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Ñåêöèÿ G 

ÁÈÎÔÎÒÎÍÈÊÀ 

ÓÄÊ 535.37:57.044 

 

Èçìåðåíèå êîíöåíòðàöèè âåòåðèíàðíûõ àíòèáèîòèêîâ 
 â ïðèðîäíûõ ñðåäàõ ñ ïîìîùüþ ñïåêòðàëüíûõ ìåòîäîâ 
 

 Â.À. Òåðåõîâà1,2, À.Ï. Êèðþøèíà2, Ê.Ï. Ñåðèêîâ1, Þ.Ã.Ñîêîëîâñêàÿ1, 
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1 Ìîñêîâñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò èì. Ì.Â. Ëîìîíîñîâà 

119991, Ìîñêâà, Ðîññèÿ, Ëåíèíñêèå ãîðû, 1, spatsaeva@mail.ru 
2Èíñòèòóò ïðîáëåì ýêîëîãèè è ýâîëþöèè ÐÀÍ 

119071, Ìîñêâà, Ðîññèÿ, Ëåíèíñêèé ïð., 33, vterekhova@gmail.com  
 
Íåêîíòðîëèðóåìîå ðàñïðîñòðàíåíèå àíòèáèîòèêîâ â ñòî÷íûõ âîäàõ è ïðèðîäíûõ ñðåäàõ ïðåäñòàâëÿåò 

â íàñòîÿùåå âðåìÿ ñåðüåçíóþ ýêîëîãè÷åñêóþ óãðîçó âî âñåõ ñòðàíàõ.  Ïîýòîìó ðàçðàáîòêà áûñòðûõ ìåòîäîâ 
âûÿâëåíèÿ àíòèáèîòèêîâ â ïðèðîäíûõ ñðåäàõ ÷ðåçâû÷àéíî àêòóàëüíà. Ðàáîòà ïîñâÿùåíà èçó÷åíèþ ñïåê-
òðàëüíûõ õàðàêòåðèñòèê òðåõ âåòåðèíàðíûõ àíòèáèîòèêîâ (òèëîçèí, òåòðàöèêëèí, öèïðîôëîêñàöèí) ðàç-
ëè÷íîé êîíöåíòðàöèè â ïðèñóòñòâèè îðãàíè÷åñêèõ âåùåñòâ ïðèðîäíîãî ïðîèñõîæäåíèÿ èëè ïîáî÷íûõ ïðî-
äóêòàõ æèâîòíîâîäñòâà. Ó âñåõ òðåõ àíòèáèîòèêîâ èìåþòñÿ ïîëîñû ïîãëîùåíèÿ â ÓÔ-îáëàñòè, êîòîðûå 
ñ ïîìîùüþ ìàòåìàòè÷åñêîé îáðàáîòêè âûäåëÿëè íà ôîíå øèðîêîãî, ìîíîòîííî ñïàäàþùåãî ñ ðîñòîì äëèíû 
âîëíû ñïåêòðà ïîãëîùåíèÿ îðãàíè÷åñêîãî âåùåñòâà âîäû, ïî÷âû èëè îðãàíè÷åñêèõ óäîáðåíèé. Êîíöåíòðà-
öèþ àíòèáèîòèêà îïðåäåëÿëè ïî ïëîùàäè ïîëîñû ïîãëîùåíèÿ èëè îïòè÷åñêîé ïëîòíîñòè íà ôèêñèðîâàííîé 
äëèíå âîëíû ñ ïîìîùüþ êàëèáðîâî÷íûõ çàâèñèìîñòåé. Äëÿ ìîíèòîðèíãà íèçêèõ êîíöåíòðàöèé öèïðîôëîê-
ñàöèíà, ìåíåå 5 ìã/ë, èñïîëüçîâàëè òàêæå ôëóîðåñöåíòíóþ ñïåêòðîñêîïèþ. Ïîëîñà èñïóñêàíèÿ öèïðîô-
ëîêñàöèíà ÷àñòè÷íî ïåðåêðûâàåòñÿ ñ ïîëîñîé ôëóîðåñöåíöèè îðãàíè÷åñêîãî âåùåñòâà âîäû è ïî÷âû, ïîýòî-
ìó äëÿ âûäåëåíèÿ âêëàäà ýòîãî àíòèáèîòèêà â ñïåêòðû èçìåðÿëè ñèíõðîííûå ñïåêòðû ôëóîðåñöåíöèè ñ ïî-
ñòîÿííîé ðàçíîñòüþ äëèíû âîëíû âîçáóæäåíèÿ è ðåãèñòðàöèè. Â ýòîì ñëó÷àå êîíöåíòðàöèþ àíòèáèîòèêà 
îïðåäåëÿëè ïî ïëîùàäè ïîëîñû ñèíõðîííîãî ñïåêòðà ôëóîðåñöåíöèè â ÓÔ-äèàïàçîíå, â îáëàñòè ïîëîñû 
ïîãëîùåíèÿ äàííîãî ñîåäèíåíèÿ. 

 

Êëþ÷åâûå ñëîâà: âåòåðèíàðíûå àíòèáèîòèêè, ìîíèòîðèíã, ñïåêòðû ïîãëîùåíèÿ, ôëóîðåñöåí-
öèÿ;veterinary antibiotics, monitoring, absorption spectra, fluorescence. 

 
Ââåäåíèå 

 

Íåêîíòðîëèðóåìîå ðàñïðîñòðàíåíèå àíòèáèîòèêîâ â ñòî÷íûõ âîäàõ è ïðèðîäíûõ ñðåäàõ ïðåäñòàâëÿåò  
â íàñòîÿùåå âðåìÿ ñåðüåçíóþ ýêîëîãè÷åñêóþ óãðîçó âî âñåõ ñòðàíàõ. Ýòî ñâÿçàíî, ïðåæäå âñåãî, ñ íàêîïëå-
íèåì ó áàêòåðèé ãåíîâ ðåçèñòåíòíîñòè ê ôàðìàêîëîãè÷åñêèì ïðåïàðàòàì, à òàêæå ñ íàðóøåíèåì óñòîé÷èâîãî 
ôóíêöèîíèðîâàíèÿ âñåõ òðîôè÷åñêèõ óðîâíåé ýêîñèñòåì. Â òàêèõ îòðàñëÿõ, êàê ñåëüñêîå õîçÿéñòâî, æèâîò-
íîâîäñòâî è ðûáîâîäñòâî, ôàðìïðåïàðàòû øèðîêî èñïîëüçóþò íå òîëüêî â êà÷åñòâå òåðàïåâòè÷åñêèõ è ïðî-
ôèëàêòè÷åñêèõ ñðåäñòâ, íî è äëÿ ñòèìóëÿöèè ðîñòà. Èçâåñòíû ðàçëè÷íûå ïîäõîäû äëÿ îáíàðóæåíèÿ àíòè-
áèîòèêîâ â îáúåêòàõ îêðóæàþùåé ñðåäû, êîòîðûå ïîñòîÿííî ñîâåðøåíñòâóþòñÿ ïîä êîíêðåòíûå öåëè è çà-
äà÷è. Ìèêðîáèîëîãè÷åñêèå ìåòîäû, îòðàæàþùèå óãíåòåíèå áàêòåðèàëüíîãî ðîñòà íà ïèòàòåëüíûõ ñðåäàõ,  
â íàñòîÿùåå âðåìÿ ïðàêòè÷åñêè óæå íå èñïîëüçóþòñÿ äëÿ ìîíèòîðèíãà àíòèáèîòèêîâ èç-çà áîëüøîé ïðîäîë-
æèòåëüíîñòè àíàëèçà, îòñóòñòâèÿ ñïåöèôè÷íîñòè è íåâûñîêîé òî÷íîñòè. Áîëüøåå ðàñïðîñòðàíåíèå ïîëó÷èëè 
àíàëèòè÷åñêèå ìåòîäû, òàêèå êàê: à) õðîìàòîãðàôè÷åñêèå (äëÿ ðàçäåëåíèÿ è îïðåäåëåíèÿ ðàçëè÷íûõ ãðóïï 
àíòèáèîòèêîâ) – âûñîêîýôôåêòèâíàÿ æèäêîñòíàÿ õðîìàòîãðàôèÿ (ÂÝÆÕ), æèäêîñòíàÿ õðîìàòîãðàôèÿ 
(ÆÕ), õðîìàòî-ìàññ-ñïåêòðîìåòðèÿ (ÕÌÑ), êàïèëëÿðíûé ýëåêòðîôîðåç; á) êîëîðèìåòðèÿ (ñ îêðàøèâàíèåì 
ïðîèçâîäíûõ); â) ñïåêòðîôîòîìåðèÿ (ñ ÓÔ-ñâåòîì); ã) èíôðàêðàñíàÿ ñïåêòðîñêîïèÿ; ä) ôëóîðèìåòðèÿ 
(íàèáîëåå ÷óâñòâèòåëüíûé ìåòîä) [1]. Ïðîäîëæàþò ðàçðàáàòûâàòüñÿ è äðóãèå ïîäõîäû ê àíàëèçó ñîäåðæà-
íèÿ àíòèáèîòèêîâ ñ ðàçðàáîòêîé íîâûõ óñòðîéñòâ, â ÷àñòíîñòè, äèôôåðåíöèàëüíûé èìïóëüñíûé ïîëÿðîãðà-
ôè÷åñêèé ìåòîä, ýëåêòðîàíàëèòè÷åñêèé ìåòîä íà îñíîâå ïðÿìîóãîëüíîé âîëüòàìïåðîìåòðèè è ò.ä.) [2, 3]. 
Äëÿ ãðóïïîâîãî îïðåäåëåíèÿ îñòàòî÷íûõ êîëè÷åñòâ àíòèáèîòèêîâ ðàçëè÷íûõ êëàññîâ èñïîëüçóþò â îñíîâíîì 
âûñîêîýôôåêòèâíóþ è óëüòðàâûñîêîýôôåêòèâíóþ ÆÕ ñ ìàññ-ñïåêòðîìåòðè÷åñêèì äåòåêòèðîâàíèåì. Ïåð-
ñïåêòèâíûìè ñïîñîáàìè ïðîáîïîäãîâêè â íàñòîÿùåå âðåìÿ ÿâëÿþòñÿ QuEChERS, äèñïåðñèîííàÿ æèäêîñòíî-
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æèäêîñòíàÿ ìèêðîýêñòðàêöèÿ è òâåðäîôàçíàÿ ýêñòðàêöèÿ [4]. Ïðè ýòîì ñîõðàíÿåòñÿ ïîòðåáíîñòü â ðàçðà-
áîòêå áîëåå ñåëåêòèâíûõ, ÷óâñòâèòåëüíûõ, íî ïðè ýòîì áûñòðûõ è äîñòóïíûõ ìåòîäèê. ×ðåçâû÷àéíî àêòó-
àëüíîé îñòàþòñÿ ðàçðàáîòêà è ñîâåðøåíñòâîâàíèå ýêñïðåññíûõ ìåòîäîâ âûÿâëåíèÿ àíòèáèîòèêîâ è äðóãèõ 
ïîëëþòàíòîâ â ïðèðîäíûõ îáúåêòàõ (ïî÷âàõ, îòõîäàõ), â âîäíûõ âûòÿæêàõ êîòîðûõ ïðèñóòñòâóþò îðãàíè÷å-
ñêèå âåùåñòâà [5,6]. 

 
Îáúåêòû è ìåòîäû èññëåäîâàíèÿ 

 

Â ðàáîòå èçó÷åíû ñïåêòðàëüíûå õàðàêòåðèñòèêè òðåõ àíòèáèîòèêîâ (òèëîçèí, òåòðàöèêëèí, öèïðîôëîê-
ñàöèí) ðàçëè÷íîé êîíöåíòðàöèè â ïðèñóòñòâèè îðãàíè÷åñêèõ âåùåñòâ (ÎÂ) ïðèðîäíîãî ïðîèñõîæäåíèÿ èëè 
ïîáî÷íûõ ïðîäóêòàõ æèâîòíîâîäñòâà (ïðèðîäíàÿ âîäà, âîäíûå ýêñòðàêòû ïî÷â è îðãàíè÷åñêèõ óäîáðåíèé). 
Ñïåêòðû ïîãëîùåíèÿ èçìåðÿëè â êâàðöåâûõ êþâåòàõ ñ äëèíîé îïòè÷åñêîãî ïóòè 1 ñì ñ ïîìîùüþ ñïåêòðîôî-
òîìåòðà Solar PB2201 îòíîñèòåëüíî äèñòèëëèðîâàííîé âîäû, ñïåêòðû ôëóîðåñöåíöèè – ñ ïîìîùüþ ñïåê-
òðîôëóîðèìåòðà Solar CM 2203. Ïåðåä ñïåêòðàëüíûìè èçìåðåíèÿìè ïðè íåîáõîäèìîñòè ïðîáû ðàçáàâëÿëè 
äèñòèëëèðîâàííîé âîäîé, ÷òîáû îïòè÷åñêàÿ ïëîòíîñòü â èçó÷àåìûõ ïîëîñàõ ïîãëîùåíèÿ íå ïðåâûøàëà 2 ïðè 
èçìåðåíèè ñïåêòðîâ ïîãëîùåíèÿ è 0,1 ïðè èçìåðåíèè ñïåêòðîâ ôëóîðåñöåíöèè. 

 
Ñïåêòðû ïîãëîùåíèÿ àíòèáèîòèêîâ â âîäíîé ñðåäå 

 

Ó âñåõ òðåõ àíòèáèîòèêîâ èìåþòñÿ ïîëîñû ïîãëîùåíèÿ â ÓÔ îáëàñòè, êîòîðûå ñ ïîìîùüþ ìàòåìàòè÷å-
ñêîé îáðàáîòêè âûäåëÿëè íà ôîíå øèðîêîãî, ìîíîòîííî ñïàäàþùåãî ñ ðîñòîì äëèíû âîëíû ñïåêòðà ïîãëî-
ùåíèÿ îðãàíè÷åñêîãî âåùåñòâà âîäû, ïî÷âû èëè îðãàíè÷åñêèõ óäîáðåíèé. Ïîëîñà ïîãëîùåíèÿ òèëîçèíà íà-
õîäèòñÿ â ÓÔ-äèàïàçîíå â ãðàíèöàõ îò 245 äî 360 íì ñ ìàêñèìóìîì ïîãëîùåíèÿ ïðè 290 íì (ðèñ. 1). 

 

 
 

Ðèñ. 1. Ñïåêòðû ïîãëîùåíèÿ âîäíîãî ðàñòâîðà òèëîçèíà êîíöåíòðàöèè 100 ìã/ë 
 
Ñïåêòðû ïîãëîùåíèÿ öèïðîôëîêñàöèíà è òåòðàöèêëèíà èìåþò áîëåå ñëîæíóþ ñòðóêòóðó (ðèñ. 2 è 3). 

Êîíöåíòðàöèþ êàæäîãî èç àíòèáèîòèêîâ â âîäå ìîæíî èçìåðèòü ïî ïëîùàäè ïîëîñû ïîãëîùåíèÿ èëè îïòè-
÷åñêîé ïëîòíîñòè íà ôèêñèðîâàííîé äëèíå âîëíû ñ ïîìîùüþ êàëèáðîâî÷íûõ çàâèñèìîñòåé. Òàêèì ñïîñîáîì 
ìîæíî îïðåäåëÿòü êîíöåíòðàöèè òèëîçèíà äî 100 ìã/ë, à äëÿ òåòðàöèêëèíà è öèïðîôëîêñàöèíà – äî 
60 ìã/ë. Ïðè áîëüøèõ êîíöåíòðàöèÿõ íåîáõîäèìî ðàçâîäèòü îáðàçöû âîäîé èëè èñïîëüçîâàòü ïîãëîùåíèå 
îáðàçöà íà äëèííîâîëíîâîì êðàþ ïîëîñû ïîãëîùåíèÿ àíòèáèîòèêà. Ìèíèìàëüíûå êîíöåíòðàöèè àíòèáèîòè-
êà, êîòîðûå âîçìîæíî äåòåêòèðîâàòü ñïåêòðîôîòîìåòðè÷åñêè, îïðåäåëÿþòñÿ ïðèáîðíîé ïîãðåøíîñòüþ ñïåê-
òðîôîòîìåòðà. Äëÿ êþâåòû ñ äëèíîé îïòè÷åñêîãî ïóòè 1 ñì ìû îöåíèâàåì íèæíèé ïðåäåë èçìåðåíèÿ êîí-
öåíòðàöèè êàê 1 ìã/ë äëÿ òèëîçèíà è 2 ìã/ë äëÿ òåòðàöèêëèíà è öèïðîôëîêñàöèíà â âîäå.  

Îäíàêî ïðè èçìåðåíèè êîíöåíòðàöèè àíòèáèîòèêà ñïåêòðîôîòîìåòðè÷åñêèì ìåòîäîì â ïðèðîäíîé âîäå, 
ïî÷âå èëè ïðè íàëè÷èè îðãàíè÷åñêîãî óäîáðåíèÿ íåîáõîäèìî ó÷èòûâàòü ïîãëîùåíèå ñâåòà ÎÂ âî-
äû/ïî÷âû/óäîáðåíèÿ. Èçâåñòíî, ÷òî ñïåêòð îïòè÷åñêîé ïëîòíîñòè ïðèðîäíûõ ãóìèíîâûõ âåùåñòâ (îêðà-
øåííîé ôðàêöèè ÎÂ ïðèðîäíîé âîäû èëè ïî÷âû) ìîíîòîííî óáûâàåò ïðè âîçðàñòàíèè äëèíû âîëíû [7]. 
Èíîãäà íà ñïåêòðàõ ïîãëîùåíèÿ ïðèðîäíîãî ÎÂ â ÓÔ-äèàïàçîíå ìîæíî çàìåòèòü íåáîëüøîé ëîêàëüíûé 
ìàêñèìóì èëè ïåðåãèá â îáëàñòè äëèí âîëí 260–270 íì, ñâÿçàííûé ñ íàëè÷èåì ôåíîëüíûõ èëè áåëêîâûõ 
ñîåäèíåíèé [8]. Îäíàêî ÷åòêî âûðàæåííûå ïîëîñû ïîãëîùåíèÿ â ÓÔ-äèàïàçîíå äëÿ ïðèðîäíûõ ãóìèíîâûõ 
âåùåñòâ îòñóòñòâóþò. Ïîõîæàÿ êàðòèíà íàáëþäàëàñü äëÿ âîäíîãî ýêñòðàêòà îðãàíè÷åñêîãî óäîáðåíèÿ íà îñ-
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íîâå íàâîçà (ðèñ. 4, æèðíàÿ ñïëîøíàÿ ëèíèÿ). Êàê âèäíî èç ðèñ. 4, ïîëîñû ïîãëîùåíèÿ àíòèáèîòèêîâ ïðè 
èõ äîáàâëåíèè â ôèëüòðàò íàâîçà ìåíåå èíòåíñèâíû ïî ñðàâíåíèþ ñ ïîãëîùåíèåì ÎÂ îðãàíè÷åñêîãî óäîá-
ðåíèÿ. 

 

 
Ðèñ. 2. Ñïåêòðû ïîãëîùåíèÿ âîäíîãî ðàñòâîðà öèïðîôëîêñàöèíà êîíöåíòðàöèè 30 ìã/ë 

 

 
Ðèñ. 3. Ñïåêòðû ïîãëîùåíèÿ âîäíîãî ðàñòâîðà òåòðàöèêëèíà êîíöåíòðàöèè 100 ìã/ë 

 

 
Ðèñ. 4. Ñïåêòðû ïîãëîùåíèÿ âîäíîãî ýêñòðàêòà îðãàíè÷åñêîãî óäîáðåíèÿ íà îñíîâå íàâîçà ñ äîáàâëåíèåì ðàçíûõ  
  àíòèáèîòèêîâ 

 
×òîáû âûäåëèòü ïîëîñû àíòèáèîòèêîâ, èç ñóììàðíîãî ñïåêòðà ïîãëîùåíèÿ âû÷èòàëè ñïåêòð ïîãëîùåíèÿ 

ÎÂ âîäíîãî ýêñòðàêòà áåç àíòèáèîòèêîâ. Ïîëó÷åííûå ðàçíîñòíûå ñïåêòðû ïîêàçàíû íà ðèñ. 5.  
Äëÿ èçìåðåíèÿ êîíöåíòðàöèè àíòèáèîòèêîâ áûëè âçÿòû ïëîùàäè ïîä ÓÔ-ïîëîñàìè ïîãëîùåíèÿ àíòè-

áèîòèêîâ. Â êà÷åñòâå êàëèáðîâî÷íîé çàâèñèìîñòè èñïîëüçîâàëè çàâèñèìîñòè ïëîùàäè ïîëîñû ïîãëîùåíèÿ îò 
êîíöåíòðàöèè äëÿ ñîîòâåòñòâóþùåãî ïðåïàðàòà â âîäå. Òàêîé ìåòîä ïîçâîëÿåò èçìåðÿòü êîíöåíòðàöèè àíòè-
áèîòèêîâ â ïðèðîäíîé âîäå, ïî÷âåííûõ ýêñòðàêòàõ èëè ðàñòâîðàõ îðãàíè÷åñêîãî óäîáðåíèÿ ïðèìåðíî äî 
êîíöåíòðàöèé àíòèáèîòèêîâ 5–10 ìã/ë. Äëÿ ìåíüøèõ êîíöåíòðàöèé àíòèáèîòèêîâ ñëåäóåò ïðèìåíÿòü áîëåå 
÷óâñòâèòåëüíûå ôëóîðåñöåíòíûå ìåòîäû. 
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Ðèñ. 5. Ðàçíîñòíûé ñïåêòð ïîãëîùåíèÿ àíòèáèîòèêîâ â ôèëüòðàòå íàâîçà ïîñëå âû÷èòàíèÿ ñïåêòðà ïîãëîùåíèÿ  
  ÎÂ ýêñòðàêòà 

 
Ñïåêòðû ôëóîðåñöåíöèè àíòèáèîòèêîâ â âîäíîé ñðåäå 

 

Òèëîçèí â âîäíûõ ðàñòâîðàõ íå ïðîÿâèë ôëóîðåñöåíòíûõ ñâîéñòâ, à ïîëîñà ñâå÷åíèÿ òåòðàöèêëèíà ïå-
ðåêðûâàåòñÿ ñ ïîëîñàìè ôëóîðåñöåíöèè êîìïîíåíòîâ ÎÂ ïî÷âû èëè îðãàíè÷åñêîãî óäîáðåíèÿ.  

Ïîëîñà èñïóñêàíèÿ ôëóîðåñöåíöèè öèïðîôëîêñàöèíà òàêæå ÷àñòè÷íî ïåðåêðûâàåòñÿ ñ ïîëîñîé ôëóî-
ðåñöåíöèè ÎÂ âîäû è ïî÷âû, ïîýòîìó äëÿ áîëåå íàäåæíîãî âûäåëåíèÿ âêëàäà ýòîãî àíòèáèîòèêà â ñïåêòðû 
èçìåðÿëè ñèíõðîííûå ñïåêòðû ôëóîðåñöåíöèè ñ ïîñòîÿííîé ðàçíîñòüþ äëèíû âîëíû âîçáóæäåíèÿ è ðåãèñò-
ðàöèè, ðàâíîé 160 íì (ðèñ. 6). Â ýòîì ñëó÷àå êîíöåíòðàöèþ àíòèáèîòèêà îïðåäåëÿëè ïî ïëîùàäè ïîëîñû 
ñèíõðîííîãî ñïåêòðà ôëóîðåñöåíöèè â ÓÔ-äèàïàçîíå 270–370 íì ïîñëå âû÷èòàíèÿ àíàëîãè÷íîãî ñïåêòðà, 
èçìåðåííîãî äëÿ ïðîáû áåç àíòèáèîòèêà.  

 

 
Ðèñ. 6. Ñèíõðîííûé ñïåêòð ôëóîðåñöåíöèè ðàñòâîðà öèïðîôëîêñàöèíà êîíöåíòðàöèè 5 ìã/ë, ðàçíîñòü äëèíû âîëíû  
  âîçáóæäåíèÿ è ðåãèñòðàöèè ðàâíà 160 íì 

 
Çàêëþ÷åíèå 

 

Òàêèì îáðàçîì, â ðàáîòå ïîêàçàíî, ÷òî âåòåðèíàðíûå àíòèáèîòèêè òèëîçèí, òåòðàöèêëèí, öèïðîôëîêñà-
öèí âîçìîæíî êîëè÷åñòâåííî èçìåðÿòü ìåòîäîì àáñîðáöèîííîé ñïåêòðîñêîïèè â ðàçëè÷íûõ âîäíûõ ñðåäàõ, 
â òîì ÷èñëå ñ íàëè÷èåì ïî÷âåííîãî îðãàíè÷åñêîãî âåùåñòâà èëè îðãàíè÷åñêèõ óäîáðåíèé.  

Ôëóîðåñöåíòíàÿ ñïåêòðîñêîïèÿ, õîòÿ ÿâëÿåòñÿ áîëåå ÷óâñòâèòåëüíûì ìåòîäîì, ÷åì àáñîðáöèîííàÿ ñïåê-
òðîñêîïèÿ, èìååò ñâîè îãðàíè÷åíèÿ: òèëîçèí â âîäå íå ïðîÿâëÿåò ôëóîðåñöåíòíûõ ñâîéñòâ, à ïîëîñà ñâå÷å-
íèÿ òåòðàöèêëèíà ïåðåêðûâàåòñÿ ñ ïîëîñàìè ôëóîðåñöåíöèè êîìïîíåíòîâ ÎÂ ïî÷âû èëè îðãàíè÷åñêèõ 
óäîáðåíèé. Äëÿ îäíîãî èç ïðåïàðàòîâ, öèïðîôëîêñàöèíà, óäàëîñü ðàçðàáîòàòü ìåòîä îïðåäåëåíèÿ íèçêèõ 
êîíöåíòðàöèé àíòèáèîòèêà (ìåíåå 5 ìã/ë) â âîäíûõ ñðåäàõ ñî çíà÷èòåëüíûì ñîäåðæàíèåì ÎÂ ïî èçìåðåíèþ 
ñèíõðîííûõ ñïåêòðîâ ôëóîðåñöåíöèè ñ ïîñòîÿííûì ñäâèãîì ìåæäó äëèíîé âîëíû âîçáóæäåíèÿ è äëèíîé 
âîëíû èñïóñêàíèÿ. Âîçìîæíîñòü èçìåðåíèÿ êîíöåíòðàöèé àíòèáèîòèêîâ â ýêñòðàêòàõ îðãàíè÷åñêèõ óäîáðå-
íèé èëè â ïðèñóòñòâèè ÎÂ ïî÷â ìû ðàññìàòðèâàåì êàê ïåðñïåêòèâíîå ìåòîäè÷åñêîå íàïðàâëåíèå â ñîâåð-
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øåíñòâîâàíèè ñèñòåìû íîðìèðîâàíèÿ áåçîïàñíîãî ñîäåðæàíèÿ õèìè÷åñêèõ çàãðÿçíèòåëåé èç ãðóïïû íåòðà-
äèöèîííûõ òîêñèêàíòîâ îêðóæàþùåé ñðåäû – ôàðìàöåâòè÷åñêèõ àíòèáèîòèêîâ. 

 

Ôèíàíñèðîâàíèå. Èññëåäîâàíèÿ âûïîëíÿþòñÿ â ðàìêàõ ïðîåêòà ÐÍÔ 25-24-00486. 
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V.A.Terekhova, A.P. Kiryushina, K.P. Serikov, Yu.G. Sokolovskaya, S.V. Patsaeva. Measurement of 

concentrations of veterinary antibiotics in natural environments using spectral methods. 
The uncontrolled spread of antibiotics in wastewater and natural environments currently poses a serious 

environmental threat in all countries. Therefore, the development of rapid methods for detecting antibiotics in 
natural environments is extremely relevant. The work is devoted to the study of the spectral characteristics of 
three veterinary antibiotics (tylosin, tetracycline, ciprofloxacin) of different concentrations in the presence of 
organic substances of natural origin or by-products of animal husbandry. All three antibiotics have absorption 
bands in the UV region, which were isolated by mathematical processing against the background of a wide ab-
sorption spectrum of organic matter in water, soil or organic fertilizers, monotonically decreasing with increas-
ing wavelength. The antibiotic concentration was determined by the area of the absorption band or absorbance 
value at a fixed wavelength using relevant calibration dependencies. Fluorescence spectroscopy was also used to 
monitor low concentrations of ciprofloxacin, less than 5 mg/l. The emission band of ciprofloxacin partially 
overlaps with the fluorescence band of organic matter in water and soil, so to isolate the contribution of this 
antibiotic to the spectra, synchronous fluorescence spectra with a constant difference in excitation and re-
cording wavelengths were measured. In this case, the antibiotic concentration was determined by the area of the 
synchronous fluorescence spectrum band in the UV range, in the region of the absorption band of this com-
pound. 
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