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ÅÊÎËÎÃ²×ÍÈÕ ÃÐÓÏ

Äîñë³äæåíî ÿê³ñíèé òà ê³ëüê³ñíèé ñêëàä ôåíîëêàðáîíîâèõ êèñëîò ó âîäîéìàõ ñå-
ðåä çàðîñòåé âèùèõ âîäíèõ ðîñëèí ð³çíèõ åêîëîã³÷íèõ ãðóï: ïîâ³òðÿíî-âîäíèõ (Typha
angustifolia L., Scirpus lacustris L., Phragmites australis (Ñav.) Trin. ex Steud.), çàíóðåíèõ
(Ceratophyllum demersum L., Myriophyllum spicatum L.) òà ç ïëàâàþ÷èì ëèñòÿì (Tra-
pa natans L., Nuphar lutea L.). Ó âîä³, äå âåãåòóâàëè çàçíà÷åí³ ìàêðîô³òè, âèÿâëåí³
òàê³ êèñëîòè, ÿê áåíçîéíà, áóçêîâà, âàí³ë³íîâà, ãàëîâà, n-îêñèáåíçîéíà, ïðîòîêàòå-
õîâà, α-ðåçîðöèëîâà, β-ðåçîðöèëîâà, ñàë³öèëîâà, ôåðóëîâà, êàâîâà, êîðè÷íà, êóìàðîâà
òà ñèíàïîâà. ¯õíÿ çàãàëüíà êîíöåíòðàö³ÿ ñêëàäàëà: äëÿ T. angustifolia —
114,7 ìêã/äì3, Sc. lacustris — 24,71, Tr. natans — 56,14, N. lutea — 19,3, C. demersum —
25,42—38,66 ³ äëÿ M. spicatum — 1,42—2,83 ìêã/äì3. Àíàë³ç âì³ñòó äîñë³äæóâàíèõ ñïî-
ëóê ó âîä³, â³ä³áðàí³é ñåðåä çàðîñòåé Ph. australis ïðîòÿãîì âåñíÿíî-îñ³ííüîãî ïåð³îäó,
âèÿâèâ ñóòòºâ³ â³äì³ííîñò³ ÿê ó ñï³ââ³äíîøåíí³ îêðåìèõ êèñëîò, òàê ³ ó ¿õ ðîçïîä³ë³
ïî ãðóïàõ. Ìàêñèìàëüíà êîíöåíòðàö³ÿ áåíçîéíî¿ òà ñàë³öèëîâî¿ êèñëîò ó âîä³ çà-
ðåºñòðîâàíà íà ïî÷àòêó âåãåòàö³¿ Ph. àustralis, à âàí³ë³íîâî¿ ³ ãàëîâî¿ êèñëîò — â
ïåð³îä éîãî àêòèâíî¿ âåãåòàö³¿. Âì³ñò êîðè÷íî¿ òà ôåðóëîâî¿ êèñëîò áóâ íàéìåíøèì
íà ïî÷àòêó âåãåòàö³éíîãî ïåð³îäó. Êëàñòåðíèé àíàë³ç âì³ñòó ôåíîëêàðáîíîâèõ êèñ-
ëîò ó âîä³ ñåðåä çàðîñòåé C. demersum òà M. spicatum íà äâîõ ñòàíö³ÿõ ñïîñòåðåæåíü
(çàòîêè Ñîáà÷å Ãèðëî ³ Âåðáëþä Êàí³âñüêîãî âîäîñõîâèùà) çàñâ³ä÷èâ íàÿâí³ñòü äâîõ
ãðóï äîñë³äæóâàíèõ ñïîëóê. Äî ïåðøî¿ ãðóïè óâ³éøëè áåíçîéíà òà ãàëîâà êèñëîòè, à
äî äðóãî¿ — ³íø³ âèÿâëåí³ êèñëîòè. Âèêîðèñòàííÿ ìåòîäó ãîëîâíèõ êîìïîíåíò
(PCA) âèÿâèëî ò³ñíèé âçàºìîçâ’ÿçîê ì³æ ÿê³ñíèìè ³ ê³ëüê³ñíèìè ïîêàçíèêàìè âì³ñòó
ôåíîëêàðáîíîâèõ êèñëîò ó âîä³ â ì³ñöÿõ âåãåòàö³¿ òà âèäîì âèùèõ âîäíèõ ðîñëèí. Öå
ìîæå áóòè ñâ³ä÷åííÿì âàæëèâî¿ ðîë³ âèùèõ âîäíèõ ðîñëèí ó ôîðìóâàíí³ ïóëó öèõ ðå-
÷îâèí ó âîä³.
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Êëþ÷îâ³ ñëîâà: ôåíîëêàðáîíîâ³ êèñëîòè, âèù³ âîäí³ ðîñëèíè, ñåçîííà äèíàì³êà,
êëàñòåðíèé àíàë³ç.

Àëåëîïàòè÷íà âçàºìîä³ÿ ã³äðîá³îíò³â º øèðîêî ðîçïîâñþäæåíèì
ÿâèùåì, ùî ñïîñòåð³ãàºòüñÿ ì³æ ïðåäñòàâíèêàìè ð³çíèõ òðîô³÷íèõ ð³â-
í³â [6, 15]. Öå, ïåðø çà âñå, ôîðìà îáì³íó ðå÷îâèí ³ ³íôîðìàö³¿ çà ðàõóíîê
âèä³ëåííÿ ìåòàáîë³ò³â, ÿê³ ïðÿìî ÷è îïîñåðåäêîâàíî âïëèâàþòü íà ð³ñò ³
ðîçâèòîê ã³äðîá³îíò³â [1, 35]. Âçàºìîä³ÿ îêðåìèõ êîìïîíåíò³â ó ã³äðî-
á³îöåíîçàõ ìàº ð³çíîñïðÿìîâàíå ðåãóëþâàííÿ ³íòåíñèâíîñò³ ðîçâèòêó
ïðåäñòàâíèê³â àâòîòðîôíî¿ ëàíêè [5, 9, 30]. Ðîç÷èíåí³ ó âîä³ îðãàí³÷í³
ñïîëóêè, âíàñë³äîê ïðèòàìàííî¿ áàãàòüîì âîäîðîñòÿì ôîòîãåòåðîòðîô³¿
òà àêòèâíèõ ìåõàí³çì³â òðàíñïîðòó, ìîæóòü ïîñèëþâàòè ¿õí³é ðîçâèòîê ó
ïðèðîäíèõ âîäàõ [4, 13, 14, 19].

Âèù³ âîäí³ ðîñëèíè (ÂÂÐ) â³äçíà÷àþòüñÿ âèñîêèì àëåëîïàòè÷íèì
ïîòåíö³àëîì, ÿêèé ïðîÿâëÿºòüñÿ íàâ³òü âñåðåäèí³ ö³º¿ ãðóïè ã³äðîá³îíò³â.
Òàê, ïîêàçàíî, ùî ¿õíÿ ïðîäóêö³ÿ ïðè ñï³ëüíîìó çðîñòàíí³ çà âïëèâó ìå-
òàáîë³ò³â ³íøèõ âèä³â â³äð³çíÿºòüñÿ â³ä òàêî¿ â îäíîâèäîâèõ ïîïóëÿö³ÿõ.
Çîêðåìà, âñòàíîâëåíî, ùî Myriophillum spicatum ïðèãí³÷óº ³íø³ ìàêðî-
ô³òè, íàïðèêëàä Najas marina [11]. Â ë³òåðàòóð³ íàÿâí³ â³äîìîñò³ ³ ïðî òå,
ùî âîäí³ âèòÿæêè ç ìîëîäèõ ëèñòê³â ³ êîðåíåâèù Stratiotes aloides, Hippu-
ris vulgaris, Hydrocharis morsus ³íã³áóþòü ðóõ õëîðîïëàñò³â ëèñòêà åëîäå¿,
õî÷à ç íàáëèæåííÿì îñåí³ öåé âïëèâ ñëàáøàº [19].

Âñòàíîâëåíî, ùî âèä³ëåííÿ åêçîìåòàáîë³ò³â ÂÂÐ çàëåæèòü â³ä á³îòè÷-
íèõ òà àá³îòè÷íèõ ÷èííèê³â. Çàãàëüíîþ òåíäåíö³ºþ º òå, ùî íàéá³ëüøå
ð³çíîìàí³òòÿ åêçîãåííèõ ìåòàáîë³ò³â ñïîñòåð³ãàºòüñÿ ó ïåð³îä àêòèâíî¿
âåãåòàö³¿ ðîñëèí, ï³ñëÿ ÿêîãî ê³ëüê³ñí³ ³ ÿê³ñí³ ïîêàçíèêè âì³ñòó öèõ ðå÷î-
âèí çíèæóþòüñÿ [28]. Ê³ëüê³ñòü ³ ñêëàä åêçîìåòàáîë³ò³â çàëåæàòü â³ä óìîâ
ì³íåðàëüíîãî æèâëåííÿ ³ ôàçè ðîñòó ÂÂÐ. Òàê, íàïðèêëàä, âèñîêèé âì³ñò
í³òðàòíîãî àçîòó ïîñèëþº ³íòåíñèâí³ñòü åêñêðåö³¿ ìàêðîô³òàìè ìåòàáî-
ë³ò³â ó çîâí³øíº ñåðåäîâèùå [29], à âèä³ëåííÿ îðãàí³÷íèõ êèñëîò ðîñëèí-
íèìè êë³òèíàìè çàëåæèòü â³ä ³íòåíñèâíîñò³ ôîòîñèíòåçó, òåìï³â ðîçìíî-
æåííÿ ³ íàêîïè÷åííÿ á³îìàñè, à òàêîæ ³íòåíñèâíîñò³ îñâ³òëåííÿ [24, 28].

Åêçîãåíí³ îðãàí³÷í³ êèñëîòè ÂÂÐ âïëèâàþòü íà ð³ñò, êë³òèííèé ïîä³ë,
³íòåíñèâí³ñòü òà ñïðÿìîâàí³ñòü ïðîöåñ³â ìåòàáîë³çìó, ôîðìóâàííÿ õ³ì³÷-
íîãî ñêëàäó, ÿê³ñíèé ñêëàä òà ê³ëüê³ñòü åêçîìåòàáîë³ò³â âîäîðîñòåé.

Ôóíêö³îíàëüíèé âïëèâ îðãàí³÷íèõ êèñëîò íà ìåòàáîë³çì êë³òèí ïî-
â’ÿçàíèé íå ò³ëüêè ç ¿õ âíóòð³øíüîêë³òèííîþ òðàíñôîðìàö³ºþ, àëå é ç ðå-
ãóëÿö³ºþ ðÍ ó êë³òèíàõ òà ó íàâêîëèøíüîìó âîäíîìó ñåðåäîâèù³, ùî çó-
ìîâëþº, çîêðåìà, ¿õíþ àíòèáàêòåð³àëüíó àêòèâí³ñòü [7, 26].

Ôåíîëêàðáîíîâ³ êèñëîòè (ÔÊÊ), ÿê³ âèä³ëÿþòü ó âîäó ÂÂÐ [12, 28, 31],
â ïåâí³é êîíöåíòðàö³¿ ìîæóòü ãàëüìóâàòè ô³ç³îëîã³÷íó àêòèâí³ñòü ö³àíî-
áàêòåð³é, ïðîòå íå ïðèãí³÷óâàòè, àáî íàâ³òü ñòèìóëþâàòè, ð³ñò çåëåíèõ,
ä³àòîìîâèõ òà ³íøèõ ïëàíêòîííèõ âîäîðîñòåé [9, 31]. Íàéá³ëüø³ êîíöåí-
òðàö³¿ ÔÊÊ çàðåºñòðîâàíî íà ä³ëÿíêàõ âîäîéìèù, çàðîñëèõ âèùèìè âî-
äíèìè ðîñëèíàìè. Âèÿâëåíî çâîðîòí³é çâ’ÿçîê ì³æ âì³ñòîì ÔÊÊ ó âîä³ òà
ðîçâèòêîì ö³àíîáàêòåð³é [3, 30], ÿê³ âèêëèêàþòü «öâ³ò³ííÿ» âîäè ³ ìîæóòü
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ñèíòåçóâàòè ñèëüíîä³þ÷³ òîêñè÷í³ ñïîëóêè (àëüãîòîêñèíè), ùî ñòàíîâ-
ëÿòü ïîòåíö³éíó çàãðîçó äëÿ æèâèõ îðãàí³çì³â òà ëþäèíè [17, 18, 27].

Àíàë³ç ÷èñëåííèõ ìàòåð³àë³â ñâ³ä÷èòü ïðî òå, ùî ðîç÷èíåí³ ó âîä³ ìå-
òàáîë³òè ÂÂÐ º ïîòóæíèì ÷èííèêîì, ÿêèé âïëèâàº íà ³íòåíñèâí³ñòü ðîç-
ìíîæåííÿ òà îáì³í ðå÷îâèí ó âîäîðîñòåé, à òàêîæ íà ôîðìóâàííÿ ³
ôóíêö³îíóâàííÿ ð³çíèõ ëàíîê ã³äðîá³îöåíîç³â â ö³ëîìó [1, 32, 34]

Îñê³ëüêè âèù³ âîäí³ ðîñëèíè ó âîäîéìàõ º îäíèìè ç îñíîâíèõ ïðîäó-
öåíò³â ÔÊÊ, äëÿ ç’ÿñóâàííÿ ¿õíüîãî âíåñêó ó ôîðìóâàííÿ ïóëó çàçíà÷åíèõ
ðå÷îâèí, ïåðø çà âñå, íåîáõ³äíî âñòàíîâèòè îñîáëèâîñò³ íàêîïè÷åííÿ
öèõ ñïîëóê ó ì³ñöÿõ çðîñòàííÿ òèõ ÷è ³íøèõ ìàêðîô³ò³â, ÿê³ ìîæóòü áðàòè
àêòèâíó ó÷àñòü ó ðåãóëÿö³¿ ÷èñåëüíîñò³ òà ôóíêö³îíóâàííÿ ïðåäñòàâíèê³â
àëüãîôëîðè.

Ìåòîþ ðîáîòè áóëî âèçíà÷åííÿ ÿê³ñíîãî òà ê³ëüê³ñíîãî ñêëàäó ôå-
íîëêàðáîíîâèõ êèñëîò ó âîä³ ñåðåä çàðîñòåé ÂÂÐ, ùî íàëåæàòü äî ð³çíèõ
åêîëîã³÷íèõ ãðóï.

Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

Âèçíà÷åííÿ âì³ñòó ÔÊÊ ïðîâîäèëè ó âîä³, â³ä³áðàí³é ó çàðîñòÿõ âè-
ùèõ âîäíèõ ðîñëèí: ïîâ³òðÿíî-âîäíèõ — ðîãîçó âóçüêîëèñòîãî (Typha
angustifolia L.) ³ êîìèøó îçåðíîãî (Scirpus lacustris L.), çàíóðåíèõ — êóøè-
ðó çàíóðåíîãî (Ceratophyllum demersum L.) ³ âîäîïåðèö³ êîëîñèñòî¿ (My-
riophyllum spicatum L.) òà ðîñëèí ç ïëàâàþ÷èìè ëèñòÿì — âîäÿíîãî ãîð³õà
(Trapa natans L.) ³ ãëå÷èê³â æîâòèõ (Nuphar lutea L.). Çàçíà÷åí³ ìàêðîô³òè
º òèïîâèìè ïðåäñòàâíèêàìè âîäíî¿ ðîñëèííîñò³ âîäîñõîâèù Äí³ïðà òà
âîäîéì éîãî áàñåéíó [16, 20—23]. Ïðîáè áóëè â³ä³áðàí³ â ïåð³îä àêòèâíî¿
âåãåòàö³¿ ÂÂÐ ó çàòîêàõ Ñîáà÷å Ãèðëî òà Âåðáëþä (âåðõíÿ ÷àñòèíà Êàí³â-
ñüêîãî âîäîñõîâèùà).

Äëÿ äîñë³äæåííÿ ñåçîííî¿ äèíàì³êè ÿê³ñíîãî ñêëàäó ÔÊÊ ïðîáè âîäè
â³äáèðàëè ó çàðîñòÿõ î÷åðåòó çâè÷àéíîãî (Phragmites ausrtralis (Ñav.) Trin.
ex Steud.) â ïðèáåðåæí³é ÷àñòèí³ îç. Öåíòðàëüíîãî (ì. Êè¿â) íà ïî÷àòêó
(òðàâåíü) òà ï³ä ÷àñ éîãî àêòèâíî¿ âåãåòàö³¿ (ñåðïåíü), à òàêîæ íàïðèê³íö³
âåãåòàö³éíîãî ñåçîíó (æîâòåíü).

Â³äá³ð ïðîá âîäè ïðîâîäèëè ó ì³ñöÿõ, äå çàðîñò³ ôîðìóâàëèñü âèê-
ëþ÷íî àáî ïåðåâàæíî îäíèì âèäîì ÂÂÐ íà ä³ëÿíêàõ ç íèçüêèì âîäî-
îáì³íîì òà â³äñóòí³ñòþ çíà÷íîãî ïåðåì³øóâàííÿ âîäíèõ ìàñ.

Âèä³ëåííÿ ÔÊÊ ç âîäè ïðîâîäèëè çà äîïîìîãîþ ³îíîîáì³ííèõ ñìîë
ÊÓ-2 òà ÝÄÝ-10Ï [2]. Ñêëàä òà ê³ëüê³ñíèé âì³ñò ÔÊÊ âèçíà÷àëè íà ð³äèí-
íîìó õðîìàòîãðàô³ Agilent 1200 ç ìàñ-äåòåêòóâàííÿì íà Quadrupole 6130
â Öåíòð³ êîëåêòèâíîãî êîðèñòóâàííÿ ïðèëàäàìè ²íñòèòóòó ã³äðîá³îëîã³¿
ÍÀÍ Óêðà¿íè. Õðîìàòîãðàô³÷íå ðîçä³ëåííÿ ïðîâîäèëè íà êîëîíö³ Zor-
bax Eclipse XDB-C18 Narrow-Bore 2,1×150 ìì ó ñèñòåì³ ðîç÷èííèê³â âîäà:
àöåòîí³òðèë ç äîäàâàííÿì 0,1% ìóðàøèíî¿ êèñëîòè ïðè øâèäêîñò³ ïîòî-
êó ðóõîìî¿ ôàçè 1 ñì3/õâ, ³í’ºêö³ÿ ñêëàäàëà 100 ìì3, äæåðåëî ³îí³çàö³¿ —
ESI (+), ðåæèì äåòåêòóâàííÿ ³îí³â — SIM. Äëÿ ³äåíòèô³êàö³¿ òà ê³ëüê³ñíî-
ãî âèçíà÷åííÿ ôåíîëêàðáîíîâèõ êèñëîò âèêîðèñòîâóâàëè ñòàíäàðòè ô³ð-
ìè Sigma-Aldrich (Í³ìå÷÷èíà).
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Êëàñòåðíèé àíàë³ç [10] ïðîâîäèëè çà àáñîëþòíèìè çíà÷åííÿìè êîí-
öåíòðàö³¿ ÔÊÊ ó âîä³ ñåðåä çàðîñòåé äâîõ âèä³â ÂÂÐ (C. demersum òà
M. spicatum) íà äâîõ ð³çíèõ ä³ëÿíêàõ (çàòîêè Ñîáà÷å Ãèðëî òà Âåðáëþä).
Àíàë³ç äèñïåðñ³¿ äàíèõ ùîäî âì³ñòó ÔÊÊ ïðîâîäèëè çà äîïîìîãîþ ìåòî-
äó ãîëîâíèõ êîìïîíåíò (ÐÑÀ — Principal Ñomponent Ànalysis) [25].

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ

Âñòàíîâëåíî, ùî çàãàëüíèé âì³ñò ÔÊÊ ó âîä³ â ì³ñöÿõ âåãåòàö³¿ ðîñ-
ëèí ð³çíèõ åêîëîã³÷íèõ ãðóï êîëèâàºòüñÿ ó øèðîêîìó ä³àïàçîí³ (òàáë. 1).
Òàê, ó âîä³, äå çðîñòàëè ïîâ³òðÿíî-âîäí³ ðîñëèíè, êîíöåíòðàö³ÿ ÔÊÊ ñòà-
íîâèëà: äëÿ T. angustiifolia — 114,7 ìêã/äì3, äëÿ Sc. lacustris —
24,71 ìêã/äì3; ó âîä³ ñåðåä çàðîñòåé ðîñëèí ç ïëàâàþ÷èì ëèñòÿì: äëÿ
Tr. natans — 56,14 ìêã/äì3, äëÿ N. lutea — 19,3 ìêã/äì3; ó âîä³ ñåðåä çàðîñ-
òåé çàíóðåíèõ ðîñëèí: äëÿ C. demersum — 25,42 ìêã/äì3 ³ äëÿ M. spicatum
— 1,42 ìêã/äì3 ó çàòîö³ Ñîáà÷å Ãèðëî òà â³äïîâ³äíî 38,66 ìêã/äì3 ³
2,83 ìêã/äì3 — ó çàòîö³ Âåðáëþä.

Íàéá³ëüøèé âì³ñò áåíçîéíî¿ (94,10 ìêã/äì3), âàí³ë³íîâî¿
(9,03 ìêã/äì3) òà ñàë³öèëîâî¿ (5,44 ìêã/äì3) êèñëîò áóâ çàðåºñòðîâàíèé ó
âîä³, â³ä³áðàí³é ñåðåä çàðîñòåé T. angustiifolia; α-ðåçîðöèëîâî¿
(0,31 ìêã/äì3 ³ 0,35 ìêã/äì3) — â³äïîâ³äíî N. lutea òà C. demersum, ïðîòî-
êàòåõîâî¿ (0,10 ìêã/äì3) — N. lutea, n-îêñèáåíçîéíî¿ (5,44 ìêã/äì3), êî-
ðè÷íî¿ (2,65 ìêã/äì3), êóìàðîâî¿ (0,24 ìêã/äì3), ôåðóëîâî¿ (0,44 ìêã/äì3),
ñèíàïîâî¿ (0,18 ìêã/äì3) — Tr. natans, êàâîâî¿ (0,15 ìêã/äì3) — M. spica-
tum, áóçêîâî¿ (1,58 ìêã/äì3 òà 1,82 ìêã/äì3) — â³äïîâ³äíî Tr. natans òà
C. demersum, β-ðåçîðöèëîâî¿ (0,64 ìêã/äì3) — Sc. lacustris ³ ãàëîâî¿

(5,52 ìêã/äì3 ³ 12,18 ìêã/äì) — â³äïîâ³äíî C. demersum çàòîê Ñîáà÷å Ãèð-
ëî òà Âåðáëþä.

Àíàë³ç âì³ñòó ÔÊÊ ó âîä³, â³ä³áðàí³é ñåðåä çàðîñòåé ïîâ³òðÿíî-âî-
äíèõ ðîñëèí T. angustifolia òà Sc. lacustris äîçâîëèâ âèÿâèòè òàê³ îñîáëè-
âîñò³: äëÿ îáîõ âèä³â õàðàêòåðíà íàÿâí³ñòü áåíçîéíî¿, âàí³ë³íîâî¿, ãàëî-
âî¿, ï-îêñèáåíçîéíî¿, α-ðåçîðöèëîâî¿, ñàë³öèëîâî¿ òà êîðè÷íî¿ êèñëîò; ó
âîä³ ñåðåä çàðîñòåé T. angustifolia áóëè â³äñóòí³ áóçêîâà, ïðîòîêàòåõîâà,
β-ðåçîðöèëîâà, êóìàðîâà, êàâîâà ³ ñèíàïîâà êèñëîòè; ó âîä³ ñåðåä çàðîñ-

òåé Sc. lacustris íå âèÿâëåí³ ôåðóëîâà ³ êàâîâà êèñëîòè (äèâ. òàáë. 1).
Ùîäî çàðîñòåé ðîñëèí ç ïëàâàþ÷èì ëèñòÿì, òî ñï³ëüíèìè äëÿ íèõ âè-

ÿâèëèñü òàê³ êèñëîòè, ÿê áåíçîéíà, áóçêîâà, n-îêñèáåíçîéíà, α-ðåçîðöè-
ëîâà òà ôåðóëîâà (äèâ. òàáë. 1).

Çðàçêè âîäè, â³ä³áðàí³ â çàðîñòÿõ çàíóðåíèõ ðîñëèí õàðàêòåðèçóâà-
ëèñü íàéá³ëüøèì ð³çíîìàí³òòÿì ÔÊÊ, îäíàê ³ òóò ñïîñòåð³ãàëèñü ïåâí³
â³äì³ííîñò³ ì³æ äâîìà äîñë³äæóâàíèìè âèäàìè ìàêðîô³ò³â. Òàê, çîêðåìà,
ó âîä³, äå çðîñòàëà M. spicatum, íå âèÿâëåí³β-ðåçîðöèëîâà, êîðè÷íà, êóìà-

ðîâà òà ñèíàïîâà êèñëîòè (äèâ. òàáë. 1).
Àíàë³ç çðàçê³â âîäè, â³ä³áðàíèõ ó ì³ñöÿõ âåãåòàö³¿ ìàêðîô³ò³â ç ïëàâà-

þ÷èì ëèñòÿì, ñâ³ä÷èòü ïðî òå, ùî ñêëàä åêçîãåííèõ ÔÊÊ ëèøå ó çàãàëü-
íèõ ðèñàõ â³äïîâ³äàº âíóòð³øíüîêë³òèííîìó ïóëó öèõ ðå÷îâèí. Òàê, íà
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â³äì³íó â³ä ¿õíüîãî âì³ñòó ó ô³òîìàñ³ [33], ïåðåâàæíà á³ëüø³ñòü åêçîãåí-
íèõ ÔÊÊ ó âîä³ ñåðåä çàðîñòåé Tr. natans ³ N. lutea íàëåæèòü äî ãðóïè îê-
ñèáåíçîéíèõ êèñëîò. Êð³ì òîãî, ó âîä³ íå çíàéäåíî ê³ëüêîõ (â³ä 4 äî 7)
ÔÊÊ, ÿê³ âèÿâëåí³ ó ô³òîìàñ³ ðîñëèí. Öå äîçâîëÿº âèñëîâèòè ïðèïóùåí-
íÿ, ùî ïåðåõ³ä ÔÊÊ ó âîäíå ñåðåäîâèùå ìîæå áóòè íå ñò³ëüêè íàñë³äêîì
ïðîöåñó ïàñèâíî¿ äèôóç³¿, ñê³ëüêè â³äáóâàòèñü çàâäÿêè àêòèâíîìó òðàíñ-
ïîðòó öèõ ðå÷îâèí. Î÷åâèäíî, ö³ îñîáëèâîñò³ ìîæóòü â³ä³ãðàâàòè ïåâíó
ðîëü ó çàáåçïå÷åíí³ ðîçøèðåííÿ àðåàëó âîäíèõ ðîñëèí.

Ó âîä³ â ì³ñöÿõ âåãåòàö³¿ C. demersum ïîì³òíîþ áóëà ê³ëüê³ñòü áåíçîé-
íî¿, ãàëîâî¿, ñàë³öèëîâî¿, n-îêñèáåíçîéíî¿ ³ âàí³ë³íîâî¿ êèñëîò, ÿê³ º íàé-
á³ëüø àëåëîïàòè÷íî àêòèâíèìè. Ðåøòà ÔÊÊ ì³ñòèëàñü ó íåâåëèê³é ê³ëü-
êîñò³.

Ó âîä³ ñåðåä çàðîñòåé äîñë³äæåíèõ ìàêðîô³ò³â ó íàéá³ëüø³é ê³ëüêîñò³
âèÿâëåíà áåíçîéíà êèñëîòà, ùî â³äïîâ³äàº îñîáëèâîñòÿì âíóòð³øíüî-
êë³òèííîãî ïóëó ÔÊÊ [33]. Çàãàëîì âì³ñò îêñèáåíçîéíèõ êèñëîò ñêëàäàº ó
ñåðåäíüîìó 97% â³ä ñóìè óñ³õ âèÿâëåíèõ êèñëîò. Çâåðòàº òàêîæ íà ñåáå
óâàãó çíà÷íèé âì³ñò âàí³ë³íîâî¿ òà, â ìåíø³é ì³ð³, ãàëîâî¿ òà ñàë³öèëîâî¿
êèñëîò ó çðàçêàõ âîäè â ì³ñöÿõ âåãåòàö³¿ á³ëüøîñò³ äîñë³äæåíèõ ÂÂÐ. Ñå-
ðåä îêñèáåíçîéíèõ ÔÊÊ, ÿê³ ïðèñóòí³ ó âîä³ â íèçüêèõ ê³ëüêîñòÿõ, âàðòî
çàçíà÷èòè α- òà β-ðåçîðöèëîâó êèñëîòè, à òàêîæ ôåðóëîâó. Ñåðåä îêñèêî-
ðè÷íèõ êèñëîò ñèíàïîâà áóëà çíàéäåíà ëèøå ó âîä³ çàðîñòåé Sc. lacustris,
Tr. natans ³ C. demersum. Êàâîâà êèñëîòà áóëà âèÿâëåíà ëèøå ó çàðîñòÿõ
M. spicatum òà, â íåâåëèê³é ê³ëüêîñò³, — ó çàðîñòÿõ C. demersum â çàòîö³
Âåðáëþä. Ñåðåä äîñë³äæåíèõ ÂÂÐ ð³çíèõ åêîëîã³÷íèõ ãðóï íàéøèðøèé
ñïåêòð ÔÊÊ âèÿâëåíî ó âîä³ â ì³ñöÿõ âåãåòàö³¿ Sc. lacustris, Tr. natans ³
C. demersum (ðèñ. 1).

Íåçâàæàþ÷è íà òå, ùî åêçîìåòàáîë³òè âèùèõ âîäíèõ ðîñëèí â³äçíà-
÷àþòüñÿ ìåíøîþ ê³ëüê³ñòþ òà ð³çíîìàí³òòÿì ïîð³âíÿíî ç âíóòð³øíüî-
êë³òèííèìè [33], äåÿê³ ïðåäñòàâíèêè ìàêðîô³ò³â ôîðìóþòü äîñèòü çíà÷-
íèé ïóë öèõ ðå÷îâèí ó âîäíîìó ñåðåäîâèù³. Òàê, ó ì³ñöÿõ âåãåòàö³¿ ðîñ-
ëèí ç ïëàâàþ÷èì ëèñòÿì N. lutea ³ Tr. natans çàãàëüíèé âì³ñò ÔÊÊ â³ä-
ð³çíÿâñÿ ìàéæå âòðè÷³, ó âîä³ ñåðåä çàðîñòåé ïîâ³òðÿíî-âîäíèõ ìàêðî-
ô³ò³â T. angustifolia òà Sc. lacustris — á³ëüø í³æ ó 4 ðàçè, à çàíóðåíèõ ðîñëèí
C. demersum ³ M. spicatum — ìàéæå ó 18 òà 14 ðàç³â, â³äïîâ³äíî ó çàòîêàõ
Ñîáà÷å Ãèðëî òà Âåðáëþä.

Îñê³ëüêè ÿê³ñíèé òà ê³ëüê³ñíèé ñêëàä ôåíîëüíèõ ñïîëóê çíà÷íîþ
ì³ðîþ çàëåæèòü â³ä âïëèâó ð³çíèõ ÷èííèê³â, çîêðåìà òåìïåðàòóðè ³ ñòàä³¿
ðîçâèòêó ðîñëèííèõ îðãàí³çì³â, ïåâíèé ³íòåðåñ ñòàíîâèòü ç’ÿñóâàííÿ
îñîáëèâîñòåé ñåçîííî¿ äèíàì³êè öèõ ðå÷îâèí ó âîä³ ñåðåä çàðîñòåé âî-
äíèõ ðîñëèí. Àíàë³ç ïðîá âîäè, â³ä³áðàíî¿ ó ì³ñöÿõ âåãåòàö³¿ Ph. australis
ïðîòÿãîì âåñíÿíî-îñ³ííüîãî ïåð³îäó, äîçâîëèâ ³äåíòèô³êóâàòè íèçêó
ÔÊÊ, à ñàìå: áåíçîéíó, ñàë³öèëîâó, ï-îêñèáåíçîéíó, âàí³ë³íîâó, ãàëîâó,
êàâîâó, êîðè÷íó òà ôåðóëîâó (ðèñ. 2). Ïðè öüîìó áóëè çàô³êñîâàí³ ñóòòºâ³
â³äì³ííîñò³ ÿê ó ñï³ââ³äíîøåíí³ îêðåìèõ êèñëîò, òàê ³ ó ¿õíüîìó ðîçïîä³ë³
ïî ãðóïàõ. Òàê, ÷àñòêà îêñèáåíçîéíèõ êèñëîò (ãàëîâà, ï-îêñèáåíçîéíà,
âàí³ë³íîâà, áåíçîéíà ³ ñàë³öèëîâà) ñêëàäàëà 82,3—95,1%. Â³äíîñíèé âì³ñò
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îêñèêîðè÷íèõ êèñëîò (êàâîâà, ôåðóëîâà, êîðè÷íà) áóâ çíà÷íî íèæ÷èì ³
íàéïîì³òí³øå çì³íþâàâñÿ ï³ä ÷àñ àêòèâíî¿ âåãåòàö³¿ Ph. australis òà íà-
ïðèê³íö³ âåãåòàö³éíîãî ïåð³îäó.
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Ðèñ. 1. Õðîìàòîãðàìà êîìïëåêñó ôåíîëêàðáîíîâèõ êèñëîò ó âîä³ ñåðåä çàðîñòåé
Sc. lacustris (à), Tr. natans (á) ³ C. demersum (â): 1 — ãàëîâà; 2 — ïðîòîêàòåõîâà; 3 —
n-îêñèáåíçîéíà; 4 — âàí³ë³íîâà; 5 — áóçêîâà; 6 — áåíçîéíà; 7 — ñàë³öèëîâà; 8 — êî-
ðè÷íà



Ùîäî çì³í âì³ñòó îêðåìèõ êèñëîò, òî âàðòî çâåðíóòè óâàãó íà òîé
ôàêò, ùî äëÿ áåíçîéíî¿ êèñëîòè â³í áóâ íàéá³ëüøèì íà ïî÷àòêó ðîçâèòêó
Ph. australis, ç ïîäàëüøèì çíèæåííÿì äî çàâåðøåííÿ âåãåòàö³éíîãî ïå-
ð³îäó. Ïîä³áíà äèíàì³êà â³äì³÷åíà ³ äëÿ âì³ñòó ñàë³öèëîâî¿ êèñëîòè (äèâ.
ðèñ. 2).

²íøà êàðòèíà ñïîñòåð³ãàëàñü ïðè àíàë³ç³ äèíàì³êè âì³ñòó âàí³ë³íîâî¿
òà ãàëîâî¿ êèñëîò. Òàê, ¿õíÿ ìàêñèìàëüíà ê³ëüê³ñòü çàô³êñîâàíà ó âîä³ â
ïåð³îä àêòèâíî¿ âåãåòàö³¿ Ph. àustralis, à ï-îêñèáåíçîéíà êèñëîòà ðåºñòðó-
âàëàñü ò³ëüêè â ê³íö³ âåãåòàö³éíîãî ïåð³îäó. Íà ïðîòèâàãó îêñèáåíçîé-
íèì, âì³ñò ÔÊÊ ³ç ãðóïè îêñèêîðè÷íèõ (êîðè÷íà òà ôåðóëîâà) áóâ íàé-
ìåíøèì íà ïî÷àòêó âåãåòàö³éíîãî ïåð³îäó.

Òàêà äèíàì³êà íàêîïè÷åííÿ ÔÊÊ äîçâîëÿº ïðèïóñòèòè, ùî îêñèêî-
ðè÷í³ êèñëîòè ìîæóòü â³ä³ãðàâàòè á³ëüø âàæëèâó ðîëü â àëåëîïàòè÷íèõ
âçàºìîâ³äíîñèíàõ ðîñëèí, í³æ îêñèáåíçîéí³, ÿê³, øâèäøå çà âñå, º àêòèâ-
íèìè «àëåëîõåì³êàìè» çà á³ëüø âèñîêîãî âì³ñòó ó âîä³. Ïðîòå öå ïðèïó-
ùåííÿ ïîòðåáóº ïîãëèáëåíîãî äîñë³äæåííÿ â ïîäàëüøîìó.

Ïîð³âíÿííÿ îñîáëèâîñòåé íàêîïè÷åííÿ ÔÊÊ ó âîä³ ó ì³ñöÿõ âåãåòàö³¿
C. demersum òà M. spicatum â çàòîêàõ Ñîáà÷å Ãèðëî òà Âåðáëþä ïîêàçàëî,
ùî â îñòàííüîìó âèïàäêó ñïîñòåð³ãàâñÿ äåùî á³ëüøèé âì³ñò çàçíà÷åíèõ
ñïîëóê (äèâ. òàáë. 1), ùî ìîæå áóòè ïîâ’ÿçàíî ç ã³äðîëîã³÷íèìè îñîáëèâî-
ñòÿìè äîñë³äæóâàíèõ ä³ëÿíîê Êàí³âñüêîãî âîäîñõîâèùà. Àíàë³ç àáñîëþò-
íèõ çíà÷åíü êîíöåíòðàö³¿ ÔÊÊ âèÿâèâ äâà âåëèê³ êëàñòåðè, îäèí ç ÿêèõ
ñêëàäàºòüñÿ ç äâîõ äîñèòü ïîì³òíèõ ï³äêëàñòåð³â (ðèñ. 3).

Â ãðóïó ÔÊÊ, ùî õàðàêòåðèçóþòüñÿ íàéá³ëüøèìè êîíöåíòðàö³ÿìè ó
âîä³ ñåðåä çàðîñòåé C. demersum òà M. spicatum, óâ³éøëè áåíçîéíà òà ãàëî-
âà êèñëîòè, ÿê³ º àëåëîïàòè÷íî àêòèâíèìè ³ íàëåæàòü äî îêñèáåíçîéíèõ
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Ðèñ. 2. Â³äíîñíèé âì³ñò (%) ôåíîëêàðáîíîâèõ êèñëîò ó âîä³ ñåðåä çàðîñòåé Ph. aust-
ralis: 1 — íà ïî÷àòêó âåãåòàö³¿ (òðàâåíü); 2 — ï³ä ÷àñ àêòèâíî¿ âåãåòàö³¿ (ñåðïåíü); 3 —
íàïðèê³íö³ âåãåòàö³éíîãî ñåçîíó (æîâòåíü)



êèñëîò. Ó äðóãó çà âåëè÷èíàìè êîíöåíòðàö³é ãðóïó óâ³éøëè ï’ÿòü ÔÊÊ ç
ò³ñíèìè çâ’ÿçêàìè ì³æ n-îêñèáåíçîéíîþ òà ñàë³öèëîâîþ êèñëîòàìè, à òà-
êîæ âàí³ë³íîâîþ, êîðè÷íîþ ³ áóçêîâîþ êèñëîòàìè. Ñë³ä çàçíà÷èòè, ùî
³íøà ÷àñòèíà ÔÊÊ, ÿê³ íàëåæàòü äî ð³çíèõ ãðóï ³ âèÿâëåí³ ó çíà÷íî ìåí-
øèõ êîíöåíòðàö³ÿõ, ù³ëüíî êëàñòåðèçîâàíà. Âîíè ðîçä³ëåí³ íà äâà ï³ä-
êëàñòåðè (ïåðøèé — α-ðåçîðöèëîâà, α-ðåçîðöèëîâà òà ôåðóëîâà; äðóãèé
— êàâîâà, ïðîòîêàòåõîâà, êóìàðîâà òà ñèíàïîâà êèñëîòè). Äî ïåðøîãî
ï³äêëàñòåðó âõîäèòü äâ³ îêñèáåíçîéí³ êèñëîòè òà îäíà îêñèêîðè÷íà, à äî
äðóãîãî — òðè îêñèêîðè÷í³ òà îäíà îêñèáåíçîéíà.

Àíàë³ç äàíèõ ùîäî âì³ñòó ÔÊÊ ó âîä³ ñåðåä çàðîñòåé C. demersum òà
M. spicatum äîñë³äæóâàíèõ âîäíèõ îá’ºêò³â âèÿâèâ ò³ñíèé âçàºìîçâ’ÿçîê
ì³æ ÿê³ñíèìè ³ ê³ëüê³ñíèìè ïîêàçíèêàìè öèõ ðå÷îâèí ó âîä³ òà âèäîì
ÂÂÐ, ÿêèé ôîðìóº òàê³ çàðîñò³, íà ïðîòèâàãó ïðîñòîðîâ³é ïðèíàëåæíîñò³
òî÷îê ñïîñòåðåæåííÿ. Öå ìîæå ñâ³ä÷èòè ïðî âàæëèâó ðîëü âèùèõ âîäíèõ
ðîñëèí ó ôîðìóâàíí³ ïóëó ÔÊÊ ó âîä³ (ðèñ. 4).

Íàÿâí³ñòü ñåðåä âèÿâëåíèõ ÔÊÊ àëåëîïàòè÷íî àêòèâíèõ ñïîëóê äàº
ìîæëèâ³ñòü äîñë³äæóâàíèì ðîñëèíàì àêòèâíî êîíêóðóâàòè ç ³íøèìè âè-
äàìè ïðè îñâîºíí³ íîâèõ àðåàë³â. Îäí³ºþ ç ïåðåäóìîâ ôîðìóâàííÿ óãðó-
ïîâàíü ÂÂÐ º ñïîð³äíåí³ñòü ó ôóíêö³îíóâàíí³ êàòàë³òè÷íèõ ñèñòåì òà íà-
ÿâí³ñòü ºäèíèõ ïîë³ôóíêö³îíàëüíèõ ïðîì³æíèõ ìåòàáîë³ò³â, ùî ñòâîðþº
ñïðèÿòëèâ³ óìîâè äëÿ êîîðäèíîâàíî¿ âçàºìîä³¿ ì³æ âèäàìè. Àêòèâàö³ÿ
â³äíîñíî íåâåëèêî¿ ê³ëüêîñò³ íåñïåöèô³÷íèõ ñèãíàëüíèõ ñèñòåì äîçâîëÿº
¿ì äîì³íóâàòè íà îêðåìèõ ä³ëÿíêàõ âîäîéì [8].

Îòæå, ïðîâåäåí³ äîñë³äæåííÿ åêçîãåííèõ ÔÊÊ â ì³ñöÿõ âåãåòàö³¿ ÂÂÐ
ó ïð³ñíîâîäíèõ âîäîéìàõ ïîêàçàëè, ùî ê³ëüê³ñòü ³ ñï³ââ³äíîøåííÿ öèõ
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Ðèñ. 3. Êëàñòåðíèé àíàë³ç ÔÊÊ çà àáñîëþòíèìè çíà÷åííÿìè ¿õíüî¿ êîíöåíòðàö³¿ ó
âîä³: 1 — áåíçîéíà; 2 — n-îêñèáåíçîéíà; 3 — ñàë³öèëîâà; 4 — êîðè÷íà; 5 —ïðîòîêà-
òåõîâà; 6 — α-ðåçîðöèëîâà; 7 — α-ðåçîðöèëîâà; 8 — êóìàðîâà; 9 — âàí³ë³íîâà; 10 —
ãàëîâà; 11 — êàâîâà; 12 — ôåðóëîâà; 13 — áóçêîâà; 14 — ñèíàïîâà



ñïîëóê çàëåæàòü â³ä âèäó ðîñëèíè, ñåçîíó ðîêó, à òàêîæ ïðîñòîðîâîãî
ðîçì³ùåííÿ çàðîñòåé.

Âèñíîâêè

Â ðåçóëüòàò³ ïðîâåäåíèõ äîñë³äæåíü âîäè, â³ä³áðàíî¿ ñåðåä çàðîñòåé
øåñòè âèä³â âèùèõ âîäíèõ ðîñëèí ð³çíèõ åêîëîã³÷íèõ ãðóï (T. angustifo-
lia, Sc. lacustris, Tr. natans, N. lutea, C. demersum òà M. spicatum) âèÿâëåíî 14
ÔÊÊ, à ñàìå: áåíçîéíó, áóçêîâó, âàí³ë³íîâó, ãàëîâó, n-îêñèáåíçîéíó, ïðî-
òîêàòåõîâó, α- òà β-ðåçîðöèëîâó, ñàë³öèëîâó, ôåðóëîâó, êàâîâó, êîðè÷íó,
êóìàðîâó òà ñèíàïîâó.

Ó âîä³ ñåðåä çàðîñòåé T. angustifolia ñóìàðíà êîíöåíòðàö³ÿ ÔÊÊ ñòà-
íîâèëà 114,7 ìêã/äì3, Sc. lacustris — 24,71, Tr. natans — 56,14, N. lutea —
19,3, C. demersum — 25,42 ³ 38,66 ³ M. spicatum — 1,42 ³ 2,83 ìêã/äì3. Íàé-
ïîì³òí³øîþ áóëà ð³çíèöÿ äëÿ âèä³â, ÿê³ íàëåæàòü äî ãðóï çàíóðåíèõ òà
ïîâ³òðÿíî-âîäíèõ ðîñëèí.

Âñòàíîâëåíî, ùî âì³ñò ðîç÷èíåíèõ ÔÊÊ ó ì³ñöÿõ âåãåòàö³¿ Ph. austra-
lis ñóòòºâî çì³íþºòüñÿ ïðîòÿãîì âåãåòàö³éíîãî ïåð³îäó. Ñåðåä âèÿâëåíèõ
ñïîëóê ê³ëüê³ñíó ïåðåâàãó (â³ä 82,3 äî 95,1%) ìàëè êèñëîòè, ÿê³ íàëåæàòü
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Ðèñ. 4. Àíàë³ç äèñïåðñ³¿ äàíèõ ùîäî âì³ñòó ôåíîëêàðáîíîâèõ êèñëîò ó âîä³ ñåðåä çà-
ðîñòåé C. demersum òà M. spicatum çà äîïîìîãîþ ìåòîäó ãîëîâíèõ êîìïîíåíò



äî ãðóïè îêñèáåíçîéíèõ (áåíçîéíà, ï-îêñèáåíçîéíà, âàí³ë³íîâà, ãàëîâà,
ñàë³öèëîâà). Â³äíîñíèé âì³ñò îêñèêîðè÷íèõ êèñëîò (êàâîâà, ôåðóëîâà,
êîðè÷íà) çíà÷íî íèæ÷èé ³ ïîì³òíî çì³íþâàâñÿ ÿê ï³ä ÷àñ àêòèâíî¿ âåãå-
òàö³¿ Ph. australis, òàê ³ íàïðèê³íö³ âåãåòàö³éíîãî ïåð³îäó.

Çà ðåçóëüòàòàìè êëàñòåðíîãî àíàë³çó âèÿâëåíî ãðóïó ÔÊÊ, ùî õàðàê-
òåðèçóºòüñÿ íàéá³ëüøèìè êîíöåíòðàö³ÿìè ó âîä³ ñåðåä çàðîñòåé C. de-

mersum òà M. spicatum íà äâîõ ñòàíö³ÿõ â³äáîðó ïðîá âîäè — çàòîêè Ñîáà-
÷å Ãèðëî ³ Âåðáëþä. Äî ïåðøî¿ ãðóïè óâ³éøëè áåíçîéíà òà ãàëîâà êèñëî-
òè, ÿê³ íàëåæàòü äî îêñèáåíçîéíèõ êèñëîò. Äðóãà ãðóïà ïðåäñòàâëåíà
³íøèìè êèñëîòàìè ç ò³ñíèìè çâ’ÿçêàìè ì³æ n-îêñèáåíçîéíîþ òà ñàë³öè-
ëîâîþ, à òàêîæ âàí³ë³íîâîþ, êîðè÷íîþ ³ áóçêîâîþ êèñëîòàìè.

Àíàë³ç îòðèìàíèõ äàíèõ çà äîïîìîãîþ ìåòîäó ãîëîâíèõ êîìïîíåíò
âèÿâèâ ò³ñíèé âçàºìîçâ’ÿçîê ì³æ ÿê³ñíèìè ³ ê³ëüê³ñíèìè ïîêàçíèêàìè
âì³ñòó ÔÊÊ ó âîä³ ñåðåä çàðîñòåé òà äîì³íàíòíèì âèäîì ÂÂÐ. Öå ìîæå
áóòè ñâ³ä÷åííÿì ïðîâ³äíî¿ ðîë³ âèùèõ âîäíèõ ðîñëèí ó ôîðìóâàíí³ ïóëó
öèõ ðå÷îâèí ó âîä³.

Âèÿâëåí³ îñîáëèâîñò³ âì³ñòó ÔÊÊ ó âîä³, î÷åâèäíî, ïîâ’ÿçàí³ ÿê ç ìå-
òàáîë³÷íèìè îñîáëèâîñòÿìè ¿õí³õ ïðîäóöåíò³â, òàê ³ ç ïðîöåñàìè õ³ì³÷íî¿
òà ì³êðîá³îëîã³÷íî¿ òðàíñôîðìàö³¿ îðãàí³÷íèõ ðå÷îâèí ó âîäíîìó ñåðå-
äîâèù³, ùî ïîòðåáóº ïîäàëüøîãî äåòàëüíîãî âèâ÷åííÿ.
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CONTENT OF PHENOL CARBOXYLIC ACIDS IN THE WATER OF THICKETS OF
AQUATIC VASCULAR PLANTS OF VARIOUS ECOLOGICAL GROUPS

The qualitative and quantitative composition of phenol carboxylic acids in the water
of thickets of aquatic vascular plants of different ecological groups was studied: aerial-aqu-
atic plants (Typha angustifolia L., Scirpus lacustris L., Phragmites australis (Sav.) Trin. ex
Steud.), submerged plants (Ceratophyllum demersum L., Myriophyllum spicatum L.) and
floating-leaf plants (Nuphar lutea L., Trapa natans L.). Benzoic, p-oxybenzoic, salicylic,
cinnamic, α-resorcylic, β-resorcylic, protocatechuic, coumaric, vanillic, gallic, caffeic, sy-
ringic, ferulic and sinapic acids were found in the water where the mentioned macrophytes
were growing. The total content of carboxylic acids in the water of the thickets of the studi-
ed plants was: for T. angustifolia — 114.7 µg/dm3, Sc. lacustris — 24.71 µg/dm3, T. natans —
56.14 µg/dm3, N. lutea — 19.3 µg/dm3, C. demersum — 25.42—38.66 µg/dm3, and M. spica-
tum — 1.42—2.83 µg/dm3.

Analysis of the content of carboxylic acids in the water of Ph. australis thickets during
the spring-autumn period revealed significant differences in the ratio of individual acids
and in their distribution by groups. The maximal content of benzoic and salicylic acids in
the water of thickets was recorded at the beginning of plant development, with its subsequ-
ent decrease until the end of the growing season. The maximal content of vanillic and gallic
acids was recorded during active vegetation. The content of carboxylic acids from the oxy-
cinnamic (cinnamic and ferulic) group was the lowest at the beginning of the growing sea-
son.

Cluster analysis of carboxylic acids content in the thickets of C. demersum and M. spi-
catum at two sampling points (Sobache Girlo and Verblud bays, the upper part of the Ka-
nev reservoir) reveals two groups; the first group combines benzoic and gallic acids, the se-
cond group unites other acids. Principal component analysis (PCA) reveals a high correla-
tion between the qualitative and quantitative indicators of the of carboxylic acids content
in the water of thickets and the dominant species of vascular plant. This may indicate the le-
ading role of higher aquatic plants in the formation of these substances pool in water.

Keywords: phenolic carboxylic acids, aquatic vascular plants, seasonal dynamics, clus-
ter analysis.
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