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ABSTRACT

The severe matrix enhance-
ment effects for potassium deter-
mination in environmental water
samples using axially viewed
inductively coupled plasma opti-
cal emission spectrometry (ICP-
OES) was investigated in this
study. The severe enhancement
caused by matrix interference
components, such as Li, Na, Mg,
and Ca, was demonstrated thor-
oughly, and the correlation
between the enhanced K results
and the interference concentra-
tions was investigated. The
results showed that both individ-
ual and combined interference
elements contributed to this kind
of enhancement effect. The
enhancement ratios (enhanced

INTRODUCTION

Potassium (K) is an important
nutritional element for both plants
and animals. Thus, K determination
is essential in many different fields
and applications, including agricul-

ture, food and drug industries, clini-

cal applications, and environmental
monitoring. There are different
instrumental techniques available
for K determination. Traditionally,
flame atomic absorption was used
to determine K. But this single-ele-
ment analysis capability limits pro-
ductivity when multi-element
analyses are required for the same
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K/expected K) range from 101%-
212% due to the presence of Li,
Na, Mg, and Ca, either presented
individually or combined in the
solution, in the concentration of
10-250 ppm of each interference
element. In order to overcome
matrix effects and to avoid the
use of the time-consuming proce-
dures (such as matrix matching,
the method of standard addition,
and gradual sample dilution), the
approach of mathematical cor-
rection was implemented and
adequate procedures were devel-
oped to handle this problem.
The analyses of Proficiency
Testing and Quality Control Ref-
erence Standards and a series of
test solutions evaluated the valid-
ity of this method. The accuracy
of the reference standards was

sample. Alternatively, inductively
coupled plasma optical emission
spectrometry (ICP-OES) is the
appropriate technique for the effec-
tive multi-element determination in
the same sample, including K.
Determination of Na, K, Mg, and Ca
in urine and saline water and their
relative matrix effects, using radial
ICP-OES (1) and dual-viewed ICP-
OES (2), respectively, are demon-
strated and discussed.

Matrix interference effects in
ICP-OES analysis have been of con-
cern for application analysts and
researchers. Numerous studies
have demonstrated the trend of
matrix effects under different oper-
ational conditions and different
applications aspects. It is especially
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within 98.3-104.6%. The cor-
rected spike recoveries from test
solutions ranged between
90-110% (most of the recoveries
were between 95-105%) and the
precision (RSD%) was below 1%.

These preliminary experimen-
tal results suggested that this
approach of mathematical cor-
rection provides a reliable and
practical way to overcome the
severe matrix enhancement
effects for K determination by
axially viewed ICP-OES. Precise
and accurate K results were
obtained by analyzing
proficiency testing and quality
control reference standards for
environmental water samples
and serial test solutions in the
matrix concentration range of
10-250 ppm of each interference
element.

essential to investigate and under-
stand the matrix effects for samples
containing high concentrations of
alkali and alkali earth elements
when using axially viewed ICP-OES
analysis since this method tends to
present more matrix interferences
in certain situations than radially
viewed ICP-OES. An overall review
of ICP-OES regarding both axially
and radially viewed plasma, and
the associated features and applica-
tions, has been presented and doc-
umented (3). The matrix effects of
Na and Ca in multi-element analysis
using axial and radial ICP-OES have
been studied, and the degree of
matrix interference and the impact
on detection limit has been docu-
mented (4-6). Matrix effects in the



presence of nitric acid, Ca, Na, K,
and P have also been studied, and
their impact on analyte transport
rate, emission intensities, as well as
correlation with excitation energy
and plasma excitation conditions
have been discussed (7). The study
of matrix interferences in the trace
element analysis of environmental
samples addresses the concerns on
changes that occur in the plasma or
the nebulization device due to
matrix differences between stan-
dards and samples (8). Meanwhile,
the efficiency of using internal stan-
dardization in ICP-OES has been
evaluated (9-11). In a more spe-
cific case, the matrix effect on dis-
solved phosphorus determination
by axially viewed ICP-OES has
been observed in the presence of
Na and Ca (12). And the matrix
effects under different ICP-OES
operational conditions have also
been described (13-15).

However, the severe enhance-
ment effect in the determination of
K using axially viewed ICP-OES has
not been addressed specifically.
Although the addition of an ioniza-
tion buffer was considered and
tested to overcome the matrix
effect, a few problems emerged,
for axially viewed ICP-OES, due to
overloading the plasma. In order to
compensate for this severe matrix
effect sufficiently, introduction of
a high concentration ionization
buffer is required. This creates a
dilemma itself over the potential
benefit of compensating matrix
effect, including instability of sam-
ple intensity, increased chance of
system contamination, carryover
while analyzing other trace level
elements, increased instrument
drift and gradual clogging of sam-
ple introduction components.

Therefore, there is a need to
understand this matrix interference
and, more importantly, to find an
efficient and practical approach to
deal with this problem. This study
focuses on the demonstration of
matrix enhancement effects for K

determination using axially viewed
ICP-OES in environmental water
samples, with the objective of
developing adequate and effective
mathematical correction
procedures to overcome matrix
effects for routine analyses.

In general, practical solutions for
overcoming matrix effects such as
sample dilution, matrix matching
and/or the method of standard
addition can be regarded as costly
and time-consuming procedures for
various and unknown sample matri-
ces. Therefore, mathematical cor-
rection, based on the interference
concentration, becomes an alterna-
tive and effective approach.

This study developed a series of
mathematical equations to correct
matrix enhancement effects for K
determination using the enhance-
ment correction ratio (R). The
validity of this approach has been
verified in the matrix concentration
range of 10-250 ppm for Na, Ca,
and Mg.

EXPERIMENTAL

Instrumentation

This study was performed using
an Optima™ 3300 XL axially
viewed ICP-OES (PerkinElmer Life
and Analytical Sciences, Shelton,
CT, USA). The instrument was
equipped with a GemCone™ nebu-
lizer (Part No. N0O690671), cyclonic
spray chamber (Part No. N8122188),
and 2-mm i.d. alumina injector
(Part No. N0695442). The instru-
mental operating conditions are
listed in Table I.

Reagents and Standards

Analytical grade nitric acid and
deionized water (18.2 MQ.cm,
E-Pure, Barnstead, Dubuque, IA,
USA) were used to prepare the
standards and test solutions. Single-
element stock standard solutions
(K, Ca, Mg, Na, Li, Ba, Cs, Sr, and
Y) were obtained from SpexCerti-
Prep (Metuchen, NJ, USA). Profi-
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ciency Testing and Quality Control
Reference Standards, which are val-
idated against NIST SRMs, were
provided by NIST certified suppli-
ers (AccuStandard, New Haven, CT,
USA, and Resource Technology
Corporation, Laramie, WY, USA).
These reference standards were
analyzed to validate the procedure
and to verify the accuracy of this
method.

Procedure

In order to investigate the
matrix enhancement effects for K
determination, serial test solutions
were made to demonstrate the
trend and level of enhancement
from matrix interference elements.
The test solutions were comprised
of varying concentrations of indi-
vidual and combined interference
elements.

All test solutions were prepared
to contain individual and/or combi-
nations of elements at specific con-
centrations in 1% (v/v) HNO; by
adequate dilution of the stock stan-
dards. For individual interference

TABLE |
Operating Conditions of the
Optima 3300 XL
for the Determination of K

RF Power 1350 W
Nebulizer Flow 0.55 L/min
Auxiliary Flow 0.5 L/min
Plasma Flow 15 L/min
Sample Pump Flow 1 mL/min
Plasma Viewing Axial
Processing Mode Area
Auto-integration

(min — max) 5-20's
Read Delay 60 s
Rinse 60 s
Replicates 3
Background

Correction Manual, 2 points
Nebulizer GemCone
Nebulizer Chamber Cyclonic
Injector Alumina, 2 mm




element effects, Ca, Mg, Na, and Li
were investigated in the concentra-
tion range of 10-250 ppm. To eval-
uate the combined matrix effects,
solutions that contained Na+Ca,
Na+Mg, Ca+Mg, and Na+Ca+Mg
were also prepared in the concen-
tration range of 10-250 ppm. The
test solutions were spiked with 20
ppm K to assess the trend and level
of enhancement effects from the
matrix interference on K determi-
nation.

The wavelength for K at 766.49
nm was used with two points back-
ground correction for instrument
calibration. Blank solutions of 1%
(v/v) HNOz and 20 ppm K in 1%
(v/v) HNO; were used to generate
calibration curves with a K linearity
of 70 ppm.

Other Group | and Il elements,
such as Ba, Sr, and Cs, were studied
briefly in the concentrations of 10,
30, and 50 ppm. Since there is no
significant enhancement effect at
these matrix concentration levels,
no further evaluation was carried
out.

To demonstrate other potential
interferences from different blanks,
two blank solutions [1% (v/v)
HNO; + 5% (v/v) HCI, 100 ppm Ca
+100 ppm Mg +100 ppm Na in 1%
(v/v) HNO4] were also analyzed for
K.

The on-line addition of internal
standard (IS), Y at 371.029 nm, was
used to monitor instrument stabil-
ity and to compensate for
variations of different matrices.

RESULTS AND DISCUSSION

Matrix Effect

This study has demonstrated that
Li, Na, Ca, and Mg contribute
severe matrix enhancement effects
at various element concentrations
when K is determined by axially
viewed ICP-OES. A comparison of
20 ppm K peak intensities in differ-
ent matrices is given in Figure 1.

The enhancement effects of indi-
vidual interference elements are
shown in Figure 2 for 10-250 ppm
of Ca, Mg, Na, and Li. As the curves
demonstrates, the enhancement
effects on K determination tend to
increase in proportion to interfer-
ence element concentrations.
Twenty ppm K would be enhanced
to have false reading of 25.8 ppm
in the presence of 10 ppm Li. 250
ppm Li would enhance 20 ppm K
to read as 42.4 ppm, which illus-
trated an enhancement ratio
(enhanced K/expected K) of 212%.
Similar enhancement trends occur
on K determination caused by co-
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existence of single Na, Mg, and Ca
with K. A series of test results indi-
cated that the enhancement ratios
of individual interference elements
can range from 101-212% in the
presence of 10-250 ppm of Li, Na,
Mg, and Ca, and can reach as high
as 134%, 147%, 174%, and 212% for
Ca, Mg, Na, and Li matrices up to
250 ppm, respectively.

The mixed element enhance-
ment effects for the combined
solutions of Na+Ca, Na+Mg,
Ca+Mg, and Na+Ca+Mg, all in the
concentration range of 10-250 ppm,
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Fig. 1. Spectrum peak comparisons of enhanced K intensity in different matrices.
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Fig. 2. Individual enhancement effect of Ca, Mg, Na, and Li on K determination.
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are shown in Figure 3. For the
mixed composition, the combined
enhancement impacts are higher
than the individual element matrix,
but they are not simply additive. In
general, the enhancement ratios of
the combined matrices are as high
as 153%, 182%, 184%, and 188%
for Ca+Mg, Na+Ca, Na+Mg, and
Na+Ca+Mg up to 250 ppm of each
element, respectively. It is worth
noting that Na contributed more
impact on the combined enhance-
ment (excluded Li). The results in
Figure 3 show that there are no
significant differences of enhance-
ment ratios when Na was mixed
with Ca or Mg only, compared with
Na, Ca, and Mg mixed together.

The experimental results also
show that Li has the strongest
enhancement impact of the
elements studied (Li, Na, Ca, Mg,
Ba, Cs, and Sr). In general, the indi-
vidual element enhancement pre-
sents the strength in the order of
Li>Na>Mg>Ca in the same concen-
tration ranges. Although Li demon-
strated the strongest enhancement
effect for K determination, it is less
likely to find Li at concentrations
of high ppm levels for general
aqueous environmental samples,
such as drinking water, surface
water, and wastewater (excluding
extreme cases). Meanwhile, Na, Ca,
and Mg, which are commonly pre-
sent in ppm levels in environmen-
tal samples, warrant further
investigation to handle this matrix
effect.

A brief study was conducted to
verify the impact from Ba, Cs, and
Sr on K determination. The results
showed that matrices of 10, 30, and
50 ppm of each Ba, Cs, and Sr did
not significantly enhance K deter-
mination with axially viewed ICP-
OES.

Additionally, in order to demon-
strate the impact from different
acids and/or similar matrices with-
out the presence of K, two blank
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Fig. 3. Combined enhancement effect of Na+Ca, Na+Mg, Ca+Mg, and Na+Ca+Mg

on K determination.

solutions [1% (v/v) HNO; + 5%
(v/v) HCI, 100 ppm Ca +100 ppm
Mg +100 ppm Na in 1% (v/v)
HNO;] were analyzed for K, and no
bias K intensity was observed. The
blank tests suggested that the inter-
ference element alone does not ele-
vate the K intensity without the
presence of K in the solution. The
K intensity will be enhanced only
when K co-exists with the matrix-
interfering elements.

Further evaluation of the experi-
mental results suggested that even
though different elements and dif-
ferent combinations of elements in
the matrices demonstrated various
levels of enhancement effects, the
enhancement ratio is related to the
concentration of the interference
elements. This trend describes the
relationship between the matrix
concentrations and the enhance-
ment ratio. This approach was used
for this study in order to develop a
practical method for overcoming
matrix effects for K determination
by axially viewed ICP-OES.

Mathematical Correction —
Overcoming Matrix Effects

Since the enhancement effects
for K determination correlate to the
concentration of a certain matrix
composition, it is possible to gener-
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ate mathematical equations to con-
vert the enhanced K signals to the
corrected K results by applying the
enhancement correction ratio (R)
based on matrix concentrations.
Because this work focused on envi-
ronmental application for general
agueous environmental samples,
such as drinking water, surface
water, and wastewater (excluding
extreme cases), Na, Ca, and Mg
enhancement impacts for K deter-
mination were studied thoroughly.

In order to develop the enhance-
ment correction ratio (R), eight
series of test solutions were pre-
pared. Each series contained indi-
vidual or combined matrix
elements of Ca, Mg, Na, and Li with
seven gradually increasing concen-
tration levels - ranging from 10
ppm to 250 ppm. Each test solu-
tion was spiked with 20 ppm K. All
test solutions and K calibration
standards were acidified to 1% (v/v)
HNO,.

The following mathematical
equations were obtained through
experimental data. The equations
were applied for correction later by
method validation, and the
corrected results of Proficiency
Testing and Quality Control Refer-
ence Standards were evaluated.




Kc=Ke/R

Kc--corrected K result (ppm)
Ke--enhanced K reading (ppm)
R--enhancement correction ratio

Since different matrix composi-
tions contribute to different levels
of enhancement, each situation
was evaluated separately. The equa-
tions were obtained by finding the
most suitable mathematical equa-
tions in order to illustrate the actual
enhancement based on the experi-
mental data. The developed equa-
tions are shown below:

1. Ca
R ={[(2VCa- 4) / 100] + 1} x 100%

2. Mg
R ={[(2vMg + 5) / 100] + 1} x 100%

3. Na
R ={[(4VNa + 2) / 100] + 1} x 100%

4. Na+Ca
R = {[(3VNa + 2VCa) / 100] + 1} x
100%

5. Na+Mg
R ={[(3VNa + 2vMg) / 100] + 1} x
100%

6. Ca+Mg
R = {[(VCa + 2VMg) / 100] + 1} x
100%

7. Na+Ca+Mg
R ={[(3VNa + VCa + vMg) / 100] +
1} x 100%

8. Li
R = {[(8VLi) / 100] + 1} x 100%

Note: VCa, VMg, VNa, and VLi
represents the square root of con-
centrations in ppm for Ca, Mg, Na,
and Li, respectively.

As the experimental data show,
each individual element
contributes to different levels of
enhancement (see Figure 2). At the
same time, the increased enhance-
ments of the combination of these
individual elements were not sim-
ply additive (see Figure 3). It
becomes necessary to evaluate
each individual element and each

combination of matrices in order to
obtain a more accurate mathemati-
cal equation to represent the actual
enhancement for each situation, as
shown in equations 1 through 8.
Thus, it seems difficult to try to use
one general equation to simplify
the complex situations when multi-
ple variables could impact the out-
come of enhancement.

The results also showed that Na
strongly impacts the enhancement
when Na is mixed with Ca or Mg
only, or mixed with Ca and Mg
together. As Figure 3 shows, there
are similar degrees of enhancement
found when Na is present in the
mixed solutions of Ca and/or Mg.
Meanwhile, Ca and Mg show
a similar degree of enhancement in
mixed solutions in the presence of
a significant quantity of Na (i.e., Na
10 ppm or more). Therefore, equa-
tion 7 for Na+Ca+Mg was almost
converted to equation 5 for Na+Mg
and to equation 4 for Na+Ca (i.e.,
3vNa + vCa + VMg = 3VNa + 2vMg
= 3vNa + 2VCa). Thus, when sam-
ples contain Na, Mg, and Ca
(excluding extreme or specific
cases), it is recommended that
equation 7 be used as the general
solution to correct matrix effects in
the concentration ranges specified
for this study. In the cases of only
individual interference element in
the solution, the corresponding
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equation for the element should be
applied for enhancement correc-
tion.

Impact of Internal Standard

All tests were analyzed with an
added internal standard (Y 371.029
nm) to monitor instrument stability
and to compensate for variations of
different matrices. The results
show that the absolute intensities
of internal standard do not change
significantly while matrix compo-
nents and/or matrix concentrations
vary. The relative percent differ-
ences (RPD %) of Y intensities com-
pared to initial intensity of Y were
less than 5% over four hours of con-
tinuous analyses (see Figure 4). On
the other hand, the enhanced
absolute K intensities responded
directly to the changes of matrix
components and/or matrix concen-
trations. As the interference con-
centrations increased, K intensities
increased proportionally while no
significant intensity changes were
observed for the internal standard.
Since the internal standard has less
measurable impact over the severe
enhancement of K caused by
matrix effects, there are no signifi-
cant differences between the
absolute K intensities and the con-
verted K intensities by the internal
standard (see Figure 5). Therefore,
neither the internal standard Y can
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Fig. 4. Internal standard () stability test in various matrices.
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be used effectively to compensate
for this matrix effect on K, nor
does the internal standard Y itself
show significant enhancement or
suppression caused by these matri-
ces.

Method Validation

When the developed equations
were applied to the eight series of
test solutions with various matrix
concentrations, the corrected K
results were agreeable with the
expected K value (20 ppm). All
recoveries ranged between 90-
110% (most of the recoveries
between 95-105%) in the interfer-
ence concentration range of
10-250 ppm (see Tables Il and I11).

To further validate the applica-
ble accuracy of this approach, sev-
eral Proficiency Testing and Quality
Control Reference Standards pro-
vided by NIST certified suppliers,
which are validated against NIST
SRMs, were analyzed in this study.
These reference standards contain
various concentration levels of
interference elements (Ca, Mg, Na)
along with K (see Table IV). The
analyses of these standards are suit-
able to verify the mathematical cor-
rection of this method. All
corrected results were found to be
within the acceptance limits of the
certified values, with recoveries
between 98.3-104.6% (see Table IV
and Figure 6), thus confirming the
validity of this method.

Discussion

As a single interference element,
Li generates the strongest enhance-
ment on K determination, and we
briefly studied the effect of Li on K.
The results showed that 1 ppm Li
tends to enhance K at approximately
5% or less. Most environmental
water samples have Li levels signifi-
cantly less than 1 ppm Li.

To seek a similar matrix
enhancement among other elements,
a brief investigation was also per-
formed to evaluate matrix effects
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Fig. 5. Enhanced absolute K intensity vs. converted intensity
by internal standard (Y). Matrices: Ca+Mg+Na.
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Fig. 6. Proficiency testing and quality control reference standards verification.

of Li, K, Mg, and Be on the determi-
nation of Na by axially viewed
ICP-OES. The results showed that
20 ppm Li will enhance approxi-
mately 10% on the determination
of 20 ppm Na, 60 ppm Li will
enhance approximate 20% on

the determination of 20 ppm Na.
No enhancement effects were
observed from single 20 ppm of K,
Mg, and Be, respectively, on the
determination of 20 ppm Na.

The advantages of using mathe-
matical correction for the determi-
nation of K by axially viewed
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ICP-OES include (a) eliminating the
time-consuming sample dilution
process to overcome matrix
effects, (b) better approach to
understand the matrix effects of
unknown and various sample matri-
ces, (c¢) providing an alternate and
effective method instead of using
the costly method of standard addi-
tion, (d) avoiding the procedure of
overloading the plasma with the
addition of an ionization buffer,
thus reducing the chance of sample
contamination and the need of
instrument maintenance.
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TABLE II
Individual Element Enhancement Effect of Ca, Mg, Na, and Li on K Determination
(20 ppm Spike)

Enhancement
Ca Enhanced K SD RSD Enhancement  Correction Corrected K Recovery
(ppm)  (ppm) (ppm) (%) Ratio (%) Ratio (%)° (ppm) (%)
10 20.26 0.069 0.34 101.3 102.3 19.80 99.0
30 21.62 0.022 0.10 108.1 107.0 20.21 101.1
50 22.27 0.044 0.20 111.4 110.1 20.22 101.1
100 23.18 0.006 0.03 115.9 116.0 19.98 99.9
150 24.42 0.048 0.19 122.1 120.5 20.27 101.3
200 25.68 0.031 0.12 128.4 124.3 20.66 103.3
250 26.74 0.013 0.05 133.7 127.6 20.95 104.8
Enhancement
Mg Enhanced K SD RSD Enhancement Correction Corrected K Recovery
(ppm)  (ppm) (Ppm) (%) Ratio (%) Ratio (%)" (Ppm) (%)
10 21.00 0.030 0.15 105.0 111.3 18.86 94.3
30 22.45 0.100 0.44 112.3 116.0 19.36 96.8
50 24.10 0.170 0.72 120.5 119.1 20.23 101.1
100 25.57 0.080 0.33 127.9 125.0 20.46 102.3
150 27.79 0.080 0.29 139.0 129.5 21.46 107.3
200 29.03 0.060 0.22 145.2 133.3 21.78 108.9
250 29.46 0.100 0.33 147.3 136.6 21.56 107.8
Enhancement
Na  Enhanced K SD RSD Enhancement  Correction Corrected K Recovery
(ppm)  (ppm) (ppm) (%) Ratio (%) Ratio (%)° (Ppm) (%)
10 21.59 0.056 0.26 108.0 114.6 18.83 94.2
30 23.33 0.045 0.19 116.7 123.9 18.83 94.1
50 26.11 0.085 0.32 130.6 130.3 20.04 100.2
100 29.25 0.095 0.32 146.3 142.0 20.60 103.0
150 31.63 0.008 0.03 158.2 151.0 20.95 104.7
200 33.12 0.110 0.33 165.6 158.6 20.89 104.4
250 34.71 0.066 0.19 173.6 165.2 21.01 105.0
Enhancement

Li Enhanced K SD RSD Enhancement  Correction Corrected K Recovery
(ppm)  (pPmM) (ppm) (%) Ratio (%) Ratio (%)" (ppm) (%)
10 25.76 0.078 0.30 128.8 125.3 20.56 102.8
30 30.28 0.088 0.29 151.4 143.8 21.05 105.3
50 31.92 0.061 0.19 159.6 156.6 20.39 101.9
100 36.15 0.046 0.13 180.8 180.0 20.08 100.4
150 38.49 0.122 0.32 192.5 198.0 19.44 97.2
200 41.05 0.070 0.17 205.3 213.1 19.26 96.3
250 42.41 0.039 0.09 212.1 226.5 18.72 93.6

& Enhanced K/20 ppm.
bCalculated using equations.
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TABLE 111

(20 ppm Spike)

Combined Enhancement Effect of Na+Ca, Na+Mg, Ca+Mg, and Na+Ca+Mg on K Determination

Enhancement
Na Ca Enhanced K SD RSD Enhancement Correction Corrected K Recovery
(ppm)  (ppm) (Pppm) (ppm) (%) Ratio (%) Ratio (%)" (Ppm) (%)
10 10 22.22 0.07 0.31 111.1 115.8 19.19 95.9
30 30 25.08 0.02 0.01 125.4 127.4 19.69 98.4
50 50 26.32 0.07 0.27 131.6 135.4 19.45 97.2
100 100 30.39 0.04 0.14 152.0 150.0 20.26 101.3
150 150 32.83 0.08 0.23 164.2 161.2 20.36 101.8
200 200 34.75 0.07 0.19 173.8 170.7 20.36 101.8
250 250 36.35 0.07 0.18 181.8 179.1 20.30 101.5
Enhancement
Na Mg Enhanced K SD RSD Enhancement Correction Corrected K Recovery
(ppm)  (ppm) (ppm) ppmM) (%) Ratio (%) Ratio (%)° (Ppm) (%)
10 10 22.49 0.09 0.40 112.5 115.8 19.42 97.1
30 30 25.48 0.05 0.21 127.4 127.4 20.00 100.0
50 50 27.39 0.06 0.20 137.0 135.4 20.24 101.2
100 100 30.68 0.07 0.23 153.4 150.0 20.45 102.3
150 150 33.04 0.05 0.16 165.2 161.2 20.49 102.5
200 200 35.09 0.01 0.02 175.5 170.7 20.56 102.8
250 250 36.80 0.02 0.05 184.0 179.1 0.55 102.8
Enhancement
Ca Mg Enhanced K SD RSD Enhancement Correction Corrected K Recovery
(ppm)  (ppm) (Ppm) (Ppm) (%) Ratio (%) Ratio (%)" (Ppm) (%)
10 10 21.12 0.03 0.16 105.6 109.5 19.29 96.4
30 30 22.93 0.04 0.17 114.7 116.4 19.69 98.5
50 50 24.08 0.06 0.26 120.4 121.2 19.87 99.3
100 100 26.27 0.06 0.24 131.4 130.0 20.21 101.0
150 150 28.45 0.03 0.10 142.3 136.7 20.81 104.0
200 200 29.17 0.01 0.03 145.9 142.4 20.48 102.4
250 250 30.65 0.01 0.03 153.3 147.4 20.79 103.9
Enhancement
Na Ca Mg Enhanced K SD RSD  Enhancement Correction Corrected K Recovery
(ppm) (ppm) (ppm)  (Ppm) (Ppm) (%) Ratio (%) Ratio (%)° (Ppm) (%)
10 10 10 22.12 0.02 0.10 110.6 115.8 19.10 95.5
30 30 30 25.23 0.16 0.65 126.2 127.4 19.81 99.0
50 50 50 27.69 0.05 0.19 138.5 135.4 20.46 102.3
100 100 100 31.22 0.03 0.09 156.1 150.0 20.81 104.1
150 150 150 33.74 0.08 0.02 168.7 161.2 20.93 104.6
200 200 200 35.37 0.03 0.08 176.9 170.7 20.72 103.6
250 250 250 37.16 0.02 0.04 185.8 179.1 20.75 103.8

2 Enhanced K/20 ppm.

b Calculated using equations.
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TABLE IV
Proficiency Testing and Quality Control Reference Standards Verification
Na Ca Mg Enhanced | SD RSD | Enhance- |Corrected |Certified |Accuracy |Acceptance
Standards K ment K K Limits
: (ppm) | (ppm) | (ppm)| (ppm) | (ppm) | (%) |Correction| (ppm) | (ppm) | (%)
Ratio (%)

1 53 716 | 33.8 24.39 0.032 | 0.13 136.1 17.92 17.7 101.2 |15.1-20.3

2 725 | 26.2 | 11.8 12.58 0.011 | 0.09 134.1 9.38 8.97 104.6 |7.53-10.5

3 629 | 28.1 | 1.05 46.14 0.16 0.35 130.1 35.46 34.5 102.8 |29.9-39.3

4, 27.8 | None | None 33.28 0.028 | 0.09 123.1 27.04 26.9 100.5 |23.2-30.7

5 104 | 57.3 | 17.9 40.86 0.396 | 0.97 142.4 28.7 28.1 102.1 |24.2-32.1

6 50 50 50 66.5 0.19 0.29 135.4 49.13 50 98.3 N/A

Standard 1: RTC PEI-027-12, Laramie, WY, USA

Standard 2: AccuStandard IPE-MET-005, lot #186493-68-01, New Haven, CT, USA
Standard 3: RTC QCI-027, lot #9, Laramie, WY, USA

Standard 4: AccuStandard IPE-MET-005, lot #186494-01-01, New Haven, CT, USA
Standard 5: AccuStandard IPE-MET-005, lot #156829-06-01, New Haven, CT, USA
Standard 6: SpexCertiPrep ICAL-1, Metuchen, NJ, USA

@ Use equation 7 for standards 1, 2, 3, 5, and 6; use equation 3 for standard 4.

CONCLUSION

The severe magnitude of matrix
effects was observed while using
axially viewed ICP-OES for the
determination of K. The group |
elements (Li, Na) and group Il ele-
ments (Mg, Ca) contribute to this
matrix effect. The matrix effect var-
ied depending on the concentra-
tion of the different interference
elements and/or different combina-
tions of interference elements. The
level of enhancement ratio can
range from 101-212% in the pres-
ence of 10-250 ppm of Li, Na, Ca,
and Mg. The strength of enhance-
ment is in the order of
Li>Na>Mg>Ca.

To overcome the matrix effects
in the determination of K in
unknown and various aqueous
environmental samples, a practical
and effective approach is needed to
handle this problem for the accu-
rate determination of K. In this pre-
liminary study, we developed a
successful mathematical correction
method using the enhancement
correction ratio (R), which is based
on the interference concentration
in the sample matrix. Evaluation

and accuracy of this method was
validated by the analysis of several
Proficiency Testing and Quality
Control Reference Standards. The
results of these reference standards
are within acceptable limits and are
quite satisfactory. This has proven
that the suggested approach of
mathematical correction provides a
reliable and practical way to over-
come the severe matrix effects for
K determination by axially viewed
ICP-OES in the matrix concentra-
tion range of 10-250 ppm for Na,
Ca, and Mg.
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