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FAST ‐ “Automated Sample Introduction”
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What is FAST?



© 2019 Elemental Scientific

FAST Autosampler = 1 min 30 sec per sample
ICP-MS Method = 50 s
40 s = sample flush, read delay, wash

Reduction of 200 s per sample

FAST Autosampler = 1200 samples in 24 h

Assuming you run samples 24 h straight
1200 vs 288 = 417% More Productive with FAST

Faster Analysis = More Productive

Traditional Autosampler = 5 min per sample
ICP-MS Method = 50 s
4 min 10 s = sample flush, read delay, wash

Traditional Autosampler = 288 samples in 24 h
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Elemental Scientific
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prepFAST ‐ “Automated Inline Autodilution System”
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prepFAST – Inline Dilution
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prepFAST – Inline Dilution
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Conventional Calibration vs prepFAST Autocalibration
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Sample Outside of Calibration Curve
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prepFAST IC ‐ “Automated Elemental Speciation and 
Total Metals”



© 2019 Elemental Scientific

Instrumentation

prepFAST IC for Speciation 
and Total Metal Analysis

prepFAST M5 for 
Total Metal Analysis

HPLC + ICP-MS
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prepFAST IC Features

 Completely metal-free liquid and sample flow path from pump to nebulizer.
 Compatible with acids and organic solvents.
 Contamination free.
 Inline autodilution and autocalibration functions.
 Ability to operate in total metals or chromatography mode with a single instrument.
 No instrument modifications required to switch from total metals to speciation.
 Syringe-driven, post-column standard addition, dilution, or derivatization.
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prepFAST IC – Total Metals and Speciation

Total Metals ModeSpeciation Mode
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prepFAST IC – Total Metals and Speciation

Autosampler Location Dilution Factor Sample Action
1 1 Blank - Total Metals Total Metals
2 50 Standard 1 Total Metals
2 25 Standard 2 Total Metals
2 10 Standard 3 Total Metals
2 5 Standard 4 Total Metals
2 1 Standard 5 Total Metals

101 10 Sample 1 Total Metals
Total Metals

240 10 Sample 100 Total Metals
10 1 Dummy Sample Prime for Speciation Method
3 1 Blank - Speciation Speciation
4 100 Standard 1 Speciation
4 20 Standard 2 Speciation
4 10 Standard 3 Speciation
4 5 Standard 4 Speciation
4 2 Standard 5 Speciation

101 10 Sample 1 Speciation
Speciation

240 10 Sample 100 Speciation
9 1 Dummy Sample Prime for Total Metals
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prepFAST IC – Total Metals and Speciation
Autosampler Location Dilution Factor Sample Action

1 1 Blank - Total Metals Total Metals
2 50 Standard 1 Total Metals
2 25 Standard 2 Total Metals
2 10 Standard 3 Total Metals
2 5 Standard 4 Total Metals
2 1 Standard 5 Total Metals

101 10 Sample 1 Total Metals
Total Metals

240 10 Sample 100 Total Metals
10 1 Dummy Sample Prime for Speciation Method
3 1 Blank - Speciation Speciation
4 100 Standard 1 Speciation
4 20 Standard 2 Speciation
4 10 Standard 3 Speciation
4 5 Standard 4 Speciation
4 2 Standard 5 Speciation

301 10 Sample 1 Speciation
Speciation

350 10 Sample 50 Speciation
9 1 Dummy Sample Prime for Total Metals
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Sample Uptake
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Sample Uptake ‐ Speciation Mode
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Arsenic Speciation
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Inline Dilution Eliminates Species Interconversion
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C D Quarles Jr., P Sullivan, M P Field, S Smith, D R Wiederin, JAAS, 2018, 33, 745-751.
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Inline Dilution Eliminates Species Interconversion
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Inline Dilution Eliminates Species Interconversion
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Inline Dilution Eliminates Species Interconversion
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Inline Dilution Eliminates Species Interconversion
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Inline Dilution Eliminates Species Interconversion

0

500

1000

1500

2000

2500

0 50 100 150 200 250 300

In
te

ns
ity

 @
 m

/z
 =

 7
5 

(c
ps

)

Time (s)

As III

24h

0

500

1000

1500

2000

2500

3000

0 50 100 150 200 250 300

In
te

ns
ity

 @
 m

/z
 =

 7
5 

(c
ps

)
Time (s)

As III

24h

Manual Dilution
30X Manual DF

1 (Urine Spiked with 10 ppb As III): 29 (DI H2O)

Inline Dilution
30X Inline DF

Urine Spiked with 10 ppb As III

As V As V

C D Quarles Jr., P Sullivan, M P Field, S Smith, D R Wiederin, JAAS, 2018, 33, 745-751.



© 2019 Elemental Scientific

Manual Dilution vs Inline Dilution ‐ Summary

10 ppb As III Spiked Urine Samples
Manual Dilution Time (h) As III % As V % As III + As V

0 100.0 0.0 100.0
1 95.7 0.0 95.7
3 92.8 0.2 93.0
6 91.3 1.6 92.9

12 78.5 12.0 90.6
24 61.9 21.4 83.4

10 ppb As III Spiked Urine Samples
Inline Autodilution Time (h) As III % As V % As III + As V

0 100.0 0.0 100.0
1 102.8 0.0 102.8
3 105.2 0.0 105.2
6 106.4 0.0 106.4

12 95.1 0.5 95.6
24 102.9 1.3 104.2

As III % = (x h As III / 0 h As III) * 100
As V % = (x h As V / 0 h As III) * 100
As III + As V = As III % + As V %
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Elemental Scientific
ICP  |  ICPMS  |  AA

Chromium Speciation and Total Metals
Environment Application & Validation Study

prepFAST IC + ICP‐MS
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ESI & Eurofins Publication: Chromium Speciation

C D Quarles Jr., M Szoltysik, P Sullivan, M Reijnen, JAAS, 2019.



© 2019 Elemental Scientific

Comparison to Historical Data
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Elemental Scientific
ICP  |  ICPMS  |  AA

Halogen Speciation and Total Metals
Environment Application 

prepFAST IC + ICP‐MS
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Halogen Speciation
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 Early 1900’s: Traditionally used Cl2 gas

 1974: EPA enacts Safe Drinking Water Act
 Reauthorized in 1986 and 1996

 1989: Surface Water Treatment Rule
 Increased use of disinfectants (e.g. ClO2, HOCl, ozone)
 Destroys pathogenic bacteria, fungi and viruses but introduces byproducts.

 1998: Stage 1 Disinfectants and Disinfection Byproducts Rule
 Enforces maximum contamination levels for byproducts

• 2006: Stage 2 Disinfectants and Disinfection Byproducts Rule
• Switch from chlorine dioxide to chloramines
• However, increases organic iodine's (most toxic)

Drinking Water Disinfection Process

https://www.slideshare.net/commgroup/drinking-water-treatment-process
https://www.epa.gov/dwreginfo/stage-1-and-stage-2-disinfectants-and-disinfection-byproducts-rules
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Water Testing Locations

Clarke
• North Oconee River
• Middle Oconee River

Forsyth
• Lake Lanier

Fulton
• Chattahoochee River
• Morgan Falls Reservoir

Cobb
• Chattahoochee River
• Lake Allatoona

Barrow
• Mulberry River
• Fort Yargo Lake
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Stability of Standards: Iodide and Iodate (10 ppb)
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Stability of Standards: Iodide and Iodate (10 ppb)
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Stability of Standards: Iodide and Iodate (10 ppb)
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Calibration Curves and Limit of Detection

BrO3 Br I IO3

LOD (ppt) 62 55 33 23

ClO2 Cl ClO3 ClO4

LOD (ppb) 7.2 2.5 6.8 37

y = 12864x - 454.51
R² = 0.9992

y = 18148x - 984.07
R² = 0.9994
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Halogen Speciation ‐ Stability
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County Sample Br‐

(ppb)
BrO3

‐

(ppb)

Barrow

Mulberry River 29 0
Fort Yargo Lake 20 0
Residential 1.6 0.11
Commercial 0.20 1.1

Cobb

Cauble Park 19 0
West Palisades 21 0.24
Residential 0.99 1.4
Commercial 0.38 1.4

Fulton

Morgan Falls Reservoir 18 0.29
Chattahoochee River 17 0.25

Residential 2.6 0.92
Commercial 1.5 0.82

Drinking Water – Halogen Speciation Results (Br)

County Sample Br‐

(ppb)
BrO3

‐

(ppb)

Forsyth
West Bank 13 0
Residential 1.8 0
Commercial 0.83 0.22

Clarke

Middle Oconee River 30 0
North Oconee River 21 0

Residential 5.0 4.4
Commercial 2.4 4.4

prepFAST IC – 2X Inline Dilution Factor  
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County Sample I‐

(ppb)
IO3

‐

(ppb)

Barrow

Mulberry River 7.4 3.0
Fort Yargo Lake 12 0.28
Residential 0.12 14
Commercial 0 11

Cobb

Cauble Park 1.2 0.23
West Palisades 1.8 1.4
Residential 0 14
Commercial 0 13

Fulton

Morgan Falls Reservoir 2.2 1.4
Chattahoochee River 1.6 1.3

Residential 0.09 14
Commercial 0.05 14

Drinking Water – Halogen Speciation Results (I)

County Sample I‐

(ppb)
IO3

‐

(ppb)

Forsyth
West Bank 0.88 0.42
Residential 0.04 10
Commercial 0.05 9.8

Clarke

Middle Oconee River 0.83 6.5
North Oconee River 2.0 0.51

Residential 0.23 19
Commercial 0 19

prepFAST IC – 2X Inline Dilution Factor  
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County Sample Cl‐

(ppb)
ClO2

‐

(ppb)

Barrow

Mulberry River 5834 0
Fort Yargo Lake 3802 0
Residential 7308 0
Commercial 7336 0

Cobb

Cauble Park 3396 0
West Palisades 7612 0
Residential 8099 304
Commercial 8607 373

Fulton

Morgan Falls Reservoir 6805 0
Chattahoochee River 6635 0

Residential 8531 0
Commercial 8617 0

Drinking Water – Halogen Speciation Results (Cl)

County Sample Cl‐

(ppb)
ClO2

‐

(ppb)

Forsyth
West Bank 3973 0
Residential 7763 0
Commercial 7444 0

Clarke

Middle Oconee River 7863 0
North Oconee River 3554 0

Residential 18144 0
Commercial 17627 0

prepFAST IC – 2X Inline Dilution Factor  
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County Sample ClO3
‐

(ppb)
ClO4

‐

(ppb)

Barrow

Mulberry River 44 0
Fort Yargo Lake 0 0
Residential 280 0
Commercial 0 0

Cobb

Cauble Park 0 0
West Palisades 0 0
Residential 235 0
Commercial 252 0

Fulton

Morgan Falls Reservoir 0 0
Chattahoochee River 0 0

Residential 169 0
Commercial 149 0

Drinking Water – Halogen Speciation Results (Cl)

County Sample ClO3
‐

(ppb)
ClO4

‐

(ppb)

Forsyth
West Bank 0 0
Residential 74 0
Commercial 71 0

Clarke

Middle Oconee River 0 0
North Oconee River 0 0

Residential 58 0
Commercial 60 0

prepFAST IC – 2X Inline Dilution Factor  
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Filtering vs Non‐Filtering of Collected Samples

Br (µg L-1) BrO3 (µg L-1) I (µg L-1) IO3 (µg L-1)
Unfiltered Filtered Unfiltered Filtered Unfiltered Filtered Unfiltered Filtered

Barrow Mulberry River 29 30 < DL < DL 7.4 7.6 3.0 3.1
Barrow Fort Yargo Lake 20 22 < DL < DL 12 12 0.28 0.27
Cobb Cauble Park 19 20 < DL < DL 1.2 0.97 0.23 0.25
Cobb West Palisades 21 21 0.24 0.12 1.8 1.6 1.4 1.3
Fulton Morgan Falls Reservoir 18 18 0.29 0.18 2.2 2.7 1.4 1.3
Fulton Chattahoochee River 17 18 0.25 0.13 1.6 2.4 1.3 1.2
Forsyth West Bank 13 14 < DL < DL 0.88 0.75 0.42 0.43
Clarke Middle Oconee River 30 29 < DL < DL 0.83 1.2 6.5 6.5
Clarke North Oconee River 21 23 < DL < DL 2.0 1.9 0.51 0.41
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Filtering vs Non‐Filtering of Collected Samples

ClO3 (µg L-1) Cl (µg L-1) ClO2 (µg L-1) ClO4 (µg L-1)
Unfiltered Filtered Unfiltered Filtered Unfiltered Filtered Unfiltered Filtered

Barrow Mulberry River 44 44 5834 5621 < DL < DL < DL < DL
Barrow Fort Yargo Lake < DL < DL 3802 4094 < DL < DL < DL < DL
Cobb Cauble Park < DL < DL 3396 3544 < DL < DL < DL < DL
Cobb West Palisades < DL < DL 7612 8062 < DL < DL < DL < DL
Fulton Morgan Falls Reservoir < DL < DL 6805 7002 < DL < DL < DL < DL
Fulton Chattahoochee River < DL < DL 6635 6454 < DL < DL < DL < DL
Forsyth West Bank < DL < DL 3973 3786 < DL < DL < DL < DL
Clarke Middle Oconee River < DL < DL 7863 7301 < DL < DL < DL < DL
Clarke North Oconee River < DL < DL 3554 3944 < DL < DL < DL < DL



© 2019 Elemental Scientific

Clarke County – (Br) Results

Clarke County Residential
Clarke County Middle Oconee River
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Barrow County – (I) Results

Barrow County Residential
Barrow County Mulberry River
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Cobb County – (Cl) Results

Cobb County Residential
Cobb County West Palisades



© 2019 Elemental Scientific

Halogen Speciation Combined with EPA 6020B

prepFAST IC – 2X Inline Dilution Factor  

Element Reference Value 
(µg/L)

Measured Value
(µg/L) % BIAS

Aluminum (Al) 133.8  ± 1.2 143.2  ± 4.4 7.1
Antimony (Sb) 55.45  ± 0.40 53.40  ± 0.27 ‐3.7
Arsenic (As) 57.42  ± 0.38 52.28  ± 0.31 ‐8.9
Barium (Ba) 518.2  ± 7.3 520.2  ± 6.8 0.4
Cadmium (Cd) 5.89  ± 0.13 5.73  ± 0.21 ‐2.7
Calcium (Ca) 29430  ± 330 29281  ± 440 ‐0.5
Chromium (Cr) 18.50  ± 0.10 19.52  ± 0.18 5.5
Cobalt (Co) 25.30  ± 0.17 25.65  ± 0.71 1.4
Copper (Cu) 21.66  ± 0.71 21.92  ± 0.33 1.2
Iron (Fe) 93.44  ± 0.78 91.29  ± 5.6 ‐2.3
Lead (Pb) 18.488  ± 0.084 18.164  ± 0.559 ‐1.8

Element Reference Value 
(µg/L)

Measured Value 
(µg/L) % BIAS

Magnesium (Mg) 7454  ± 60 7462  ± 100 0.1
Manganese (Mn) 37.14  ± 0.60 37.57  ± 0.66 1.2
Molybdenum (Mo) 115.3  ± 1.7 113.4  ± 1.3 ‐1.6
Nickel (Ni) 59.8  ± 1.4 60.0  ± 0.86 0.4
Potassium (K) 1933  ± 9 1984  ± 61 2.7
Selenium (Se) 11.700  ± 0.081 12.717  ± 0.690 8.7
Sodium (Na) 18830  ± 250 18565  ± 290 ‐1.4
Thallium (Tl) 6.892  ± 0.035 6.671  ± 0.021 ‐3.2
Vanadium (V) 36.07  ± 0.28 36.78  ± 1.0 2.0
Zinc (Zn) 74.4  ± 1.7 70.6  ± 0.5 ‐5.1

NIST SRM 1643f – Trace Elements in Water



© 2019 Elemental Scientific

EPA 6020B ‐ Results

County Sample Na 23
(ppb)

Mg 24
(ppb)

Al 27
(ppb)

K 39
(ppb)

Ca 44
(ppb)

Cr 52
(ppb)

Mn 55
(ppb)

Permissible Limits EPA Office of Water 50 ‐ 200 100 50

Barrow

Mulberry River 8306 2217 335 3242 8713 0.3 2
Fort Yargo Lake 4455 939 242 2719 3320 0.1 5
Residential 27821 3172 23 1929 25677 0.8 1
Commercial 4108 1446 95 2026 9676 0.2 6

Cobb

Cauble Park 2913 2549 14 2581 7802 0.1 1
West Palisades 7196 2377 100 2856 5039 0.1 1
Residential 7048 1927 153 1873 10981 0.2 1
Commercial 7016 1934 149 1806 11269 0.3 1

Fulton

Morgan Falls Reservoir 6729 2349 64 2649 4266 0.1 0
Chattahoochee River 6074 2240 302 2598 3928 0.1 10

Residential 7849 2098 43 2350 6055 0.2 0

Commercial 7736 2036 599 2356 5812 0.2 0

Forsyth
West Bank 3936 1435 120 2068 2505 0.1 1
Residential 4974 1541 114 2086 8462 0.1 2
Commercial 4935 1495 114 2079 6898 0.1 1

Clarke

Middle Oconee River 9234 2615 8 3448 3180 0.1 0
North Oconee River 4610 2598 128 2679 2482 0.2 2

Residential 14034 2425 54 2763 12621 0.3 1

Commercial 14120 2127 15 2891 5595 0.3 1

Fe 56
(ppb)

Ni 60
(ppb)

Cu 63
(ppb)

Zn 66
(ppb)

As 75
(ppb)

Pb 208
(ppb)

300 1300 5000 50 15
330 0.3 2 2 0.2 0.1
62 0.4 3 2 0.4 0.1
5 0.4 21 12 0.2 0.3
6 0.4 19 4 0.2 0.2
11 0.3 2 6 0.4 0.0
42 0.3 1 2 0.1 0.0
15 0.3 2 4 0.2 0.2
14 0.5 5 10 0.2 0.2
31 0.3 4 5 0.1 0.1
188 0.2 4 2 0.1 0.1

3 4.5 38 357 0.1 0.1

1 0.6 25 31 0.1 0.1

12 0.1 3 1 0.2 0.0
7 0.2 7 6 0.2 0.1
8 0.2 16 5 0.1 0.1
43 2.7 4 3 0.1 0.0
435 0.9 4 1 0.2 0.1

3 696 13 94 0.2 0.1

6 12 6 8 0.2 0.3
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