions?


