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Annomayus. B TaHHOM UCCIIEIOBaHUN PAacCMaTPUBAIOTCS KAUE€CTBEHHBIN U KOJIMYECTBEHHBIH
aHaIM3 (QUOpPOHWIA C MCHOJIB30BAaHMEM MeEToAa TEPMOAECOPOLIMOHHOW  MOBEPXHOCTHO-
noHmzaumonHo  cmektpockonuu  (TAIIMC).  Llenp  uccrnemoBanuss —  paszpaboTka
BBICOKOUYBCTBUTEIBHOTO aHAUTHUECKOTO METO/a JJIsl OOHapykeHUs (PUIIPOHMIIA B BETEpUHAPHON
¢dapmakosorud ¥ TOKcHKoioruu. MccnenoBaHue BKIIIOYATO aHAIM3 pBhIHKA BETEPUHAPHBIX
IIpernapaToB Ha OCHOBE (PUITPOHUIA B Y30€KUCTaHE ¢ U3YUYEHHEM KaK JIEKapCTBEHHBIX (OpM, Tak U
KoMIaHui-npousBoauTeneil. Ha skcnepuMmenTanbHOM sTane aHanus ¢unponuia merogom TATINC
npoBoamics ¢ ucnonb3oBanueM npubopa ITMU-H-C «UckoBuu-1». Ilpu anamuze pactBopa
¢unponmna B 96%-HOM 3TUIOBOM CHHUPTE MOSIBUINCH XapaKTepHbIe IMHEHHbIE MUK ITpHu ~145+15
°C u ~257+10 °C. YysctBUTENBbHOCTh MeTOMA cocTaBuia 107'° . MccnenoBanue celeKTUBHOCTH
BKJIIOYAJIO CpaBHEHUE (UIPOHMIA C JAPYTMMHM HMHCEKTHUIMJAMH, YTO MOATBEPAMUIO OTCYTCTBHE
BIMSHUS 3THX BELIECTB Ha olpeneneHue ¢unpoHuwia. Bamupanus MeTtona HpoBOAMIACH IO
napaMerpam JMHEHHOCTH, YyBCTBUTEIBHOCTH, TOYHOCTH, BOCIIPOU3BOJUMOCTH U CIIEUU(DUYHOCTH.
Pa3paboranHblif MeTOl MOXKET ObITh MPUMEHEH AJisl OOHapy>KeHUs (PUIIpOHUIIAa B OMOJIOTMYECKHUX
00bEeKTax U 00bEKTaX IKCIEPTHUHI.

Abstract. This study examines the qualitative and quantitative analysis of fipronil using
Thermal Desorption Surface lonization Spectroscopy (TDSIS). The aim of the study is to develop a
highly sensitive analytical method for detecting fipronil in veterinary pharmacology and toxicology.
The research included a market analysis of fipronil-based veterinary products in Uzbekistan,
examining both dosage forms and manufacturing companies. In the experimental phase, TDSIS
analysis of fipronil was performed using the PII-N-S "Iskovich-1" device. When a solution of fipronil
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in 96% ethyl alcohol was analyzed, characteristic linear peaks appeared at ~145+15 °C and ~257+10
°C. The sensitivity of the method was determined to be 107'° g. Selectivity studies compared fipronil
with other insecticides, confirming that these substances do not interfere with fipronil detection.
Method validation was conducted based on parameters including linearity, sensitivity, accuracy,
repeatability, and specificity. The developed method can be applied for the detection of fipronil in
biological and expert examination objects.

Kniouesvie cnosa:  dumponmsi, TepMOIECOPOLMOHHAS  TOBEPXHOCTHO-MOHU3AIMOHHAS
cnekrpockonusi, TJIIMC, wHCekTMuua, BeTepuHapHas (apMaKoJOTHs, CEJICKTUBHOCTbD,
YYBCTBUTEIbHOCTb, AaHATUTUYECKAS XUMHSL.

Keywords: fipronil, thermal desorption surface ionization spectroscopy, TDSIS, insecticide,
veterinary pharmacology, selectivity, sensitivity, analytical chemistry.

Fipronil is a broad-spectrum insecticide belonging to the phenylpyrazole class. It was first
registered for use as an insecticide in 1996. Chemically, this substance appears as a white or yellowish
crystalline solid and has very low solubility in water. Fipronil is effective against various pests,
including ants, termites, lice, and other insects. It is used in veterinary medicine, agriculture, and
household settings against ectoparasites. The main mechanism of action of fipronil relates to the
central nervous system, where it disrupts the transmission of nerve impulses, causing the death of
parasites. Nevertheless, fipronil also poses environmental risks: the substance is significantly toxic to
beneficial organisms, especially bees, birds, and aquatic animals. This situation requires careful
handling of fipronil and the implementation of measures to minimize its negative impacts on the
environment. Current analyses of fipronil-based medicinal products in the veterinary pharmaceutical
market of Uzbekistan indicate that the preparation is available in various dosage forms. According to
the analysis results, the majority of existing fipronil preparations, specifically 67%, consist of
medicinal products manufactured in liquid form. Preparations in suspension form account for 16% of
the total assortment, while spot-on products account for a 17% share. This situation demonstrates that
fipronil is most commonly used in liquid form in veterinary practice and that there is also a steady
demand for spot-on formulations [1-7].

Analyses of the manufacturers of fipronil-based medicinal products in the Uzbek veterinary
pharmaceutical market indicate that the majority of products are supplied by several major foreign
companies. The largest share, 50%, belongs to the Ukrainian company "O.L.KAR-AgroZooVet-
Service" (Private Enterprise), which holds a leading position in the export of fipronil-based products
in the region. The second largest share, 17%, is held by the Czech company "Bioveta." The Jordanian
company "VAPCO" (Veterinary & Agricultural Product Manufacturing Co.) holds an equal market
share, having also actively entered the market. Additionally, preparations manufactured by
"Shijiazhuang Ageruo-Biotech Co., Ltd." in China account for 16% of the market. This analysis
demonstrates that the production and export of fipronil preparations are carried out by major
companies from diverse geographical regions (Figure 1).

Analyses show that today, due to the presence of fipronil in the veterinary pharmaceutical
market, the development and implementation of modern methods for accurately analyzing fipronil
poisoning is a necessity. In veterinary practice, detecting traces of this substance in animals suspected
of fipronil poisoning, as well as in their feed and animal products, is an important scientific and
practical objective. For this purpose, advanced, highly sensitive detection methods are being
introduced. One of these is Thermal Desorption Surface Ionization Spectroscopy (TDSIS). This
physicochemical analysis method allows for the determination of extremely small concentrations of
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organic compounds, particularly pesticides and insecticides. TDSIS technology stands out for its high
accuracy, speed, and minimal sample preparation requirements in the rapid and precise detection of
residual amounts of fipronil [2, 4].
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Figure 1. Analysis by manufacturing companies

The main goal of the research is to develop a highly sensitive analytical method for detecting
fipronil in the fields of veterinary pharmacology and toxicology. From this perspective, an in-depth
study of the possibilities for the qualitative and quantitative assessment of fipronil using Thermal
Desorption Surface Ionization Spectroscopy (TDSIS), as well as the development of scientifically
based approaches for applying this method to biological and forensic objects, was identified as a
relevant direction for this work [8-10].

Experimental part. In performing the thermal desorption surface ionization spectroscopic
(TDSIS) analysis of fipronil, the PII-N-S "Iskovich-1" surface ionization device was used. The
operating principle of the device consists of evaporating substance molecules in a programmed
manner at a specific temperature and recording them in the form of thermal desorption spectra using
a surface ionization detector. The recording is based on the operation of the surface ionization
detector. When the anode of the detector is heated, it becomes an emitter, while the cathode serves as
the positive ion collector. When the solution of the analyzed mixture is passed through the diode, the
molecules arriving at the emitter surface are desorbed in the form of ions. The desorbed ions are then
directed to the collector for recording with the help of an electric field [2, 4].

Sample preparation for analysis: 1 ml of an 8% fipronil solution was transferred into a beaker,
mixed with ethyl alcohol, and stirred using a magnetic stirrer until dissolved. The solution was then
filtered and transferred into a 50 ml volumetric flask. Subsequently, qualitative and quantitative
analysis was performed. The thermal desorption surface ionization spectroscopic analysis of fipronil
was performed under the following conditions: emitter, iridium-doped oxidized molybdenum; emitter
voltage, 405 V; emitter temperature, 390420 °C; evaporation temperature, room temperature to 505
°C; air flow, 50 I/h (compressor voltage 12 V); volume of the test sample taken for analysis, 1.0 pl;
analysis duration, 3 minutes. The spectra were recorded using a computer program. 0.001 g (active
ingredient) of fipronil was weighed and dissolved in 96% ethyl alcohol in a 25 ml volumetric flask.
The volume was brought up to the mark with 96% ethyl alcohol. From this solution, a working
standard solution of fipronil at 100 pg/ml was prepared. 1 pl of this was placed into the cylindrical
cavity on the evaporator strip of the PII-N-S "Iskovich-1" device using a microsyringe, and the
thermal desorption spectra of fipronil were obtained. Quantitative analysis was carried out using a
calibration curve constructed based on standard sample solutions of known concentrations [11-15].

To construct the calibration curve, 1 pl of each alcoholic solution containing standard samples
of fipronil at concentrations of 15, 30, 60, 120, 180, and 240 pg/ml was introduced into the cylindrical
cavity on the evaporator strip of the PII-N-S "Iskovich-1" device using a microsyringe. The analyses
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were performed three times; average values (based on the peaks of fipronil at ~145+15 and ~257+10
°C) were calculated, and a calibration curve was plotted. The experimental results for fipronil are
presented in Table 3.

Results and discussion
The analysis results showed that when a solution of fipronil in 96% ethyl alcohol was analyzed,
peaks characteristic of fipronil appeared at ~145+15 and ~257+10 °C (Figure 2). The obtained thermal
desorption spectra were recorded in the computer database as reference spectra. The sensitivity level
of the method was 107 g.
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Figure 2. TDSI spectrum of fipronil

Assessment of the accuracy and precision of any analytical method is called validation of the
analysis conditions. The validation of the developed method was carried out using the following
parameters: linearity, sensitivity, accuracy, repeatability, and specificity. For fipronil, the equation of
the calibration curve U = a + bX was calculated using the least squares method (where "a" or Umin
is the background signal value, i.e., the analytical signal value at zero concentration of the analyte;
"b" is the instrument sensitivity coefficient, equal to the tangent of the slope angle of the calibration
line; "X" is the concentration of the analyte). Using this formula, the limit of quantification (LOQ)
was calculated as LOQ = 2a/b. Given the linearity of the calibration curve, the limit of quantification
(LOQ) is 2-3 times greater than the limit of detection (LOD), i.e., (LOQ /LOD) =~ 2-3. The maximum
quantification limit (AChmax) was also determined. The validation results of all conditions developed
in the TDSIS method for determining and quantifying sample amounts are presented in Table 1.

In the next stage of the experiment, the selectivity of the developed TDSIS analysis conditions
for fipronil was studied. Under the conditions described above, the surface ionization temperature of
fipronil differed from those of other insecticides and insecto-acaricides. The results are presented in
Table 2.
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Table 1
VALIDATION PARAMETERS OF THE METHOD
FOR ANALYZING FIPRONIL USING THE TDSIS METHOD
Parameters Results (n=35)
T max, °C ~145+15, ~ 257+10
Linear detection range, ng/pL 15,0-250,0
Ionization coefficient (Ki Ix107'2 A) 11,3
a — intercept of the regression equation 42,62
b — regression coefficient 10,28
r2 — correlation coefficient 0,9976
LOD, ng/uL 5,0
LOQ, ng/uL 15,0
AChmax, ng/pLL 500
Table 2

RESULTS OF THE STUDY ON THE SELECTIVITY
OF THE DEVELOPED TDSIS ANALYSIS CONDITIONS FOR FIPRONIL

Test substance

Maximum ionization temperature, °C

Fipronil ~145+15, ~ 257+10
Malathion ~101+15, 328+10
Imidacloprid ~177£15
Acetamiprid ~151,5%15
Cyfluthrin ~82+15, ~232+10
Cypermethrin ~161%15

As can be seen from Table 2, under these TDSI conditions, other insecticides and insecto-
acaricides do not interfere with the determination of the fipronil drug substance.

Table 3

RESULTS OF THE STUDY ON THE LINEARITY OF THE DEVELOPED TDSIS CONDITIONS
(Fipronil at ~145+15 and ~257+10°C, n=5)

Solution Height of TDSI spectra

concentration, (current value (I x
C, ug/ml 1072 4))

15 194

30 376

60 649

120 1218

180 1967

240 2485

3000

2500

2000

1500

1000

500

o] 50 100 150 200 250 300

The quantitative analysis of fipronil using the TDSIS method was carried out, followed by its
metrological calculation. The results are presented in Table 4.
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Table 4
RESULTS OF THE THERMAL DESORPTION SURFACE IONIZATION SPECTROSCOPIC
ANALYSIS OF FIPRONIL CONTENT (n=5)

Fipronil Maximum Height of Results of metrological analysis

Added, found ionization TDSI spectra

ng ng o temperature,  (current value

°C (Ix10724)

150 155,5 103,667 159 1757

150 144,8 96,5333 161,5 1636 f= 5 T(95%,5)= 2,57

150 150,3 100,2 161 1698 Xo‘r= 151,17 S2= 20,351

150 151,8 101,2 155 1715 S= 4,511 Sx= 1,842

150 147,9 98,6 160,5 1671 AEo‘r= 4,733 €= 3,131

150 156,7 104,467 163 1771

As can be seen from Table 4, the TDSIS analysis of fipronil resulted in an average value (X) of
151.15%, and the average relative error (E) was 4.733%. Based on the analysis results, the method
was applied to detect fipronil in expert examination objects (medicinal products and dosage forms)
as well as biological objects (blood and urine), and positive results were achieved.

Conclusion

Thermal desorption surface ionization spectroscopic analysis of fipronil was performed. It was
confirmed that a solution of fipronil in 96% ethyl alcohol produces a linear peak at approximately
145+15 and 257+10 °C. The linearity range of the method was 15.0-250.0 ug/mL in the sample, and
the sensitivity was 10 ng. Quantitative analysis was performed using a calibration curve constructed
based on standard sample solutions. As a result of the TDSIS analysis of fipronil, the average relative
error of the method (E) was 4.733%. The analysis results were applied to detect fipronil in objects of
veterinary pharmacological and toxicological practice.

Acknowledgements. The authors declare that no funding was received for this research.

Declaration of AI Use: During the preparation of this manuscript, the authors used ChatGPT
(OpenAl) and DeepSeek for language translation from Uzbek to English. After using these tools, the
authors reviewed and edited the content as necessary and take full responsibility for the integrity and
accuracy of the final published work.

References:

1. Abbosov, N. N., Dzhalilov, F. S., Normamatov, R. K., & Safarov, M. B. (2023). Insektitsidy
1 akaritsidy, ispol’zuemye v sel’'skom khozyajstve Uzbekistana, i formy ikh primeneniya. Zhurnal
molodogo issledovatelya, 2(3), 36—41. (in Uzbek).

2. Emin, S. K., Izotov, B. N., & Veselovskaya, N. V. (1993). Analiz narkoticheskikh sredstv.
Moscow. (in Russian).

3. Giyasov, Z. A., & Shakhitov, M. M. (2003). Ob analize opiatov v krovi, moche i v trubnykh
materialakh metodom termodesorbtsionnoj poverkhnostno-ionizatsionnoj spektroskopii. Tashkent.
(in Russian).

4. Iskhakova, S. S., Rasulev, U. Kh., Khasanova, D. K., Dzhalilov, F. S., & Khamidov, M. Kh.
(2004). Termodesorbtsionnyj poverkhnostno-ionizatsionnyj indikator narkotikov 1 drugikh
lekarstvennykh preparatov. Zhurnal analiticheskoj khimii, 59(1), 56—63. (in Russian).

Tun auyenzuu CC: Attribution 4.0 International (CC BY 4.0) 360



Bronnemens nayxu u npaxkmuxu / Bulletin of Science and Practice T. 12. Ne10 2026
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/131

5. Dzhalilov, F. S., & Tadzhiev, M. A. (2010). Primenenie metoda termodesorbtsionnoj
poverkhnostno-ionizatsionnoj spektroskopii pri analize karbamazepina. In Farmatsiya: sovremennoe
sostoyanie, dostizheniya i perspektivy, Almaty, 20-24. (in Russian).

6. Dzhalilov, F. S., & Tadzhiev, M. A. (2016). Analiz paroksetina, vydelennogo iz
biologicheskikh zhidkostej metodom sovremennoj spektroskopii. Farmatsevticheskij zhurnal, (4),
45-48. (in Uzbek).

7. Jalilov, F. S., Pulatova, L. T., Jalilova, F. S., & Sharipova, O. Z. Meliboyeva Sh. Sh. Analysis
of sertraline from biological fluids by thermal desorption surface-ionizing spectroscopy. The Pharma
Innovation Journal.-2020, 9(6), 603-606.

8. Kramarenko, V. F. (1989). Toksikologicheskaya khimiya. Kiev. (in Russian).

9. Mashkovskij, M. D. (2002). Lekarstvennye sredstva. Moscow. (in Russian).

10. Anadon, A., Ares, 1., Martinez-Larranaga, M. R., Martinez, M., & Martinez, M. A. (2025).
Pyrethrins and Pyrethroids: ectoparasiticide use in veterinary medicine. In Natural Products:
Phytochemistry, Botany, Metabolism of Alkaloids, Phenolics and Terpenes (pp. 1-34). Berlin,
Heidelberg: Springer Berlin Heidelberg. https://doi.org/10.1007/978-3-642-36202-6 131-1

11. Respublika Uzbekistan (2022). Perechen’ razreshennykh khimicheskikh i biologicheskikh
sredstv zashchity rastenij ot vreditelej, boleznej 1 sornyakov. Tashkent. (in Uzbek).

12. Pleteneva, T. V., & Salomatin, E. M. (2005). Toksikologicheskaya khimiya. Moscow. (in
Russian).

13. Safarov, M. B., Abbosov, N. N., Mengliev, G. A., Khamzaev, K. B., Gojipova, M. E.,
Dzhalilov, F. S., & Pulatova, L. T. (2022). Assortimentnyj analiz insektitsidov 1 akaritsidov,
ispol’zuemykh dlya zashchity rastenij na rynke Uzbekistana. [International Journal of
Agrobiotechnology and Veterinary Medicine, 2(12), 26-31. (in Uzbek).

14. Salimov, Yu. (2021). Toxic effects of pesticides on human and animals // Journal of
Veterinary Medicine and Animal Sciences.

15. Salimov, Yu., Dzhalilov, F. S., Khamzaev, K. B., & Safarov, M. B. (2022). Uchebno-
metodicheskij kompleks po distsipline veteri narnaya farmakologiya. Tashkent. (in Uzbek).

Cnucok numepamypol:

1. Abbasov N. N., Jalilov F. S., Normamatov R. K., Safarov M. B. O'zbekiston qishloq
xo'jaligida ishlatiladigan insektitsidlar va akarisidlar hamda ularning qo'llanish shakllari // Yosh
Tadqiqotchi Jurnali. 2023. T. 2, Ne 3. C. 36-41.

2.9muH C. K., U30t10B b. H., Becenosckasa H. B. Ananu3 HapkoTrueckux cpencts. M.: Mbicib,
1993.

3.TuscoB 3. A., HlaxuroB M. M. O6 aHanu3e onuaroB B KPOBU, MOYE U B TPYOHBIX Marepraiax
METO/IOM TEPMOIECOPOIIMOHHOM MOBEPXHOCTHO-NOHU3AIIMOHHOM criekTpockomnuu. TamkeHt, 2003.

4. UcxaxoBa C. C., PacyneB V. X., XacanoBa [I. K., Jlxanunos ®. C., Xamunos M. X.
TepmonecopOLMOHHBIA  MOBEPXHOCTHO-MOHU3AIIMOHHBIN  MHIUKAaTOp HApKOTHKOB U JAPYIHX
JIeKapCTBEHHBIX npenaparoB // Kypran ananutudeckoit xumuu. 2004. T. 59. Nel. C. 56-63.

5. Jwxammmo @. C., Tamxkmer M. A. IlpumeHeHue Meroma TEpMOIECCOPOITMOHHOM
MMOBEPXHOCTHO-MOHU3AIMOHHON CIEKTPOCKONIUA TIpH aHanm3e KapOamazenuHa // dapmarus:
COBPEMEHHOE COCTOSIHUE, TOCTHXKEHNUS U nepcnekTtuBbl. Anmarsl, 2010. C. 20-24.

6. Jalilov F. S., Tojiyev M. A. Biologik suyuqliklar tarkibidan ajratib olingan paroksetinni
zamonaviy spektroskopiya usulida tahlili // Farmatsevtika Jurnali. 2016. Ne4. C. 45-48.

7. Jalilov F. S. Meliboyeva Sh. Sh. Analysis of sertraline from biological fluids by thermal
desorption surface-ionizing spectroscopy // The Pharma Innovation Journal. 2020. V. 9. Ne6. P. 603-
606.

Tun auyenzuu CC: Attribution 4.0 International (CC BY 4.0) 361




Bronnemens nayxu u npaxkmuxu / Bulletin of Science and Practice T. 12. Ne10 2026
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/131

8. Kpamapenko B. ®@. Tokcukonorunyeckas xumusi. Kues: Brima mkona, 1989.

9. MamkoBckuit M. /1. JlekapcTBeHnsie cpenacta. M.: Hosas Bonna, 2002.

10. Anadon A., Ares 1., Martinez-Larrafiaga M. R., Martinez M., Martinez M. A. Pyrethrins and
Pyrethroids: ectoparasiticide use in veterinary medicine // Natural Products: Phytochemistry, Botany,
Metabolism of Alkaloids, Phenolics and Terpenes. Berlin, Heidelberg: Springer Berlin Heidelberg,
2025. P. 1-34. https://doi.org/10.1007/978-3-642-36202-6 131-1

11. O'zbekiston Respublikasi. O'simlik zararkunandalari, kasalliklari va begona o'tlarga qarshi
ruxsat etilgan kimyoviy va biologik himoya vositalari ro'yxati. Tomkent, 2022.

12. IlnmereneBa T. B., Camomatun E. M. Tokcukonorunueckas xumus. M.: I'90TAP-Menua,
2005.

13. Safarov, B. B., Abbosov, N. N., Mengliev, G. A., Xamzaev, K. B., Goyipova, M. E., Jalilov,
F. S., Pulatova, L. T. O'zbekiston bozorida o'simliklar himoyasi uchun ishlatiladigan insektitsidlar va
akaritsidlarning assortiment tahlili // International Journal of Agrobiotechnology and Veterinary
Medicine. 2022. V. 2. Ne12. P. 26-31.

14. Salimov Yu. Toxic effects of pesticides on human and animals // Journal of Veterinary
Medicine and Animal Sciences. 2021.

15. Salimov Yu. Jalilov F. S., Xamzaev K. B., Safarov M. B. Veterinariya farmakologiyasi fani
bo'yicha o'quv-uslubiy majmua. Tomkent, 2022.

Ilocmynuna 6 pedaxyuio Ipunsama k nybauxayuu

01.08.2026 2. 11.08.2026 e.

Ccolika 0ns yumupo8anusi:

Cadapos M. b., Jlxxanuno @. C., DumatoB [. X. KauecTBeHHass ¥ KOTUYECTBEHHAs OIIEHKA
¢GunpoHuIa METOAIOM TEPMOIECOPOIMOHHON MOBEPXHOCTHO-HOHU3ALMOHHON CIeKTpoMeTpuu //
bronnerens Hayku u mpaktuku. 2026. T. 12. NelO. C. 355-362. https://doi.org/10.33619/2414-
2948/131/38

Cite as (APA):

Safarov, M., Jalilov, F., & Eshmatov, G. (2026). Qualitative and Quantitative Assessment of
Fipronil Using Thermal Desorption Surface lonization Spectroscopy. Bulletin of Science and
Practice, 12(10), 355-362. (in Russian). https://doi.org/10.33619/2414-2948/131/38

Tun auyenzuu CC: Attribution 4.0 International (CC BY 4.0) 362




