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Introduction 
 
Inductively coupled plasma mass spectrometers, “due to 
their multi-element capability and superior detection limits,” 
are the instrument of choice when performing environmental 
methods such as US EPA method 200.8. Commercially 
available instruments, which perform these methods, are 
generally equipped with quadrupole mass analyzers. While 
quadrupole based mass spectrometers have many benefits, 
they do suffer limitations in terms of speed of spectral 
acquisition and multi-element transient signal capability.  
 
In this study, an inductively coupled plasma time-of-flight 
mass spectrometer (ICP-TOFMS) was used with flow 
injection sample introduction to run US EPA method 200.8.  
Due to the ICP-TOFMS’s ability to conduct full mass scans 
(e.g. 2-260 amu) in approximately 30 µs, sample analysis 
can be accelerated without comprising accuracy, precision 
or limit of detection for US EPA 200.8. 
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Instrumentation 
 
A GBC OptiMass ICP-TOFMS was coupled to an Elemental 
Scientific Inc. (ESI) SC-FAST flow injection sample 
introduction system as shown in Figure 1.  The GBC 
OptiMass plasma generation components (i.e., RF 
generator, gas control unit, impedance matching network, 
etc.)  and sample interface are similar to those in traditional 
ICP-MS instruments with quadrupole mass analyzers.   
 

. 
 

Figure 1 - GBC OptiMass equipped with flow injection  
                 system 

 
 
 
 
 
 

 
 
 

However, m/z identification occurs by applying a pulsed electric 
field to the orthogonal accelerator and allowing those ions 
subjected to it to travel down the flight tube.  Ions with the 
lightest atomic weight will have the highest velocity and hence 
shortest travel time.  The smart gate eliminates unwanted ions, 
while the reflectron (i.e. ion mirror) increases the path length that 
the ions travel to achieve the best resolution.  Ion detection is 
recorded via a discrete dynode detector, which is situated at a 
90o angle to the beam forming optics. 
 
The flow injection system was equipped with a 0.5 mL sample 
loop.  Integrated software allowed the loop fill time to be set at 3 
seconds and the rinse time to 4 seconds.  
 
Figure 2 illustrates graphically the loading, analysis and rinse 
timing of the flow injection system. 

 

 

Figure 2 - Graphical illustration of the sample loading, 
acquisition and rinse timing of the sample using the 
flow injection system.   

 
The graph is a comparison of spray chamber and sample loop 
washout with and without repositioning of the flow injection valve 
in between samples.  The pink line represents the natural 
washout of the spray chamber alone, while the blue line 
represents the signal corresponding to the washout of the spray 
chamber and flow injection loop.  The repositioning of the flow 
injection valve saves at least 40 seconds due to sample loop 
clear out. 

 
Parameters for the OptiMass were: 
 

RF Power 1200 W 
Plasma Gas Flow 10      L/min 
Auxiliary Gas Flow 1        L/min 
Nebulizer Gas Flow 1.2     L/min 
Pump Speed 12      rpm 
Data collection Acquisition time: 1 second 

Replicates: 3 
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Discussion  
 
Calibration curves were established between 2- 100 ppb for 
selected US EPA 200.8 analytes.  Intensity was plotted as a 
ratio using the closest internal standard.  Bi, In, Sc, Tb, and 
Y were selected as the internal standards (200.8 ISS, 
Inorganic Ventures).  Instrumental detection limits were 
calculated based on 3*sblank/m, while method detection limits 
were based on 3.14*s1ppb solution /m.  All R2 values were equal 
to or above 0.9990 with the exception of 27Al and 107Ag.  27Al 
linearity suffers slightly due to environmental contamination. 
 
Method detection limits were based on 10 measurements of 
a 1 ppb solution.  Each measurement was composed of 
three - 1 second data acquisitions.  Instrument detection 
limits were based on 7 measurements.  Table 1 lists the 
calculated IDL and MDL values as well as the correlation 
coefficients for the 200.8 elements. 

 
Table 1 – IDL, MDL and correlation coefficients for  
US EPA 200.8 elements  
(These results are based on 1 second acquisition times.  
Detection limits can be lowered by increasing the acquisition 
time.) 

 

Analyte IDL (ppb) MDL (ppb) R2 Value 
9Be 0.122 0.296 0.9993 
27Al 0.870 1.74 0.9981 
51V 0.036 0.145 0.9998 

52Cr 0.156 0.190 0.9998 
55Mn 0.336 0.388 1.0000 

60Ni 0.177 0.438 1.0000 
59Co 0.014 0.079 0.9990 
63Cu 0.130 0.167 0.9994 
66Zn 0.202 0.619 0.9999 
75As 0.212 0.352 0.9999 
82Se 2.00 3.17 1.0000 

98Mo 0.018 0.157 0.9993 
107Ag 0.046 0.174 0.9984 
111Cd 0.055 0.331 1.0000 
123Sb 0.047 0.206 0.9993 
137Ba 0.468 0.607 0.9998 

205Tl 0.012 0.097 0.9998 
206,207,208Pb 0.019 0.115 0.9998 

232Th 0.035 0.212 0.9996 
238U 0.008 0.101 0.9997 

 
 
 
 

 
 
 
 
 
 

Figure 3 shows the overlay of the calibration standards, 2, 20 
and 50 μg/L and 167 samples (20 μg/L samples). 

 
 
 

Figure 3 - Calibration standards were followed by a 20 ppb QC   
standard and periodic blank over the course of 3 hours 
(ca. 384 samples). Every three 1 second data points 
equals one sample.  Only 167 samples are currently 
shown for visual purposes.  

 
Using the TOF, a full mass spectrum (e.g. 2- 260 amu) is 
produced every 30 µs.  In this analysis, approximately 30,000 
spectra were summed for a given 1 second data acquisition.  
Since all masses are monitored simultaneously, analysis speed 
and analyte detection limits are not affected by the addition of 
more masses.  Therefore, retrospective data of additional 
isotopes is readily available. 
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The precision and accuracy was evaluated by quantification 
of a 20 ppb QC standard.   The certified values were 
corrected for solution density in Table 2.  Experimental 
values were within +/- 10% of the certified values which is an 
acceptable deviation per US EPA method 200.8.  In fact, the 
EPA protocol recommends a QC standard check of 100 ppb, 
so the current standard is 5 times lower than that stated.    

 
Table 2 - Results of a 20 ppb QC standard made from a second 

source material (QCP-QCS-3, Inorganic Ventures). 
 

Analyte 
Certified 

Value (ppb) % RSD 
Experimental 
Value (ppb) % RSD

9Be 19.3 0.20 20.5 1.6 
27Al 19.3 0.30 19.8 1.8 
51V 19.4 0.20 18.9 0.45 

52Cr 19.4 0.20 18.3 0.75 
55Mn 19.2 0.20 20.9 3.4 

60Ni 19.2 0.20 19.8 1.5 
59Co 19.4 0.20 18.0 0.85 
63Cu 19.3 0.20 18.1 1.4 
66Zn 19.3 0.20 20.0 3.5 
75As 19.4 0.20 19.4 2.8 
82Se 96.4 0.18 94.5 3.5 

98Mo 19.3 0.30 19.2 2.7 
107Ag 19.3 0.10 18.6 0.74 
111Cd 19.3 0.20 18.8 3.5 
123Sb 19.3 0.20 19.2 3.3 
137Ba 19.4 0.40 21.3 2.7 

205Tl 19.4 0.30 18.1 2.1 
206,207,208Pb 19.3 0.20 19.0 2.5 

232Th 19.4 0.20 18.1 2.6 
238U 19.4 0.20 18.3 2.2 

 
The % RSD was generally less than 5% for analytes monitored. 
The Se concentration is 5 times that of other analytes within the 
QC standard. 
 
 
Conclusion 
 
The combination of the ESI SC-FAST and GBC OptiMass ICP-
TOFMS achieved a sample throughput of 128 samples/hr while 
maintaining the necessary MDLs, accuracy and precision 
required by US EPA method 200.8.  The current sample 
throughput is at least 4 times faster than traditional ICP-MS 
systems (e.g., 2 minutes/sample). 

 
 
 
 
 

 
 
 
Due to the high sample throughput, the running cost per 
sample analysis is lower than with traditional ICP-MS.  
Lower argon consumption, minimized system maintenance 
and decrease of man-hours per job will increase profits. 
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