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Íåóêëîííîå óâåëè÷åíèå èñïîëüçîâàíèÿ 
âîäíûõ ðåñóðñîâ ñîïðîâîæäàåòñÿ âîçðàñòà-
þùèì âëèÿíèåì àíòðîïîãåííûõ ôàêòîðîâ 
íà ðåæèìû âîäîåìîâ è âîäíûå ýêîñèñòåìû. 
Ïðîãíîçû èíòåíñèâíîñòè âîäîïîòðåáëå-
íèÿ ïîêàçûâàþò, ÷òî àíòðîïîãåííûé ïðåññ 
íà âîäíûå ñèñòåìû áóäåò ïðîäîëæàòüñÿ è â 
îòäàëåííîé ïåðñïåêòèâå ìîæåò ïðèâåñòè ê 
íåïðåäâèäåííûì ïîñëåäñòâèÿì. 

Â ïîñëåäíåå âðåìÿ â íàó÷íîé ëèòåðà-
òóðå âñå ÷àùå îáñóæäàþòñÿ ïðîáëåìû çà-
ãðÿçíåíèÿ âîäíûõ îáúåêòîâ ëåêàðñòâåí-
íûìè ñðåäñòâàìè, îïðåäåëÿþòñÿ èñòî÷-
íèêè, ïóòè è âèäû çàãðÿçíåíèÿ. Óñòàíîâ-
ëåíî, ÷òî ñòî÷íûå âîäû ãîðîäîâ, êðóïíûõ 
ìåäèöèíñêèõ ó÷ðåæäåíèé è æèâîòíîâîä-
÷åñêèõ êîìïëåêñîâ ñîäåðæàò ëåêàðñòâåí-
íûå ñðåäñòâà â êîëè÷åñòâàõ îò íã/ë äî ìã/ë. 

Îáíàðóæåíî áîëåå 100 ðàçëè÷íûõ ëåêàð-
ñòâåííûõ ñðåäñòâ, ñðåäè íèõ ïðåîáëàäà-
þò ïðåïàðàòû àíòèìèêðîáíîãî äåéñòâèÿ, 
ãîðìîíàëüíûå è íåñòåðîèäíûå ïðîòèâî-
âîñïàëèòåëüíûå ïðåïàðàòû [10, 12, 13, 14, 
15, 16, 17, 19, 20]. Ïðè ýòîì êîëè÷åñòâåí-
íîå ñîäåðæàíèå ëåêàðñòâåííûõ ñðåäñòâ 
çàâèñèò îò ðÿäà ôàêòîðîâ, â òîì ÷èñëå îò 
ïëîòíîñòè íàñåëåíèÿ è âðåìåíè ãîäà [24].

Ïðîèçâîäñòâî ôàðìàöåâòè÷åñêèõ ïðå-
ïàðàòîâ, îñîáåííî àíòèáèîòèêîâ, õàðàê-
òåðèçóåòñÿ çíà÷èòåëüíûì âîäîïîòðåáëå-
íèåì. Òåõíîëîãè÷åñêàÿ âîäà íàçâàííûõ 
ïðåäïðèÿòèé îòíîñèòñÿ ê íàèáîëåå çàãðÿç-
íåííîé. Êàê ïðàâèëî, îíà ñáðàñûâàåòñÿ â 
ãîðîäñêóþ êàíàëèçàöèþ áåç êàêîé ëèáî 
ïðåäâàðèòåëüíîé î÷èñòêè è â èòîãå ïîñòó-
ïàåò íà ãîðîäñêèå ñòàíöèè àýðàöèè [1, 10].
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Äðóãèìè èñòî÷íèêàìè çàãðÿçíåíèÿ îáú-
åêòîâ îêðóæàþùåé ñðåäû ÿâëÿþòñÿ íå-
ïðèãîäíûå ê ìåäèöèíñêîìó èñïîëüçîâà-
íèþ ëåêàðñòâåííûå ñðåäñòâà, â òîì ÷èñëå 
ôàëüñèôèöèðîâàííûå, áðàêîâàííûå, ñ èñ-
òåêøèì ñðîêîì ãîäíîñòè, à òàêæå óòðàòèâ-
øèå ïîòðåáèòåëüñêèå êà÷åñòâà. Ïðèìåíÿ-
þòñÿ ðàçëè÷íûå ñïîñîáû óòèëèçàöèè íà-
çâàííûõ ïðåïàðàòîâ, â òîì ÷èñëå ñæèãà-
íèå, ñëèâ â ïðîìûøëåííóþ êàíàëèçàöèþ 
è ðàçìåùåíèå íà ñàíèòàðíûõ ïîëèãîíàõ. 
Âñå ýòè ñïîñîáû ðåãëàìåíòèðóþòñÿ ñîîò-
âåòñòâóþùèìè èíñòðóêöèÿìè [7, 8], îäíà-
êî îíè ïîëíîñòüþ íå îáåñïå÷èâàþò ýêî-
ëîãè÷åñêóþ áåçîïàñíîñòü. Ïðè ñæèãàíèè 
îáðàçóþòñÿ òîêñè÷íûå ïðîäóêòû, ïîýòîìó 
òðåáóþòñÿ çàêðûòûå ñïåöèàëèçèðîâàííûå 
ìîäóëè, îáåñïå÷èâàþùèå òåìïåðàòóðíûé 
ðåæèì íå íèæå 1100°Ñ. Ñëèâ â ïðîìûøëåí-
íóþ êàíàëèçàöèþ ìîæåò èñïîëüçîâàòüñÿ 
òîëüêî äëÿ ïðåïàðàòîâ, ñîäåðæàùèõ ðàñ-
òâîðèìûå â âîäå ëåêàðñòâåííûå âåùåñòâà 
ïîñëå ñòîêðàòíîãî ðàçáàâëåíèÿ èõ âîäîé. 
Ðàçìåùåíèå íà ïîëèãîíàõ ñâÿçàíî ñî çíà-
÷èòåëüíûìè òðàíñïîðòíûìè ðàñõîäàìè è 
îò÷óæäåíèåì áîëüøèõ òåððèòîðèé. Ê òîìó 
æå ïîëèãîíû çà÷àñòóþ íå ñîîòâåòñòâóþò 
ñàíèòàðíî-ãèãèåíè÷åñêèì òðåáîâàíèÿì 
è ÿâëÿþòñÿ âòîðè÷íûìè èñòî÷íèêàìè çà-
ãðÿçíåíèÿ îêðóæàþùåé ñðåäû [2].

Ïî ëèòåðàòóðíûì äàííûì, êîíöåí-
òðàöèè ëåêàðñòâåííûõ âåùåñòâ, ïîñòó-
ïàþùèõ â îêðóæàþùóþ ñðåäó, íåçíà÷è-
òåëüíû, îäíàêî îíè ìîãóò ïðåäñòàâëÿòü 
óãðîçó, ïîñêîëüêó èõ ïîñòóïëåíèå íîñèò 
ïîñòîÿííûé õàðàêòåð [1, 13, 17, 19]. Ïðè-
ñóòñòâèå ëåêàðñòâåííûõ âåùåñòâ â îêðó-
æàþùåé ñðåäå ìîæåò ïðèâîäèòü ê íàðó-
øåíèþ ðåïðîäóêòèâíûõ ôóíêöèé æèâûõ 
îðãàíèçìîâ, ïîÿâëåíèþ àíòèáèîòèêî-
óñòîé÷èâûõ øòàììîâ áàêòåðèé, âîçíèê-
íîâåíèþ ïîòåíöèàëüíî îïàñíûõ õèìè-
÷åñêèõ ñìåñåé, ñîäåðæàùèõ ìåòàáîëèòû 
ëåêàðñòâåííûõ âåùåñòâ [4, 18, 22].

Îñîáîå âíèìàíèå ñëåäóåò îáðàòèòü íà 
äåéñòâèå íàõîäÿùèõñÿ â îêðóæàþùåé ñðåäå 
àíòèáèîòèêîâ. Ñèñòåìàòè÷åñêîå çàãðÿçíå-
íèå âîäû ïðîòèâîìèêðîáíûìè ñðåäñòâàìè 
ïðèâîäèò ê âîçíèêíîâåíèþ ðåçèñòåíòíûõ 
ôîðì ìèêðîîðãàíèçìîâ è ïîÿâëåíèþ âîç-
áóäèòåëåé, óñòîé÷èâûõ ê íàçâàííûì ïðå-
ïàðàòàì [4]. Óñòîé÷èâîñòü øòàììîâ ê äåé-
ñòâèþ àíòèáèîòèêîâ õàðàêòåðèçóåòñÿ «ìè-
íèìàëüíîé èíãèáèðóþùåé êîíöåíòðàöè-
åé» (MIC), èíäèâèäóàëüíîé äëÿ êàæäîãî âå-
ùåñòâà. Ïî äàííûì èññëåäîâàíèé, êîíöåí-
òðàöèè àíòèáèîòèêîâ â âîäíîé ñðåäå ïðàê-
òè÷åñêè âñåãäà íèæå çíà÷åíèé MIC. Îäíàêî 
äëÿ íåêîòîðûõ ëåêàðñòâåííûõ ñðåäñòâ äàí-
íîé ãðóïïû, íàïðèìåð, öèïðîôëîêñàöèíà, 
ïîëó÷åíû ñâåäåíèÿ î ïðåâûøåíèè ìèíè-
ìàëüíîãî ïîðîãà, à ñîäåðæàíèå òåòðàöèêëè-
íà â íåî÷èùåííûõ ñòîêàõ ïðèáëèæàåòñÿ ê 
ïîðîãîâîìó çíà÷åíèþ [3].                     

Åùå îäíèì âàæíûì ñâîéñòâîì ïðîòè-
âîìèêðîáíûõ ñðåäñòâ ÿâëÿåòñÿ èõ ñïîñîá-
íîñòü àêêóìóëèðîâàòüñÿ â àêòèâíîì èëå 
ïðè áèîëîãè÷åñêîé î÷èñòêå êàê áûòîâûõ, 
òàê è ïðîìûøëåííûõ ñòîêîâ. Îòðàáîòàí-
íûé àêòèâíûé èë ÷àñòî ïðèìåíÿåòñÿ â êà-
÷åñòâå óäîáðåíèÿ â ñåëüñêîì õîçÿéñòâå. Â 
âûñóøåííîì êàíàëèçàöèîííîì èëå ìíî-
ãèå àíòèáèîòèêè áûëè îáíàðóæåíû â çíà-
÷èòåëüíûõ êîëè÷åñòâàõ, ÷òî ìîæåò ñòàòü 
ïðè÷èíîé âîçíèêíîâåíèÿ ðåçèñòåíòíî-
ñòè ìèêðîîðãàíèçìîâ. Êðîìå òîãî, íàõî-
äÿùèåñÿ â ñòî÷íûõ âîäàõ àíòèáèîòèêè ìî-
ãóò âëèÿòü íà ìèêðîîðãàíèçìû ñàìîãî èëà, 
íàðóøàòü ïðîöåññû ìåòàáîëèçìà, ïðèâîäÿ-
ùèå ê óõóäøåíèþ êà÷åñòâà áèîëîãè÷åñêîé 
î÷èñòêè [3]. Íàëè÷èå â ñòî÷íûõ âîäàõ àíòè-
áèîòèêîâ ïðèâîäèò ê ñíèæåíèþ ñêîðîñòè 
ïðèðîñòà àêòèâíîãî èëà î÷èñòíûõ ñîîðó-
æåíèé, ïðè ýòîì ñ óâåëè÷åíèåì êîëè÷åñòâà 
àíòèáèîòèêîâ ïîíèæàåòñÿ ýôôåêòèâíîñòü 
îêèñëåíèÿ îðãàíè÷åñêèõ âåùåñòâ [10]. 

Â ïîñëåäíèå ãîäû ïîÿâèëèñü èññëå-
äîâàíèÿ, ñâÿçàííûå ñ èçó÷åíèåì äå-
ñòðóêöèè ôàðìàöåâòè÷åñêèõ ïðåïàðà-
òîâ. Ïðåäëàãàþòñÿ ôèçèêî-õèìè÷åñêèå 
ìåòîäû, â òîì ÷èñëå õëîðèðîâàíèå, óëü-
òðàçâóê, ÓÔ-îáëó÷åíèå, îçîíèðîâàíèå, à 
òàêæå áèîëîãè÷åñêèå ìåòîäû [5, 10, 11]. 
Óñòàíîâëåíî, ÷òî ìíîãèå âèäû ìèêðîîð-
ãàíèçìîâ ñïîñîáíû ê äåñòðóêöèè ëåêàð-
ñòâåííûõ âåùåñòâ. Äèêëîôåíàê, íàïðîê-
ñåí è êàðáàìàçåïèí áûëè ïîëíîñòüþ óäà-
ëåíû èç îïûòíûõ îáðàçöîâ äâóìÿ âèäàìè 
ãðèáêîâ Bjerkandera sp. R1 è Phanerochaete 
chrysosporium, à àêòèíîáàêòåðèè ðîäà 
Rhodococcus óòèëèçèðîâàëè ëåêàðñòâåí-
íûå ñðåäñòâà, ïðîèçâîäíûå àðîìàòè÷å-
ñêèõ óãëåâîäîðîäîâ è ãåòåðîöèêëè÷å-
ñêèõ àçîòñîäåðæàùèõ ñîåäèíåíèé [2, 23].

Îäíàêî íå âñå ãðóïïû ëåêàðñòâåííûõ 
âåùåñòâ ìîãóò áûòü óäàëåíû â ïðîöåññå 
áèîëîãè÷åñêîé î÷èñòêè. Ìíîãèå èç ëåêàð-
ñòâåííûõ ñðåäñòâ ïî ôèçèêî-õèìè÷åñêèì 
ñâîéñòâàì è ìîëåêóëÿðíîìó ñòðîåíèþ äî-
ñòàòî÷íî ñòàáèëüíû âî âíåøíåé ñðåäå. 
Òàê  , ïî äàííûì àâòîðîâ, â ïðîöåññå áèî-
ëîãè÷åñêîé î÷èñòêè ãîðîäñêèõ è ñòî÷-
íûõ âîä èõ ñîäåðæàíèå óìåíüøàëîñü íà 
75-90% [11, 23]. Îïàñíîñòü äàííîé ïðî-
áëåìû îöåíåíà íåäîñòàòî÷íî â ñâÿçè ñ îò-
ñóòñòâèåì îôèöèàëüíî ïðèíÿòûõ íîðìà-
òèâîâ ÏÄÊ è ìåòîäèê èõ îïðåäåëåíèÿ [1]. 
Ïåðñïåêòèâíûìè ìîãóò ñòàòü èññëåäîâà-
íèÿ ìåõàíèçìîâ äåéñòâèÿ ìàëûõ êîíöåí-
òðàöèé ôàðìàöåâòè÷åñêèõ ïðåïàðàòîâ 
íà ïðèðîäíûå áèîöåíîçû, à òàêæå ðàçðà-
áîòêà òî÷íûõ è äîñòîâåðíûõ ìåòîäîâ èõ 
îïðåäåëåíèÿ. Íàëè÷èå òàêèõ ìåòîäîâ â 
àðñåíàëå àíàëèòèêîâ îáåñïå÷èò âîçìîæ-
íîñòü ðàçðàáîòêè íîðìàòèâíûõ äîêóìåí-
òîâ, è ñïîñîáñòâîâàòü ñîâåðøåíñòâîâà-
íèþ òåõíîëîãèè î÷èñòêè âîäû.
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Òàêèì îáðàçîì, çàãðÿçíåíèå îáúåêòîâ 
îêðóæàþùåé ñðåäû ëåêàðñòâåííûìè ïðå-
ïàðàòàìè, ÿâëÿåòñÿ íîâîé ýêîëîãè÷åñêîé 
ïðîáëåìîé. Ýòè âåùåñòâà âëèÿþò íà æè-
âûå îðãàíèçìû è îïîñðåäîâàííî íà ÷åëî-
âåêà, ÿâëÿþùåãîñÿ çàêëþ÷èòåëüíûì çâå-
íîì â ïèùåâîé öåïè.

Ñïèñîê ëèòåðàòóðû
1. Á  àðåíáîéì Ã.Ì., ×èãàíîâà Ì.À., Áåðåçîâ-

ñêàÿ È.Â. Îñîáåííîñòè çàãðÿçíåíèÿ ïîâåðõ-
íîñòíûõ âîäíûõ îáúåêòîâ êîìïîíåíòàìè ëå-
êàðñòâåííûõ ñðåäñòâ // Âîäíîå õîçÿéñòâî Ðîñ-
ñèè: ïðîáëåìû, òåõíîëîãèè, óïðàâëåíèå. - 2014. 
– ¹ 3. – Ñ.131-141.

2. Âèõàðåâà Å.Â. Íåïðèãîäíûå ê èñïîëü-
çîâàíèþ ëåêàðñòâåííûå ñðåäñòâà: íàó÷íî-
ìåòîäîëîãè÷åñêèå îñíîâû óòèëèçàöèè. – Äèññ… 
äîê. ôàðì. íàóê: 15.00.01. – Ïåðìü, 2009. – 301 ñ.

3. Â ÑØÀ îáåñïîêîåíû ïîïàäàíèåì ëåêàð-
ñòâåííûõ ñðåäñòâ â âîäîåì // Ðåæèì äîñòóïà: 
http://remedium.ru/news/detail.php?ID=32892, 
ñâîáîäíûé

4. Ëàðöåâà Ë.Â. Ìîíèòîðèíã àíòèáèîòè-
êîðåçèíñòåíòíîñòè ýíòåðîáàêòåðèé, èçîëè-
ðîâàííûõ âî âíóòðåííèõ âîäàõ ãîðîäà Àñòðà-
õàíè // Èçâåñòèÿ Ñàìàðñêîãî íàó÷íîãî öåíòðà 
Ðîññèéñêîé àêàäåìèè íàóê. – 2011. – Ò. 13. – ¹ 
1. – ×. 6. – Ñ. 1350-1353.

5. Ìàùåíêî Ç.Å., Øàôèãóëèí Ð.Â., Øàòàëà-
åâ È.Ô. Áèîäåãðàäàöèÿ öåôòðèàêñîíà â ïðîöåñ-
ñå áèîëîãè÷åñêîé î÷èñòêè ñòî÷íûõ âîä // Èç-
âåñòèÿ Ñàìàðñêîãî íàó÷íîãî ö åíòðà Ðîññèé-
ñêîé àêàäåìèè íàóê. – 2011. – Ò.13. – ¹ 1. – ×.8. 
– Ñ. 2070-2072.

6. Íåêðàñîâà Ë.Â., Ðóññêèõ ß.Â., Íîâèêîâ À.Â. 
Ïðèìåíåíèå ìåòîäà (ÂÝÆÕ-òàíäåìíîé ÌÑ âûñî-
êîãî ðàçðåøåíèÿ) äëÿ îïðåäåëåíèÿ ëåêàðñòâåí-
íûõ ñîåäèíåíèé â ïðèðîäíîé âîäå // Íàó÷íîå 
ïðèáîðîñòðîåíèå. –2010. – Ò. 20. – ¹ 4. – Ñ.59-66.

7. Ïîñòàíîâëåíèå Ïðàâèòåëüñòâà ÐÔ îò 3 
ñåíòÿáðÿ 2010 ã. N 674 «Îá óòâåðæäåíèè Ïðà-
âèë óíè÷òîæåíèÿ íåäîáðîêà÷åñòâåííûõ ëå-
êàðñòâåííûõ ñðåäñòâ, ôàëüñèôèöèðîâàííûõ 
ëåêàðñòâåííûõ ñðåäñòâ è êîíòðàôàêòíûõ ëå-
êàðñòâåííûõ ñðåäñòâ» (ñ èçìåíåíèÿìè è äîïîë-
íåíèÿìè) // Ðåæèì äîñòóïà: http://base.garant.
ru/12178515/#ixzz4Z1GriLXt, ñâîáîäíûé   

8. Ïðèêàç Ìèíçäðàâà ÐÔ îò 28 ìàðòà 
2003 ã. N 127 «Îá óòâåðæäåíèè Èíñòðóêöèè 
ïî óíè÷òîæåíèþ íàðêîòè÷åñêèõ ñðåäñòâ è 
ïñèõîòðîïíûõ âåùåñòâ, âõîäÿùèõ â ñïèñêè 
II è III Ïåðå÷íÿ íàðêîòè÷åñêèõ ñðåäñòâ, ïñè-
õîòðîïíûõ âåùåñòâ è èõ ïðåêóðñîðîâ, ïîä-
ëåæàùèõ êîíòðîëþ â Ðîññèéñêîé Ôåäåðà-
öèè, äàëüíåéøåå èñïîëüçîâàíèå êîòîðûõ â 
ìåäèöèíñêîé ïðàêòèêå ïðèçíàíî íåöåëå-
ñîîáðàçíûì» (ñ èçìåíåíèÿìè è äîïîëíå-
íèÿìè) // Ðåæèì äîñòóïà: http://base.garant.
ru/12130772/#ixzz4Z1I1KEEa, ñâîáîäíûé

9. Øàôèãóëèí Ð.Â., Ìàùåíêî Ç.Å., Áóëàíî-
âà À.Â., Øàòàëàåâ È.Ô. Õðîìàòîãðàôè÷åñêèé 
àíàëèç öåôòðèàêñîíà â ìîäåëüíûõ ãèäðîýêî-
ñèñòåìàõ // Ñîðáöèîííûå è õðîìàòîãðàôè-
÷åñêèå ïðîöåññû. – 2013. – ¹ 13(1). – Ñ. 75-82.

10.  Þðêåâè÷ Ë.Â. Ðàçðàáîòêà ýëåêòðîõèìè-
÷åñêîãî ñïîñîáà î÷èñòêè ñòî÷íûõ âîä ïðè ïðî-
èçâîäñòâå àíòèáèîòèêîâ. - Äèññ… êàíä. òåõí. 
íàóê: 03.00.16. – Ìîñêâà, 2002. – 185 ñ.

11.  Arikan O.A. Degradation and metaboliza-
tion of chlortetracycline during the anaerobic 
digestion of manure from medicated calves // 
Hazard. Mater. – 2008. – ¹ 158. – Ð. 485-490.

12.  Beek T., Weber F., Bergmann A. Global 
occurrence of pharmaceuticals in the environ-
ment: Results of a global database of measured 
enviromental concentrations (MEC) // Two-day 
Workshop “Pharmaceuticals in the environment 
– Global occurrence, effects, and options for ac-
tion”, Geneva, 8-9 April 2014.

13.  Boxall A. Veterinary medicines in the en-
vironment / A. Boxall, L.A. Fogg, P. Blackwell  and 
other //  Rev. Environ. Contam. Toxicol. - 2004. 
– ¹ 180. – P. 1-91.

14.  Corcoran J. Winter M.J., Tyler C.R. Phar-
maceuticals in the aquatic environment: a critical 
review of the evidence for health effects in fish 
// Critical reviews in Toxicology. – 2010. – Vol. 
40(4). – P. 287-304.

15.  Daughton C.G. Pharmaceutical ingredients 
in drinking water: Overview of occurrence and sig-
nificance of human exposure // Contaminants of 
Emerging Concern in the environment: Ecological 
and Human Health Considerations / Rolf Halden 
(Ed.), ACS Symposium Series 1048. Chapter 2. – 
Washington DC: Amer. Chem. Soc. – 2010. – P. 9-68.

16.  Giger W., Alder A., Golet E. et al. Occur-
rence and fate of antibiotics as trace contaminants 
in wastewaters, sewage sludges, and surface waters 
// Chimia. – 2003. – ¹ 57. – P. 485-491.

17.  Jelic A., Gros M., Ginebreda1 A. et al. Oc-
currence, partition and removal of pharmaceuti-
cals in sewage water and sludge during wastewater 
treatment // Water Research. – 2010. – ¹ 11. – P. 
2051-2059.

18.  Kirby M.F., Bignell J., Brown E. et al. The 
presence of morphologically intermediate papilla 
syndrome in United kingdom populations of sand 
goby (Pomatoschistus spp.): endocrine disruption? 
// Enviromental Toxicological Chemistry. – 2003. 
–  ¹ 22. – Ð. 239-251.

19.  Kümmerer K. Drugs in the environment: 
emission of drugs, diagnostic aids and disinfectants 
into wastewater by hospitals in relation to other 
sources - a review / K. Kümmerer // Chemosphere. 
– 2001. – ¹  45. – Ð. 957-969.

20.  Lindberg, R.H. Screening of human antibi-
otic substances and determination of weekly mass 
flows in five sewage treatment plants in Sweden 
/ R.H. Lindberg, P. Wennberg, M. I. Johansson and 
other // Environ. Sci and Technol. – 2005. – Vol. 
39. – ¹ 10. – Ð. 3421-3429.

21.  Nicolaou A., Meric S., Fatta D. Occur-
rence patterns of pharmaceuticals in water and 
wastewater environments // Anal. Bioanal. Chem. 
- 2007. – Vol. 387. – P. 1225-1234.

22.  Pascoe D., Karntanut W., Muller C.T. Do 
pharmaceuticals affect freshwater invertebrates? 
A study with the cnidarian Hydra vulgaris // Che-
mosphere. – 2003. – ¹ 51. – Ð. 521-528.

23.  Rodarte-Morales A. I., Feijoo G., Moreira 
M. T. et al. Biotransformation of three pharma-
ceutical active compounds by the fungus Pha-
nerochaete chrysosporium in a fed batch stirred 
reactor under air and oxygen supply // Biodeg-
radation. – 2012. – Vol. 23. – ¹ 1. – P. 145-156.  

24.  Vieno N., Tuhkanen T. Seasonal variation 
in the occurrence of  pharmaceuticals in effluents 
from a sewage treatment plant and in the recipient 
water // Leif. Environ. Sci. and Technol. – 2005. – 
¹ 21. – Ð. 8220-8226.


