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Abstract Keywords

The modern instrumentation for flame atomic emission spectrometry flame

(FAES) is overviewed: the main technical (composition of the fuel gas flame spectrometry
used, dispersing element, number of analytical channels, reference chan- analysis

nel, detecting element, sampling method) and analytical (determined ele- instrumentation
ments, range of determined concentrations, limits and the accuracy of
their determination, the duration of a single measurement, the equired
amount of the analyzed sample) characteristics of flame photometers for
industrial and clinical use as well as spectrophotometers currently made
by various manufacturers such as Sherwood Scientific Ltd., BWB Technol-
ogies UK Ltd., Labtron Equipment Ltd., Labnics Equipment Ltd. and
JENWAY Ltd (UK); A.KRUSS Optronic (Germany); Cole Parmer Instrument
Company and Labfon Equipment Inc. (USA); Inesa Analytical Instrument
Co., Ltd (China); OJSC Zagorsk Optical and Mechanical Plant, Unico-SIS
LLC and VMK-Optoelectronics LLC (Russia); Manti Lab Solutions, Labtron-
ics, Systonic, Globe Instruments, Electronics India, Lasany (India). The
main areas of application of FAES are presented - bioenergy, agriculture
(analysis of plants, soil extracts and fertilizers), mineral raw materials
(geology), clinical medicine and pharmaceuticals, food industry, environ-
mental control (analysis of drinking, technical and waste water), nuclear
energy, metallurgy and chemical industry, as well as some features and

applications

problems associated with the preparation of samples for analysis by the Received: 31.01.24

FAES method. The review includes references to works on the practical
application of FAES, published mainly from 1998 to 2023.

Key findings

e Despite the advent of atomic absorption spectrometry and inductively coupled plasma, FAES as an analytical tool
continues to be efficiently used for the determination of alkali and alkaline earth metals: the method is characterized
by simplicity and speed of implementation, and its implementation requires simple and inexpensive equipment. The

fields of application of the FAES method are very diverse: these are environmental control, food industry, agriculture,
geology, medicine, pharmacology, nuclear and bioenergy, metallurgy and the chemical industry.

© 2024, the Authors. This article is published in open access under the terms and conditions of
the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction wide variety of objects is still quite high [1]. To a large
extent, this is facilitated by the technical improvements
Despite more than a century and a half of the rapid de- introduced in the FAES in recent decades, aimed at au-
velopment of inductively coupled plasma and atomic tomating the method, increasing its reliability and
absorption spectrometry, FAES, as one of the most re- safety.
liable, simple, convenient and economically available The purpose of this work is to review the current
methods of analysis, continues to be used and retains state of the FAES instrumentation and its main areas of
its priority in the control of alkaline and alkaline earth application.

elements, the need to assess the content of which in a
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2. Modern instruments for FAES

To implement the method, flame photometers and spectro-
photometers made by various manufacturers such as Sher-
wood Scientific Ltd., BWB Technologies UK Ltd., Labtron
Equipment Ltd., Labnics Equipment Ltd. and JENWAY Ltd
(UK); A.KRUSS Optronic (Germany); Cole Parmer Instru-
ment Company and Labfon Equipment Inc. (USA); Inesa An-
alytical Instrument Co., Ltd (China), OAO Zagorsk Optical
and Mechanical Plant, OOO "UNIKO-SIS" and OO0 "VMK-
Optoelectronics" (Russia) were used. The main technical
and analytical characteristics of the devices are given in Ta-
ble 1-4.

Most devices for FAES use propane, butane, propane-bu-
tane mixture in cylinders or natural gas from the gas net-
work as fuel gas. The only flame photometer on the market
that can work with acetylene, which allows maintaining a
higher flame temperature (2050 °C) and, accordingly,
providing more accurate measurements of calcium, is of-
fered by A.KRUSS Optronic (Germany): the company rec-
ommends using propane to determine alkali metals (with
butane as a possible substitute for propane), and acetylene
for alkaline earth metals. The fuel gas flow rate is
0.4 1/min. Fuel gas regulators and fuel filters are required
to control the pressure of the fuel supplied to the flame pho-
tometer and prevent particulate matter from entering the
mixing chamber from the fuel source.

To achieve flame stability, constant sample supply and
good accuracy of results, all flame photometers use dry,
clean (oil-free) compressed air as an oxidizing agent, sup-
plied at a pressure of 1 kgf/cm? by an oil-free air compres-
sor connected to the photometer. Some photometers (eg
BWB-XP from BWB Technologies UK Ltd.) have built-in
compressors (or a low-noise built-in air pump) and elec-
tronic airflow control for optimal results. The air flow is
6 1/min.

Water separators are recommended to remove residual
water from the compressed air source; they are especially
needed at high humidity. The air humidity determines the
amount of condensate and thus the size of the water sepa-
rator (drain trap). Some photometers (eg BWB-XP from
BWB Technologies UK Ltd.) have a full water separator
detector.

The sample flow rate generally varies between 2 and
6 cm3/min. The analyzed samples should be aqueous solu-
tions, homogeneous and not too viscous.

Modern flame photometers have up to five measuring
channels, providing the possibility of simultaneous deter-
mination of up to five elements, respectively (photometers
from BWB Technologies UK Ltd., A.KRUSS Optronic and
Labnics Equipment Ltd.).

A number of photometers have a reference channel that
registers the emission line of the so-called internal stand-
ards: lithium (lithium standard) or cesium (cesium stand-
ard). The use of the reference channel makes it possible to
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increase the stability of the photometer readings and elim-
inate deviations associated with the state of the flame, zero
drift and dilution errors, i.e., ensure reproducible and ac-
curate measurement results. The lithium reference channel
is provided in photometers from Sherwood Scientific Ltd.
(UK) and Cole Parmer Instrument Company (USA). In Sher-
wood Scientific Ltd. photometers, in addition to lithium,
there is a model (photometer model M420Cs) with a cesium
reference channel.

Photometers manufactured by most companies have a
modular design. This makes it possible to equip the de-
vices with additional automation components: automatic
samplers (autosamplers) for working with large flows of
analyzed samples (for example, DV-704 and DV-710 pho-
tometers are equipped with autosamplers for 12 and 20
positions, respectively, with a sample volume of 50 pl;
Sherwood Scientific Ltd. completes its photometers with
autosamplers for 40 tubes with a minimum sample vol-
ume of 200 pl; photometers from BWB Technologies UK
Ltd. and A.KRUSS Optronic can include autosamplers for
89 and 72 positions, respectively); built-in automatic di-
lution devices (so-called thinners) necessary when work-
ing with high concentrations requiring dilution (Sher-
wood Scientific Ltd., BWB Technologies UK Ltd. and
A.KRUSS Optronic) with a choice of dilution factor. A num-
ber of photometers provide: the possibility of pre-selec-
tion of the flame size (Labnics Equipment Ltd. and Labtron
Equipment Ltd., UK); automatic filter selection (in Flame
Photometer Superspec S20-F photometers from Spectro-
lab, England); built-in syringe holder for cleaning the neb-
ulizer capillary from clogging with solutions with a high
salt content (in BWB-XP photometers from BWB Technol-
ogies UK Ltd.).

In order to ensure safe operation, modern photometers
are provided with the following devices: flame protection
and automatic detection of flame failure (JENWAY Ltd.),
flame failure detector and automatic shutdown (BWB Tech-
nologies UK Ltd., Globe Scientific Instruments): the auto-
matic gas shutdown mechanism is activated if the flame
spontaneously extinguishes.

Photometers are supplied with digital displays. For ex-
ample, the BWB XP Performance Plus photometer is
equipped with a four-line display, which allows calibration
and determination of all elements without using a PC.

Photometers from a number of companies (for example,
the BWB XP photometer from BWB Technologies UK Ltd.)
feature the data transfer to a PC and the software for dis-
playing and printing analysis results. For example, in de-
vices from BWB Technologies UK Ltd. (BWB-XP) the soft-
ware provides: mathematical signal processing (as a result,
the need to use an internal standard is eliminated); calibra-
tion by two or more points; selection of the type of calibra-
tion dependences (linear and quadratic); conversion of con-
centrations (ppm, mg/l, meq/l and mmol/1); recalculation
of concentration units of calibration curves.
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Table 1 Flame photometers for laboratory applications. Technical characteristics.
Sample suppl
Countr Manufacturer Type (model) Fuel gas Number of chan- Reference P PP y Note
y instrument composition nels channel Manual Automatic (num-
ber of positions)
LPG (propane, butane or pro-
M360 pane/butane mixture), or natural 1 - + - -
gas from the gas network
Sherwood Scientific Ltd. M410 == 1 - + - -
(2] M420 —e 2 Li + - -
M420Cs —“— 2 Cs, Li + - -
M425 == 2 + + -
JENWAY Ltd. [3] PFP-7 Propane, butane, propane-butane 1 + - Add. Filters for Li, Ca and Ba
or natural gas
e ETT ; o emg P o duenc e
BWB Technologies UK Propane, butane 0‘1}' naturéll gas i
Great Britain , . : : :
Ltd.
l4] BWB XP Performance Plus Up to 19 mbar. Consumption 5 + +(89) Available Wlth, automatic sample
. diluent
0.4 1/min.
Flame Photometer Propane, butane or natural gas. . b .
Spectrolab [5] Superspec $20-F LPG? 4 + Automatic LF° selection
A 100, 101 LPG? 2 - + - Flame size selection
Labnics Equipment Ltd. z 102, 103, 104 -« 3 - + - -«
[6] & 105 —“o 4 - + - —“-
(]
i 106 — 5 - ¥ _ e
Labtron Equipment Ltd. .@ A& A10, A11, A20, A21, Propane/ butane'or propane/bu- . .
(7] 55 A22, A30, A4O tane mixture. 2 - + - Flame size selection
v ’ ’ Air supply 6 1/min.
FP8400,
o
Germany A.KRUSS Optronic [8] 8 Fp8500, Propane, butane, acetylene 5 - + + -
% FP8600
) FP8700
Propane, butane, acetylene or
E 02655-00 propane/butane mixture; natural 1 - + Add. filter for Li
Cole Parmer Instrument " gas
USA Company [9] '% 02655-10 Propan'e/butan(?_ or propane/bl'l- 5 Li N _ _
%] tane mixture. Air supply 6 1/min
02655-15 —“- 4 Li + - -
Labfon Equipment Inc. F-FPM106 5 _ + _ )
[10]
India Dual display; oil-free mini com-
Manti Lab Solutions [11] MANTI MT 125 LPG*® and dry oil-free air 2 - - - pressor block with pressure regu-

lator
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Table 1 Flame photometers for laboratory applications. Technical characteristics.
S 1 1
Countr Manufacturer Type (model) Fuel gas Number of chan- Reference amp-e supp y Note
y instrument composition nels channel Manual Automatic (num-
ber of positions)
India 65 -« - - - 2.5 digit LED display
Labtronics [12] § For industrial a}nfl cllir.lical appl.i-
o = 671 = 1 - - cable. Automatic ignition and fil-
@ - ter selection
. ) « B _ 2.5 digit LED display. Automatic
Systonic [13] S-931 1 ignition system
Globe Scientific Instru- LPG* and dry oil-free air _ _ _ _
ments 038-G
Globe Instruments [14] For industrial and clinical appli-
1600-G “ - - - cable.
Embedded microprocessor
Electronics India [15] 381 -« - - - =4
. 0OJSC Zagorsk Optical and .
Russia Mechanical Plant [16] FPA-2 Propane butane Embedded microcomputer
640 Propane butane 5 7" LCD touch scrgen. Flame size
selection.
o 6410 -« 2
. Inesa Analytical Instru- n 6430 _« 3 7" LCD touch screen. Automatic
China 9 - . .
ment Co., Ltd [17] 5 6431 —« 3 calculation of the correlation co-
2 - efficient. Flame size selection.
6440 - 4 Optional built-in printer
6450 -« 5
2 mixture of liquefied hydrocarbons;
® light filter.
Table 2 Flame photometers for laboratory applications. Analytical characteristics.
Element concentration range (ppm)

Country

Manufacturer

Type (model)

Detection limits of elements (ppm)

Precision, %

Duration single

instrument measurements, s
Na K Li Cs Ca Ba Sr Rb ’
M360 1 0.5 1 - 20 300 - - 2 <20
0.1 0.1 0.1 2 20
0.5-10 0.5-20 0.5-20 20-100 10-100 1000 1000  1-100
M410 <2 <20
3 0.02 0.02 0.02 0.2 0.2 20 20 0.1
f'}fl'e r}:vt(:loc[l S]aen_ M420 “ « 0=20.0 <2 <20
111C .12 - - - - - - - =
Great Britain 0.05
M420Cs == = = - - - - - <0.5 -
.0-100
M425 == = = - 2-0=100 - - - <2 <20
0.2
0.50-10 0.50-10 10-200 0-200
JENWAY Ltd. [3] PFP-7 5 > - 5 - - - <60 -
0.2 <0.25 <15 <30
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REVIEW

Type (model)

Element concentration range (ppm)

Duration single

Country Manufacturer instrament Detection limits of elements (ppm) Precision, % @ rements. s
Na K Li Cs Ca Ba Sr Rb ’
0.05-1000 0.1-1000 2.5-1000 0-3000
BWB-XP - = 30-3 - - - -
0.02 0.05 1 10
BWB Technolo- g g & one 0.1-60 0.05-100 0.05-50 1-100 5.0-100 30
gies UK Ltd. [4] E 4 7 g point 0.03 0.02 0.02 0.03 -
g g~ =50 mult 0.1-1000 0.05-1000 0.05-1000 _ 1-1000 5-3000 _ _ B _
E © point 0.03 0.02 0.02 0.03 1.6
Flame Photometer Su- 0-199.9 0-199.9
Spectrolab [5] - - - - -
perspec S20-F 0.2 <10
0-160 0-100
100 - - - - - - <3 8
0.01 0.01
0-160 0-100 b « «
101 n/n - - - - - - %
0.1 0.1
0-160 0-100 0-100 « «
A 102 - - - - - —“— —“—
= 0.01 0.01 0.1
Labnics Equip- a 103 0-160 0-100 _ _ 0-1000 _ _ _ L« L«
ment Ltd. [6] .g 0.01 0.01 2
3 104 0-160 0-100 0-3000 p y
Great Britain 0.01 0.01 6
10 0-160 0-100 0-100 _ 0-1000 _ _ _ L« L«
> 0.01 0.01 0.1 2
0-160 0-100 0-100 0-1000 0-3000 « «
106 - - - - —“-
0.01 0.01 0.1 2 6
0-160 0-100
A10 - - - - - - - -
0.184 0.156
A11 “ “ opt.? - - - - - - -
0-100
A20 _«_ _« 0-100 _ _ _ _ _ _ _
~ 0.1
o 0-1000
Labtron Equip- ” A21 « « - - _ _ _ _ _
ment Ltd. [7] & 2
3} 0-3000
3 A2 _«_ _« _ _ _ 0-3000 _ _ _ _
6
A30 « « 0-100 _ 0-1000 _ _ _ B B
0.1 2
0-3000
A40 _« _« _« _ _« 0-3000 _ _ _ _
6
N i 8 8400, 8500, 0.01-45000 0.02-45000 0.01-45000 _ 0.5-45000 _ _ _ 0.06 _
Germany ?él](RUSS Optronic 3 8600 0.01 0.01 0.01 0.03 :
& 8700 - - - - - - - - - -
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Table 2 Flame photometers for laboratory applications. Analytical characteristics.

REVIEW

Country Manufacturer ng ‘ir(l’;';f::tl) Detection limits of elements (ppm) Precision, % n?:::::;;;“ges
Na K Li Cs Ca Ba Sr Rb ’
. 02655-00 0-1999 0-1999 B 0-1999 _ _ _ B B
< 0.5 <2 5
Cole Parmer In- = Loo- Loo-
strument Com- 3 02655-10 '—03—'99 —29—99’ - - - - - - -
USA pany [9] 3 :
%) 1.00-9.99 1.00-9.99 0-1
02655-15 - - - - - -
0.5 2 5
Labfon Equip- F-FPM106 0-160 0-100 0-100 _ 0-1000 _ _ _ 1 <8
ment Inc. [10] 0.184 0.156 0.1 2
<2300 ppm:
. ) 0r -
Mant1 Lab Solu MANTI MT 125 B _ _ _ _ _ _ _ +29%; _
tions [11] >2300 ppm:
+5%
= 65 0-100 10-100 B 20-100 _ _ _ <40 ppm: £2%; _
. 10 10 >40 ppm: +5%
Labtronics [12] ,@ 5 40 pp 5%
= 0-100 10-100 20-100
% 671 5 10 B 10 B B B ) )
India 0-100 10-100 15-100
Systonic [1 S-931 — - - - - - +20 -
ystonic [13] 93 5 0 0 Yo
Globe Scientific Instru- 0-100 10-100 _ 15-100 _ _ _ 120 B
Globe Instru- mentso38-G 5 10 10
ments [1 - - -
[14] 1600-G 0-100 B 0-100 50-1000 _ <2% _
0.5 15 50
Electronics India 81 0-100 10-100 _ 15-100 _ _ _ < 40ppm +2%; _
[15] 3 5 10 10 >40 ppm 5%
OJSC Zagorsk Op- 0.5-23 0.2-40 0.1-4.0 0.5-40
Russia tical and Mechan- FPA-2 - ~ : N * N : - : ~ - - - - -
ical Plant [16]
640 0-160 0-100 _ _ B _ _ _ 3 <8
0.01 0.01
0-160 0-100 « «
6410 - - - - - - - -
0.01 0.01
. A 0-160 0-100 0-100
Inesa Analytical - 6430 - - - - - =« ==
. o 0.01 0.01 0.1
China Instrument Co., 9
Ltd [17] 5 6431 0-160 0-100 _ _ 0-1000 _ _ _ L« L«
n 0.01 0.01 2
0-160 0-100 0-100 0-1000 « «
6440 - - - - - ==
0.01 0.01 0.1 2
0-160 0-100 0-100 0-1000 0-3000 « «
6450 - - - - ==
0.01 0.01 0.1 2 6
“optional;
not necessary.
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Table 3 Flame photometers for clinical use. Technical and analytical characteristics.

REVIEW

Sample supply

R f determined trations (ppm)

Limits of detection (ppm)

del Fuel N f
Country Manufacturer ’I‘.ype (model) ue g.al S umber o Automatic Note
instrument composition channels )
Manual (number of Na K Li Ca Ba
positions)
LPG? (propane, bu- Urine Urine
0-4600 0-4600
tane or propane/bu- _ _ 0-70
M410C tane mixture), or nat- 1 - - -
Serum Serum -
g ural gas from the gas
Sherwood Scientific 2530-3910 0-230
Ltd. [2] network ~ _
Great . 0-1 0-0 0-1 0-20 0-300
Britain M360C -« 1 — y — -
0.1 0.1 0.1 2 20
M420C —_ > 0.5-20 0.0-20 _ _ B
0.02 0.05
Propane, butane, pro- 0.50-10.0 0.50-10.0
JENWAY Ltd. [3] PFP7/C pane-butane (LPG?) 1 + - _-5<OT. _.ioz—. - -
or natural gas ) 25
DIGIFLAME Serum Microprocessor. Ipternal
LPG?, propane 0-230 valve stops gas exit when
COMPACT . .
Model or butane _ + o- o - 0-270 _ _ air pump is off
DV-70 Compressed air: 3 (20) 3200 Urine 469 Air pump is automatically
704 14 1/min (0-4600) arrested in case of lack of
11 flame
Italy Lab Service sas [18] >
Serum
DIGIFLAME 0-230
2000 « + 0-5750 - 0-230 _ _ «
Model 3 (12) - Urine -
DV 710 (0-4600)
Manti Lab Solutions MT-126 LPG* and U!ry oil-free 5 + _ 0-100 10-100 15-100 _ Ca, Li, opt.”
[11] air 5 10 10
- 0-4600 0-2300 0-230 0-46 Dual 2.5 digit LED dis-
Labtronics [12] LT-66 —“- + - 4 3 3 4 - ual 2.5 digl . 1bs
- - - - play. Ca and Li opt.
Dual 2.5 digit LED dis-
« 0-100 0-100 e
S-932 1 + - - play. Automatic ignition
. 0.5 15 . b
India Systonic [13] system. Ca, Li, opt.
y 3 Embedded software. Au-
« 0-100 0-100 0-100 . R
S-935 —“— 4 + - o o 1 - tomatic filter selection.
> > > USB port. Ca, Li, opt.”
Globe Scientific
Globe Instruments LPG?® and dry oil-free 0-100 10-100 15-100 . .
Instruments . y 2 + - - Dual display Ca, Li, opt.®
[14] 039-G air 5 10 10

7 of 14

DOI: 10.15826/chimtech.2024.11.1.09


https://doi.org/10.15826/chimtech.2024.11.1.09

Chimica Techno Acta 2024, vol. 11(1), No. 202411109 REVIEW
Table 3 Flame photometers for clinical use. Technical and analytical characteristics.
R fd ined - ( )
Sample supply e . .
e (model) Fuel gas Number of Limits of detection (ppm)
Country Manufacturer Tis;lpstrument com osgition channels Automatic Note
P Manual (number of Na K Li Ca Ba
positions)
1385 B 0-100 0-100 0-100 Built-in microprocessor
1382 0.5 15 50 Ca, Li, Ba
1281 B 0-100 0.5-100 15-100 For industrial and clinical
3 0.1 0.1 0.1 applications
Electronics India L« + Urine
India [15] Urine 0-2300
Serum - 0-46 0-230
391 2 - _
0-4600 Serum - B
- 0-230
0-100 0-100
L 1 Model 130 - - I I - -
asany [19] odel 1307 + o5 15
*mixture of liquefied hydrocarbons;
optional.
Table 4 Flame spectrophotometers. Technical and analytical characteristics.
Analyzed elements and ranges of determined Number
. . . Sample con-
Type . concentrations (ppm) of simul- Single .
Operating s sumption of
Manu- (model) Fuel gas com- taneously Precision, measure-
Country . . wavelength the ana- Notes
facturer instru- position . con- % ment du-
range, nm Na K Li Ca Sr . lyzed sam-
ment trolled el- ration, s 3
ple, cm
ements
QJsC Propane bu-
Zagorsk tane
Optical Pressure cre- 0.5 Embedded
and Me- FPA-2-01 ated by the 580-780 2'5 0.5-40 0.1-4.0 0.2-40 2.5-500 1;2;3; 4 <2.5 <2.5 microcom-
chanical compressor, 3 puter
Plant atm, no more
[16] than 0.6-1.5
+(0,036C+
- 000
Russia _UNIKO- Propane bu- 0,004) (C — Ba, Sr, Rb,
N PFA-378 - 0.5-100.0 15-100 - - measure- <2.5 Cs - op-
SIS tane i
[20] ment result, tional
mg/dm?)
XI;/{EI;;_ Flame Acetylene-air
lectron- spectrom- Acetylc?ne con- 390-860 0.001-10% mg/1 - - - 0'5_125 Ba, Rb, Cs
; eter sumption 0.3- ml/min
ics LLC . :
«Pavlin» 11/min
[21-23]
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JENWAY Ltd (PFP7/C photometer) and Sherwood Scien-
tific Ltd. (photometers models M410C, M360C and M420C),
in constrast to industrial (laboratory) photometers are pro-
duced for clinical use (Table 3): the display of these photom-
eters is calibrated directly in units of Na and K concentration
in biological samples (urine and blood serum); only one ex-
ternal standard is needed for this. Firms Globe Scientific In-
struments and Labtronics (India) produce photometers de-
signed both for laboratory and clinical use (Table 1, 3).

A number of firms (Electronics India, Manti Lab Solu-
tions, Labtronics, Systonic, Lasany) specialize only in the
production of photometers for clinical purposes (Table 3).

Flame spectrophotometers (Table 4) use a propane-bu-
tane mixture as a fuel gas. The decomposition of radiation
into a spectrum and its registration are carried out using
diffraction gratings and a photodiode ruler (out of 512 pho-
todetectors), respectively. The latter provides simultaneous
determination of the group of elements Na, K, Li, Ca, Ba, Ce,
Rb, Sr. The processing of current information and control
of the operation of photometers with the help of built-in
microcomputers are provided.

The Pavlin flame spectrometer manufactured by VMK-
Optoelectronics LLC (Novosibirsk, Russia) uses an air-acety-
lene flame, a three-slit torch made of chemically resistant
stainless steel, and a stainless steel concentric atomizer sim-
ilar in design to a Meinhard atomizer; the spectrum registra-
tion process is controlled using the Atom program [21-24].

3. Practical applications of FAES

Areal publication boom associated with the use of flame pho-
tometry was observed in the forties and eighties of the last
century. However, at present, the need for FAES is quite high.

Below is a review of the areas of application of FAES most
frequently mentioned in the modern literature with a brief
description of the features of sample preparation, a stage
that plays an important role in analysis in general, and in
analysis by the FAES method, in particular. The main empha-
sis is placed on works published in the last two decades.

3.1. Application in geology

Mineral raw materials are considered one of the most diffi-
cult objects for the simultaneous determination of alkali
metals [25] and this is due to the fact that their content in
natural samples differs by thousands of times [26]. The pro-
cess of preparing samples of mineral raw materials for
analysis is also time-consuming. Most often, acid decompo-
sition with hydrofluoric acid is used for these purposes, and
the resulting fluoride complexes are destroyed by evapora-
tion, for example, with perchloric [26-30] or hydrochloric
acid [31]. In [32], to determine potassium by FAES, samples
of silicate rocks (basalt, monzogranite, and slate fines) are
dissolved using an ultrasonic bath in a mixture of HNOs3,
HCIl, and HF acids.

9 of 14

REVIEW

3.2. Applications in clinical chemistry and
pharmaceuticals

3.2.1. In clinical chemistry

The flame photometry method, due to its ease of implemen-
tation, rapidity and availability of equipment, is widely
used in clinical laboratories to determine in the blood: so-
dium and potassium, the concentration ratio of which con-
trols the functioning of muscles, including the heart [33-
38]; total calcium is one of the numerous indicators of the
state of human blood [39].

The FAES method has also shown its suitability for de-
termining the concentration of Li administered for thera-
peutic purposes in biological fluids, for example, in bipolar
disorders [40, 41]; sodium concentration and osmolality in
plasma and cerebrospinal fluid (the so-called water-salt ho-
meostasis of the brain) [42]; concentrations of sodium and
potassium ions to study the physiological state of the kid-
neys [43]; levels of Ca, K, and Na in oral fluid [44], potas-
sium levels in the vitreous body of the eye [45]; metals in
hair [46]; calcium in urine [47], sodium and potassium in
blood serum and urine [48, 49]; level of magnesium in
blood plasma in patients with chronic alcoholism during
withdrawal syndrome [50].

FAES method determines the intracellular content of Na*
and K* cations to assess the functional state of erythrocytes [51].

Flame photometry examines the sodium content in dia-
lysates and selects sodium dialysate for patients on hemo-
dialysis [52-57]. Using flame emission photometry calibra-
tion of brain samples with a micropunch, quantitative
[Na(+)] and [K(+)] maps of the brain are obtained [58].

3.1.2. In pharmaceuticals

FAES is also used in pharmaceuticals to control the sodium
content in parenteral solutions used in rehydration therapy
[59], sodium and potassium in powders for oral rehydra-
tion therapy [60]; potassium in complex solutions adminis-
tered intravenously to replenish its intracellular losses
[52], sodium in sodium diclofenac [61]; sodium and potas-
sium in infusion solutions, such as, for example, sodium
chloride solution, Ringer's solution and Reamberin [62,
63]; sodium in albumin [64].

3.3. Application in food analysis

Demand for the use of flame photometry for food analysis
has grown significantly in recent years.

Since food products are complex multicomponent sys-
tems, the procedure of sample preparation is of great im-
portance in their analysis. For liquid samples (e.g. water,
beverages) direct determinations are possible with minimal
sample processing such as dilution, degassing or evapora-
tion of matrix components. Solid samples are decomposed
by dry or wet ashing [65-69] as well as microwave decom-
position [70].

As for the actual analysis of food products, the FAES
method is known to be used to determine Li*, Na*, K* and
Ca?* in soy sauce [71]; sodium in processed foods and bread
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to assess their salinity [72-74]; Na and K in beer using mi-
crowave processing of samples [75]; calcium, magnesium
and potassium in canned tomatoes [76]; rubidium in some
drinks (beer, wine, vegetable and fruit juices) using a plat-
inum wire loop for spraying in a methane-air flame [77];
sodium, potassium, lithium and rubidium in honey [78]; in
the analysis of the main elements of the mineral composi-
tion of wine products [79].

3.4. Applications in the analysis of drinking,
industrial and waste water

Flame photometry methods are successfully used to deter-
mine cesium and rubidium in mineral and well water using
a methane-air flame [80, 81]; sodium, potassium, calcium
and magnesium in natural waters [82, 83]; sodium and po-
tassium in samples of surface, underground and river waters
[84]; sodium in sea water [85]; lithium in wastewater from
the production of metallic lithium and its compounds [23].

3.5. Application in bioenergy

Demand for renewable fuels has been on the rise in recent
decades as fossil fuel sources are limited and, in addition,
burning biodiesel results in lower emissions of carbon mon-
oxide and hydrocarbons than burning petroleum fuels.

As with any fuel, the determination of metals in bio-
diesel is important because they can contribute to fuel deg-
radation or corrosion of engine parts, reducing engine per-
formance and life. Of particular importance is the monitor-
ing of Na, K, Ca and Mg, whose salts and hydroxides (or
their corresponding alkoxides) are used as catalysts in the
biodiesel production process. These elements may be pre-
sent in the form of abrasive solids or soluble soaps and con-
tribute to engine wear due to deposit formation. In this re-
gard, restrictions on the maximum levels of metals allowed
in biodiesel have been established: for example, the maxi-
mum combined concentration of Na and K is 5 mg/kg [86].

The analysis of biodiesel is not a trivial task: its charac-
teristics such as viscosity (11-17 times higher than that of
diesel fuel), immiscibility with aqueous solutions, and high
carbon content can affect the sensitivity and accuracy of the
determination. FAES successfully copes with the task of
monitoring the content of Na, K, Ca and Mg in biodiesel fuel.

The analysis of biodiesel by the FAES method using var-
ious types of sample preparation is widely presented in the
literature: acid decomposition using HNOs, H.SO,4, HCI, and
H202, as well as their mixtures with simple or microwave
[87, 88] heating; dry decomposition, which makes it possi-
ble to preconcentrate the analyte, reduce the volume of
strong acids at the stage of dissolution, exclude the use of
organic solvents, and shorten the stages of sample prepara-
tion, thereby contributing to a decrease in the error [89];
rapid, easy-to-implement sample dissolution in organic sol-
vents such as ethyl alcohol [90, 91] and methyl oleate [92],
which replaced xylene or n-hexane and made it possible to
use aqueous spectroscopic standards that improved the
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spraying process; dissolution by emulsification of a bio-
diesel sample with HNOs, n-butanol (as a co-solvent) and
an aqueous solution of a surfactant (Triton X-100) [93] or
by microemulsification with n-propanol and an aqueous
acid solution [94]; as well as a method based on reverse-
phase dispersive liquid microextraction [95].

The currently used methods for preparing biodiesel
samples for elemental analysis (including the FAES
method) are considered in detail in [96, 97].

3.6. Application in agriculture

The analysis of agricultural materials - plants, soil extracts
and fertilizers - is another area in which FAES has been
successfully applied. Traditionally, in order to determine
the optimal amount of fertilizers and develop recommenda-
tions for their application, analysis of the soil and nutrient
content in the foliage of plants is carried out.

3.6.1. Soil and plant analysis

Potassium and sodium are the most important elements for
the vegetative growth of plants, so the control of their con-
tent in the soil and in crops is very important.

To determine the content of nutrients using the FAES
method, soil samples are treated with ammonium acetate
[98-103], and plant samples are treated with acids (either
one (HCIO,4), or a mixture of two (HNOs; + HCIO4) or three
(HNOs3 + H>SO4 + HCIO4) acids) [104], ultrasonic radiation
[105] or subjected to extraction with a mixture of solutions
of ammonium acetate - magnesium acetate [106], HCI so-
lution [106-108], or water (since potassium in plant tissues
is not bound to organic compounds and is in a soluble form)
[109, 110]. Issues related to the determination of analytical
elements in soil hydrolysates, soil extracts and soil solu-
tions are discussed in sufficient detail in the book [111].

3.6.2. Fertilizer analysis

In modern agriculture, a wide range of potash fertilizers is
used. FAES is employed to determine the content of potas-
sium oxide KO in the production of complex fertilizers
[112, 113] and organic fertilizers [114], using extraction
with an ammonium oxalate solution and treatment with a
mixture of nitric and perchloric acids, respectively, to de-
compose the samples.

3.7. Application in nuclear power, metallurgy and
chemical industry

FAES has found application in the nuclear power industry
for the determination of potassium in sodium used as a
coolant in a fast neutron reactor [115], and alkali metals and
calcium in chemical concentrates using an air-acetylene
flame [24], in the chemical industry for the analysis of trace
amounts of potassium in some oil samples after selective
preconcentration by a centrifuge-free method of dispersive
liquid microextraction, based on the use of a new target
magnetic polymeric ionic liquid as a chelating and extrac-
tion solvent [116], and in metallurgy for the determination
of lithium, potassium, sodium and calcium in solutions of
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technological processes for the production of metallic lith-
ium and its salts [22, 23], for determination of lithium in
lithium-born alloy in the range from 59.0 to 96.0% with a
relative total error of no more than 2.7% [117], and meas-
uring the amount of rhenium in highly reducing acetylene-
oxygen and acetylene-dinitrooxide flames [118].

4. Limitations

The presented review does not consider problems associ-
ated with the preparation of samples for analysis, the influ-
ence of the matrix and third elements on the results of anal-
ysis and methods for reducing this influence.

5. Conclusions

Despite the advent of atomic absorption spectrometry and
inductively coupled plasma, flame emission as an analytical
tool continues to be efficiently used for the determination
of alkali and alkaline earth metals: the method is character-
ized by simplicity and high throughput (for example, the
A.KRUSS Optronic flame photometer allows up to
300 measurements per hour), its implementation requires
relatively simple and inexpensive equipment. The fields of
application of the FAES method are very diverse: these are
environmental control, food industry, agriculture, geology,
medicine, pharmacology, nuclear and bioenergy, metal-
lurgy and the chemical industry.

In many ways, the successful use of FAES is facilitated
by extensive automation of analysis, involving the auto-
matic samplers (autosamplers) for 12-89 samples for work-
ing with large flows of analyzed samples, built-in automatic
dilution devices for working with high concentration solu-
tions, built-in syringe holder for cleaning the spray capil-
lary from clogging with solutions with a high salt content,
the possibility of pre-selection of the flame size and auto-
matic selection of filters, an automatic detection of the loss
of the flame and an automatic shutdown of the gas, which
is triggered if the flame goes out, the use of digital displays
that allow calibration and determination of all elements
without using a PC, the ability to transfer data to a PC and
print the results of the analysis, and the possibility to define
up to five elements at the same time.
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