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Abstract—Preconcentration of strontium and barium as complexes with 11 organic reagents by coprecipita-
tion with organic co-precipitants for their subsequent determination by X-ray f luorescence spectrometry is
studied. The most effective systems turned out to be those included reagents from bisazosubstituted chromo-
tropic acids, nitchromazo and chlorophosphonazo III. Complexes of these metals are virtually quantitatively
coprecipitated as pairs with cations of the brilliant green dye, of the collector is an associate of an excess of
the analytical reagent with cations of this dye. It is shown that the additional use of polyvinyl butyral as an indiffer-
ent co-precipitant ensures not only the almost complete extraction of these elements from solutions, but also the
preparation of emitter concentrates suitable for X-ray fluorescence measurements using the standard-background
technique. High efficiency allows, under optimal conditions, the achievement of very low limits of detection
(IUPAC): 0.03 μg/mL Sr and 0.19 μg/mL Ba, even in working with small samples (by volume).
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The severe consequences that arise from the long-
term intake of strontium and barium into a human
body make it necessary to monitor the contents of
these elements in environmental samples and intro-
duce the latest analytical methods for studying various
types of waters, such as sea and river ones [1–5].
Because of the low contents of elements in these sam-
ples [6, 7], it is necessary not only to use the most sen-
sitive methods, but also to combine them with selec-
tive preconcentration. Additional motives may include
data on biogeochemical provinces for strontium and
barium [8] and the new “Manhattan Project” [9].

Well-known and sensitive methods for determining
strontium and barium are f lame emission photometry
[10], inductively coupled plasma atomic emission
spectrometry [1, 3, 4, 11–13], including preconcen-
tration on a selective sorbent [14], X-ray f luorescence
preconcentration analysis [15] and other newer meth-
ods, such as ion chromatography [16] and potentiom-
etry with ion-selective electrodes [17]. The features
and limitations of these methods for determining
small amounts of elements in various waters are well
known. Thus, in f lame emission photometry this is the
ionization of elements at low concentrations, anion
interferences, including for aluminum, which forms
difficult-to-dissociate aluminates in f lames, which

makes it difficult to use resonance lines [10], overlap-
ping with cyan bands in the case of strontium coincide.
Better effects can be achieved by combining more
selective X-ray f luorescence (XRF) spectrometry with
preconcentration procedures. Among the latter, the
greatest attention is paid to sorption preconcentration,
but the achieved effect is not always successful specif-
ically for strontium and barium [15]. To solve other
problems, a combination of XRF with preconcentra-
tion by coprecipitation attracts attention, for which, a
gain in sensitivity at high selectivity may be more
effective than in other methods [15]. However, inor-
ganic coprecipitants for strontium turn out to be inef-
fective—strontium is unselectively coprecipitated with
iron(III) hydroxide by only 20% [18], although stan-
dardized procedures for such coprecipitation from
very large volumes are used in radiochemistry [19].

Significantly more effective and analytically
diverse are options for coprecipitation with organic
reagents, the principles and examples of which were
outlined in the monograph [20], and their possibilities
were discussed and evaluated in the monograph [21].
In this work, this method was extended to its combina-
tion with a significantly more selective XRF spectrom-
etry. In preconcentration by coprecipitation, the
transfer of small and ultra-small amounts of the ele-
569



570 KUZNETSOV, PROKOPENKO
ments being determined from the liquid phase into a
compact solid phase becomes especially interesting.
This guarantees high concentration coefficients, is
well combined with the characteristics of XRF spec-
trometry in the preparation of emitter concentrates,
and has not previously been used in combination with
this preconcentration method. The novelty and effi-
ciency of the proposed XRF preconcentration
method, which allows the preconcentration of ele-
ments as their chelates using an indifferent co-precip-
itant, was supported by a patent [22]. A combination of
the described techniques allows one to f lexibly select
the most suitable reaction with an organic analytical
reagent for solving a practical problem, as well as an
organic collector, and after the quantitative separation
of the precipitate by filtration, prepare thin, mechani-
cally strong, and compact films of emitter concen-
trates on filters, convenient for their analysis by XRF
spectrometry. A possibility of using the preconcentra-
tion of strontium and barium by coprecipitation from
individual solutions with some bisazosubstituted chro-
motropic acids was assessed by us earlier in [23].

The aim of this work was to study a combination of
the highly efficient preconcentration of strontium and
barium by the coprecipitation of their complexes with
organic analytical reagents using organic co-precipi-
tant collectors, which makes it possible to obtain com-
pact emitter concentrates suitable for the sensitive and
selective determination of small amounts of these ele-
ments by the X-ray f luorescence spectrometry.

EXPERIMENTAL
Solutions and reagents. As complexing reagents, we

used organic analytical reagents (OR) with various
functional analytical groups that give the most selec-
tive reactions with strontium and barium ions:
reagents of the bisazosubstituted chromotropic acid
group—arsenazo III, carboxyarsenazo, nitchromazo,
chlorophosphonazo III [24]; xylenol orange; precipi-
tating reagents represented by brilliant yellow and
sodium rhodizonate [25]. The working scheme of
coprecipitation according to the recommendations of
[20] was chosen based on the nature of the complexes
and analytical forms.

To precipitate excess reagents with sulfo groups as
collectors in the “salt” mechanism of coprecipitation
according to the data of [20], and ion associates of
reagent complexes with strontium and barium ions,
acridine orange, rhodamine 6G, and brilliant green
dyes were used as precipitating cations. Polyvinyl
butyral as an ethanol solution was an indifferent co-
precipitant stimulating precipitation and co-precipita-
tion [22]. Let us emphasize the cementing role of this
component in the preparation of the emitter concen-
trate for XRF spectrometry during the filtering pro-
cess. To ensure the aggregative and kinetic stability of
the heterogeneous system, a 1% gelatin solution was
added to a test solution before preconcentration; this
JOURNAL O
ensured the uniform distribution of the concentrate
over the filter surface.

The purity of all initial reagents and preparations in
the solid form was controlled by XRF spectrometry,
which made it possible to consider them as “pure for
XRF.” When choosing the most efficient co-precipi-
tant, we adhered to the requirements and algorithms
formulated in the monograph [20], focusing on the
specifics of the X-ray f luorescent ending. To avoid
losses during preconcentration, OR forming the most
stable complexes and possible masking were used. In
performing concentration, a sufficiently low precipi-
tation rate was taken into account, a possibility of the
ripening of the concentrate precipitates and the opti-
mization of the entire concentration procedure were
taken into account. Constant pH values were main-
tained with buffer solutions: pH ≈ 5 with a 0.05 M ace-
tate, pH ≈ 9 with a tartrate, and pH ≈ 12 with a 0.01 M
NaOH solution. The pH values were monitored with a
standard pH meter with a glass and a silver chloride
electrode.

Equipment. XRF measurements were performed
on an EDX3600 X-ray f luorescence energy dispersive
spectrometer (Skyray, United States). Parameters of
the spectrometer were as follows: voltage 40 kV, cur-
rent 1000 mA, exposure time 40 s. We worked with the
most sensitive spectral lines of K-series elements for
strontium and L-series for barium [26]:

Procedure for preparing emitter concentrates. A
10-mL portion of a buffer solution with the required
pH value were added to 30 mL of a test solution con-
taining 0.3–2 μg/mL of the elements being deter-
mined. Next, in implementing the coprecipitation of
element complexes with water-soluble reagents, 2 mL
of a 0.1% solution of ORs, 3 mL of a 1% solution of
gelatin, 2 mL of a 2% solution of a cationic dye, and
0.36 mL of a 15% ethanolic solution of polyvinyl
butyral (PVB) were introduced in succession upon
constant stirring. The resulting microheterogeneous
system, after 15 min of exposure, was filtered under
vacuum of a water-jet pump through a “blue ribbon”
filter of a diameter of ~20 mm and pre-conditioned
with a PVB sol in water [22], which was placed in a
funnel with a Schott filter no. 2. Next, the filter with
the concentrate was removed from the funnel, dried in
an oven at a temperature of up to 100°C for 20 min and
leveled in a book stocker. The prepared emitter concen-
trate was used for measurements by X-ray f luorescence
spectrometry.

In using reagents forming compounds with metal
ions poorly soluble in water (sodium rhodizonate,
brilliant yellow), 10 mL of a buffer solution of a
required pH value, a precipitant solution were added

Element Line λ, nm Quantum yield Intensity, %

Sr Kα1 0.0875 0.702 100
Ba Lα1 0.2776 0.093 100
F ANALYTICAL CHEMISTRY  Vol. 79  No. 5  2024



PRECONCENTRATION OF STRONTIUM AND BARIUM 571

Fig. 1. X-ray fluorescence spectra of strontium and barium
concentrates with some reagents. (a) Sr(II), Ba(II) (10 μg/mL,
5 mL)–nitchromazo (0.1%; 2 mL)–brilliant green cation
(1%, 2 mL), pH ~ 5; (b) Sr2+, Ba2+ (10 μg/mL, 5 mL)–
chlorophosphonazo(III) (0.1%, 2 mL)–rhodamine 6G
cation (1%, 2 mL), pH ~ 12.
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Fig. 2. Comparison of background intensity in using the
brilliant green cation and the rhodamine 6G cation. Com-
plexing reagent chlorphosphonazo III, pH ~ 5, c(Sr2+) =
1.7 μg/mL, c(Ba2+) = 1.7 μg/mL, sample volume 30 mL.
(1) brilliant green, (2) rhodamine 6G.
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sequentially to 30 mL of a test solution containing
0.3–2 μg/mL of the test elements and then acted as
described above.

RESULTS AND DISCUSSION

The use of OR of various classes under optimal
conditions for performing analytical reactions
required the use of appropriate coprecipitation
schemes [20], adapted for the best quality of the pre-
pared emitter concentrates.

Selection of a concentration scheme with organic
reagents for subsequent analysis by X-ray fluorescence
spectrometry. In the case of bisazosubstituted chro-
motropic acid and xylenol orange, to co-precipitate
anionic complexes of strontium and barium, the for-
mation of poorly water-soluble ion associates of these
complexes with the dye cations was used. The collector
in this case was an associate of a ~20-fold excess of the
anionic reagent with an excess of the cationic dye. In
the case of precipitating reagents of rhodizonate ions
and brilliant yellow [25], co-precipitation was stimu-
lated by introducing the indifferent PVB co-precipi-
tant. Let us note that, because of the simultaneously
JOURNAL OF ANALYTICAL CHEMISTRY  Vol. 79  N
cementing role of this component, its introduction
turned out to be fundamentally important in all con-
centration options.

The efficiency of various OR during coprecipita-
tion, taking into account the characteristics of the cor-
responding concentration systems, is compared in
Table 1. One can see that, in the case of bisazosubsti-
tuted chromotropic acid, the efficiency of different
suppliers of cations turned out to be different, which is
confirmed by Fig. 1. The most successful coprecipita-
tion systems turned out to be nitchromazo–brilliant
green, pH ≈ 5, and chlorophosphonazo III–
rhodamine 6G, pH ≈ 12. Apparently, this can be asso-
ciated with the number of free anionic groups in OR
complexes with strontium and barium ions and in the
free reagents, available for the formation of poorly
water-soluble associates. Moreover, at other things
being equal, both systems are similar in their influence
on the background at the corresponding energies of
the strontium and barium lines, which is confirmed by
Fig. 2. Based on the data [27], compared in Fig. 2, the
background spectra can be associated with the mani-
festation of the dead time of the semiconductor detec-
tor of the energy-dispersive spectrometer due to the
superposition of the read pulses (sum peaks). At the
selected X-ray tube current, as can be seen in Fig. 1,
this phenomenon weakly depends on the actual nature
of the collector, although it is determined by the sample.
The intensity of the scattered radiation is, of course,
related to the number of light atoms, carbon and others,
in the collector and in the indifferent co-precipitator.

Nevertheless, the data in Table 2 and the achieved
limits of detection allow us to draw clearer conclusions
about the optimal systems for XRF spectrometry,
which include the following components:
nitchromzo−brilliant green, pH ≈ 5, chlorophos-
phonazo III−rhodamine 6G, pH ≈ 12. When choos-
o. 5  2024
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Table 1. Efficiency of the coprecipitation of strontium and barium in various systems in terms of analysis by X-ray f luores-
cence spectrometry

* imp/s.
Conditions: Sr (λ = 0.0875 nm), 1.7 μg/mL; Ba (λ = 0.2776 nm), 1.7 μg/mL; concentration of reagents 0.1%, OR cations 1%; sample
volume 30 mL; filter diameter ~ 20 mm.

Reagent OR-cation pH Element I* If I − If I/If

Arsenazo III Brilliant green 5 Sr 3805 3802 3 0.00079
Ba 893 844 49 0.058

Carboxyarsenazo Acridine orange 5 Sr 4477 4569 92 0.021
Ba 869 831 38 0.046

Brilliant green 5 Sr 4228 4190 38 0.0091
Ba 937 911 26 0.029

Rhodamine 6G 9 Sr 4539 4462 77 0.017
Ba 842 836 6 0.0072

Rhodamine 6G 12 Sr 4493 4481 12 0.0027
Ba 867 863 4 0.0046

Nitchromazo Acridine orange 5 Sr 3094 3072 22 0.0072
Ba 1035 993 42 0.042

Brilliant green 5 Sr 10410 4954 5456 2.1
Ba 2594 632 1962 3.1

Rhodamine 6G 9 Sr 2253 2212 41 0.019
Ba 1964 1752 212 0.12

Rhodamine 6G 12 Sr 5750 5534 216 0.039
Ba 2470 2136 334 0.16

Chlorophos-
phonazo III

Brilliant green 5 Sr 5793 5371 422 0.079
Ba 4353 3282 1371 0.42

Rhodamine 6G 12 Sr 10712 4537 6175 1.4
Ba 6203 987 5216 5.3

Xylenol orange Rhodamine 6G 9 Sr 2303 2194 109 0.050
Ba 1974 1721 253 0.15

Rhodamine 6G 12 Sr 3129 3002 127 0.042
Ba 1926 1705 221 0.13

Brilliant yellow – 5 Sr 4660 4607 53 0.012
Ba 891 862 29 0.033

Sodium rhodizo-
nate

– 5 Sr 4502 4491 11 0.0024
Ba 888 857 31 0.036
ing a preferred system in each specific case, one
should take into account the chemical and analytical
features of the OR. For example, in analyzing seawater
samples, it is preferable to use the nitchromazo (better
selectivity)−brilliant green, pH ≈ 5 system.

Co-precipitation chemistry. It is known that the
process of co-precipitation occurs according to a com-
plex multifactorial mechanism, especially with the
participation of the indifferent co-precipitant PVB
[15, 18, 20]. The formed complexes with the applied
OR, depending on the type of the coprecipitation sys-
tem under study, are entrapped by the precipitate with
JOURNAL O
the resulting collector. In the case of bisazosubstituted
chromotropic acid and xylenol orange derivatives,
these are poorly water-soluble ion associates of excess
reagents with cations of the main dyes (the “salt”
mechanism according to the classification [20], which
could more accurately be named the ion-associate
mechanism). A favorable factor here can be consid-
ered the formal similarity of the structures of the asso-
ciates of metal complexes and free reagent anions with
the cations of the basic dyes. In the case of reagents
forming poorly soluble neutral compounds with stron-
tium and barium ions—brilliant yellow and rhodizo-
F ANALYTICAL CHEMISTRY  Vol. 79  No. 5  2024
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Table 2. Calibration dependences for the determination of strontium and barium (standard-background method)

Coprecipitation system Element Calibration dependence 
(signal—concentration) r

LOD (IUPAC), 
μg/mL

Arsenazo III/
brilliant green, pH 5

Sr y = 0.0050 x – 0.00001 0.998 0.90
Ba y = 0.28 x – 0.0027 0.999 0.71

Carboxyarsenazo/
acridine orange, pH 5

Sr y = 0.037 x – 0.00001 0.999 1.20
Ba y = 0.19 x – 0.0022 0.997 1.20

Carboxyarsenazo/
brilliant green, pH 5

Sr y = 0.045 x – 0.0002 0.998 0.91
Ba y = 0.23 x + 0.00061 0.998 0.89

Carboxyarsenazo/
rhodamine 6G, pH 9

Sr y = 0.10 x + 0.0013 0.999 0.90
Ba y = 0.14 x – 0.00064 0.998 1.40

Carboxyarsenazo/
rhodamine 6G, pH 12

Sr y = 0.0043 x + 0.00008 0.998 0.87
Ba y = 0.039 x + 0.0025 0.998 1.50

Xylenol orange/
rhodamine 6G, pH 9

Sr y = 0.0080 x – 0.0004 0.998 0.61
Ba y = 0.018 x + 0.000081 0.998 0.57

Xylenol orange/
rhodamine 6G, pH 12

Sr y = 0.030 x + 0.00011 0.999 0.42
Ba y = 0.41 x – 0.062 0.999 0.61

Nitchromazo/
acridine orange, pH 5

Sr y = 0.0078 x + 0.0055 0.999 1.40
Ba y = 0.42 x – 0.014 0.994 0.70

Nitchromazo/
brilliant green, pH 5

Sr y = 0.65 x – 0.010 0.999 0.17
Ba y = 0.041 x – 0.00048 0.997 0.99

Nitchromazo/
rhodamine 6G, pH 9

Sr y = 0.0031 x – 0.00024 0.997 0.96
Ba y = 1.84 x – 0.068 0.998 0.48

Nitchromazo/
rhodamine 6G, pH 12

Sr y = 0.041 x + 0.00026 0.996 0.73
Ba y = 0.0014 x – 0.00011 0.991 0.73

Chlorophosphonazo III/bril-
liant green, pH 5

Sr y = 0.088 x – 0.0071 0.998 0.18
Ba y = 0.33 x – 0.00028 0.998 0.56

Chlorophosphonazo 
III/rhodamine 6G, pH 12

Sr y = 0.83 x – 0.034 0.997 0.03
Ba y = 0.012 x + 0.000054 0.997 0.19

Brilliant yellow/
PVB, pH 5

Sr y = 0.062 x – 0.00004 0.997 1.30
Ba y = 0.42 x – 0.0034 0.999 1.23

Sodium rhodizonate/
PVB, pH 5

Sr y = 0.010 x + 0.000059 0.998 1.40
Ba y = 3.1 x – 0.099 0.994 0.71
nate ions—the use of promoting precipitants (indiffer-
ent according to the classification [19]) is required.
Their efficiency is ensured by the fact of the formation
of a fine PVB dispersion, which precipitates when a
small amount of an ethanolic solution of this polymer is
introduced into the sample at the final stage of coprecip-
itation. Let us also note that this ensures a certain aggre-
gation and kinetic stability of the resulting heteroge-
neous system because of the addition of a gelatin solu-
tion to the sample as a stabilizer.

The quality of the emitter concentrate. The applica-
tion of the proposed preconcentration procedure
makes it possible to obtain emitter concentrates with
JOURNAL OF ANALYTICAL CHEMISTRY  Vol. 79  N
an almost uniform distribution of the concentrated
elements in a thin layer over the filter surface, as illus-
trated in Fig. 3. Conditioning the filter surface with a
thin layer of PVB before filtration guarantees an
almost complete separation of the concentrate precip-
itate from the mother liquor. The repeated control
performance of all preconcentration procedures with
the mother liquor showed the absence of lines of
determined elements on the newly prepared “second-
ary” emitter concentrates. This indicates the almost
complete extraction of elements by coprecipitation
and is assessed as a criterion for the reliability of the
studied preconcentration method, which guarantees
o. 5  2024
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Fig. 3. Uniformity of the distribution of strontium over the
surface of the concentrate. c(Sr2+) = 1.7 μg/mL, coprecipita-
tion system nitchromazo–brilliant green, pH ~ 5. Sr, Kα
(imp/s): (1) 10410, (2) 10391, (3) 10385, (4) 10403, (5) 10399.
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high recovery of the elements and, accordingly, con-
centration coefficients.

Analytical features of various coprecipitation sys-
tems. From an analysis of calibration dependences in
Table 2 and performance characteristics in Table 3 for
various coprecipitation systems it follows that the best
options are represented by OR and cationic dyes. In
this case, the background is apparently due not only to
the chemical composition of the thin-layer emitter on
the filter, but also to the interaction of the primary
radiation with the surface of the emitter concentrate,
as well as the peculiarity of signal detection by the
spectrometer [27]. The experimental conditions
turned out to correspond well to the requirements of
using the standard-background method, examples of
calibration functions for which are given in Table 2:
low concentrations of elements and almost constant
composition of the matrix with respect to light ele-
ments [28]. One can also note the suitability of the
technique for comparing different coprecipitation sys-
tems, because the established dependences can be
attributed to a certain conditional “standard state of
signals.” The given equations of calibration dependen-
cies provide comparable estimates of relative standard
deviations, correlation coefficients, and limits of
detection for the elements.

Thus, the use of organic co-precipitants with good
analytical selectivity ensures an almost complete isola-
tion of elements from solutions even at their very low
concentrations, which is known to be a feature of
organic co-precipitants [20]. In this case, it becomes
possible to extend the method to the determination of
small amounts of elements in natural waters. We
emphasize that the high selectivity of the determina-
tion of strontium and barium is ensured by a combina-
tion of the chemical component, OR in the coprecip-
itation systems and the X-ray f luorescence specificity
of the signals, the optimal wavelengths and a possibil-
ity of using the thin layer approximation.
JOURNAL O
Examples of practical applications. The high con-
centration efficiency allows the developed method to
be used for the determination of small amounts of
strontium and barium in natural water samples.
Table 4 shows an example of their preconcentration
and determination in an artificial seawater sample
without any pre-treatments other than those provided
for in the procedure. As an experimental sample, we
used a solution containing 35‰ sea salt, which corre-
sponded to the approximate value of the salinity of sea
water. If there is a strong influence of foreign elements,
one can use masking with nitrilotriacetic acid in com-
bination with the use of a weakly acidic medium and
an appropriate preconcentration system. Let us note
that most elements contained in natural waters do not
interfere with the determination of strontium and bar-
ium in emitter concentrates using XRF spectrometry
because of the absence of overlapping characteristic
lines. For example, calcium, the content of which of
natural waters is significantly higher than that of
strontium and barium, has the most intense lines Kα
3.684 keV and Kβ 4.019 keV, while barium is deter-
mined by the most intense line Lα 4.472 keV and
strontium, by the line Kα 14.143 keV.

To avoid the suppression of the coprecipitation of
target ions, all reagents should be taken in large
excesses, which allows small amounts of strontium
and barium to be preconcentrated even in the presence
of other elements in much higher concentrations.
Large amounts of sulfate ions can have a certain effect
on the coprecipitation of strontium and barium. How-
ever, the unstable outer-sphere associates they form
with aqua ions of barium and especially strontium
have little effect on the preconcentration of these ele-
ments. If necessary, using a column with an AB-17-8
ion exchanger in the Cl form at the sample preparation
stage solves this problem.

We emphasize that the advantages of the discussed
preconcentration technique in combination with XRF
spectrometry make it possible to use very small sample
volumes. Thus, e.g., in determining elements in
extracts from bottom silt sediments, only 5 mL of a
sample is sufficient, as illustrated by the results pre-
sented in Table 4 and in Fig. 4. The results of deter-
mining strontium and barium in a model seawater
sample do not contradict the data on the average con-
tents of these elements in seawater, 8 μg/mL Sr and
0.02 μg/mL Ba [6].
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PRECONCENTRATION OF STRONTIUM AND BARIUM 575
Table 3. Reproducibility of the preconcentration and determination of strontium and barium (n = 5, P = 0.95)

Element Added, μg/mL

Sr 0.2 0.4 0.6 0.8 1
Ba 0.2 0.4 0.6 0.8 1

Found,  (μg/mL)/sr

Arsenazo III—brilliant green, pH 5

Sr 0.19/0.080 0.40/0.05 0.60/0.047 0.81/0.033 0.99/0.029
Ba 0.19/0.027 0.41/0.075 0.61/0.033 0.82/0.032 0.99/0.025

Brilliant yellow—polyvinyl butyral, pH 5

Sr 0.18/0.085 0.39/0.044 0.58/0.051 0.81/0.04 0.99/0.033
Ba 0.19/0.018 0.39/0.079 0.59/0.042 0.80/0.019 0.98/0.041

Carboxyarsenazo—acridine orange, pH 5

Sr 0.19/0.030 0.40/0.029 0.62/0.052 0.81/0.025 1.0/0.021
Ba 0.19/0.061 0.41/0.053 0.62/0.019 0.80/0.027 1.0/0.039

Carboxyarsenazo—brilliant green, pH 5

Sr 0.21/0.027 0.38/0.055 0.57/0.047 0.78/0.027 0.94/0.034
Ba 0.21/0.048 0.39/0.072 0.56/0.027 0.76/0.041 0.97/0.027

Carboxyarsenazo—rhodamine 6G, pH 9

Sr 0.20/0.095 0.42/0.050 0.62/0.056 0.82/0.046 1.0/0.040
Ba 0.21/0.023 0.40/0.086 0.62/0.056 0.81/0.032 1.0/0.043

Carboxyarsenazo—rhodamine 6G, pH 12

Sr 0.19/0.030 0.38/0.015 0.58/0.027 0.79/0.015 0.98/0.066
Ba 0.18/0.055 0.39/0.055 0.56/0.039 0.79/0.044 0.99/0.032

Xylenol orange—rhodamine 6G, pH 9

Sr 0.22/0.045 0.42/0.041 0.61/0.016 0.80/0.013 0.99/0.046
Ba 0.22/0.052 0.41/0.073 0.60/0.018 0.81/0.027 0.99/0.015

Xylenol orange—rhodamine 6G, pH 12

Sr 0.20/0.022 0.39/0.053 0.56/0.057 0.76/0.047 0.98/0.043
Ba 0.19/0.033 0.38/0.061 0.56/0.052 0.79/0.021 0.97/0.024

Nitchromazo—acridine orange, pH 5

Sr 0.18/0.056 0.38/0.026 0.57/0.027 0.77/0.007 0.97/0.076
Ba 0.19/0.031 0.39/0.036 0.59/0.025 0.77/0.024 0.98/0.038

Nitchromazo—brilliant green, pH 5

Sr 0.21/0.027 0.39/0.030 0.60/0.019 0.79/0.007 1.0/0.038

Ba 0.20/0.076 0.39/0.053 0.61/0.037 0.78/0.037 1.0/0.021

Nitchromazo—rhodamine 6G, pH 9

Sr 0.23/0.066 0.43/0.047 0.62/0.025 0.83/0.032 1.0/0.036

Ba 0.20/0.018 0.41/0.053 0.60/0.019 0.81/0.014 1.0/0.023

Nitchromazo—rhodamine 6G, pH 12

Sr 0.19/0.032 0.39/0.065 0.59/0.043 0.77/0.027 0.97/0.010
Ba 0.20/0.025 0.38/0.037 0.59/0.034 0.78/0.047 0.98/0.025

Sodium rhodizonate—polyvinyl butyral, pH 5

Sr 0.20/0.050 0.39/0.039 0.59/0.035 0.78/0.017 0.99/0.044

c
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Table 4. Estimates of the contents (μg) of strontium and barium in some samples (n = 5, P = 0.95)

* “Droga” sea salt, Slovenia, 35 ‰. Nitchromazo–brilliant green system, pH 5.
** Moskva river, at the exit from Lytkarino. Extract volume 3 mL, sample volume 50 mL, chlorphosphonazo III–brilliant green system,
pH 5, OOO “Radonika”.

Sample Element
Background accounting method Standard-background method

added found content added found content

Sea water* Sr(II) 40 70 ± 2 30 ± 2 40 68 ± 2 28 ± 2

Ba(II) 40 41 ± 1 1 ± 1 40 42 ± 1 2 ± 1

Extract from 
sludge deposits**

Sr(II) – 0.9 ± 0.1 0.9 ± 0.1 – 0.9 ± 0.1 0.9 ± 0.1

Ba(II) – – – – – –

Fig. 4. Spectrum of a concentrate of an experimental sam-
ple, close in composition to sea water. Nitchromazo–bril-
liant green system, pH 5, total sample volume 100 mL.
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