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Abstract

In the analysis of trace metals in water samples by inductively coupled plasma-mass spectrometry (ICP-MS), there exist many polyatomic interferences, such as 3°CI'7O on 52Cr, 35CI*°Ar on 75As, “°Ar*°Ar on #°Se and many more. Three approaches are commonly employed to overcome such interferences: 1) selection of interference-free isotopes for analysis; 2) use of the correction
equation to correct for interferences; and 3) more recently the advancement of the “collision/reaction” technique. The actual application of these approaches, however, depends critically on the sample matrices and requires careful consideration and detailed knowledge of the samples. For example, for the analysis of selenium in drinking water under standard ICP-MS operation, ®Se, the
maijor isotope at 49.7% relative abundance, cannot be used for quantification due to the interference from “CAr*°Ar which is one of the major species in the plasma. Accordingly, it has been a common practice to select either 72Se (still suffers 3¥Ar*0Ar interference, but much less) or #Se (provided that argon used is free of krypton). For typical drinking water sample matrices, #2Se (9.2%
relative abundance) works very well for the quantification of selenium at sub-parts per billion concentration levels. However, if samples contain high concentrations of bromine (with two isotopes, 7°Br and #'Br), there will be a high level of #'Br'H in the plasma which interferes with #2Se, resulting an erroneous selenium quantification. Under such a sample matrix, 7*Se would be preferred for
selenium quantification. The bromine may be present naturally or be added as part of a treatment process.

In modern ICP-MS instruments, many correction equations are built into the instrument software to facilitate automatic correction of certain isobaric or polyatomic interferences. The most common example is the quantification of 7%As. All ICP-MS instruments currently in use have a correction equation built into the software to correct for 3CH9Ar interference on %As. The equation takes the
following form: a corrected 7As signal = total signal in mass 75 — (3.127 x (signal in mass 77 — (0.815 x signal in mass 82))). There are two assumptions in this equation: 1) all signals in mass 82 are from Se and 2) after subtraction of the 77Se contribution on mass 77, the remaining signals on mass 77 are due to CI#?Ar. However, if samples contain high bromine as described above,
signals in mass 82 are a combination of 82Se and #'Br'H. As a result, the built-in correction equation for 75As quantification would produce erroneous results for arsenic. There are other examples of matrix-dependent correction equations. This the i of the correction equations used and detailed knowledge of sample matrices. In conclusion, there is no
single universal method in dealing with interferences in ICP-MS analysis. A successful strategy requires a full understanding of the technique used and detailed knowledge of the sample matrices.

Introduction Arsenic

The ICP-MS is an analytical technique used in the determination of trace metals in the sub parts per trillion ranges. It is a
simultaneous multi-element analytical tool where samples are decomposed to ions in high temperature argon plasma and
analyzed based on the mass-to-charge ratio. The ICP-MS is used for many different applications including the analysis of

The Ontario Ministry of the in an inter-laboratory study in December 2009 as
shown in Table 2 and Table 3. The first sample was a blank with a relatively complex matrix containing
approximately 200 ppm chiorine and 2.5 ppm bromine. The second sample contained the same sample

The determination of low level arsenic in drinking water samples by conventional ICP-MS is typically hampered by the “ArSCI* interference at
mass 75. The most common way to deal with spectral interferences on mono-isotopic elements such as arsenic is the use of correction
equations. The correction equation typically used by instrument manufacturers to correct for the “°ArCI* interference on 75As* is "%As signal =

trace metals in drinking water, surface water, waste water, soils, vegetation and fish. matrix spiked with 7.5 ppb selenium and 9.35 ppb arsenic. total signal in mass 75 — (3.127 x (signal in mass 77 — (0.815 x signal in mass 82))).

Correction equations are based on the principle of measuring the intensity of the interfering isotope or interfering species at another mass,
which is ideally free of any interference (R. Thomas, 2008, Practical Guide to ICP-MS second edition). This correction equation works well for
most Ontario drinking water samples in the absence of bromine. However, this equation may produce positive biased results for samples

There are many polyatomic interferences in ICP-MS that are produced by the combination of two or more atomic ions.

Many spectral overlaps such as “PAr3CI* on 75As, “°Ar‘°Ar on #Se, “/Ar 12C on 52Cr are caused by plasma gas ions or the Table 2: no selenium or arsenic in the sample

combination of plasma gas ions with other species. Other spectral overlaps such as *’CIT%0 on %Cr and #1Br'H* on %Se o P R p— P—— ° e QUL il P : o > s for
may be caused by matrix components in the sample. There are several different ways to compensate for polyatomic Isotapes g o o orrection Equation Applie CEililTy) frrcor:‘r:r:;enotlr‘;rsoec?esa £ Slgpell @l TR 6 RS =0 LEIRE) CETERE CRpELD vy s e UEl (e 5 o
interferences in ICP-MS. Three approaches commonly used to overcome such selection of 77 o e 13
isotopes for analysis, the use of correction equations and the use of collision or reaction cells to eliminate the ’ e ) . ’ ) eaes
(R, Thomas, 2008, Practical Guide to ICPMS, second edition) Se78 0 05 78-0.030461 x Kr83 Table 4 illustrates that there is a false positive bias for arsenic as the concentration of bromine increases when the correction equation 7*As=
SeB2 0 27 25 ppm Br 82-0.007833 x Kr83 75As-(3.127 x(77Se-(0.815-82Se))) is applied due to the interference of 1Br'H* on ®Se. However, if an alternate ~correction equation is
SoB2-1 0 03 52-0.007833 x KrB3 - 000187 x Br79 applied that is interference free such as *As=75As-(3.127x(77Se -(0.322x 78Se))) the concentration of arsenic is more realistic. When no
Objectives S678.CHA 3 003 230 ppm €1 correction equation is applied to correct for the “ArSCI* on arsenic there is a false positive bias which increases with the concentration of
T T 7 0 A s T e s 0 e ST G s v e Ses0.Od ) 22 chlorine. However, not correcting for the “/Ar¥5CI interference does not give as large a false positive bias on arsenic as the application of the
~To demonstrate that the use of correction equations to eliminate spectral interferences may result in biased resuits e 5 - R 1#As= T5A%-(3.127 X(175e-(0.815-625e)) correction equation.  The dynamic reaction cellresults using methane gas demonsirates that the
*To demonstrate that there is no universal method in dealing with interferences in ICP-MS prT] 0 02 75 0.000248 x CI35 Ar¥SCI” interference is eliminated as shown in Table
=To deal with interferences, the analyst needs a full understanding of the sample matrices and techniques used to correct them  [as75.2 0 08
AS75-CH4 0 03 Table 4: Matrix Study
Methodology 1%HNO, Blank with Target n | astsa | stz | aersa |1 HNO, Blank with Target "o | astsa | assa | aersa
Two matrix studies containing 1) 200 ppm of chiorine and varying concentrations of bromine and 2) 500 ppm of chiorine Table 3: the same sample matrix spiked with 7.5 ppb selenium and 9.35 ppb arsenic volt | wol | pol | pol | uol ol | wgl | pg | ual | uol
with varying concentrations of bromine were analyzed using a Perkin Elmer Elan DRC II ICP-MS. 250 ppb Br, 200 ppm CI 0 Joos| 040 [ os2 [ 052 [0.25ppm Br, 500 ppmct 0 Joos| os7 [ oar [ 14
Isms:p“ E":;/i"“ R:;‘I{E Matrix lon Correction Equation Applied 500 ppb Br, 200 ppm CI 0 005 | 085 | 051 0.56 | 0.5 ppm Br, 500 ppm CI 0 004 [ 095 043 13
In both of our matrix studies there was a 1% HNOj blank with either 200 ppm or 500 ppm chlorine with varying = e e 1000 ppb Br, 200 ppm CI 0 [ 001 | 17 | 035 | 055 [1ppmBr500ppmet 0 oo | 17 | o | 14
concentrations of bromide as shown in Table 1. Both matrix study 1 and 2 include a 1% HNO, blank spiked with a known oy e o T o 2500 ppb Br, 200 ppm CI 0 [ 002 | 41 | 031 | 056 |25 ppm Br, 500 ppm i 0 oot | a5 | os | 14
concentration of 5 pg/L arsenic and selenium for analysis. These samples were analyzed to determine the effect on the - 5000 ppb B, 200 ppm CI 0 004 | 5 | 050 | 059 |5ppmBr, 500 pmCl o Toor | a7 | osr | 14
analysis of selenium and arsenic by ICP-MS. zez T ; : ‘ff 25 ppm Br 0. m:;:.o;:;s: :::7 579 10000 ppb Br, 200 ppm CI 0 003 | 177 | 046 | 057 |1ppm Br, 500 ppm CI 0 002 | 179 0.66 14
o - = 230 ppm i = e e 250 ppb Br, 200ppm Cl+5ppb | 5 | 50 | 57 | 59 | 60 |0.25ppmBr,500ppmCiesppb | 5 | 55 | 58 50 | o8
Selenium SeB0-OH 75 s 500 ppb Br, 200 ppm C1 +5 ppb 5 54 | 63 59 6.0 0.5 ppm Br, 500 ppm CI +5 ppb 5 53 64 60 68
It is important to monitor multiple isotopes for the determination of low level selenium in water samples. In our laboratory AsTS 935 140 753,127 x (ArCITT- (0815 x Se82)) T T T o B B T
we monitor 7’Se, 7®Se, and £2Se including sample matrix ions such as *Cl and 7?Br. By monitoring the matrix As751 935 9.8 75 - 0.000249 x CI35 Ppb Br, 209 ppm pe! -5 ppm Br, 590 ppm L
it is possible to determine potential matrix related interferences on the different selenium isotopes. For 7’Se the major As75-2 9.35 108 5000 ppb Br, 200 ppm CI +5 ppb 5 58 139 59 6.0 |5 ppm Br, 500 ppm CI +5 ppb 5 53 142 59 6.7
interference in water samples is “?Ar%7Cl, for 78Se it is Ar*Ar, and for #2Se it is 82K or 8'Br'H AeT5CHA 035 o6 10000 ppb Br, 200 C1 +5 ppb 5 53 | 233 | 64 61|10 ppm Br, 500 ppm CI +5 ppb 5 52 | 236 60 68

As-(3.127x(7T7Se {0.815x 8250)))
As-(3.127x(T7Se {0.322x 78Se)))
As75-3=No Correction Equation

To illustrate the effect of chlorine and bromine interferences on selenium isotopes a matrix study was conducted as shown

in Table 1.
As illustrated in Tables 2 and 3, different selenium isotopes produce different analytical results. The £2Se

isotope has a false positive bias. This is due to the high concentration of bromine in the sample which
results in the #'Br'H interference on #2Se. There is also a false positive bias on 7’Se due to the 3’CI*°Ar

Table 1: 1% HNO; blank with chlorine and bromine as interferents e Conclusion
i .
Expected SeTT-CH4 | Se77 | Se78.CH4 | Se78 | Sea0-CH4 | Sesz There is no single universal method for dealing with interferences in ICP-MS analysis. The matrix of the sample should be monitored to
Matrix Study 1 ppb ppb ppb pob ppb ppb ppb There are three different ways to overcome the interferences on selenium: select an interference-free help determine any potential interferences. Multiple isotopes must be analyzed for elements which suffer from polyatomic interferences.
isotope such as ™Se; use a reaction cell to eliminate the interference Se78-CHd; or apply a correction The application of correction equations should be closely monitored to ensure there are no interferences on the applied equation. The use
250 ppb Br, 200 ppm C 0 0.1 20 00 17 07 14 equation/correction factor to correct for the bromine interference. This is done by modifying the correction of a dynamic reaction cell will minimize the effect of interferences as shown in Table 4. However, a successful strategy requires a full
500 ppb Br, 200 ppm CI ) 00 20 00 19 15 26 equation to include a correction factor for bromine as shown in tables 2 and 3 for Se82-1 understanding of the technique used and detailed knowledge of sample matrices.
1000 ppb Br, 200 ppm CI 0 0.0 22 0.0 21 29 5.0
2500 ppb Br , 200 ppm C1 0 00 21 00 20 70 123 To calculate the bromine correction factor for 82Se measure ®Se counts/sec and "*Br counts/sec in a 1% References
HNO, blank solution and 1 ppm bromine solution
5000 ppb Br. 200 ppm CI 0 00 22 00 23 140 248 ? Thomas, Robert. 2008, Practical Guide to ICP-MS: A Tutorial for Beginners 2 edition.
10000 ppb Br, 200 ppm C1 0 00 23 00 25 284 510
Calculate the correction factor as follows:
Matrix Study 2
Disclaimer: Any mention of the name of companies and instruments does not imply in any way the endorsement by the Ontario Ministry
250 ppb Br, 500 ppm CI 0 00 50 0.0 24 08 1.3 2, - /
500 pn Br, 500 ; mCl [ 0.0 51 00 27 16 27 Cei=cichliacon SeBc/ s(1ppmbn) = Sekdc s(Biamk) of the Environment.
ppo Br, 500 ppY Br19¢/s(1ppmBr) - Br19¢/ s(Blank)
1000 ppb Br, 500 ppm G 0 00 52 00 30 30 52
2500 ppb Br, 500 ppm CI 0 0.1 5.1 0.1 29 72 133
5000 ppb Br, 500 ppm CI 0 00 54 01 31 145 259 Itis important to monitor and calculate the correction factor daily as it is dependant on the instrument
10000 ppb Br, 500 ppm CI ) 00 55 0.1 33 281 522 condition.
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