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Mosulishvili L. M. et al. D14-2004-35

Application of Epithermal Neutron Activation Analysis

to Investigate Accumulation and Adsorption of Mercury

by Spirulina platensis Biomass

Epithermal neutron activation analysis was used to study interaction of blue-green

alga Spirulina platensis with toxic metal mercury. Various concentrations of Hg(II)

were added to cell cultures in a nutrient medium. The dynamics of accumulation of Hg

was investigated over several days in relation to Spirulina biomass growth.

The process of Hg adsorption by Spirulina biomass was studied in short-time experi-

ments. The isotherm of adsorption was carried out in Freindlich coordinates. Natural

Spirulina biomass has potential to be used in the remediation of sewage waters at Hg

concentrations ~100 �g/l.

The investigation has been performed at the Frank Laboratory of Neutron Physics,

JINR, and at the E. Andronikashvili Institute of Physics of GAS, Tbilisi.

Preprint of the Joint Institute for Nuclear Research. Dubna, 2004
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Ïðèìåíåíèå íåéòðîííîãî àêòèâàöèîííîãî àíàëèçà

â èññëåäîâàíèè àêêóìóëÿöèè è àäñîðáöèè ðòóòè

áèîìàññîé Spirulina platensis

Ìåòîä ýïèòåïëîâîãî íåéòðîííîãî àêòèâàöèîííîãî àíàëèçà èñïîëüçîâàí

â èññëåäîâàíèè îñîáåííîñòåé âçàèìîäåéñòâèÿ ñèíå-çåëåíîé ìèêðîâîäîðîñëè

Spirulina platensis ñ òîêñè÷íûì ìåòàëëîì — ðòóòüþ. Ýêñïåðèìåíòû ïðîâîäèëèñü

â óñëîâèÿõ åñòåñòâåííîãî ðîñòà êëåòîê ïðè ðàçëè÷íûõ êîíöåíòðàöèÿõ èîíîâ

Hg(II) â ïèòàòåëüíîé ñðåäå. Èçó÷åíà àêêóìóëÿöèÿ Hg ïðè êóëüòèâàöèè áèîìàññû

Spirulina platensis â òå÷åíèå íåñêîëüêèõ ñóòîê. Óñòàíîâëåí õàðàêòåð äèíàìèêè

íàêîïëåíèÿ ðòóòè áèîìàññîé ñïèðóëèíû, à òàêæå õàðàêòåð ðîñòà åå áèîìàññû

ïðè ðàçëè÷íûõ êîíöåíòðàöèÿõ Hg. Â êðàòêîâðåìåííûõ ýêñïåðèìåíòàõ èññëåäî-

âàí ïðîöåññ àäñîðáöèè ðòóòè áèîìàññîé Spirulina platensis. Ïîñòðîåíà èçîòåðìà

àäñîðáöèè â êîîðäèíàòàõ Ôðåéíäëèõà. Óñòàíîâëåíî, ÷òî åñòåñòâåííàÿ áèîìàññà

ñïèðóëèíû ìîæåò áûòü èñïîëüçîâàíà äëÿ î÷èñòêè ñòî÷íûõ âîä îò ðòóòè ïðè êîí-

öåíòðàöèÿõ ïîðÿäêà 100 ìêã/ë.

Ðàáîòà âûïîëíåíà â Ëàáîðàòîðèè íåéòðîííîé ôèçèêè èì. È. Ì. Ôðàíêà
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�ÉÊÉÓ ¨ ¥¥ ¸µ¥¤¨´¥´¨Ö Ï¨·µ±µ ¨¸¶µ²Ó§ÊÕÉ¸Ö ¢ · §²¨Î´ÒÌ µÉ· ¸²ÖÌ ¶·µ-
³ÒÏ²¥´´µ¸É¨, ¸¥²Ó¸±µ³ Ìµ§Ö°¸É¢¥ ¨ ³¥¤¨Í¨´¥, ¢ Éµ° ¨²¨ ¨´µ° ³¥·¥ ¶µ¶ ¤ Ö
¢ µ±·Ê¦ ÕÐÊÕ ¸·¥¤Ê. ‡´ Î¨É¥²Ó´ÊÕ ¤µ²Õ ¢ § £·Ö§´¥´¨¥ µ±·Ê¦ ÕÐ¥° ¸·¥¤Ò
Hg ¢´µ¸ÖÉ ¶¨·µ³¥É ²²Ê·£¨Ö ·ÉÊÉ¨, Í¢¥É´ Ö ³¥É ²²Ê·£¨Ö, ¶·µ¨§¢µ¤¸É¢µ Ì²µ· 
¨ ± Ê¸É¨Î¥¸±µ° ¸µ¤Ò, ¸¦¨£ ´¨¥ Éµ¶²¨¢  ¨ ³Ê¸µ·  ¨ É. ¤. Š·µ³¥ Éµ£µ, ¢ ´¥-
±µÉµ·µ³ ±µ²¨Î¥¸É¢¥ ·ÉÊÉÓ ¶·¨¸ÊÉ¸É¢Ê¥É ¶µÎÉ¨ ¢ ²Õ¡µ³ ·Ê¤´µ³ ¨²¨ £µ·ÕÎ¥³
¸Ò·Ó¥, ÎÉµ µ¡Ê¸² ¢²¨¢ ¥É ¥¥ ´¥±µ´É·µ²¨·Ê¥³µ¥ ¢µ¢²¥Î¥´¨¥ ¢ · §´µµ¡· §´Ò¥
É¥Ì´µ²µ£¨Î¥¸±¨¥ ¶·µÍ¥¸¸Ò.

�ÉÊÉÓ µÉ´µ¸¨É¸Ö ± · ¸¸¥Ö´´Ò³ Ô²¥³¥´É ³. ‘·¥¤´¥¥ ¥¥ ¸µ¤¥·¦ ´¨¥ ¢ §¥³-
´µ° ±µ·¥ ¸µ¸É ¢²Ö¥É 8 · 10−6 %. �¡Ð¥¥ ±µ²¨Î¥¸É¢µ ·ÉÊÉ¨ ¢ §¥³´µ°  É³µ¸Ë¥·¥
10−9 £/³3, ¢ ¶µÎ¢¥ 1 · 10−6 %, ¢ ¸ÊÌµ° ³ ¸¸¥ · ¸É¥´¨° 25 · 10−6 % [1Ä3].

�µ Éµ±¸¨Î´µ¸É¨ ·ÉÊÉÓ ¸Éµ¨É ´  ¶¥·¢µ³ ³¥¸É¥ ¸·¥¤¨ ¤·Ê£¨Ì ÉÖ¦¥²ÒÌ ³¥-
É ²²µ¢ ¨ ¶µ ¶·¨´ÖÉµ° ±² ¸¸¨Ë¨± Í¨¨ µÉ´µ¸¨É¸Ö ± I ±² ¸¸Ê µ¶ ¸´µ¸É¨ (¸¨²Ó-
´µ¤¥°¸É¢ÊÕÐ¨³ Ö¤µ¢¨ÉÒ³ ¢¥Ð¥¸É¢ ³). „ ¦¥ ¢ µÎ¥´Ó ³ ²ÒÌ ¤µ§ Ì µ´  ¢Ò-
§Ò¢ ¥É £µ´ ¤µÉµ±¸¨Î¥¸±¨°, ³ÊÉ £¥´´Ò°, ´¥°·µÉµ±¸¨Î¥¸±¨° ¨ Ô³¡·¨µÉµ±¸¨Î¥-
¸±¨° ÔËË¥±ÉÒ. � ± ¶²¨¢ Ö¸Ó ¶·¥¨³ÊÐ¥¸É¢¥´´µ ¢ ¶µÎ± Ì, ¶¥Î¥´¨, ¸¥²¥§¥´±¥,
·ÉÊÉÓ ¡²µ±¨·Ê¥É ¡¨µÌ¨³¨Î¥¸±ÊÕ  ±É¨¢´µ¸ÉÓ ¡¥²±µ¢ÒÌ ³µ²¥±Ê² ¨ ´¨§±µ³µ²¥-
±Ê²Ö·´ÒÌ ¸µ¥¤¨´¥´¨°. � ¨¡µ²¥¥ Éµ±¸¨Î´Ò µ·£ ´¨Î¥¸±¨¥ ¸µ¥¤¨´¥´¨Ö ·ÉÊÉ¨,
µ¡² ¤ ÕÐ¨¥ ¢Ò¸µ±µ° ²¨¶¨¤µ· ¸É¢µ·¨³µ¸ÉÓÕ, ±µÉµ· Ö ¸¶µ¸µ¡¸É¢Ê¥É ¨Ì ¶·µ-
´¨±´µ¢¥´¨Õ Î¥·¥§ ³¥³¡· ´Ò ¨ ´ ±µ¶²¥´¨Õ ¢ ¦¨§´¥´´µ ¢ ¦´ÒÌ µ·£ ´ Ì.

• · ±É¥· · ¸¶·µ¸É· ´¥´¨Ö ·ÉÊÉ¨ ¢ µ±·Ê¦ ÕÐ¥° ¸·¥¤¥ ¸¶µ¸µ¡¸É¢Ê¥É ¥¥
Éµ±¸¨Î´µ³Ê ¢²¨Ö´¨Õ ´¥ Éµ²Ó±µ ´  ¶¥·¸µ´ ² ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì µÉ· ¸²¥° ¶·µ-
¨§¢µ¤¸É¢ , ´µ § Î ¸ÉÊÕ ¨ ´  ´ ¸¥²¥´¨¥ ¢ Í¥²µ³. Œ¥¤¨±µ-¡¨µ²µ£¨Î¥¸±¨¥ ¨¸-
¸²¥¤µ¢ ´¨Ö ¶µ¸²¥¤´¨Ì ¤¥¸ÖÉ¨²¥É¨° ¶µ± § ²¨ ¢¸Õ ¸¥·Ó¥§´µ¸ÉÓ ®·ÉÊÉ´µ° µ¶ ¸-
´µ¸É¨¯, ¸¢Ö§ ´´ÊÕ ¸ ¶¥·¥Ìµ¤µ³ Ì·µ´¨Î¥¸±¨Ì µÉ· ¢²¥´¨° ¶ · ³¨ ·ÉÊÉ¨ ¨§
· §·Ö¤  ¶·µË¥¸¸¨µ´ ²Ó´ÒÌ § ¡µ²¥¢ ´¨° ¢ ¡µ²¥§´Ó ¶µ¶Ê²ÖÍ¨¨.

’ ±¨³ µ¡· §µ³, ¸µ¢¥·Ï¥´´µ µÎ¥¢¨¤´  ´¥µ¡Ìµ¤¨³µ¸ÉÓ ¨¸¸²¥¤µ¢ ´¨° µ¸µ-
¡¥´´µ¸É¥° ¢§ ¨³µ¤¥°¸É¢¨Ö ·ÉÊÉ¨ ¸ ¦¨¢Ò³¨ ¸¨¸É¥³ ³¨,   É ±¦¥ ¨§ÊÎ¥´¨Ö ¡¨µ-
²µ£¨Î¥¸±¨Ì Í¥¶µÎ¥± ¥¥ ³¨£· Í¨¨, ¢¸²¥¤¸É¢¨¥ ±µÉµ·ÒÌ µ´  ³µ¦¥É µ± § ÉÓ¸Ö
¢ ¶¨Ð¥¢ÒÌ ¶·µ¤Ê±É Ì ¨ ±µ·³ Ì ¤²Ö ¦¨¢µÉ´ÒÌ. ‚ ´ ¸ÉµÖÐ¥° · ¡µÉ¥ ¢ ± Î¥-
¸É¢¥ ¦¨¢µ° ¸¨¸É¥³Ò · ¸¸³ É·¨¢ ¥É¸Ö ¸¨´¥-§¥²¥´ Ö ³¨±·µ¢µ¤µ·µ¸²Ó Spirulina
platensis (¤ ²¥¥ S. platensis), Ï¨·µ±µ ¨¸¶µ²Ó§Ê¥³ Ö ± ± ¢ ± Î¥¸É¢¥ µ¸´µ¢Ò
¤²Ö ³¥¤¨Í¨´¸±¨Ì ¶·¥¶ · Éµ¢, É ± ¨ ¢ ± Î¥¸É¢¥ ¡¨µ¤µ¡ ¢±¨ ¤²Ö Î¥²µ¢¥±  ¨
¦¨¢µÉ´ÒÌ.
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Šµ´Í¥´É· Í¨Ö Hg 0,1 ³±£/² ¶µ¤ ¢²Ö¥É ¦¨§´¥¤¥ÖÉ¥²Ó´µ¸ÉÓ ³µ·¸±¨Ì ¢µ-
¤µ·µ¸²¥°,   ¶·¨ ±µ´Í¥´É· Í¨¨ 1 ³±£/² ´ ·ÊÏ ÕÉ¸Ö µ¡³¥´´Ò¥ ¶·µÍ¥¸¸Ò ¨
ËµÉµ¸¨´É¥§ [4].

‚ ¶·µÍ¥¸¸¥ ¶·µ¨§¢µ¤¸É¢  ¡µ²ÓÏµ£µ ±µ²¨Î¥¸É¢  ¡¨µ³ ¸¸Ò S. platensis Î -
¸Éµ ±Ê²ÓÉ¨¢¨·Ê¥É¸Ö ¢ µÉ±·ÒÉÒÌ ¢µ¤µ¥³ Ì ´  ¡µ²ÓÏµ° ¶²µÐ ¤¨. �·¨ ÔÉµ³
¢¥·µÖÉ´µ¸ÉÓ ¶µ¶ ¤ ´¨Ö Hg ¢ ¶¨É É¥²Ó´ÊÕ ¸·¥¤Ê ± ± ¸  É³µ¸Ë¥·´Ò³¨ ¢Ò-
¶ ¤¥´¨Ö³¨, É ± ¨ ¸ ¢µ§¤ÊÌµ³ ¤µ¸É ÉµÎ´µ ¢¥²¨± , ¶µÔÉµ³Ê µ¡¥¸¶¥Î¥´¨¥ Î¨-
¸ÉµÉÒ ¡¨µ³ ¸¸Ò ¸¶¨·Ê²¨´Ò ¢µ ¢·¥³Ö ¥¥ ¶·µ¨§¢µ¤¸É¢  Ö¢²Ö¥É¸Ö µÎ¥´Ó ¢ ¦´µ°
§ ¤ Î¥°.

‘ ¤·Ê£µ° ¸Éµ·µ´Ò, ¢µ¤µ·µ¸²¨ Î ¸Éµ ¨¸¶µ²Ó§ÊÕÉ¸Ö ¤²Ö µÎ¨¸É±¨ ¢µ¤ µÉ ÉÖ-
¦¥²ÒÌ ³¥É ²²µ¢ [5Ä7]. �·¨ ÔÉµ³ ³¥Éµ¤Ò ¸¢Ö§Ò¢ ´¨Ö ³¥É ²²µ¢ ¨ ¤·Ê£¨Ì Éµ±-
¸¨Î´ÒÌ Ô²¥³¥´Éµ¢ ³µ£ÊÉ ¡ÒÉÓ · §²¨Î´Ò ¢ § ¢¨¸¨³µ¸É¨ µÉ ¢¨¤  ¢µ¤µ·µ¸²¥°,
Ê¸²µ¢¨° ±Ê²ÓÉ¨¢ Í¨¨, ¢¨¤  Éµ±¸¨± ´Éµ¢ ¨ É. ¤. ‚ µ¤´¨Ì ¸²ÊÎ ÖÌ ¨¸¶µ²Ó§Ê¥É¸Ö
¸ÊÌ Ö ¡¨µ³ ¸¸  ¢µ¤µ·µ¸²¥°, ¢ ¤·Ê£¨Ì Å ¢§ ¨³µ¤¥°¸É¢¨¥ ¸ ³¥É ²² ³¨ ¨¤¥É
¢ ¶·µÍ¥¸¸¥ ¨Ì ±Ê²ÓÉ¨¢ Í¨¨ in vivo. �¤´µ° ¨§ µ¡Ï¨·´ÒÌ ¨ · §´µµ¡· §´ÒÌ
£·Ê¶¶ ¢µ¤µ·µ¸²¥° Ö¢²ÖÕÉ¸Ö Í¨ ´µ¡ ±É¥·¨¨, ± ±µÉµ·Ò³ µÉ´µ¸¨É¸Ö ¨ S. platen-
sis. –¨ ´µ¡ ±É¥·¨¨ µÉ²¨Î ÕÉ¸Ö ¢Ò¸µ±µ° ¸É¥¶¥´ÓÕ Éµ²¥· ´É´µ¸É¨ ¨ ³µ£ÊÉ
¸ÊÐ¥¸É¢µ¢ ÉÓ ¢ · §²¨Î´ÒÌ Ô±¸É·¥³ ²Ó´ÒÌ Ê¸²µ¢¨ÖÌ: ¢ £µ·ÖÎ¨Ì ¨¸ÉµÎ´¨± Ì, ¢
¸´¥£Ê, ¢ ¢µ¤¥ ¸ ¢Ò¸µ±¨³ ¸µ¤¥·¦ ´¨¥³ ¸µ²¥° ¨ É. ¤. ‚ Éµ¦¥ ¢·¥³Ö µ´¨ µÎ¥´Ó
ÎÊ¢¸É¢¨É¥²Ó´Ò ± § £·Ö§´¥´¨Ö³ ÉÖ¦¥²Ò³¨ ³¥É ²² ³¨ [8]. ‚µ§³µ¦´µ¸ÉÓ ¨¸-
¶µ²Ó§µ¢ ´¨Ö ¸ÊÌµ° ¡¨µ³ ¸¸Ò S. platensis ¤²Ö µÎ¨¸É±¨ ¸ÉµÎ´ÒÌ ¢µ¤ µÉ ± ¤³¨Ö
¶µ± § ´  ¢ [9].

–¥²Ó ´ ¸ÉµÖÐ¥° · ¡µÉÒ Å ¨§ÊÎ¥´¨¥ § ¢¨¸¨³µ¸É¨ ¶·µÍ¥¸¸µ¢  ±±Ê³Ê²Ö-
Í¨¨ ¨  ¤¸µ·¡Í¨¨ ·ÉÊÉ¨ ¡¨µ³ ¸¸µ° S. platensis µÉ ±µ´Í¥´É· Í¨¨ Hg ¢ ¸·¥¤¥,
£¤¥ ¶·µ¨¸Ìµ¤¨É ·µ¸É ±²¥Éµ± ¸¶¨·Ê²¨´Ò. � ÊÎ´Ò° ¨ ¶· ±É¨Î¥¸±¨° ¨´É¥·¥¸
¶µ¸É ¢²¥´´µ° § ¤ Î¨ ¸¢Ö§ ´ ± ± ¸ µÍ¥´±µ° ± Î¥¸É¢  ¡¨µ³ ¸¸Ò ¸¶¨·Ê²¨´Ò ¤²Ö
¶¨Ð¥¢ÒÌ ¨ Ë ·³ Í¥¢É¨Î¥¸±¨Ì Í¥²¥°, É ± ¨ ¸ ¢µ§³µ¦´µ¸ÉÓÕ ¥¥ ¨¸¶µ²Ó§µ¢ ´¨Ö
¤²Ö µÎ¨¸É±¨ ¸ÉµÎ´ÒÌ ¢µ¤ µÉ ·ÉÊÉ¨.

1. Œ�’…�ˆ�‹› ˆ Œ…’�„›

�±¸¶¥·¨³¥´ÉÒ. ‚ ¨¸¸²¥¤µ¢ ´¨¨ ¨¸¶µ²Ó§µ¢ ²¸Ö ÏÉ ³³ ¸¨´¥-§¥²¥´µ° ³¨-
±·µ¢µ¤µ·µ¸²¨ S. platensis IPPAS B-256 ˆ´¸É¨ÉÊÉ  Ë¨§¨µ²µ£¨¨ · ¸É¥´¨°
¨³. Š. �. ’¨³¨·Ö§¥¢  ���. ŠÊ²ÓÉ¨¢ Í¨Ö ¶·µ¢µ¤¨² ¸Ó ¢ ¸É ´¤ ·É´µ° Ð¥-
²µÎ´µ° ¢µ¤´µ-¸µ²¥¢µ° ¸·¥¤¥ ‡ ·ÊÌ  ¶·¨ É¥³¶¥· ÉÊ·¥ +34 ◦‘, µ¸¢¥Ð¥´´µ¸É¨
∼ 5000 ²±, ´ Î ²Ó´µ³ ·� 8,7 ¨ ¶·¨ ¶µ¸ÉµÖ´´µ³ ¶¥·¥³¥Ï¨¢ ´¨¨. �µ¸±µ²Ó±Ê
¨µ´Ò Hg(II) ¢ Ð¥²µÎ´µ° ¸·¥¤¥ µ¡· §ÊÕÉ ´¥· ¸É¢µ·¨³Ò° µ¸ ¤µ± (£¨¤·µ±¸¨¤
·ÉÊÉ¨), ¢µ ¨§¡¥¦ ´¨¥ ¢Ò¶ ¤¥´¨Ö ·ÉÊÉ¨ ¢ µ¸ ¤µ± ¢ ± Î¥¸É¢¥ ´ £·Ê§±¨ ¶¨É É¥²Ó-
´µ° ¸·¥¤Ò ¨¸¶µ²Ó§µ¢ ²¸Ö £²¨Í¨´ É ·ÉÊÉ¨ (HgNCH2COOH).

�Ò²¨ ¶·µ¢¥¤¥´Ò ¶·¥¤¢ ·¨É¥²Ó´Ò¥ Ô±¸¶¥·¨³¥´ÉÒ ¤²Ö ¢Ò¡µ·  ¨´É¥·¢ ² 
´ £·Ê§µÎ´ÒÌ ±µ´Í¥´É· Í¨° Ð¥²µÎ´µ° ¸·¥¤Ò £²¨Í¨´ Éµ³ ·ÉÊÉ¨, ¶·¨ ±µÉµ·µ³
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±²¥É±¨ S. platensis (¶µ ¤ ´´Ò³ ³¨±·µ¸±µ¶¨¨ ¨ ¸¶¥±É·µ³¥É·¨¨) ¸µÌ· ´Ö²¨
¸¢µÕ ¦¨§´¥¸¶µ¸µ¡´µ¸ÉÓ. �±¸¶¥·¨³¥´ÉÒ ¶µ± § ²¨, ÎÉµ ¶·¨ ±µ´Í¥´É· Í¨ÖÌ
16 ³£ Hg/² ±²¥É±¨ S. platensis ¶µ²´µ¸ÉÓÕ · §·ÊÏ ²¨¸Ó Î¥·¥§ 1 Î,   ¶·¨ ±µ´-
Í¥´É· Í¨ÖÌ 1,6 ³£ Hg/² Å Î¥·¥§ 4 Î ¨ É. ¤. �·¨ ´¨§±¨Ì ±µ´Í¥´É· Í¨ÖÌ ·ÉÊÉ¨
±²¥É±¨ ¸¶¨·Ê²¨´Ò ´¥ · §·ÊÏ ²¨¸Ó, ´µ ¨Ì ·µ¸É, ¸µ¸ÉµÖ´¨¥, ·� ¨ ¸¶¥±É· ²Ó´Ò¥
Ì · ±É¥·¨¸É¨±¨ ¸ÊÐ¥¸É¢¥´´µ ³¥´Ö²¨¸Ó.

ˆ¸Ìµ¤Ö ¨§ ·¥§Ê²ÓÉ Éµ¢ ÔÉ¨Ì Ô±¸¶¥·¨³¥´Éµ¢ ¡Ò²¨ µ¶·¥¤¥²¥´Ò §´ Î¥´¨Ö
¤µ§ £²¨Í¨´ É  ·ÉÊÉ¨, ¨¸¶µ²Ó§µ¢ ´´Ò¥ ¢ ¤ ²Ó´¥°Ï¥³ ¨¸¸²¥¤µ¢ ´¨¨.

‚ ¶¥·¢µ° ¸¥·¨¨ Ô±¸¶¥·¨³¥´Éµ¢ ¶µ ¨§ÊÎ¥´¨Õ  ±±Ê³Ê²ÖÍ¨¨ Hg ±²¥É± ³¨
S. platensis ±µ´Í¥´É· Í¨¨ ´ £·Ê§±¨ ¶¨É É¥²Ó´µ° ¸·¥¤Ò ·ÉÊÉÓÕ ¸µ¸É ¢²Ö²¨ 100,
50, 5, 1, 0,1 ³±£ Hg/². � Î ²Ó´ Ö ±µ´Í¥´É· Í¨Ö ¸Ê¸¶¥´§¨¨ S. platensis ¢µ ¢¸¥Ì
Ô±¸¶¥·¨³¥´É Ì ÔÉµ° ¸¥·¨¨ ¸µ¸É ¢²Ö²  260 ³£/². ŠÊ²ÓÉ¨¢ Í¨Ö ±²¥Éµ± S. platen-
sis ¶·µ¢µ¤¨² ¸Ó ¢ É¥Î¥´¨¥ 6 ¸ÊÉ. �·µ¡Ò ¢µ ¢¸¥Ì ¸¥·¨ÖÌ µÉ¡¨· ²¨¸Ó ± ¦¤Ò¥
24 Î. �¤´µ¢·¥³¥´´µ ¨¸¸²¥¤µ¢ ²¸Ö ·µ¸É ¡¨µ³ ¸¸Ò S. platensis, ¶·µ¢µ¤¨²¸Ö
³¨±·µ¸±µ¶¨Î¥¸±¨° ±µ´É·µ²Ó §  Í¨Éµ²µ£¨Î¥¸±¨³ ¸µ¸ÉµÖ´¨¥³ ±²¥Éµ± ¨ µÉ¡¨-
· ²¨¸Ó µ¡· §ÍÒ ¤²Ö ¶·µ¢¥¤¥´¨Ö £¥²Ó-Ô²¥±É·µËµ·¥§ .

‚µ ¢Éµ·µ°, ±· É±µ¢·¥³¥´´µ° ¸¥·¨¨ Ô±¸¶¥·¨³¥´Éµ¢ ¶µ ¨§ÊÎ¥´¨Õ  ¤¸µ·¡-
Í¨¨ Hg ±²¥É± ³¨ S. platensis ´ Î ²Ó´ Ö ¶²µÉ´µ¸ÉÓ ¸Ê¸¶¥´§¨¨ S. platensis ¡Ò² 
¸· ¢´¨É¥²Ó´µ ¡µ²¥¥ ¢Ò¸µ±µ° ¨ ¸µ¸É ¢²Ö²  1 £/². Šµ´Í¥´É· Í¨Ö ´ £·Ê§±¨ ¶¨-
É É¥²Ó´µ° ¸·¥¤Ò ·ÉÊÉÓÕ ¸µ¸É ¢²Ö²  500 ³±£ Hg/². „¨´ ³¨±  ¶·µÍ¥¸¸µ¢  ¤-
¸µ·¡Í¨¨, ¶·µÉ¥± ÕÐ¨Ì µ¡ÒÎ´µ 1Ä2 Î, ¨¸¸²¥¤µ¢ ² ¸Ó ¢ É¥Î¥´¨¥ 1 Î. �·µ¡Ò
µÉ¡¨· ²¨¸Ó Î¥·¥§ 2, 10, 20, 40 ¨ 60 ³¨´ ¶µ¸²¥ ´ Î ²  ±Ê²ÓÉ¨¢ Í¨¨.

‚µ ¢¸¥Ì ¸²ÊÎ ÖÌ ¡¨µ³ ¸¸  ¨§ µÉµ¡· ´´ÒÌ ¶·µ¡ µÉ¤¥²Ö² ¸Ó Ë¨²ÓÉ·µ¢ ´¨¥³
¸ ¶µ¸²¥¤ÊÕÐ¨³ ¶·µ³Ò¢ ´¨¥³ ¶·µ¡ ¡¨¤¨¸É¨²²¨·µ¢ ´´µ° ¢µ¤µ° ¤µ ·� 6,5.

�µ²ÊÎ¥´´Ò¥ µ¡· §ÍÒ ²¨µË¨²Ó´µ ¢Ò¸ÊÏ¨¢ ²¨¸Ó [10],   § É¥³ ¨§ ´¨Ì £µ-
Éµ¢¨²¨¸Ó É ¡²¥É±¨ ³ ¸¸µ° µ±µ²µ 0,5 £, ¶·¥¤´ §´ Î¥´´Ò¥ ¤²Ö ´¥°É·µ´´µ£µ
 ±É¨¢ Í¨µ´´µ£µ  ´ ²¨§ .

�´ ²¨§. ‘µ¤¥·¦ ´¨¥ ·ÉÊÉ¨ ¢ µ¡· §Í Ì µ¶·¥¤¥²Ö²µ¸Ó ³¥Éµ¤µ³ Ô¶¨É¥¶²µ-
¢µ£µ ´¥°É·µ´´µ£µ  ±É¨¢ Í¨µ´´µ£µ  ´ ²¨§  (����) ´  ¨³¶Ê²Ó¸´µ³ ¡Ò¸É·µ³
·¥ ±Éµ·¥ ˆ��-2 ¢ ‹�” �ˆŸˆ („Ê¡´ ). �¶¨¸ ´¨¥ ± ´ ²µ¢ µ¡²ÊÎ¥´¨Ö ¨ ¶´¥¢-
³µÉ· ´¸¶µ·É´µ° ¸¨¸É¥³Ò ´  ˆ��-2 ¶·¥¤¸É ¢²¥´µ ¢ · ¡µÉ¥ [11]. Œ¥Éµ¤¨± 
���� µ¡· §Íµ¢ S. platensis ¨¸¶µ²Ó§µ¢ ² ¸Ó ´ ³¨ · ´¥¥ ± ± ¤²Ö µ¶·¥¤¥²¥-
´¨Ö Ëµ´µ¢µ£µ Ô²¥³¥´É´µ£µ ¸µ¸É ¢  ¸¶¨·Ê²¨´Ò, É ± ¨ ¶·¨ ¨§ÊÎ¥´¨¨ ¶·µÍ¥¸-
¸µ¢  ±±Ê³Ê²ÖÍ¨¨ ´¥±µÉµ·ÒÌ ¸²¥¤µ¢ÒÌ Ô²¥³¥´Éµ¢ [12, 13]. ‚ ¸¢Ö§¨ ¸ É¥³,
ÎÉµ ·ÉÊÉÓ Ö¢²Ö¥É¸Ö ²¥ÉÊÎ¨³ Ô²¥³¥´Éµ³, ¸ÊÐ¥¸É¢¥´´µ¥ §´ Î¥´¨¥ ¨³¥²  É¥³-
¶¥· ÉÊ·  ¢ ± ´ ²¥ µ¡²ÊÎ¥´¨Ö µ¡· §Íµ¢. ‚ [14] ¶µ± § ´µ, ÎÉµ ¶·¨ µ¶·¥¤¥²¥-
´¨¨ ·ÉÊÉ¨ ¦¥² É¥²Ó´µ µ¡²ÊÎ ÉÓ ¡¨µ²µ£¨Î¥¸±¨¥ µ¡· §ÍÒ ¶·¨ É¥³¶¥· ÉÊ·¥ ´¥
¢ÒÏ¥ 90−100 ◦‘. �Éµ³Ê É·¥¡µ¢ ´¨Õ ¶µ²´µ¸ÉÓÕ ¸µµÉ¢¥É¸É¢Ê¥É µ¤¨´ ¨§ ± -
´ ²µ¢ ˆ��-2 ¸ ± ¤³¨¥¢Ò³ Ô±· ´µ³, É¥³¶¥· ÉÊ·  ¢ ±µÉµ·µ³ ´¥ ¶·¥¢ÒÏ ¥É
60−70 ◦‘.

�¡· §ÍÒ µ¡²ÊÎ ²¨¸Ó ¢ É¥Î¥´¨¥ 5 ¸ÊÉ, § É¥³ ¨Ì  ±É¨¢´µ¸ÉÓ ¨§³¥·Ö² ¸Ó
¤¢ ¦¤Ò: Î¥·¥§ 4 ¨ 20 ¸ÊÉ.
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‘µ¤¥·¦ ´¨¥ ·ÉÊÉ¨ µ¶·¥¤¥²Ö²µ¸Ó ¶µ γ-²¨´¨¨ ¨§µÉµ¶  203Hg ¸ Ô´¥·£¨¥°
279,1 ±Ô‚. �·¨ ÔÉµ³ ÊÎ¨ÉÒ¢ ²µ¸Ó ¢²¨Ö´¨¥ ¨´É¥·Ë¥·¨·ÊÕÐ¨Ì ²¨´¨° 75Se
¨ 182Ta.

Šµ´É·µ²Ó ± Î¥¸É¢   ´ ²¨É¨Î¥¸±¨Ì ¨§³¥·¥´¨° ¶·µ¢µ¤¨²¸Ö ¸ ¶µ³µÐÓÕ  É-
É¥¸Éµ¢ ´´ÒÌ ¸É ´¤ ·Éµ¢, ¶·¥¤´ §´ Î¥´´ÒÌ ¤²Ö ¡¨µ²µ£¨Î¥¸±¨Ì µ¡· §Íµ¢ Å
²¨Ï °´¨±  (IAEA, Lichen 366), ¤µ´´ÒÌ µÉ²µ¦¥´¨° (IAEA SDM-2T) ¨ ¤ É-
¸±µ£µ ³Ì  („Š-1).

�¡· ¡µÉ±  ¤ ´´ÒÌ ���� ¨ µ¶·¥¤¥²¥´¨¥ ±µ´Í¥´É· Í¨° Hg ¶·µ¢µ¤¨²¨¸Ó
¸ ¶µ³µÐÓÕ ¶·µ£· ³³, ¨¸¶µ²Ó§Ê¥³ÒÌ ¢ ‹�” �ˆŸˆ [15].

2. �…‡“‹œ’�’› ˆ ˆ• ��‘“†„…�ˆ…

�¥§Ê²ÓÉ ÉÒ  ±±Ê³Ê²ÖÍ¨¨ ·ÉÊÉ¨. �¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤µ¢ ´¨Ö  ±±Ê³Ê²ÖÍ¨¨
Hg ¨§ ¶¨É É¥²Ó´µ° ¸·¥¤Ò ¡¨µ³ ¸¸µ° S. platensis ¶·¨ ±Ê²ÓÉ¨¢ Í¨¨ ±²¥Éµ± ¢
É¥Î¥´¨¥ 6 ¸ÊÉ ¶·¨ · §²¨Î´ÒÌ ±µ´Í¥´É· Í¨ÖÌ Hg ¶µ± § ´Ò ´  ·¨¸. 1. ‚µ ¢¸¥Ì
¸²ÊÎ ÖÌ ´ ¡²Õ¤ ¥É¸Ö Ô±¸¶µ´¥´Í¨ ²Ó´Ò° Ì · ±É¥· Ê³¥´ÓÏ¥´¨Ö ¸µ¤¥·¦ ´¨Ö
·ÉÊÉ¨. Š·¨¢Ò¥ Ìµ·µÏµ  ¶¶·µ±¸¨³¨·ÊÕÉ¸Ö ËÊ´±Í¨¥° ¢¨¤  y = y0 + A e−x/t,
¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ¶ · ³¥É·Ò ¶·¨¢µ¤ÖÉ¸Ö ¢ É ¡²¨Í¥.

�¨¸. 1. �±±Ê³Ê²ÖÍ¨Ö Hg ¨§ ¶¨É É¥²Ó´µ° ¸·¥¤Ò
¡¨µ³ ¸¸µ° S. platensis ¶·¨ · §²¨Î´ÒÌ ´ £·Ê§-
± Ì ¢ É¥Î¥´¨¥ 6 ¸ÊÉ

’ ±µ° Ì · ±É¥· § ¢¨¸¨³µ¸É¨
¶·¥¤¸É ¢²Ö¥É¸Ö ¶µ´ÖÉ´Ò³, É ±
± ± ¶µ ³¥·¥ Ô±¸¶µ´¥´Í¨ ²Ó´µ£µ
·µ¸É  Î¨¸²  ±²¥Éµ± S. platen-
sis Î¨¸²µ ³¥¸É ¸¢Ö§Ò¢ ´¨Ö ¨µ´µ¢
Hg(II) §´ Î¨É¥²Ó´µ ¶·¥¢µ¸Ìµ¤¨É
Î¨¸²µ ¨µ´µ¢ Hg(II) ¢ ¶¨É É¥²Ó-
´µ° ¸·¥¤¥. ‚ ·¥§Ê²ÓÉ É¥ ÔÉµ£µ
¶·µ¨¸Ìµ¤¨É ¡²µ±¨·µ¢±  Éµ±¸¨Î-
´ÒÌ ¨µ´µ¢ ·ÉÊÉ¨ ¨ Ê¤ ²¥´¨¥ ¨Ì
¨§ ¶¨É É¥²Ó´µ° ¸·¥¤Ò. ’ ±µ°
³¥Ì ´¨§³ ³µ¦¥É ¸²Ê¦¨ÉÓ µ¤´¨³
¨§ ¢ ¦´ÒÌ ¶ÊÉ¥° ®¸ ³µµÎ¨¸É±¨¯
¡¨µ¸Ë¥·Ò µÉ ÉÖ¦¥²ÒÌ ³¥É ²²µ¢
¸ ¶µ³µÐÓÕ ³¨±·µµ·£ ´¨§³µ¢.

„¨´ ³¨±  ·µ¸É  ¡¨µ³ ¸¸Ò
¸¶¨·Ê²¨´Ò ¶·¨ É¥Ì ¦¥ ±µ´Í¥´-
É· Í¨ÖÌ Hg ¢ ¶¨É É¥²Ó´µ° ¸·¥¤¥
¶µ± § ´  ´  ·¨¸. 2. Š ± ¢¨¤´µ ¨§

¶·¥¤¸É ¢²¥´´ÒÌ ±·¨¢ÒÌ, ·ÉÊÉÓ ´ Î¨´ ¥É ¸ÊÐ¥¸É¢¥´´µ Éµ·³µ§¨ÉÓ ·µ¸É ±²¥Éµ±
S. platensis ¶µ ¶·µÏ¥¸É¢¨¨ ¡µ²¥¥ 60 Î ¸ ´ Î ²  ±Ê²ÓÉ¨¢ Í¨¨, ¶·¨Î¥³ ¢²¨Ö-
´¨¥ Hg ¸± §Ò¢ ¥É¸Ö ¸¨²Ó´¥¥ ¶·¨ ¢Ò¸µ±¨Ì ±µ´Í¥´É· Í¨ÖÌ. �É¨ ·¥§Ê²ÓÉ ÉÒ
¸µ£² ¸ÊÕÉ¸Ö ¸ ¤ ´´Ò³¨ · ¡µÉÒ [16].
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� · ³¥É·Ò  ¶¶·µ±¸¨³ Í¨¨ Ô±¸¶µ´¥´Í¨ ²Ó´µ° ËÊ´±Í¨¨

� £·Ê§± , ³±£ Hg/² 100 50 5

χ2 0,8 0,00578 0,00082

r2 0,7 0,99 0,9

y0 −1,7 ± 1,4 0,10 ± 0,09 −0,12 ± 0,04

A 6,9 ± 2,2 3,5 ± 0,3 0,45 ± 0,07

t 6,2 ± 0,2 1,6 ± 0,2 6,2 ± 0,2

�¨¸. 2. „¨´ ³¨±  ·µ¸É  ¡¨µ³ ¸¸Ò S. platen-
sis ¶·¨ · §´ÒÌ ´ £·Ê§± Ì ·ÉÊÉÓÕ

ˆµ´Ò ³¥É ²²µ¢ ¢§ ¨³µ¤¥°¸É¢ÊÕÉ
²¨¡µ ¸ µÉ·¨Í É¥²Ó´µ § ·Ö¦¥´´Ò³¨
± ·¡µ±¸¨²Ó´Ò³¨ ¨ Ëµ¸Ë É´Ò³¨
£·Ê¶¶ ³¨ ±²¥ÉµÎ´µ° ¶µ¢¥·Ì´µ¸É¨ ¨
³¥³¡· ´Ò, ²¨¡µ ¶·µ´¨± ÕÉ ¢ ±²¥É±Ê
¶µ ¸¶¥Í¨Ë¨Î¥¸±¨³ É· ´¸¶µ·É´Ò³
± ´ ² ³ ¶·µ¢µ¤¨³µ¸É¨, É ±¨³ ± ±
± ´ ²Ò Mg2+, Mn2+ ¨ Ca2+. Œ¥-
É ²²Ò, ¶·µ´¨±Ï¨¥ ¢ ±²¥É±Ê, µ¡´ ·Ê-
¦¨¢ ÕÉ¸Ö ¢ ¸µ¸É ¢¥ · §²¨Î´ÒÌ ±²¥-
ÉµÎ´ÒÌ ¸É·Ê±ÉÊ·, „�Š ¨ ·¨¡µ¸µ³.

�ÉÊÉÓ, ¤ ¦¥ ¶·¨ ´¥§´ Î¨É¥²Ó´ÒÌ
±µ´Í¥´É· Í¨ÖÌ, µ± §Ò¢ ¥É Éµ±¸¨Î-
´µ¥ ¢µ§¤¥°¸É¢¨¥ ´  ¶·µÍ¥¸¸Ò Ëµ-
Éµ¸¨´É¥§  S. platensis, ÎÉµ ¶·¥¦¤¥
¢¸¥£µ ¶·µÖ¢²Ö¥É¸Ö ¢ ¨§³¥´¥´¨¨ Ë²Ê-
µ·¥¸Í¥´Í¨¨ Ì²µ·µË¨²²  [17]. �Éµ ¶µ¤É¢¥·¦¤ ¥É¸Ö É ±¦¥ ¨ ´ Ï¨³¨ ¨¸¸²¥-
¤µ¢ ´¨Ö³¨ ¸¶¥±É·µ¢ ¶µ£²µÐ¥´¨Ö Ì²µ·µË¨²²  a ¨ C-Ë¨±µÍ¨ ´¨´  ¢ µ¡² ¸É¨
680 ¨ 620 ´³.

Œ¥Ì ´¨§³Ò ´¥°É· ²¨§ Í¨¨ ¨ ¢Ò¢¥¤¥´¨Ö Éµ±¸¨± ´Éµ¢ ¨§ ±²¥Éµ± ¸¶¥Í¨-
Ë¨Î´Ò ¤²Ö · §²¨Î´ÒÌ ³¥É ²²µ¢, ¸²µ¦´Ò ¨ ´¥¤µ¸É ÉµÎ´µ Ìµ·µÏµ ¨§ÊÎ¥´Ò.
�Éµ ³µ¦¥É ¡ÒÉÓ µ¡· §µ¢ ´¨¥ ³¥É ²²µÉ¨µ´¥¨´µ¶µ¤µ¡´ÒÌ ¡¥²±µ¢, ¨´¤ÊÍ¨·µ-
¢ ´´µ¥ ³¥É ²² ³¨, µ¡· §µ¢ ´¨¥ ¨´¥·É´ÒÌ ¸µ¥¤¨´¥´¨° É¨¶  HgS, ¢Ò¤¥²¥´¨¥
¢ ¶¨É É¥²Ó´ÊÕ ¸·¥¤Ê ¢¥Ð¥¸É¢, µ¡· §ÊÕÐ¨Ì ±µ³¶²¥±¸Ò ¸ ³¥É ²² ³¨ ¶·¨ ¶µ-
¤ ¢²¥´¨¨ ¨Ì Éµ±¸¨Î´µ£µ ¢µ§¤¥°¸É¢¨Ö. ‚µ¸¸É ´µ¢²¥´¨¥ ¨ Ê²¥ÉÊÎ¨¢ ´¨¥ Hg
± ± ¢ ¸·¥¤¥ ±Ê²ÓÉ¨¢ Í¨¨, É ± ¨ ¢ ±²¥É± Ì ´ ¡²Õ¤ ²µ¸Ó ¤²Ö ±Ê²ÓÉÊ· ¨§ ·µ¤µ¢
Chlorella ¨ Dunaniella [18].

�¥§Ê²ÓÉ ÉÒ  ¤¸µ·¡Í¨¨ ·ÉÊÉ¨. �¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤µ¢ ´¨Ö ¶·µÍ¥¸¸   ¤¸µ·¡-
Í¨¨ ·ÉÊÉ¨ ±²¥É± ³¨ S. platensis ¶µ± § ´Ò ´  ·¨¸. 3. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´-
´Ò¥, ¶µ²ÊÎ¥´´Ò¥ ³¥Éµ¤µ³ ����, Ìµ·µÏµ  ¶¶·µ±¸¨³¨·ÊÕÉ¸Ö ¶µ²¨´µ³µ³ É·¥-
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ÉÓ¥£µ ¶µ·Ö¤±  ¢¨¤  y = 0,3586−0,02286x+0,00332x2−0,0000406482x3. Š ±
¢¨¤´µ ¨§ ¶µ²ÊÎ¥´´µ° ±·¨¢µ°, ³ ±¸¨³ ²Ó´µ¥ ±µ²¨Î¥¸É¢µ ·ÉÊÉ¨  ¤¸µ·¡¨·Ê¥É¸Ö

�¨¸. 3. �¤¸µ·¡Í¨Ö Hg(II) ±²¥É± ³¨ S. platensis

¡¨µ³ ¸¸µ° S. platensis ¶·¨¡²¨§¨-
É¥²Ó´µ Î¥·¥§ 50 ³¨´,   § É¥³ ´ -
¡²Õ¤ ¥É¸Ö Ê³¥´ÓÏ¥´¨¥ ±µ´Í¥´É-
· Í¨¨. �µ¤µ¡´Ò° Ì · ±É¥· § ¢¨-
¸¨³µ¸É¨ ´ ±µ¶²¥´¨Ö Hg(II) ¡Ò²
¶µ²ÊÎ¥´ ¨ ¢ · ¡µÉ¥ [19] ¶·¨ ¨§ÊÎ¥-
´¨¨ ¡¨µ¸µ·¡Í¨¨ ¢ ¤·Ê£¨Ì ³¨±·µ-
µ·£ ´¨§³ Ì.

’¥µ·¥É¨Î¥¸±¨¥ · ¸Î¥ÉÒ ¨§µ-
É¥·³Ò  ¤¸µ·¡Í¨¨ ¶µ ¨³¥ÕÐ¨³¸Ö
Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ¤ ´´Ò³ ¡Ò²¨
¢Ò¶µ²´¥´Ò ´  µ¸´µ¢ ´¨¨ ³µ¤¥²¨
”·¥°´¤²¨Ì , ÊÎ¨ÉÒ¢ ÕÐ¥° ± ±
Ë¨§¨Î¥¸±ÊÕ  ¤¸µ·¡Í¨Õ, É ± ¨ Ì¥-
³µ¸µ·¡Í¨Õ [20, 21]. „²Ö · §²¨Î-

´ÒÌ ±µ´Í¥´É· Í¨° Hg(II) ¶·¨ ¤²¨É¥²Ó´µ¸É¨ ±Ê²ÓÉ¨¢ Í¨¨ 24 Î ¢ ±µµ·¤¨´ É Ì
”·¥°´¤²¨Ì  ¡Ò²  ¶µ²ÊÎ¥´  § ¢¨¸¨³µ¸ÉÓ ¢¨¤ 

Hg(II) – Spirulina platensis
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�¨¸. 4. ƒ· Ë¨± ”·¥°´¤²¨Ì . ‹¨´¥°-
´ Ö  ¶¶·µ±¸¨³ Í¨Ö ³¥Éµ¤µ³ ´ ¨-
³¥´ÓÏ¨Ì ±¢ ¤· Éµ¢

log R = −6,77 + 0,62 log C,

£¤¥ R Å ±µ´Í¥´É· Í¨Ö  ¤¸µ·¡¨·µ¢ ´´µ°
Hg(II), C Å ±µ´Í¥´É· Í¨Ö Hg(II) ¢ ¶¨É -
É¥²Ó´µ° ¸·¥¤¥.

�É  § ¢¨¸¨³µ¸ÉÓ ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ°
¶·Ö³ÊÕ (¸³. ·¨¸. 4), µÉ¸¥± ÕÐÊÕ ´  µ¸¨
µ·¤¨´ É µÉ·¥§µ±, · ¢´Ò° log K , £¤¥ K Å
±µ´¸É ´É  ¡¨µ¸µ·¡Í¨¨. ‚ ¤ ´´µ³ ¸²ÊÎ ¥
log K = −6,77 ¨ K = 0,17·10−6. ŠµÔËË¨-
Í¨¥´É ±µ··¥²ÖÍ¨¨ r2 = 0,97. �µ²ÊÎ¥´´Ò°
·¥§Ê²ÓÉ É ³µ¦´µ ¸Î¨É ÉÓ ¶µ¤É¢¥·¦¤¥´¨¥³
¶·¥µ¡² ¤ ´¨Ö ¡¨µ¸µ·¡Í¨µ´´ÒÌ ¶·µÍ¥¸¸µ¢
´  ´ Î ²Ó´µ° ¸É ¤¨¨ ±Ê²ÓÉ¨¢ Í¨¨ ±²¥Éµ±
S. platensis.

…¸²¨ ÊÎ¥¸ÉÓ, ÎÉµ ¸µ¤¥·¦ ´¨¥ Hg ¢
±µ´É·µ²Ó´ÒÌ µ¡· §Í Ì ¸µ¸É ¢²Ö²µ µ±µ²µ
0,007 ³±£/£, Éµ ¶µ²ÊÎ ¥É¸Ö, ÎÉµ §  50 ³¨´

¡¨µ³ ¸¸  S. platensis ´ ± ¶²¨¢ ¥É ·ÉÊÉ¨ ¶·¨³¥·´µ ¢ 300 · § ¡µ²ÓÏ¥. ’ ±¨³
µ¡· §µ³, ¶·¨ ¸· ¢´¨É¥²Ó´µ ´¥¡µ²ÓÏ¨Ì ±µ´Í¥´É· Í¨ÖÌ Hg (¶µ·Ö¤±  100 ³±£/²)
¢ ¸·¥¤¥ S. platensis ³µ¦¥É ¡ÒÉÓ ¨¸¶µ²Ó§µ¢ ´  ¤²Ö µÎ¨¸É±¨ ¶·µ³ÒÏ²¥´´ÒÌ ¨
¸ÉµÎ´ÒÌ ¢µ¤ µÉ ·ÉÊÉ¨.
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‡¤¥¸Ó ¸²¥¤Ê¥É É ±¦¥ µÉ³¥É¨ÉÓ, ÎÉµ ¡¨µ³ ¸¸  S. platensis, ¸µ¸ÉµÖÐ Ö ¨§
¤²¨´´ÒÌ É·¨Ìµ³µ¢, ²¥£±µ ¸µ¡¨· ¥É¸Ö Ë¨²ÓÉ· Í¨¥°, ÎÉµ §´ Î¨É¥²Ó´µ Ê¤¥Ï¥-
¢²Ö¥É ¨ Ê¶·µÐ ¥É É¥Ì´µ²µ£¨Î¥¸±¨° ¶·µÍ¥¸¸.

‚›‚�„›

1. ‘ ¶µ³µÐÓÕ ³¥Éµ¤  ���� ¢µ§³µ¦´µ ±µ´É·µ²¨·µ¢ ÉÓ ¸É¥¶¥´Ó Ê¸¢µ¥´¨Ö
Hg ¨§ ¶¨É É¥²Ó´µ° ¸·¥¤Ò ¡¨µ³ ¸¸µ° S. platensis ¢ Ìµ¤¥ ¥¥ ±Ê²ÓÉ¨¢ Í¨¨ ¢
µÉ±·ÒÉÒÌ ¢µ¤µ¥³ Ì.

2. �·¨ ±µ´Í¥´É· Í¨ÖÌ Hg ¶µ·Ö¤±  100 ³±£/² ¡¨µ³ ¸¸  S. platensis ¢ ¥¸É¥-
¸É¢¥´´µ³ ¸µ¸ÉµÖ´¨¨ ³µ¦¥É ¡ÒÉÓ ¨¸¶µ²Ó§µ¢ ´  ¤²Ö  ±±Ê³Ê²ÖÍ¨¨ ¨µ´µ¢ Hg(II)
¸ Í¥²ÓÕ ¨Ì ¢Ò¢¥¤¥´¨Ö ¨§ ¸·¥¤Ò ±Ê²ÓÉ¨¢ Í¨¨.

3. �¨µ³ ¸¸  S. platensis ¶·¨£µ¤´  ¤²Ö ¡Ò¸É·µ£µ µÎ¨Ð¥´¨Ö ¶·µ³ÒÏ²¥´-
´ÒÌ ¨ ¸ÉµÎ´ÒÌ ¢µ¤ µÉ ·ÉÊÉ¨ ¶ÊÉ¥³ ¡¨µ¸µ·¡Í¨¨ ¨ ¶µ¸²¥¤ÊÕÐ¥£µ µÉ¤¥²¥´¨Ö ¸
¶µ³µÐÓÕ Ë¨²ÓÉ· Í¨¨.

�¢Éµ·Ò ¢Ò· ¦ ÕÉ ¡² £µ¤ ·´µ¸ÉÓ �. �. ƒ¨´ÉÊ·¨, �. …. ŠÊÎ ¢  §  ¶µ³µÐÓ
¢ ¶·µ¢¥¤¥´¨¨ Ô±¸¶¥·¨³¥´Éµ¢ ¨ �. ‘. ƒ¥² £ÊÉ Ï¢¨²¨, ˆ. ƒ. ŒÊ·Ê¸¨¤§¥ §  ÊÎ -
¸É¨¥ ¢ µ¡· ¡µÉ±¥ ·¥§Ê²ÓÉ Éµ¢. � ¡µÉ  ¢Ò¶µ²´¥´  ¶·¨ ¶µ¤¤¥·¦±¥ £· ´É  G-408
Œ�’–.
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