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ABSTRACT 
 

 An ICP-MS with an octopole reaction/collision cell is used for the multi-
element determination of trace elements in water, plants, and soil samples. 
The use of a reaction or collision gas reduces serious spectral interferences 
from matrix elements such as ArCl or ArNa. The background equivalent 
concentration (BEC) is reduced one order of magnitude at helium flow rate 
of 1 mL/min. Certified reference material namely , NIST Water-1643d, 
Tomato leaves 1573a, and Montana soil 2711 are used. The trace elements 
Mn, Fe, Co, Ni, Cu, Zn, As, Mo, Cd and Pb are determined in the different 
matrices with a accuracy better than 8% to the certified values.  
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Introduction 
 

 Inductively coupled plasma mass spectrometry (ICP-MS) has become a widely 
used as analytical tool across many applications(1). In ICP-MS the determination of most 
trace elements in complex matrix is limited by polyatomic interferences. The principal 
sources of spectral interferences are isobaric overlap from a second element with an 
isotope at the same nominal mass (e.g., 114Sn+ on 114Cd+), or from polyatomic species at 
the same nominal mass as the target analyte (e.g., 40Ar35Cl+ on 75As+). The problematic 
interfering polyatomic species may be derived from combinations of ions from the 
plasma (e.g., 40Ar2+  on 80Se+), the sample solution (e.g., 40Ar16O+ on 56Fe+ in an aqueous 
solution) or the sample matrix (e.g., 40Ar23Na+ on 63Cu+). Some theoretically possible 
polyatomic species are unlikely to survive in the plasma or to be formed during ion 
extraction, or are present at such low intensities in the mass spectrum that they are 
analytically irrelevant for most applications(2,3). Several methods are already employed to 
reduce polyatomic ions in the mass spectrum, including the use of mathematical 
corrections, aerosol desolvation, matrix elimination, cool plasma conditions and high-
resolution mass spectrometers(4). 
 
 One of the simplest approaches to reduce the occurrence of polyatomic species in 
the ICP-MS spectrum  is through judicious optimization of the ICP conditions, 
principally the selection of operating conditions that give a high effective temperature in 
the central channel of the plasma. Plasma efficiency is typically monitored using the ratio 
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of the CeO+ polyatomic ion to the Ce+ parent ion, which measures the ability of the 
plasma to decompose this refractory molecular ion and can give an indication of the 
degree of decomposition of some other polyatomic species(5). However, plasma 
optimization alone is unlikely to be able to reduce most polyatomic species by much 
more than 90% or one order of magnitude (based on reducing the CeO+/Ce+ ratio from 
3.0% to 0.3%), which may be insufficient for many applications. 
 
 The development of collision and reaction cell technology(1) incorporated into 
ICP-MS instruments has allowed analysts to address several of the more commonly 
reported and problematic interfering polyatomic species, allowing the adoption of an 
alternative approach to the analysis of many interfered analytes. The octopole reaction 
system (ORS) is an octopole ion guide contained within a stainless steel vessel and 
pressured with a gas, most often H2 or He. The ORS is positioned between the ion lens 
assembly and the quadrupole mass filter. As ions from the sample enter this cell, they 
interact with the gas, resulting in the reduction of the molecular interference normally 
below the level of the blank solution. The ORS eliminates key interferences arising from 
the sample matrix and cannot be eliminated using traditional approaches.   
 
 The reported benefits of using a reactive gas for interference removal(6) in a 
collision/reaction cell ICP-MS include a high degree of specificity, such that a particular 
cell gas may be selected to provide conditions that reduce the signal for the target 
interference with minimal effect on the interfered analyte. Reactive cell gases may also 
provide very high efficiency of interference signal reduction; up to 9 orders of magnitude 
signal reduction for 40Ar+, from 2x109 counts per second (cps) to 2 cps has been reported 
with H2 cell gas(6). Finally, reaction processes can offer a high degree of flexibility, since 
the wide range of different reaction gases available means that specific conditions may be 
set up to address a variety of individual polyatomic overlaps. 
 
 While the maintenance of the multi-element capability of the ICP-MS has been 
the subject of a few publications on commercial collision/reaction cell ICP-MS 
instruments, these publications(7-15) have typically investigated a limited number of 
interfered elements, where the interferences are well-defined and relatively easily 
removed. For example, Favre et al.(16) studied the reactions with O2 for 90Sr 
measurements by ICP-MS with collision-reaction cell. Iglesias et al.(17) assessed the 
impact of several different reactive cell gases on the major background interferences 
ArO+ and Ar2

+ on 56Fe+ and 80Se+, respectively. They established that using a highly 
reactive cell gas (NH3) significantly degraded the detection limits obtainable for half the 
previously uninterfered elements, while a mixture of H2 and He (as a buffer gas) yielded 
a significant improvement in the LOD for Fe and Se, without degrading the analytical 
performance for the previously non-interfered analytes. However, in many cases the 
reduction or removal of a particular polyatomic species has been based on the use of a 
highly reactive cell gas in combination with cell multipole voltage settings for the 
selective removal of a specific target interfering ion from a specific interfered analyte 
mass.  
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The aim of this work is the optimization of octopole collision/reaction cell-ICP-
MS for multi-element determination in diluted soil and plant matrices.  
 

Experimental 
 
 Measurements are performed on an Agilent Technologies 7500Ce ICP-MS which 
utilizes an octopole ion guide enclosed in a collision/reaction cell. The used sample 
introduction system was the Agilent low-flow concentric nebuliser, fitted to a standard 
quartz double-pass spray chamber, operated at +2 oC to ensure temperature stability and 
reduce the water vapour present in the carrier gas/aerosol stream. The used  torch for all 
measurements was the standard one-piece quartz torch, which has an injector internal 
diameter of 2.5 mm and is fitted with the Agilent Shield Torch. Operating conditions, 
which are summarized in table (1), are normal for general, high matrix analysis, i.e., the 
instrument is optimized with consideration for the CeO+/Ce+ ratio, which was about 0.8% 
in standard mode (no cell gas). The CeO+/Ce+ ratio is further reduced in He cell gas mode 
(to about 0.4%), due to the preferential attenuation of the CeO+ polyatomic ion through 
energy discrimination at the cell exit(2). 
Fig. 1 Schematic diagram of the ICP-MS with octopole reaction cell. 1, Plasma torch; 2, 

grounded thin metal; 3, induction coil; 4, sampler; 5, skimmer; 6, ion lens; 7, triple 
cylinder Einzel lens; 8, reaction cell chamber; 9, octopole; 10, ion lens; 11, pre-filter; 12, 
analyzing quadrupole; 13, detector; 14 and 15, gas flow controllers. 
 

Table (3): Operating parameters of ICP-MS Agilent 7500ce. 
RF power 1500 W 
Plasma gas flow 15 L/min 
Auxiliary gas flow 1 L/min 
Carrier gas flow  1.25 L/min 
Sampling depth  7 mm 
Torch injector internal  
diameter 

2.5 mm 

Interface Ni (1 mm sampler: 0.4 mm skimmer ) 
Ion lens voltages optimized for sensitivity in 10 ng/ml tune 

solution (Li, Y, Ce, Tl)   
Cell gas flow He, 5.5 ml/min 
Octopole bias - 17 V 
Quadrupole bias -13.5 V 
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 Standard solutions are prepared from multi-element standard solutions (NIST) at 
either 1000 ppm or 10 ppm. Mixed working calibration standards were prepared at 
concentration ranges suitable for the analytes being investigated, by dilution in 18 MΩ 
deionised water with the addition of an appropriate stabilizer.  
 

Results and Discussion 
 
 Soil contains fairly high amounts of Si, C, Mg, K and Ca. Plants contain high 
concentration of Ca, Mg, N, and  K in addition to C and Cl. Therefore additional 
interferences complicate the detection of trace elements in their matrices (table 2). The 
addition of non-reactive He into the cell is expected to dissociate some weakly bound 
polyatomic ions through collision, although such ions are limited, e.g., the binding 
energies of ArNa+ and ArMg+ are only 0.2 eV(16). For collisions between He and these 
polyatomic ions, the center of mass collision energy(14), is estimated to be about 1 eV 
with the octopole biased at 213 V, in which an ion, before collision,  acquires a kinetic 
energy a few eV higher than 13 eV due to its initial energy. Therefore , collision-induced 
dissociation of these polyatomic ions is energetically possible (as demonstrated by the 
decrease of m/z 78 (38Ar40Ar+) as the He flow rate is changed from 0 to 1 mL/min in Fig. 
(2)). It is assumed that polyatomic ions with binding energies higher than the collision 
energy do not dissociate. 

 
Table (2): Isotopes of interest and most abundant polyatomic interferences. 

Isotope Interfering species 
51V 35Cl16O, 37Cl14N, 40Ar11B 
52Cr 36Arl6O, 40Ar12C, 35Cl16OH, 37Cl14NH 
55Mn 40Ar14NH, 40Ar15N, 39K16O, 23Na32S, 37Cl18O 
54Fe 40Ar14N, 38Ar16O, 37Cl16OH, 40Ca14N 
56Fe 40Ar16O, 40Ca16O 
59Co 36Ar23Na, 24Mg35Cl, 42Ca16OH, 23Na35ClH 
58Ni 40Ar18O, 23Na35Cl, 42Ca16O 
60Ni 23Na37Cl, 25Mg35Cl 
63Cu 40Ar23Na, 40Ca23Na 
65Cu 40Ar25Mg, 40Ar24MgH 
64Zn 40Ar24Mg, 40Ar23NaH, 32S16O16O 
66Zn 40Ar26Mg 
68Zn 40Ar14N2 
75As 40Ar35Cl, 40Ca35Cl 
78Se 40Ar38Ar, 40Ar37ClH, 38Ar40Ca 
80Se 40Ar40Ar, 40Ar40Ca, 32S16O3, 79BrH 
98Mo 40Ar23Na35Cl 
111Cd 79Br32S 
112Cd 96Mo16O 
114Cd 98Mo16O 

 
The reduction of polyatomic interferences (in soil and plant diluted 2000-fold) at 

m/z  52, 56, 78 and 208 including species ArC+, ArO+, Ar2
+, and increase of Pb+ ( due to 
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dissociation of PbO+ ) as a function of He gas flow, is displayed in Fig. (2). At an He gas 
flow of 5 mL/min this background in water is reduced by three to five orders of 
magnitude at m/z 56 and 78 (corresponding to ArO+ and 38Ar40Ar).  
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Fig. (2): Reduction of count rates at m/z 52, 56 and 78 and increase of count rate of m/z 208 
with increasing He gas flow in 2000-diluted soil matrix.  

 
The reduction in the background is greater than the elemental sensitivities. In 

order to determine a figure of merit, the background equivalent concentration (BEC) is 
usually calculated as ratio of the count rate of the background to the background 
corrected count rate of a spike:  
 

(ppb) spike x (cps)] background - (cps) [spike
(cps) background(ppb)ion concentrat equivalent Background =  

 
 The minimum BECs of various elements are found at different gas flow rates 
(Fig. (2). For multi-element analysis compromise conditions are preferred to keep the 
analytical run time as short as possible. Most BEC values decrease by more than two 
orders of magnitude. These values correspond to the actual analyte concentrations in 
diluted soil and plant matrices. They reach minima at a He gas flow of about 5 mL/min, 
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at which the calculated concentrations are very close to the certified concentrations in the 
diluted soil and plant matrices.  
  
 The analytes presented in Table (3) are all measured using a single, consistent He 
cell gas mode to illustrate the capability of this mode of operation to provide accurate 
results for a range of elements, which may suffer from different polyatomic interferences, 
in a range of different sample types. The major element compositions of soil and plant 
sample matrices are significantly different, so the matrix-derived interfering species 
would also be expected to vary.  All results for the trace elements are within the expected 
range of concentrations, with the exception of the Cr, Co and U results, which are non-
certified values in soil (NIST-2711) and plant (NIST-1515). While relatively few 
elements had target or reference values, all the elements with known concentrations are 
analyzed in water, soil and plant, using a multi-element calibration standard. This 
illustrates the efficient removal, using a single set of nonspecific cell operating 
conditions, of several matrix-derived polyatomic interferences, which might have 
affected the different analyte elements in plant or soil  matrices, including ArNa+, MoO+, 
ClO+, Cl2

+, ClOH+, ArC+, ArSH+ and ArCl+. 
 
 Use of He cell gas and energy discrimination gave effective attenuation of all the 
interfering species under a single set of operating conditions. The trueness of 
concentrations are about 12% or less. It should be noted that several other factors must be 
taken into account when analysing highly variable sample matrices against a simple 
calibration standard. The changing matrix composition of the samples may have a 
significant effect on the sample transport efficiency, such that the analyte signal may 
increase or decrease due to changes in sample viscosity, aerosol generation effects (e.g., 
due to sample surface tension), droplet evaporation rates (e.g., resulting from different 
acid concentrations) and plasma ionization effects (e.g., from high levels of easily ionized 
elements). These effects cannot be compensated by the polyatomic ion interference 
removal processes in the collision/reaction cell, but they may be alleviated through the 
use of internal standards and, where possible, some effort to match the chemistry (such as 
the acid type and approximate concentration) of the standards to the known chemistry of 
the samples. Nevertheless, the fact that polyatomic ion levels could be reduced 
effectively using this instrument with He cell gas, with operating conditions that are 
independent of both the analyte being measured and the sample matrix, means that this 
mode can be applied to multi-element analysis in a range of sample types, where the 
sample matrix is unknown or variable. The use of an inert cell gas eliminates the 
extensive method development that is required to identify and address the existing 
(matrix-derived) and new (cell-formed) interfering species, which are characteristic of the 
sequential chemistry that occurs when a highly reactive cell gas is used. 
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Table (3): Trace element concentrations  in different matrices 
Fresh water SRM,  
NIST-1643d (ppb) 

Montana soil SRM 
NIST-2711 (ppm) 

Apple leaves SRM 
NIST-1515 (ppm) Elements 

Measured Certified  Accuracy Measured Certified  Accuracy Measured Certified  Accuracy 
V 34.5±2.1 35.1±1.4 -1.71 79.3±5.21 81.6±2.9 -2.8 0.31±0.014 0.26±0.3 19.23 
Cr 18.01±0.5 18.53±0.2 -2.81 53.5± 47 a 13.8 0.28±0.009 0.3a -6.67 
Mn 38.22±1.3 37.66±0.83 1.49 628±41 638±28 -1.6 52±2.08 54±3 -3.70 

Fe 89.88±2.44 91.2±3.9 -1.45 30100±713 28900±600 4.2 79.5±0.91 83±5 -4.22 
Co 25.51±0.11 25±0.59 2.04 14.01±1.02 10 a 40.1 0.0093±0.001 0.009a 3.33 
Ni 60.12±1.44 58.1±2.7 3.48 18.9±2.01 20.6±1.1 -8.3 0.95±0.08 0.91±0.12 4.40 

Cu 19.47±2.82 20.5±3.8 -5.02 115±13 114±2 0.9 5.63±0.31 5.64±0.24 -0.18 
Zn 73.81±4.52 72.48±0.65 1.83 345±33 350.4±4.8 -1.5 12.6±0.59 12.5±0.3 0.80 
As 55.88±2.64 56.02±0.73 -0.25 109±11 105±8 3.8 0.041±0.003 0.038±0.007 7.89 

Se 11.97±0.91 12.01±0.14 -0.33 1.52±0.2 1.49±0.14 2.0 0.048±0.005 0.05±0.009 -4.00 
Mo 110±4.13 112.9±1.7 -2.57 1.55±0.09 1.6 a -3.1 0.11±0.007 0.094±0.013 17.02 
Cd 6.54±1.07 6.47±0.37 1.08 42.1±1.95 41.7±0.25 1.0 0.014±0.001 0.013±0.002 7.69 

Pb 18.74±0.5 18.15±0.64 3.25 1100±59 1162±31 -5.3 0.48±0.023 0.47± 0.024 2.13 
U 0.08±0.002 - -  3.21±0.12 2.6 a 23.5 0.005±0.001 0.006 a -16.67 

a = non-certified values. 
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