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Plant physiology

Âñòóï
Ó ñâ³òîâ³é ë³êàðñüê³é ïðàêòèö³ íà ñüîãîä-

í³øí³é äåíü º âåëèêà ê³ëüê³ñòü âèñîêîåôåê-
òèâíèõ ñèíòåòè÷íèõ ë³êàðñüêèõ ïðåïàðàò³â, 
îäíàê ë³êàðñüê³ ðîñëèíè ïðîäîâæóþòü çàé-
ìàòè ÷³ëüíå ì³ñöå â àðñåíàë³ ë³êóâàëüíèõ 
çàñîá³â [1, 2]. 

Ã³ð÷èöþ âèêîðèñòîâóþòü ó íàðîäí³é òà 
îô³ö³éí³é ìåäèöèí³ ÿê åôåêòèâíó ö³ëþùó 
ðîñëèíó âæå íå îäíå òèñÿ÷îë³òòÿ. ²ñòîð³ÿ 
êóëüòóðè ã³ð÷èö³ º äóæå äàâíüîþ, ³ õî÷ 
âèäè ã³ð÷èö³ âæèâàëè ùå â Äàâí³é Ãðåö³¿ òà 

Ðèì³, áàòüê³âùèíîþ ¿õ ââàæàþòü Àç³þ [3, 
4]. Ã³ð÷èöÿ º îäíîð³÷íîþ òðàâ’ÿíèñòîþ õî-
ëîäîñò³éêîþ ðîñëèíîþ, íàëåæèòü äî áîòà-
í³÷íî¿ ðîäèíè õðåñòîöâ³òèõ (Cruciferae). 
Ðîñëèíà ìàº ïðÿìå ñòåáëî ç âåëèêîþ ê³ëü-
ê³ñòþ æîâòèõ êâ³òîê, ÿê³ ðîçòàøîâàí³ íà 
êâ³òêîí³æêàõ çàâäîâæêè 5–8 ìì. Öâ³ò³ííÿ 
â³äáóâàºòüñÿ ç ÷åðâíÿ ïî ëèïåíü. Ðîñëèíà 
ôîðìóº ïëîäè – ñòðó÷êè, ùî ìàþòü ôîðìó 
÷îâíèêà, â ÿêèõ ðîçì³ùåí³ ñâ³òëî-æîâò³ íà-
ñ³íèíè êóëÿñòî¿ ôîðìè ç ãëàäåíüêîþ ïî-
âåðõíåþ. Äîñòèãàííÿ ïëîä³â â³äáóâàºòüñÿ ó 
ñåðïí³ [4, 5]. 

Ë³êàðñüêîþ ñèðîâèíîþ ó ã³ð÷èö³ º ¿¿ íà-
ñ³ííÿ, ç ÿêîãî îòðèìóþòü åô³ðíó ã³ð÷è÷íó 
îë³þ. Çíåæèðåíó ìàêóõó íàñ³ííÿ ã³ð÷èö³ 
âèêîðèñòîâóþòü ÿê ã³ð÷è÷íèé ïîðîøîê [1, 
4, 5]. Íàñ³ííÿ ö³º¿ ë³êàðñüêî¿ ðîñëèíè áàãàòå 
íà æèðí³ êèñëîòè (îëå¿íîâó, åðóêîâó, ñòåà-
ðèíîâó òà ë³íîëåíîâó), ñòåðî¿äè (áðàññ³êàñ-
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Ìåòà. Äîñë³äèòè îñîáëèâîñò³ íàêîïè÷åííÿ íåîðãàí³÷íèõ åëåìåíò³â, ó òîìó ÷èñë³ é âàæêèõ ìåòàë³â, ó íàñ³íí³ ã³ð÷èö³ 
á³ëî¿ òà ÷îðíî¿, ÿêó âèðîùóþòü äëÿ îòðèìàííÿ ë³êàðñüêèõ ïðåïàðàò³â. Ìåòîäè. Ïîëüîâ³ äîñë³äè, ì³êðîõâèëüîâå îçîëåííÿ, 
ICP-MS òà ñòàòèñòè÷íèé àíàë³ç. Ðåçóëüòàòè. Âèçíà÷åíî âì³ñò íåîðãàí³÷íèõ åëåìåíò³â, ó òîìó ÷èñë³ é âàæêèõ ìåòàë³â, ó 
íàñ³íí³ ã³ð÷èö³ á³ëî¿ òà ÷îðíî¿, âèðîùåíî¿ â óìîâàõ Êè¿âñüêî¿ îáëàñò³. Âèÿâëåíî, ùî ó ïðîöåñ³ âåãåòàö³¿ ðîñëèíè ã³ð÷èö³ 
á³ëî¿ çäàòí³ íàêîïè÷óâàòè â íàñ³íí³ òàê³ åëåìåíòè, ÿê àëþì³í³é, áàð³é, ñòðîíö³é, öèíê ó êîíöåíòðàö³ÿõ, ùî ïåðåâèùóþòü 
¿õí³é âì³ñò ó íàñ³íí³ ã³ð÷èö³ ÷îðíî¿, à ñïîëóêè êàëüö³þ, öåç³þ, çàë³çà, ìàãí³þ, ìàðãàíöþ, êàë³þ á³ëüøîþ ì³ðîþ íàêî-
ïè÷óâàëèñÿ ó íàñ³íí³ ã³ð÷èö³ ÷îðíî¿. Âèñíîâêè. Îñê³ëüêè â íîðìàòèâíî-ïðàâîâèõ äîêóìåíòàõ äëÿ âàæëèâèõ õ³ì³÷íèõ 
åëåìåíò³â íå âñòàíîâëåíî ãðàíè÷íî äîïóñòèìèõ ìåæ ¿õíüîãî âì³ñòó â ë³êàðñüêèõ ðîñëèíàõ, òî àêòóàëüíîþ º íåîáõ³äí³ñòü 
çàïî÷àòêóâàííÿ êîìïëåêñíèõ äîñë³äæåíü ³ç çàëó÷åííÿì ôàõ³âö³â â³äïîâ³äíèõ ïðîô³ë³â äëÿ âñòàíîâëåííÿ òàêî¿ ãðàäàö³¿. 
Ðîñëèíè ã³ð÷èö³ á³ëî¿ òà ÷îðíî¿ â óìîâàõ Êè¿âñüêî¿ îáëàñò³ íàêîïè÷óâàëè âèñîê³ ð³âí³ òàêèõ ìåòàë³â, ÿê Ba, Cu, Fe, Mn, Mo, 
Sr, Zn, ÿê³ ïåðåâèùóþòü â³äîì³ ïîêàçíèêè ãðàíè÷íî äîïóñòèìèõ êîíöåíòðàö³é, ùî ñâ³ä÷èòü ïðî ÷àñòêîâå çàáðóäíåííÿ 
´ðóíò³â ðåã³îíó. Òàêèì ÷èíîì, ðîñëèíè íàçâàíèõ êóëüòóð ìîæóòü áóòè ô³òîðåìåä³àòîðàìè ´ðóíò³â. Âðàõîâóþ÷è òå, ùî 
ó ôàðìàöåâòè÷í³é ãàëóç³ âèêîðèñòîâóþòü ðàô³íîâàíó îë³þ ç íàñ³ííÿ ã³ð÷èö³, âèÿâëåí³ çì³íè íàêîïè÷åííÿ ìåòàë³â ó 
íàñ³íí³ íå áóäóòü âïëèâàòè íà ÿê³ñòü ê³íöåâî¿ ë³êàðñüêî¿ ïðîäóêö³¿. Ðåçóëüòàòè äîñë³äæåíü ñâ³ä÷àòü ïðî ïåðñïåêòèâí³ñòü 
âèðîùóâàííÿ ã³ð÷èö³ á³ëî¿ òà ÷îðíî¿ â Êè¿âñüê³é îáëàñò³ ç ìåòîþ îòðèìàííÿ ñèðîâèíè äëÿ ïåðåðîáêè íà ë³êè.
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Ô³ç³îëîã³ÿ ðîñëèí

òåðèí, êàìïåñòåðèí, ñèòîñòåðèí, õîëåñòåðèí, 
ìåòèëåíõîëåñòåðèí).

Íàêîïè÷åííÿ ë³êàðñüêèìè ðîñëèíàìè íå-
îðãàí³÷íèõ åëåìåíò³â º äèíàì³÷íèì ïðîöå-
ñîì, ùî çì³íþºòüñÿ ïîòÿãîì îíòîãåíåçó é 
çàëåæèòü â³ä ð³çíèõ ÷èííèê³â äîâê³ëëÿ, â 
òîìó ÷èñë³ é àíòðîïîãåííèõ. Âíàñë³äîê ãîñ-
ïîäàðñüêî¿ ä³ÿëüíîñò³ â àãðîô³òîöåíîçè ìî-
æóòü íàäõîäèòè íåáåçïå÷í³ çàáðóäíþâà÷³ – 
âàæê³ ìåòàëè, ùî ìàþòü âèñîêó òîêñè÷í³ñòü, 
çäàòí³ âêëþ÷àòèñÿ â á³îëîã³÷íèé êðóãîîá³ã ³ 
àêóìóëþâàòèñÿ â îðãàí³çì³ ëþäèíè. Òîìó 
àêòóàëüíîþ º íåîáõ³äí³ñòü âèâ÷åííÿ îñîáëè-
âîñòåé ì³ãðàö³¿ âàæêèõ ìåòàë³â ó ñèñòåì³ 
«´ðóíò–ë³êàðñüêà ðîñëèíà» äëÿ çàïîá³ãàííÿ 
àêóìóëÿö³¿ ¿õ â îðãàí³çì³ ëþäèíè.

Ìåòà äîñë³äæåíü – ïðîàíàë³çóâàòè âì³ñò 
íåîðãàí³÷íèõ åëåìåíò³â, ó òîìó ÷èñë³ é âàæ-
êèõ ìåòàë³â, ó íàñ³íí³ ã³ð÷èö³ á³ëî¿ (Sinapis 
alba L.) òà ã³ð÷èö³ ÷îðíî¿ (Brassica nigra L.) 
ç ìåòîþ ðîçðîáëåííÿ â³äïîâ³äíèõ ñàí³òàðíî-
ã³ã³ºí³÷íèõ ³ ãîñïîäàðñüêî-îðãàí³çàö³éíèõ 
çàõîä³â, ùîá çàáåçïå÷èòè íåîáõ³äíèé ð³âåíü 
åêîëîã³÷íî¿ áåçïåêè òà ðàö³îíàëüíîãî âèêî-
ðèñòàííÿ îòðèìàíîãî âðîæàþ. Îá’ºêòîì äî-
ñë³äæåíü áóëè ë³êàðñüê³ ðîñëèíè ã³ð÷èö³ 
á³ëî¿ òà ã³ð÷èö³ ÷îðíî¿, ÿê³ âèðîùóþòü äëÿ 
îòðèìàííÿ íàñ³ííÿ.

Ìàòåð³àëè òà ìåòîäèêà äîñë³äæåíü
Ïîëüîâ³ äîñë³äè ïðîâîäèëè â óìîâàõ ñòà-

ö³îíàðíîãî äîñë³äó ëàáîðàòîð³¿ êâ³òêîâî-äå-
êîðàòèâíèõ, ë³êàðñüêèõ òà åô³ðîîë³éíèõ 
êóëüòóð ²íñòèòóòó ñàä³âíèöòâà ÍÀÀÍ Óêðà¿-
íè (Êè¿âñüêà îáëàñòü). Àíàë³ç ´ðóíòó ïðî-
âîäèëè â ëàáîðàòîð³¿ àãðîõ³ì³¿ ³íñòèòóòó. 
Âì³ñò ãóìóñó â îðíîìó øàð³ (0–40 ñì) ñòàíî-
âèòü 2,3%, ëåãêîã³äðîë³çîâàíîãî àçîòó (çà 
Òþð³íèì ³ Êîíîíîâîþ) – â³ä 78,4 äî 98,0 ìã/êã, 
ðóõîìèõ ôîðì ôîñôîðó (çà Ê³ðñàíîâèì) – 
93,2–180,9 ìã/êã, îáì³ííîãî êàë³þ (çà Ê³ð-
ñàíîâèì) – 106,1–202,8 ìã/êã. Ðåàêö³ÿ 
´ðóíòîâîãî ðîç÷èíó – êèñëà, ðÍ 5,3–5,8.

Ñõåìà äîñë³äó ïåðåäáà÷àëà ÷åðãóâàííÿ êóëü-
òóð ó êîðîòêîðîòàö³éí³é ïîëüîâ³é ñ³âî çì³í³: 
åõ³íàöåÿ ïóðïóðîâà (Echinacea purpu rea), 
ðîìàøêà ë³êàðñüêà (Matricaria recutita L.), 
ðîçòîðîïøà ïëÿìèñòà (Silybumma ria num 
(L.) Gaertn.) – äëÿ ã³ð÷èö³ á³ëî¿ òà ùèðèöÿ 
(Amaranthus L.), àëòåÿ ë³êàðñüêà (Alt ha ea 
officinalis), òàðõóí (Altemisia dracun culus L.) 
– äëÿ ã³ð÷èö³ ÷îðíî¿. Âèðîùóâàííÿ çàçíà÷å-
íèõ êóëüòóð íå ïåðåäáà÷àëî âíåñåííÿ äî-
áðèâ òà îáðîáêó ïåñòèöèäàìè, ùîá ì³í³ì³çó-
âàòè íàäõîäæåííÿ êñåíîá³îòèê³â ó ô³òîöå-
íîç ë³êàðñüêèõ ðîñëèí. 

Äîñë³äè çàêëàäàëè íà 4-ðÿäêîâèõ ä³ëÿíêàõ 
çàâäîâæêè 2 ì. Ñ³âáó ïðîâîäèëè ñóö³ëüíèì 

ðÿäêîâèì ñïîñîáîì. Íîðìà âèñ³âó íàñ³ííÿ – 
10 êã/ãà, ãëèáèíà çàãîðòàííÿ íàñ³ííÿ – 4–5 ñì. 
Áóð’ÿíè ó ïîñ³â³ êîíòðîëþâàëè âðó÷íó.

Âì³ñò íåîðãàí³÷íèõ åëåìåíò³â ó íàñ³íí³ 
ã³ð÷èö³ á³ëî¿ òà ÷îðíî¿ âðîæàþ 2014–2016 ðð. 
âèçíà÷àëè â ²íñòèòóò³ ô³ç³îëîã³¿ ðîñëèí ³ ãå-
íåòèêè ÍÀÍ Óêðà¿íè ï³ñëÿ çáåð³ãàííÿ çðàç-
ê³â â óìîâàõ, âèçíà÷åíèõ Íàñòàíîâîþ ÑÒ-Í 
ÌÎÇÓ 42-4.5:2012 [6], äî ëèïíÿ 2016 ð.

Çðàçêè ðîñëèí âèñóøóâàëè ïðè 105 îÑ äî 
ïîñò³éíî¿ ñóõî¿ ìàñè é îçîëÿëè â àçîòí³é 
êèñëîò³ ICP-grade çà äîïîìîãîþ ì³êðîõâè-
ëüîâî¿ ïðîáîï³äãîòîâêè Milestone Start D. 
Îòðèìàíèé åêñòðàêò äîâîäèëè äî îá’ºìó 
50 ìë âîäîþ 1-ãî êëàñó (18 Ìîì), ï³äãîòîâ-
ëåíîþ íà ñèñòåì³ î÷èùåííÿ âîäè Scholar-UV 
NexUp 1000 (Human Corporation, Êîðåÿ). 

Åëåìåíòíèé ñêëàä ó äîñë³äíèõ çðàçêàõ 
âèçíà÷àëè ìåòîäîì ²ÑÐ-MS íà åì³ñ³éíîìó 
ìàñ-ñïåêòðîìåòð³ Agilent 7700x. Îñê³ëüêè â 
àðãîíîâ³é ïëàçì³ åëåìåíòè ç ìîëåêóëÿðíè-
ìè ìàñàìè â³ä 23 (íàòð³é) äî 75 (àðñåí) ìî-
æóòü óòâîðþâàòè õèáí³ ï³êè, íàïðèêëàä, 
ð³âí³ çà ìàñîþ ÑàÎ56 òà Fe56, ÷è ArN àáî ArO 
ç ³íøèìè ³çîòîïàìè çàë³çà òîùî, âèçíà÷åí-
íÿ çä³éñíþâàëè ó ðåæèì³ ïðîäóâàííÿ ãåë³-
ºì, ùî åôåêòèâíî âèäàëÿº ìàòðè÷í³ òà åëå-
ìåíòí³ ³íòåðôåðåíö³¿ åëåìåíò³â.

ßê êàë³áðóâàëüíèé ñòàíäàðò âèêîðèñòî-
âóâàëè ICP-MS Complete Standard IV-ICPMS-
71A, ÿê âíóòð³øí³é ñòàíäàðò – 1 ppb ðîç÷èí 
Sc (Inorganic Ventures, USA).

Ðåçóëüòàòè îáðîáëÿëè çà äîïîìîãîþ ïðî-
ãðàìíîãî çàáåçïå÷åííÿ ICP-MS MassHunter 
Software òà MS Excel 2014.

Ðåçóëüòàòè äîñë³äæåíü
Âàæê³ ìåòàëè (ÂÌ) º ïðèðîäíèìè êîìïî-

íåíòàìè çåìíî¿ êîðè ³, ÿê ïðàâèëî, ì³ñòÿòü-
ñÿ â óñ³õ á³îöåíîçàõ. Îäíàê, âíàñë³äîê àí-
òðîïîãåííî¿ ä³ÿëüíîñò³ ó äåÿêèõ åêîñèñòå-
ìàõ êîíöåíòðàö³ÿ ÂÌ çðîñëà ó ê³ëüêà ðàç³â. 
Çàáðóäíåííÿ äîâê³ëëÿ âàæêèìè ìåòàëàìè 
ïðîäîâæóº çðîñòàòè é íåñå òîêñèêîëîã³÷í³ 
ðèçèêè äëÿ çäîðîâ’ÿ ëþäèíè [7–9]. Ðàçîì ç 
òèì, ðÿä âàæêèõ ìåòàë³â º êîìïîíåíòàìè 
æèâèõ îðãàí³çì³â ÿê ñêëàäîâ³ ðåäîêñ-ñèñ-
òåì, ³ âîíè ïðîÿâëÿþòü òîêñè÷í³ñòü ëèøå çà 
âèñîêèõ êîíöåíòðàö³é. 

Äîñë³äæåííÿìè âñòàíîâëåíî âèäîâó ñïå-
öèô³êó íàêîïè÷åííÿ íåîðãàí³÷íèõ åëåìåí-
ò³â ðîñëèíàìè. Âì³ñò òàêèõ ìåòàë³â, ÿê 
àëþì³í³é, áàð³é, êàäì³é, ñòðîíö³é, öèíê ó 
íàñ³íí³ ã³ð÷èö³ á³ëî¿ çíà÷íî ïåðåâàæàâ ¿õ-
í³é âì³ñò ó íàñ³íí³ ã³ð÷èö³ ÷îðíî¿ (äèâ. òà-
áëèöþ). Ó òàáëèö³ íàâåäåíî äàí³ àíàë³ç³â 
çðàçê³â 2014 ð., ïðîòå áëèçüê³ âåëè÷èíè 
îòðèìóâàëè é çà ðåçóëüòàòàìè àíàë³ç³â çðàç-
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ê³â 2015 òà 2016 ðð. (äàí³ íå íàâåäåíî). Â óñ³ 
ðîêè äîñë³äæåíü íàêîïè÷åííÿ àëþì³í³þ, 
áàð³þ òà ñòðîíö³þ ðîñëèíàìè ã³ð÷èö³ á³ëî¿ 
áóëî âèùèì çà ð³âåíü íàêîïè÷åííÿ ó íàñ³í-
í³ ã³ð÷èö³ ÷îðíî¿. Íàñ³ííÿ ã³ð÷èö³ á³ëî¿ òà 
ã³ð÷èö³ ÷îðíî¿ ìàº íèçüê³ ð³âí³ íàêîïè÷åí-
íÿ àëþì³í³þ. Âèçíà÷åí³ ð³âí³ íàêîïè÷åííÿ 
áàð³þ é ñòðîíö³þ ìîæóòü áóòè ïîâ’ÿçàí³ ç 
îñîáëèâîñòÿìè âèðîùóâàííÿ ðîñëèí ó ðåã³î-
í³, ùî çàçíàº âïëèâ³â â³ä àâàð³¿ íà ×îðíî-
áèëüñüê³é ÀÅÑ. 

Îäíàê, íàêîïè÷åííÿ êàëüö³þ, öåç³þ, çàë³-
çà, ìàãí³þ, ìàíãàíó, êàë³þ áóëî á³ëüøèì ó 
íàñ³íí³ ã³ð÷èö³ ÷îðíî¿ ïîð³âíÿíî ç íàñ³ííÿì 
ã³ð÷èö³ á³ëî¿. Ð³çíèöÿ íàêîïè÷åííÿ êàëüö³þ 
ðîñëèíàìè ã³ð÷èö³ ÷îðíî¿ ïîð³âíÿíî ç ã³ð÷è-
öåþ á³ëîþ ñòàíîâèëà 54,65 ìã/êã, öåç³þ – 
0,007, çàë³çà – 6,55, ìàãí³þ – 98,5, ìàíãàíó 
– 2,41, êàë³þ – 404,4 ìã/êã òà â³äòâîðþâàëà-
ñÿ â àíàë³çàõ íàñ³ííÿ 2015 ³ 2016 ðð.

Ï³ä ÷àñ âèáîðó àãðîòåõí³÷íèõ åëåìåíò³â 
âèðîùóâàííÿ ñ³ëüñüêîãîñïîäàðñüêèõ êóëü-
òóð, íàñàìïåðåä ïîïåðåäíèê³â, íåîáõ³äíî 
âðàõîâóâàòè, ùî ïðîòÿãîì ñâîº¿ âåãåòàö³¿ 
ðîñëèíè ðîäèíè Cruciferae º âèðàæåíèìè 
àçîòîô³ëàìè, ÿê³ ïîãëèíàþòü âåëèêó ê³ëü-

ê³ñòü àçîòó ç ´ðóíòó ç â³äïîâ³äíèì íàêîïè-
÷åííÿì ïóëó âóãëåöþ é çîëüíèõ åëåìåíò³â. 
Ïðè öüîìó ðîñëèíè ã³ð÷èö³ ÷îðíî¿ çàñâîþ-
þòü ç ´ðóíòó á³ëüøó ê³ëüê³ñòü òàêèõ íåîáõ³ä-
íèõ äëÿ ðîñëèí åëåìåíò³â, ÿê êàëüö³é, çàë³çî, 
ìàãí³é, êàë³é ïîð³âíÿíî ç ðîñëèíàìè ã³ð÷èö³ 
á³ëî¿. Ðîñëèíè ã³ð÷èö³ á³ëî¿ çàñâîþþòü á³ëü-
øå ñïîëóê òàêèõ âàæêèõ ìåòàë³â, ÿê çàë³çî 
³ ìàðãàíåöü ïîð³âíÿíî ç ðîñëèíàìè ã³ð÷èö³ 
÷îðíî¿, ùî íåîáõ³äíî âðàõîâóâàòè ï³ä ÷àñ âè-
êîðèñòàííÿ ¿õ íàñ³ííÿ ó âèðîáíèöòâ³ ë³ê³â.

Ðåçóëüòàòè äîñë³äæåíü ñâ³ä÷àòü ïðî ³ñòîò-
íó ð³çíèöþ âåëè÷èíè íàêîïè÷åííÿ âàæêèõ 
ìåòàë³â ðîñëèíàìè ã³ð÷èö³. Îòæå, ðîñëèíè 
ã³ð÷èö³ çäàòí³ íå ò³ëüêè ïîãëèíàòè ç ´ðóíòó 
âàæëèâ³ êîìïîíåíòè äëÿ ñâîãî ðîñòó é ðîç-
âèòêó, âîíè ìîæóòü áóòè ô³òîðåìåä³àòîðàìè 
´ðóíò³â ùîäî ðÿäó ìåòàë³â. 

Îñê³ëüêè äëÿ âèðîáíèöòâà ë³êàðñüêèõ 
ïðåïàðàò³â âèêîðèñòîâóþòü ïåðåâàæíî îëå¿-
íîâó, åðóêîâó, ñòåàðèíîâó òà ë³íîëåíîâó 
æèðí³ êèñëîòè, ÿê³ îòðèìóþòü ç îë³¿ íàñ³í-
íÿ ã³ð÷èö³, òî â óìîâàõ Ë³ñîñòåïó öþ êóëü-
òóðó, éìîâ³ðíî, ìîæíà âèðîùóâàòè ÿê ë³-
êàðñüêó ðîñëèíó, îñê³ëüêè ó ïðîöåñ³ ïåðå-
ðîáêè ¿¿ íà ðîñëèííó îë³þ âì³ñò âàæêèõ 

Òàáëèöÿ
Íàêîïè÷åííÿ íåîðãàí³÷íèõ åëåìåíò³â, ó òîìó ÷èñë³ é âàæêèõ ìåòàë³â,
ó íàñ³íí³ ã³ð÷èö³ á³ëî¿ òà ÷îðíî¿ çà ðåçóëüòàòàìè ICP-MS äåòåêòóâàííÿ 

(Êè¿âñüêà îáëàñòü, óðîæàé 2014 ð.)
Íåîðãàí³÷í³ 

åëåìåíòè
Âì³ñò, ìã/êã ÃÄÊ* ÂÌ ó ðîñëèíí³é ïðîäóêö³¿, 

(ãåíåðàòèâí³é ÷àñòèí³), ìã/êãã³ð÷èöÿ á³ëà ã³ð÷èöÿ ÷îðíà
Al 2,87±0,3 1,88±0,1 20
Ba 2,54±0,3 2,22±0,2 0,7
Be <0,00** <0,00 â³äñóòí³é
Bi <0,00 <0,00 â³äñóòí³é
Cd 0,038±0,001 0,011±0,004 0,03 (0,3 – WHO, 1998)
Ca 699±1 753±1 â³äñóòí³é
Cs 0,007±0,001 0,014±0,002 â³äñóòí³é
Cr 0,060±0,044 0,080±0,068 0,2
Co <0,00 <0,00 0,1
Cu 2,06±0,03 2,22±0,02 1,0
Fe 21,22±0,03 27,77±0,04 â³äñóòí³é
Pb <0,00 <0,00 0,3(10,0 – WHO, 1998)
Li <0,00 <0,00 â³äñóòí³é
Mg 1254±6 1353±3 â³äñóòí³é
Mn 6,97±0,03 9,38±0,04 2,1
Mo 0,20±0,05 0,20±0,03 0,12
Ni <0,00 <0,00 0,5
K 3710±5 4115±1 â³äñóòí³é

Rb 3,38±0,02 3,80±0,08 â³äñóòí³é
Ag 0,006±0,007 0,006±0,009 â³äñóòí³é
Na 27,11±0,9 33,01±2,7 â³äñóòí³é
Sr 6,51±0,01 4,40±0,02 1,0
Tl 0,010±0,005 0,010±0,009 â³äñóòí³é
V 0,06±0,02 0,06±0,02 â³äñóòí³é

Zn 16,29±0,02 15,92±0,03 10,0
 *Çàïðîïîíîâàí³ ð³âí³ ãðàíè÷íî äîïóñòèìèõ êîíöåíòðàö³é íåîðãàí³÷íèõ åëåìåíò³â 
[1, 2, 7, 8, 9].
 **Âì³ñò åëåìåíò³â º íèæ÷èì çà ð³âåíü ÷óòëèâîñò³ ICP-MS Agilent 7700x.
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Ô³ç³îëîã³ÿ ðîñëèí

ìåòàë³â ó ê³íöåâîìó ïðîäóêò³ áóäå ïðàêòè÷-
íî â³äñóòí³é.

ßê ñâ³ä÷àòü ðåçóëüòàòè äîñë³äæåíü, ´ðóí-
òè Êè¿âñüêî¿ îáëàñò³ ö³ëêîì ïðèäàòí³ äëÿ 
âèðîùóâàííÿ ë³êàðñüêèõ ðîñëèí, îñê³ëüêè 
êîíöåíòðàö³ÿ âàæêèõ ìåòàë³â, ÿêó âîíè íà-
êîïè÷óþòü â ïåð³îä âåãåòàö³¿, çàãàëîì º â 
ìåæàõ ãðàíè÷íî äîïóñòèìèõ ð³âí³â, à íàÿâ-
í³ñòü åëåìåíò³â, ÿê³ ïåðåâèùóþòü çàçíà÷åí³ 
êîíöåíòðàö³¿, ìîæíà ðåãóëþâàòè òðàäèö³é-
íèìè àãðîåêîëîã³÷íèìè ìåòîäàìè òà ó ïðî-
öåñ³ ïåðåðîáêè ñèðîâèíè.

Âèñíîâêè
Îñê³ëüêè â íîðìàòèâíî-ïðàâîâèõ äîêóìåí-

òàõ äëÿ áàãàòüîõ âàæëèâèõ åëåìåíò³â, ÿê³ â³ä-
íîñÿòü äî âàæêèõ ìåòàë³â, â³äñóòí³ ãðàíè÷íî 
äîïóñòèì³ êîíöåíòðàö³¿ ¿õ âì³ñòó â á³îñèðîâè-
í³ ë³êàðñüêèõ ðîñëèí, òî àêòóàëüíèì º çàïî-
÷àòêóâàííÿ ïðîâåäåííÿ êîìïëåêñíèõ äîñë³-
äæåíü ³ç çàëó÷åííÿì ôàõ³âö³â â³äïîâ³äíèõ 
ïðîô³ë³â äëÿ âñòàíîâëåííÿ òàêî¿ ãðàäàö³¿. 

Ðîñëèíè ã³ð÷èö³ á³ëî¿ òà ã³ð÷èö³ ÷îðíî¿ â 
óìîâàõ Êè¿âñüêî¿ îáëàñò³ íàêîïè÷óþòü òàê³ 
ìåòàëè, ÿê Ba, Cu, Fe, Mn, Mo, Sr, Zn, âì³ñò 
ÿêèõ ïåðåâèùóº â³äîì³ ãðàíè÷íî äîïóñòèì³ 
êîíåöåíòðàö³¿, ùî ñâ³ä÷èòü ïðî ÷àñòêîâå çà-
áðóäíåííÿ ´ðóíò³â ðåã³îíó.

Ðåçóëüòàòè äîñë³äæåíü ñâ³ä÷àòü ïðî ïåð-
ñïåêòèâí³ñòü âèðîùóâàííÿ ë³êàðñüêèõ ðîñ-
ëèí ã³ð÷èö³ á³ëî¿ é ã³ð÷èö³ ÷îðíî¿ â Êè¿â-
ñüê³é îáëàñò³ ç ïîäàëüøîþ ïåðåðîáêîþ ë³-
êàðñüêî¿ ñèðîâèíè òà íà ³íø³ ö³ë³.
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Öåëü. Èçó÷èòü îñîáåííîñòè íàêîïëåíèÿ íåîðãàíè÷åñ-
êèõ ýëåìåíòîâ, â òîì ÷èñëå è òÿæåëûõ ìåòàëîâ, â ñåìåíàõ 
ãîð÷èöû áåëîé è ÷åðíîé, êîòîðûå âûðàùèâàþò äëÿ ïî-
ëó÷åíèÿ ëåêàðñòâåííûõ ïðåïàðàòîâ. Ìåòîäû. Ïîëåâûå 
îïûòû, ìèêðîâîëíîâîå îçîëåíèå, ICP-MS è ñòàòèñòè÷å-
ñêèé àíàëèç. Ðåçóëüòàòû. Îïðåäåëåíî ñîäåðæàíèå íåîð-
ãàíè÷åñêèõ ýëåìåíòîâ, â òîì ÷èñëå è òÿæåëûõ ìåòàëëîâ, â 
ñåìåíàõ ãîð÷èöû áåëîé è ÷åðíîé, âûðàùåííîé â óñëîâèÿõ 
Êèåâñêîé îáëàñòè. Âûÿâëåíî, ÷òî â ïðîöåññå âåãåòàöèè 
ðàñòåíèÿ ãîð÷èöû áåëîé ñïîñîáíû íàêàïëèâàòü â ñåìåíàõ 

òàêèå ýëåìåíòû, êàê àëþìèíèé, áàðèé, ñòðîíöèé, öèíê â 
êîíöåíòðàöèÿõ, ïðåâûøàþùèõ èõ ñîäåðæàíèå â ñåìåíàõ 
ãîð÷èöû ÷åðíîé, à ñîåäèíåíèÿ êàëüöèÿ, öåçèÿ, æåëåçà, 
ìàãíèÿ, ìàðãàíöà, êàëèÿ â áîëüøåé ìåðå íàêàïëèâàëèñü 
â ñåìåíàõ ãîð÷èöû ÷åðíîé. Âûâîäû. Ïîñêîëüêó â íîð-
ìàòèâíî-ïðàâîâûõ äîêóìåíòàõ äëÿ âàæíûõ õèìè÷åñêèõ 
ýëåìåíòîâ íå óñòàíîâëåíû ïðåäåëüíî äîïóñòèìûå êîí-
öåíòðàöèè èõ ñîäåðæàíèÿ â ëåêàðñòâåííûõ ðàñòåíèÿõ, òî 
àêòóàëüíîé ÿâëÿåòñÿ íåîáõîäèìîñòü íà÷àòü êîìïëåêñíûå 
èññëåäîâàíèÿ ñ ïðèâëå÷åíèåì ñïåöèàëèñòîâ ñîîòâåòñòâóþ-



75ISSN 2518-1017  Plant Varieties Studying and protection, 2016, No 4 (33)

Plant physiology

Purpose. To investigate special aspects of accumulation of 
inorganic elements including heavy metals in seeds of white 
and black mustard to be grown for obtaining drugs. Methods. 
Field experiments, microwave digestion, ICP-MS and statisti-
cal analysis. Results. The content of inorganic elements in-
cluding heavy metals was determined in the seeds of white 
and black mustard grown in Kiev Oblast. It was revealed that 
during the growing season plants of white mustard were able 
to accumulate such elements as aluminum, barium, strontium, 
zinc in seeds in concentrations that exceed their content in 
black mustard seeds, while compounds of calcium, cesium, 
iron, magnesium, manganese, potassium in a greater degree 
were accumulated in black mustard seeds. Conclusions. As 
legal and regulatory documents for important chemical ele-
ments don’t contain the maximum permissible limits of their 
content in medicinal plants, it would make sense to launch 

a comprehensive research with the involvement of specia-
lists of relevant profiles in order to establish such a gradation. 
Plants of white and black mustard in Kiev Oblast have accu-
mulated high levels of such metals as Ba, Cu, Fe, Mn, Mo, Sr, 
Zn that exceed the known limits of accumulation, indicating 
a partial contamination of soils in the region. Consequently, 
these plants can be used for phytoremediation of soils. Con-
sidering the fact that in the pharmaceutical practice refined 
mustard seed oil is used, revealed alterations of metal accu-
mulation in seeds will not affect the quality of the final drugs. 
According to the research results, white and black mustard is 
promising for cultivation in Kiev Oblast with a view to obtain 
raw material that can be processed into drugs.

Keywords: mustard, seed, heavy metals, maximum permis-
sible limit, ICP-MS detection, phytoremediation.

Íàä³éøëà 6.07.2016

UDC 546.95: 615.244: 615.322.015/.016: 665.333.7
Rudnyk-Ivashchenko1, O. I., Mykhalska, L. N.2, & Sñhwartau, V. V.2 (2016). Features of accumulation of in-

organic elements in seeds of white mustard (Sinapis alba L.) and black mustard (Brassica nigra L.). Sortovivčennâ 
ohor. prav sorti roslin [Plant Varieties Studying and Protection], 4, 71–75.

1Institute of Horticulture NAAS of Ukraine, 23 Sadova Str., Kyiv, 03027, Ukraine, e-mail: rudnik2015@ukr.net
2Institute of Plant Physiology and Genetics NAS of Ukraine, 31/17 Vasylkivska Str., Kyiv, 03022, Ukraine

ùèõ ïðîôèëåé äëÿ óñòàíîâëåíèÿ òàêîé ãðàäàöèè. Ðàñòå-
íèÿ ãîð÷èöû áåëîé è ÷åðíîé â óñëîâèÿõ Êèåâñêîé îáëà-
ñòè íàêàïëèâàëè âûñîêèå óðîâíè òàêèõ òÿæåëûõ ìåòàëëîâ, 
êàê Ba, Cu, Fe, Mn, Mo, Sr, Zn, êîòîðûå ïðåâûøàþò èçâåñò-
íûå ïîêàçàòåëè ïðåäåëüíî äîïóñòèìûõ êîíöåíòðàöèé, ÷òî 
ñâèäåòåëüñòâóåò î ÷àñòè÷íîì çàãðÿçíåíèÿ ïî÷â ðåãèîíà. 
Òàêèì îáðàçîì, ðàñòåíèÿ íàçâàííûõ êóëüòóð ìîãóò áûòü 
ôèòîðåìåäèàòîðàìè ïî÷â. Ó÷èòûâàÿ òî, ÷òî â ôàðìàöåâ-
òè÷åñêîé îòðàñëè èñïîëüçóþò ðàôèíèðîâàííîå ìàñëî 

èç ñåìÿí ãîð÷èöû, âûÿâëåííûå èçìåíåíèÿ íàêîïëåíèÿ 
ìåòàëëîâ â ñåìåíàõ íå îòðàçÿòñÿ íà êà÷åñòâå êîíå÷íîé 
ëåêàðñòâåííîé ïðîäóêöèè. Ðåçóëüòàòû èññëåäîâàíèé ñâè-
äåòåëüñòâóþò î ïåðñïåêòèâíîñòè âûðàùèâàíèÿ ãîð÷èöû 
áåëîé è ÷åðíîé â Êèåâñêîé îáëàñòè ñ öåëüþ ïîëó÷åíèÿ 
ñûðüÿ äëÿ ïåðåðàáîòêè íà ëåêàðñòâî.

Êëþ÷åâûå ñëîâà: ãîð÷èöà, ñåìåíà, òÿæåëûå ìåòàëëû, 
ïðåäåëüíî äîïóñòèìàÿ êîíöåíòðàöèÿ (ÏÄÊ), ICP-MS äå-
òåêòèðîâàíèå, ôèòîðåìåäèàöèÿ.


