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24 Abstract

A novel method for compensation of the procedural blank in isotope dilution is
28 presented. This method - entitled “blank-matching” - copes with the blank through
30 experimental design. Both sample and calibration solutions are exposed to the same
32 amount of isotopic standard and same procedural blank. The identical treatment of
34 sample and calibrators eliminates the need for subtracting the procedural blank from
36 the result obtained by isotope dilution. A further advantage of the method is that
38 quantitation of the analyte in the procedural blank is not required. Blank-matching is
40 simple and fast to implement and it permits direct determination of results without fur-
42 ther corrections. This aspect has an important metrological outcome: blank-matching
44 isotope dilution can be considered a primary method of analysis that does not involve

46 the procedural blank as a potential source of bias.
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Introduction

Procedural blank correction is a topic of importance in trace analysis. ! Sample preparation
can be responsible for the introduction of contaminants that can lead to the overestimation of
the analytical result.? In most methods, correction for procedural blank is achieved by direct

subtraction of the blank contribution (npjank) from the gross amount of analyte detected

(nA—gross) . 3.4

NA = NA-gross — Mblank (1)

where ny is the the unbiased amount of analyte in the sample. In practice, the procedural
blank is evaluated by performing a separate determination under the same conditions of
sample analysis, but without the sample.?

In isotope dilution mass spectrometry (IDMS)®® blank correction is a topic of interest;® a
systematic study of the blank in IDMS was presented by Lamberty and Pauwels in 1991 % and
procedures recommended in Roth’s IUPAC technical report in 1997. 7 These authors discussed
procedural blank correction for a classic experiment of single isotope dilution (ID 'MS). Over
the years, ID'MS has undergone many developments, resulting in the formulation of vari-

ous higher-order models.® Up to date IDMS equations have been proposed for double 1713

14-17 10,18

triple and quadruple isotope dilution. Moreover, isotopic internal standards have
been intensively employed in organic LC/MS and GC/MS for the preparation of calibration
functions' (isotope ratio vs analyte concentration). Whereas ID'MS is uniquely based on
the measurement of the sample, all other isotope dilution methods require measurement of
additional blends (A*B) prepared from a primary standard of natural isotopic composition
(A*) and from an isotopic standard (B). In such cases, procedural blank correction becomes
less intuitive. In 2005, Yang and Sturgeon ! studied the situation for double isotope dilution,
concluding that “when a blank contributes to both isotope dilution and reverse isotope dilu-

tion processes, only a fraction of this blank concentration is subtracted from the gross analyte

concentration”. In practice, the blank that contributes to both direct (sample blend AB)
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and reverse (calibration blend A*B) isotope dilution does not need to be accounted for: only
that portion of the blank that contribute uniquely to the sample blend AB is subtracted.
This conclusion can be extended to all isotope dilution models that require measurement
of one or more A*B calibrators. Yang and Sturgeon’s method for blank correction requires
direct measurement of the blank followed by its partial subtraction from the gross analyte
concentration. Blank determination, however, can be challenging, depending on the analyte
levels. In this study we propose an alternative approach for blank compensation in isotope
dilution that does not require the determination of the analyte in the blank. When the
experiment is designed such that both isotopic standard and procedural blank contribute
equally to sample and calibrators, no blank correction is needed. The identical treatment of
sample and reference standards eliminates systematic errors due to procedural blank in an
isotope dilution experiment. This technique of blank-matching aligns with the principle of

t20

identical treatment <’ and can be applied in conjunction with the method of exact-matching

IDMS 32! where measured isotope ratios are matched to minimize the measurement biases.

Theory

Isotope dilution mass spectrometry is recognized as one of the most accurate methods in in-
strumental analytical chemistry. When a contaminant is introduced into the sample through
common preparation procedure, overestimated results can be observed and corrective actions
are required to avoid biases. The classical method for procedural blank compensation en-
tails direct subtraction of the blank according to Eq. 1. The major practical disadvantage
of this approach is the need for a dedicated experiment for quantitation of the analyte in
the blank. Furthermore, Eq. 1 is fundamentally an indirect measurement wherein estima-
tion of the analyte is obtained by subtraction of two measured values. For better control
of uncertainty propagation, and for a shorter traceability chain, direct measurement of the

analytical property value is preferred. With isotope dilution, this condition can be achieved
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applying the proposed blank-matching procedure. The novel method copes with the proce-
dural blank through experimental design. All sample and calibration solutions that define
the IDMS experiment are treated with the same amount of isotopic internal standard (B)
and are exposed to the same amount of potential contaminants. This design is illustrated
in Fig. 1. If the procedural blank and the isotopic internal standard are considered a single
entity, then the blank-matching experiment is nothing other than blank-free isotope dilution
that uses as isotopic standard a B* solution comprising the formal summation of B and
procedural blank. In other words, in such experiment, the procedural blank can be perceived
as an apparent decrease of the isotopic enrichment of the internal standard. The idea for this
method stemmed from the general equation for isotope dilution. No matter which IDMS

10-19 43 chosen for

model (single, double, triple, quadruple dilution or calibration function)
quantitation, the potential overlap between the isotopes of natural and enriched material
needs to be accounted for. Indeed, in all isotope dilution models the isotopic composition
of natural (R,) and isotopic (Rp) standards are the variables that allow deconvoluting such
overlap. In principle this overlap is a blank problem; the blank-matching method takes
full advantage of this aspect by transfering the effect of the procedural blank into Ry (Fig.

1). This “internalization” of the procedural blank makes blank-matching isotope dilution a

primary method that does not require any further corrections to account for the blank.

Experimental

The blank-matching method was demonstrated experimentally. A quadruple isotope dilution
model'® was implemented for the determination of bromide in a synthetic water sample by
gas chromatography mass spectrometry (GC/MS) after aqueous derivatization of bromide
with triethyloxonium.?? Bromide was converted to bromoethane and detected by MS in EI
positive mode on mass 110 Da (C,H,*Br") and 108 Da (C,H;"Br"). The isotope ratio

Rag — n(C,H 2" Br") /n(C,H,Br") was utilized for quantitation purposes. Sample A of
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Figure 1: Blank-matching method. When identical amounts of isotopic internal standard (B)
and reagents (considered procedural blank arising from sample preparation) are introduced
in all calibration/sample blends, no blank subtraction is required. The blank-matching
experiment becomes equivalent to a blank-free isotope dilution that uses an isotopic internal
standard B* equivalent to the formal summation of B and procedural blank.

natural isotopic composition bromide (w(Br~) = 0.10004 £+ 0.00010 pg/g) was prepared
by gravimetric dilution of NIST Standard Reference Material 3184 Bromide Anion (Br ")
Standard Solution. The same source of bromide was used to prepare the primary standard
A* and to model the artificial procedural blank. The isotopic internal standard B was a
"Br enriched bromide (z(™Br) = 0.94 mol/mol) sourced from Trace Science International.
The bromide content in sample A was measured after pretreatment with a clean reagent
(no detectable blank) and with a contaminated one. In the latter experiment a procedural
blank corresponding to 20% of the sample analytical signal was detected. For correcting this
blank, the traditional subtraction approach (Eq. 1) was compared with the proposed blank-
matching. Each experiment was repeated five times and uncertainty evaluation was carried
out according to the JCGM guideline.?® Reported uncertainties are based on a coverage

factor £ = 1.
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Results and discussion

As a requirement for accurate trace analysis, the procedural blank contribution should be the
same for every single solution in a sequence. If this condition is not satisfied - i.e., the blank
levels are not reproducible - both classic blank subtraction (Eq. 1) and blank-matching will
produce poor results, depending on the variation of the blank. The situation modeled in
this study is one of reproducible procedural blank. For example, the blank associated with a
reagent can be considered reproducible if the reagent is homogeneous and manipulated in a
contamination-free manner. When the blank levels are not reproducible, there is no strategy
that can efficiently handle the problem. In this situation, the only remedy can be sought in

a better control of the working conditions.

Use of a contaminated reagent

In an ideal scenario an analysis is executed in a blank-free environment. This situation
is a theoretical limit that in practice could be approached when the instrument does not
show a signal corresponding to the blank. This favorable condition was achieved for the
determination of bromide by GC/MS. The bromide content in sample A could be measured
with a signal-to-noise ratio of 1000, without detecting a procedural blank. Five replicate
measurements of bromide in sample A resulted in an average of w(Br~) = 0.1011 £ 0.0010
ug/g (Table 1). This measurement is in agreement with gravimetric data within 1%. At
this point, the determination of bromide in sample A was performed using a contaminated
reagent for the sample pretreatment step. Without any corrections - as expected - the latter
measurement produced a biased result (20%): w(Br ) = 0.1212 + 0.0012 ug/g. In order to

give significance to this second measurement, a correction is required.
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Table 1: Comparing the gross analytical results of Br~
in sample A (w(Br™)gravimetric = 0.10004 pg/g) using a
clean and a contaminated reagent for the sample prepa-

ration

Clean reagent?®

Contaminated reagent®

w(Br")
ng/g

w(Br")
ng/g

0.1002 = 0.0023
0.1029 + 0.0023
0.0998 =+ 0.0022
0.1012 + 0.0023
0.1014 + 0.0023

0.1190 £ 0.0027
0.1248 £ 0.0027
0.1208 £ 0.0027
0.1194 £ 0.0027
0.1218 £ 0.0027

Result + standard uncertainty (k = 1)

2 No blank was detected

b A blank corresponding to 20% of the sample analytical sig-
nal was detected

Blank subtraction wvs matching

The classic approach for blank correction is based on Eq. 1: subtraction of the excess. For
each of the five measurements reported in Table 1, a dedicated experiment was performed

to obtain the bromide content in the contaminated procedural blank (Table 2).

Table 2: Classic approach for procedural blank subtraction

msample mreagent w (Bl"7 )gross w (BIﬁ )reagent w (BIf )

8 g 1g/8 1g/8 1g/8

2.00198 0.39637  0.1190 £ 0.0027  0.0965 £ 0.0047 0.0999 £ 0.0029
1.99915  0.39679  0.1248 + 0.0027 0.1055 % 0.0047 0.1039 + 0.0029
1.99921 0.39757 0.1208 £ 0.0027  0.1047 £ 0.0047 0.1000 £ 0.0028
1.99949  0.39752  0.1194 £+ 0.0027  0.1043 £ 0.0052 0.0986 =+ 0.0029
1.99679 0.39534 0.1218 £ 0.0027  0.1014 £ 0.0047 0.1017 £ 0.0029

Result + standard uncertainty (k = 1)

Determination of the analyte in the blank was difficult due to the low analyte level: the
combined uncertainty for quantitation of the blank was two fold that of the sample (Table

2). Data reported in Table 2 were blank corrected by applying the following equation:
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_ _ my, n _
w(Br ) = U}(BI' )gross — cagent U}(BI‘ )reagent (2)
Msample

whereas the error on w(Br ) was calculated according to JCGM guideline: #*

o [w(Br7)] = u” [w(Br)guos] + (m—) 0 0B g (3)

Msample

0.110

CLASSIC APPROACH BLANK MATCHING
0.108 A

0.105 A

0.103 A

w(Br’) ug/g

0.100 A

0.098 A

0.095

Figure 2: Determination of Br~ in sample A: classic approach vs blank-matching. Error bars
represent the standard uncertainty (k = 1)

Uncertainty on mass measurement was considered negligible. The classical method for
blank correction requires considerable experimental effort for quantitation of the analyte in
the blank; moreover it implies a certain mathematical complexity for the calculation of the
result (Eq. 2) and uncertainty (Eq. 3). The novel blank-matching method avoids these
shortcomings. As noted in the theory section, when the experiment is prepared according
to Fig. 1, no blank subtraction is needed to achieve the correct isotope dilution result.
The blank-matching technique was applied to quantify the bromide content in sample A
when a contaminated reagent was used for sample preparation (Table 3). In this case,
classic correction and blank-matching produce comparable results: both methods provide the
expected mass fraction of bromide with similar uncertainty (Fig. 2). The blank-matching,
however, is superior from a practical point of view because it does not require a dedicated

experiment to determine the blank. The blank-matching design allows a direct response to
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the question “what is the bromide mass fraction in sample A?” while the classic method is

more complex in providing the same analytical information.

Table 3: Determination of Br~ in sample
A: dealing with a procedural blank

Classic approach? Blank-matching®

w(Br) w(Br)
1g/g 1e/g

0.0999 £ 0.0029  0.0998 £ 0.0027
0.1039 £ 0.0029  0.1003 £ 0.0027
0.1000 £ 0.0028  0.1010 % 0.0027
0.0986 £ 0.0029  0.1011 £ 0.0027
0.1017 £ 0.0029  0.0994 + 0.0026

Result + standard uncertainty (k = 1)
@ Blank subtraction (Eq. 2, Table 2)
b Direct measurement (Fig. 1)

Isotopic composition of the blank

For the majority of practical cases, the isotopic composition of the blank is natural and can
be assumed to be equal to that of the primary standard used for quantitation. For some
elements like lithium or lead, this assumption might not be acceptable for high-precision
measurement. !° In such cases, for a classic subtraction of the blank contribution, the analyst
should account for the difference between the isotopic composition of the blank and primary
standard;* this task, however, could be challenging from a practical point-of-view. In a
blank-matching experiment, the blank can be seen as part of the effective internal standard
B* used for quantitation (Fig. 1). The internalization of the blank into the model of isotope
dilution eliminates the need for any assumption on the isotopic composition of the blank.
As a result, the blank-matching design also copes with any potential difference between
the isotopic composition of the blank and primary standard without the need of further

investigation.
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Conclusion

A novel approach for the correction of procedural blank has been described for isotope dilu-
tion quantitation. When sample and calibration solutions of the sequence are subjected to
the same amount of blank (from reagents and manipulations) and isotopic internal standard,
no blank subtraction is required. Blank-matching copes with the blank through experimen-
tal design: the sample preparation is simply executed in a way that eventual contamination
arising from reagents does not affect the accuracy of the results. Direct determinations
of blank concentration and of its isotopic signature are therefore not needed. In this vein,
blank-matching is an easy and fast approach to compensate for a predictable blank in isotope

dilution quantitation.
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