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Sissejuhatus 
 
{ǳǳǊƛƳŀƪǎ ƪŀƭŀƪŀǎǾŀǘǳǎŜ ƪŜǎƪƪƻƴƴŀƳƿƧǳƪǎ ƻƴ ƪŀƭŀƪŀǎǾŀǘǳǎŜǎǘ ǸƭŜ ƧŅŅǾŀǘŜ ǘƻƛǘŀƛƴŜǘŜ όƭŅƳƳŀǎǘƛƪ Ƨŀ 

ŦƻǎŦƻǊύ ƳƿƧǳ ƭƻƻŘǳǎŜƭŜΦ YŀǎǾŀǘǳǎŜ ǇǊƻǘǎŜǎǎƛǎ ƧŅŅō ǇŀǊŀǘŀƳŀǘǳƭǘ ƳƛƴƎƛ ƻǎŀ ǎǀǀŘŀƎŀ ǎǸǎǘŜŜƳƛ ǎƛǎǎŜ 

ǘƻƻŘŀǾŀǎǘ ŀƛƴŜǎǘ ƪŀǎǳǘŀƳŀǘŀΦ {ŀƳǳǘƛ ǎŀǘǳō ǎǳǳǊ ƻǎŀ ǎǀǀŘŀǎ ǎƛǎŀƭŘǳǾŀƛŘ ǘƻƛǘŀƛƴŜƛŘ ƪŀƭŀŘŜ ǾŅƭƧŀƘŜƛŘŜǘŜ 

Ƨŀ ƳǳǳŘŜ ƳŜǘŀōƻƭƛǎƳƛǇǊƻŘǳƪǘƛŘŜ ƴŅƻƭ ǾŜŜƪŜǎƪƪƻƴŘŀΣ ƪǳǎǘ ǎŜŜ ǘǳƭŜō ǎƛƛǎ ƪŀǎ ƪƻƪƪǳ ƪƻƎǳŘŀ Ǿƿƛ ƭŜƛŘŀ 

lahendus selle ohutul viisil looduskeskkonda viimiseks. Avatud kalasumpade puhul lahjendatakse kogu 

kalakasvatusest tuleneǾ ǘƻƛǘŀƛƴŜǘŜ ƪƻƻǊƳǳǎ ƭƻƻŘǳǎƭƛƪǳ ǾŜŜ ƭƛƛƪǳƳƛǎŜƎŀ ǸƳōǊƛǘǎŜǾŀǎǎŜ ƪŜǎƪƪƻƴŘŀΦ 

YƛƴƴƛǎǘŜǎ ǎǸǎǘŜŜƳƛŘŜǎ ǘǳƭŜō ƛƴǾŜǎǘŜŜrida tehnoloogiasse, mis selle kahjuliku aine kokku korjab ja 

ǎǸǎǘŜŜƳƛǎǘ ǾŅƭƧŀ ǾƛƛōΦ [ŀƘŜƴŘǳǎƛ ƻƴ ƻƭŜƳŀǎ ƳƛǘƳŜǎǳƎǳǎŜ ŜǊƛƴŜǾŀ ŜŦŜƪǘƛƛǾǎǳǎŜ Ƨŀ ƳŀƪǎǳƳǳǎŜƎŀΦ «ƘŜƪǎ 

[ŅŅƴŜƳŜǊŜ ǇƛƛǊƪƻƴƴŀ Ƨŀƻƪǎ ǇŜǊǎǇŜƪǘƛƛǾǎŜƪǎ ƪŀƭŀƪŀǎǾŀǘǳǎŜ ǾƻǊƳƛƪǎ ǎŀŀƪǎ ƻƭƭŀ ǇƻƻƭƪƛƴƴƛǎŜŘ ǎǸǎǘŜŜƳƛd, 

kus kala kasvatataks maapealsetes kinnistes tankides kasutades ƭŅōƛǾƻƻƭŀǾŀǘ ƳŜǊŜǾŜǘǘΦ {ŜƭƭƛǎŜƭ 

ƭŀƘŜƴŘǳǎŜƭ ƻƴ ƳƛǘƳŜƛŘ ŜŜƭƛǎŜƛŘ ƴƛƛ ǾƿǊǊŜƭŘŜǎ ŀǾŀǘǳŘ ǎǳƳǇŀŘŜǎ ƪŀǎǾŀǘŀƳƛǎŜƎŀ όƛƭƳŀǎǘƛƪǳƻƭǳŘΣ ƧŅŅƻƭǳŘύ 

ƪǳƛ ƪŀ ǘŅƛŜǎǘƛ ƪƛƴƴƛǎǘŜ ƳŀŀǇŜŀƭǎŜǘŜ ƳŀƎŜŘŀǘ ǾŜǘǘ ƪŀǎǳǘŀǾŀǘŜ ǎǸǎǘŜŜƳƛŘŜƎŀ όŜŜƭƪƿƛƎŜ ǾŜŜ ƪŀǎǳǘŀƳƛǎŜƎŀ 

ǎŜƻǘǳŘ ƪǳƭǳŘύΦ {Ŝƴƛ ƻƴ Ƨǳǎǘ ǎŜƭƭƛǎǘŜ ǇƻƻƭƪƛƴƴƛǎǘŜΣ ƳŜǊŜǾŜŜƭ ōŀǎŜŜǊǳǾŀǘŜ ǎǸǎǘŜŜƳƛŘŜ ǊŀƪŜƴŘŀƳƛƴŜ 9Ŝǎǘƛǎ 

takŜǊŘǳƴǳŘ ǸƭŜƳŅŅǊŀǎŜ ǘƻƛǘŀƛƴŜǘŜ ƪƻƻǊƳǳǎŜ Ǌƛǎƪƛ ǘƿǘǘǳΦ IŜǘƪŜƭ ƻƴ [ŅŅƴŜƳŜǊŜ-ŅŅǊǎŜŘ ǊƛƛƎƛŘ ǾƿǘƴǳŘ 

endale kohustuse ǾŅƘŜƴŘŀŘŀ ǘŜŀǘǳŘ ŦƛƪǎŜŜǊƛǘǳŘ ƳŅŅǊŀƭ ƻƳŀ ǘŜǊǊƛǘƻƻǊƛǳƳƛƭǘ ǘǳƭŜƴŜǾŀǘ ǘƻƛǘŀƛƴŜǘŜ 

όƭŅƳƳŀǎǘƛƪ Ƨŀ ŦƻǎŦƻǊύ ƪƻƻǊƳǳǎǘ όI9[/haƛ [ŅŅƴŜƳŜǊŜ ǘŜƎŜǾǳǎƪŀǾŀύΦ {ŀƳǳǘi on Veepoliitika 

wŀŀƳŘƛǊŜƪǘƛƛǾƛ ƧŅǊƎƴŜ ǊŀƴƴƛƪǳǾŜŜ ǎŜƛǎǳƴŘƛ ƘƛƴŘŀƳƛƴŜ ƘƛƴƴŀƴǳŘ ŜƴŀƳǳǎ ǊŀƴƴƛƪǳǾŜŜƪƻƎǳƳŜƛŘ 

αƪŜǎƛǎŜǎǎŜά ǎŜƛǎǳƴŘƛƪƭŀǎǎƛΦ {ŜŜƎŀ Ŝƛ ƻƭŜ ƘŜǘƪŜƭ ƪŜǎƪƪƻƴƴŀ ƧŅǊŜƭǾŀƭǾŜƎŀ ǘŜƎŜƭŜǾŀǘŜ ŀǎǳǘǳǎǘŜ ŀǊǾŀǘŜǎ 

ǾŀǎǘǳǾƿŜǘŀǾ ǘŅƛŜƴŘŀǾŀ ƻƭǳƭƛǎŜ ǘƻƛǘŀƛƴŜǘŜ ƪƻƻǊƳǳǎŜ ƭƛsamine merekeskkonnale. Kalakasvatuse sektori 

ǎŜƛǎǳƪƻƘŀƭǘ ƻƴ ŀƛƴǳƪŜ ǾŅƭƧŀǇŅŅǎ ǊŀƪŜƴŘŀŘŀ ǘŜƘƴƻƭƻƻƎƛŀƛŘΣ Ƴƛǎ ǘŀgaks kas nullemissioƻƴƛ Ǿƿƛ 

ƴǳƭƭƛƭŅƘŜŘŀǎŜ ǘƻƛǘŀƛƴŜǘŜ ŜƳƛǎǎƛƻƻƴƛΦ ¢ǊŀŘƛǘǎƛƻƻƴƛƭƛǎǘŜ ŦƛƭǘŜǊsǸǎǘŜŜƳƛŘŜ ƪŀǎǳǘŀƳƛƴŜ ƻƴ ǾŅƎŀ ƪŀƭƭƛǎ Ƨŀ 

muudab investeerimƛǎŜ ƳŀƘǳ ǘƿǘǘǳ ŜǘǘŜǾƿǘƳƛǎŜ ƳŀƧŀƴŘǳǎƭƛƪǳƭǘ ƳƛǘǘŜƧŅǘƪǳǎǳǳǘƭƛƪǳƪǎΦ «ƘŜƪǎ 

alternatiivseks lahenduseks olekski looŘǳǎƭƛƪŜƭ ǘƻƛǘŀƛƴŜǘŜ ƪŀǎǳǘŀƧŀǘŜƭ ǇƿƘƛƴŜǾŀŘ ōƛƻŦƛƭǘŜǊǎǸǎǘŜŜƳƛŘΦ 

aŀƪǊƻǾŜǘƛƪŀǘŜƭ ǇƿƘƛƴŜǾŀƛŘ ƪŀƭŀƪŀǎǾŀǘǳǎŜ ƧŅŅƪǾŜŜ ǇǳƘŀǎǘŀƳƛǎŜ ǎǸǎǘŜŜƳŜ ƻƴ ƳŀŀƛƭƳŀǎ ǊŀƪŜndatud 

ƳƛǘƳŜƭ Ǉƻƻƭ όƴŅƛǘŜƪǎ .ŀƭƻƻ Ŝǘ ŀƭ нлмпύΦ IƛƭƧǳǘƛǎŜŘ ǳǳǊƛƴƎǳŘ ƴŅƛǘŀǾŀŘ Ǹǎƴŀ ƘŅƛŘ ǘƻƛǘŀƛƴŜǘŜ ŜŜƳŀƭŘŀƳƛǎŜ 

ǘǳƭŜƳǳǎƛ Ƨŀ ƻƴ ƪŀ ƛǎŜƎƛ ǎŀŀŘŀǾŀƭ ƪƻƳƳŜǊǘǎǇƭŀǘǾƻǊƳƛƭ ǇƿƘƛƴŜǾŀƛŘ ƭŀƘŜƴŘǳǎƛΣ ƳƛŘŀ ƪŀƭŀƪŀǎǾŀǘǳǎŜ Ƨŀƻƪǎ 

ǎƛǎǎŜ ƻǎǘŀΦ {ŀƳŀǎ ƪƿƛƪ ƴŜŜŘ ƭŀƘŜƴŘǳǎŜŘ ǇƿƘƛƴŜǾŀŘ ƻƻƪŜŀƴƛǾŜŜǎ ŜƭŀǾŀǘŜƭ ƻǊƎŀƴƛǎƳƛŘŜƭΣ ƪŜǎ [ŅŅƴŜƳŜǊŜ 

ǘƛƴƎƛƳǳǎǘŜǎ Ŝƭƭǳ Ŝƛ ƧŅŅ όCŜƭŀŎƻ нлмпύΦ [ŀƛŀƭǘ ƪŀǎǳǘŀǘŀƪǎŜ Ƴakrovetikaid asula reovee puhastamisel 

(Mehta & Gaur 2005). 

YŅŜǎƻƭŜǾŀ ǇǊƻƧŜƪǘƛ ŜŜǎƳŅǊƎƛƪǎ ƻƭƛ ǾŅƭƧŀ ŀǊŜƴŘŀŘŀ [ŅŅƴŜƳŜǊŜ ǘƛƴƎƛƳǳǎǘŜǎǎŜ ǎƻōƛǾ ƳŀƪǊƻǾŜǘikatel 

ǇƿƘƛƴŜǾ ǾŜŜǎǘ ǘƻƛǘŀƛƴŜǘŜ ŜŜƳŀƭŘŀƳƛǎŜ ǘŜƘƴƻƭƻƻƎƛŀΦ 

±ƛƛƳŀǎŜ ŀƧŀ ǘŜŀŘǳǎǘǳƭŜƳǳǎǘŜƭŜ ǇƿƘƛƴŜŘŜǎ Ǿƿƛō ǾŅƛǘŀΣ Ŝǘ ƪǳƭǘƛǾŜŜǊƛƳƛǎŜƪǎ ǎƻōƛǾŀƳŀǘŜƪǎ [ŅŅƴŜƳŜǊŜ 

ƭƛƛƪƛŘŜƪǎ ǾƿƛƪǎƛŘ ƻƭƭŀ ƪƛƛǊŜƭǘ ŀǊŜƴŜǾŀŘ ƴƛƛǘƧŀŘ ǊƻƘŜǾŜǘƛƪŀŘ όCŜƭŀŎƻ нлмпύΦ Mujal katsetatud liikidest on 

meil esinevatest ƪƿƛƎŜ ƭŅƘŜŘŀǎŜƳŀŘ liigid perekonnast Ulva ja ka perekonnast Cladophora. Seega oli 

esimeses ƧŅǊƎǳǎ ƪŀǾŀǎ ƪŀǘǎŜǘŀŘŀ Ƨǳǎǘ ƭƛƛƪƛŘŜƎŀ Ulva intestinalis ja Cladophora glomerataΦ aƿƭŜƳŀŘ 

ƭƛƛƎƛŘ ƻƴ ƪƛƛǊŜ ōƛƻƳŀǎǎƛ ŀǊŜƴƎǳƎŀΣ ǾƿƛǾŀŘ ǇŀƭƧǳƴŜŘŀ ƪŀ ǾŜƎŜǘŀǘƛƛǾǎŜƭǘΣ ǾƿƛǾŀŘ ŀǊŜƴŜŘŀ ƪŀ ƳƛǘǘŜ 

ǎǳōǎǘǊŀŀŘƛ ƪǸƭƎŜ ƪƛƴƴƛǘǳƴǳƭǘ Ƨŀ ǾƻƘŀǾŀŘ ƪƿǊƎŜƴŘŀǘǳŘ ƭŅƳƳŀǎǘƛƪǳ Ƨŀ ŦƻǎŦƻǊi kontsentratsioonide juures. 

.ƛƻŦƛƭǘǊƛǎ ƪǳƭǘƛǾŜŜǊƛǘǳŘ ōƛƻƳŀǎǎƛ ǳǘƛƭƛǎŜŜǊƛƳƛƴŜ ƻƴ ƻƳŀŜǘǘŜ ǸƭŜǎŀƴƴŜΣ ƪǳƴŀ ŜŦŜƪǘƛƛǾǎŜƭ ǘƻƛƳƛƳƛǎŜƭ Ǿƿƛō 

biomassi juurdŜƪŀǎǾ ƻƭƭŀ ƳŅǊƪƛƳƛǎǾŅŅǊƴŜ όƪƛǊƧŀƴŘǳǎŜ ŀƴŘƳŜǘŜƭ ƪǳƴƛ мл-нл ҈ ǇŅŜǾŀǎύό¢ǳǊŀƴ ϧ  bŜƻǊƛ 

2010). Rohevetika biomass Ǿƿƛō ƻƭƭŀ ƻƳŀŜǘǘŜ ǘƻƻǊŀƛƴŜƪǎ ǇŀƭƧǳŘŜƭŜ ŜǊƛƴŜǾŀǘŜƭŜ ŜǘǘŜǾƿǘƳƛǎǘŜƭŜ όDƻǎƘ 

нлмнύΦ 9ǎƛŀƭƎǎŜƭǘ ƻƴ ƛƭƳǎŜƭǘ ǾƿƛƳŀƭƛƪ ƪŀǎǳǘŀŘŀ ǊƻƘŜǾŜǘƛƪŀ ōƛƻƳŀǎǎƛ. 
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Eestis hetkel puudub oskusteave rohevetika toorainena kasutamise kohta, samas on olemas 

kogemused punavetikate kasutŀƳƛǎŜƭ όŀƎŀǊƛƪǳ ǇǸǸŘƳƛƴŜ Ƨŀ ƎŜŜƭƛǎǘǳǾŀǘŜ ŀƛƴŜǘŜ ǘƻƻǘƳƛƴŜύΦ aǳƧŀƭ 

ƳŀŀƛƭƳŀǎ ƻƴ ŀƎŀ ǎŜƭƭƛǎŜƛŘ ƪƻƎŜƳǳǎƛ Ǹǎƴŀ ǇŀƭƧǳ Ƨŀ ƴŜƛŘ ƻƭŜƪǎ ǾƿƛƳŀƭƪ ƪƛƴŘƭŀǎǘƛ ƪŀ 9esti tingimustes 

ƪŀǎǳǘŀŘŀ ό[ǸƴƛƴƎ ϧ tŀƴƎ нллоΤ ¢ƛǘƭȅŀƴƻǾ ϧ ¢ƛǘƭȅŀƴƻǾŀ нлмлύΦ  

Eestis on olemas teaduslik taust makrovetikate produktsiooni ja kultiveerimise uurimisel (Kotta et al 

2008, Martin et al 2006a, b; Paalme et al 20011, 2013). Senised kogemused ei piirdu agariku ja 

ǊƻƘŜǾŜǘƛƪŀǘŜ ǇǊƻŘǳƪǘǎƛƻƻƴƛǳǳǊƛƴƎǳǘŜƎŀ ǾŀƛŘ ƻƴ ŀƴŘƳŜƛŘ ƪŀ ŜǊƛƴŜǾŀǘŜ ǘŜƛǎǘŜ ǘŀƛƳŜǊǸƘƳŀŘŜ ǇǊƻ-

ŘǳƪǘǎƛƻƻƴƛǳǳǊƛƴƎǳǘŜ ƪƻƘǘŀ όƴƛƛǘƧŀŘ ǊƻƘŜǾŜǘƛƪŀŘΣ ƪƿǊƎŜƳŀŘ ǘŀƛƳŜŘΣ ƳŅƴŘǾŜǘƛƪŀŘΣ ǇǊǳǳƴǾŜǘƛƪŀŘ ƧƴŜΦύΦ   

YŅŜǎƻƭŜǾŀ ǇǊƻƧŜƪǘƛ ǘŜƎŜǾǳǎǘŜ ƴŅƻƭ ƻli ǘŜƎŜƳƛǎǘ ǊŜŀŀƭǎǳǎƭŅƘŜŘŀǎŜ ŜƪǎǇŜǊƛƳŜƴŘƛ ƭŅōƛǾƛƛƳƛǎŜƎŀΣ ƪǳǎ 

ǘǀǀǘŀǘŀƪǎŜ ǾŅƭƧŀ Ƨŀ ƪŀǘǎŜǘŀǘŀƪǎŜ ƪŀƭŀƪŀǎǾŀǘǳǎŜǎǘ ǘǳƭŜƴŜǾŀ ƪŀsutatud merevee puhastamist toitainetest 

ƪŀǎǳǘŀŘŜǎ ǎŜƭƭŜƪǎ [ŅŅƴŜƳŜǊŜ ƳŀƪǊƻǾŜǘƛƪŀǘŜƭ ǇƿƘƛƴŜǾŀǘ ōƛƻŦƛƭǘǊŜŜǊƛƳƛǎŜ ǎǸǎǘŜŜƳƛΦ 

¦ǳǊƛƴƎ ǾƛƛŘƛ ƭŅōi just selle jaoks koostatud eksperimentaalkompleksis, mis seati ǸƭŜǎ ǸƘŜ projekti 

partneri valduses oleval endise kalaƪŀǎǾŀǘǳǎŜ ǘŜǊǊƛǘƻƻǊƛǳƳƛƭ όYŜǎƪƴƿƳƳŜ ƪŀƭŀƪŀǎǾŀǘǳǎΣ {ŀŀǊŜƳŀŀύΦ 

Kavas oli ǎƛƳǳƭŜŜǊƛŘŀ ǾŅƛƪǎŜƳŀƭ ǎƪŀŀƭŀƭ ǊŜŀŀƭǎŜ ƪŀƭŀƪŀǎǾŀǘǳǎŜ ǇǊƻƧŜƪǘƛ ƧŅǊƎǎet tehnoloogiat, kus 

poolkinnise kalakasvatuse jaoks kasutatakse merevett. 

¢ŜƎŜǾǳǎŜ ŜŜǎƳŅǊƪƛŘŜƪǎ ƻli: 

ω ±ŀƭƛŘŀ ǾŅƭƧŀ ǎƻōƛǾŀŘ ƳŀƪǊƻǾŜǘƛƪŀƭƛƛƎƛŘ ōƛƻŦƛƭǘǊƛǘŜǎ ƪŀǎǳǘŀƳƛǎŜƪǎ [ŅŅƴŜƳŜǊŜ ƪƻƘŀƭƛƪŜ 
merevetikate liikide hulgast; 

ω Kirjeldada nende vetikaliikide inkubeerimiseks vajalikke optimaalseid keskkonnatingimusi; 

ω {ŜƭƎƛǘŀŘŀ ǾŅƭƧŀ ōƛƻŦƛƭǘǊŜŜǊƛƳƛǎŜƭ ǇƿƘƛƴŜǾŀ ƪŀƭŀƪŀǎǾŀǘǳǎŜ ƪŀǎǳǘŀtud merevee toitainete 
eemaldamise rakendatavus ja tingimused kasutamaks seda tehnoloogiat reaalse 
kalakasvatuse mastaabi puhul; 

ω SelgitŀŘŀ ǾŅƭƧŀ ōƛƻŦƛƭǘǊŜŜǊƛƳƛǎŜ ǘǳƭŜƳǳǎŜƭ ƪŀǎǾŀǘŀǘŀǾŀ ǾŜǘƛƪŀōƛƻƳŀǎǎƛ ƪŀǎǳǘǳǎǾƿƛƳŀƭǳǎŜŘ Ƨŀ 
ǾƿƛƳŀƭƛƪǳŘ ǇƛƛǊŀƴƎǳŘΦ 

Projekt viidƛ ƭŅōƛ ¢« 9Ŝǎǘƛ ƳŜǊŜƛƴǎǘƛǘǳǳŘƛ ƳŜǊŜōƛƻƭƻƻƎƛŀ ƻǎŀƪƻƴƴŀ ǘǀǀǊǸƘƳŀ Ǉƻƻƭǘ ƪƻƻǎǘǀǀǎ 

projektipartneritega. 

¢ǀǀŘŜǎ ƻǎŀƭŜǎƛŘΥ 

Georg Martin ς projŜƪǘƛ ƧǳƘǘΣ ǇǊƻƻǾƛǾƿǘǘΣ ŀǊǳŀƴŘƭǳǎ 

Kristina Tiivel ς hangete ettevalmistamine, aruandlus 

Martin Teeveer ς ǾŅƭƛǘǀǀŘΣ ŜƪǎǇŜǊƛƳŜƴǘŀŀƭƪƻƳǇƭŜƪǎƛ ǇǸǎǘƛǘŀƳƛƴŜ  

¢ŜŜƳŀǊ tǸǎǎ ς ŜƪǎǇŜǊƛƳŜƴǘŀŀƭƪƻƳǇƭŜƪǎƛ ǇǸǎǘƛǘŀƳƛƴŜ 

Jekaterina Jefimova ς ƪŜŜƳƛƭƛǎŜŘ ŀƴŀƭǸǸǎƛŘ  

Tuuli Levandi ς ƪŜŜƳƛƭƛǎŜŘ ŀƴŀƭǸǸǎƛŘ 

!Ǌƴƻ tƿƭƭǳƳŅŜ ς ƪŜǎƪƪƻƴƴŀǇŀǊŀƳŜŜǘǊƛǘŜ ƳƿƿǘƳƛǎŜŘ 

YŀƛŘƻ bƻƻǊƳŅƎƛ ς ƪƻƳǇƭŜƪǎƛ ƪƻƘŀǇŜŀƭƴŜ ƪŅƛǘŀƳƛƴe 

Jack Hall ς ǾŅƭƛǘǀǀŘΣ ǇǊƻƻǾƛǾƿǘǘΣ vetikabiomassi uuring 

Wǳƭƛŀ tŅǊƴ ς Tallinna RŜŀŀƭƪƻƻƭƛ ƿǇilane, vetikate produktsioonikatsed 

Kai Martin ς ǾŅƭƛǘǀǀŘΣ ƭŀōƻǊƛǘǀǀŘ  

Greta Reisalu ς ǾŅƭƛǘǀǀŘΣ ƭŀōƻǊƛǘǀǀŘ 

Hanna Eliisa Luts ς ǾŅƭƛǘǀǀŘ 

Kaire Kaljurand ς ǾŅƭƛǘǀǀŘ  

Annely Enke ς ǾŅƭƛǘǀǀŘ   
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Eksperimentaal-ǾŜǘƛƪŀƪŀǎǾŀǘǳǎ YŜǎƪƴƿƳƳŜ ƪŀƭŀƪŀǎǾŀǘǳǎe 

territooriumil 
 

Eksperimentaalkompleksi rajamine. 

wŜŀŀƭǎǳǎŜƭŜ ƭŅƘŜŘŀǎŜ katse ƪƻǊǊŀƭŘŀƳƛǎŜƪǎ ƻƭƛ ǾŀƧŀ ǊŀƧŀŘŀ ǘƻƛƳƛǾŀ ƪŀƭŀƪŀǎǾŀǘǳǎŜ ǾŅƘŜƴŘŀǘǳŘ ƳǳŘŜƭΦ 

Selleks koostati eksperimŜƴǘŀŀƭǎŜ ƪƻƳǇƭŜƪǎƛ ǇƿƘƛƳƿǘǘŜƭƛƴŜ ǎƪŜŜƳ Ƨǳōŀ ǇǊƻƧŜƪǘƛ Ŝǘǘevalmistusfaasis. 

Asukohaks valiti {ŀŀǊŜƳŀŀ Ǿŀƭƭŀ YŜƘƛƭŀ ƪǸƭŀǎ YŜǎƪƴƿƳƳŜƭ όƪŀǘŀǎǘǊƛǸƪǎǳǎŜƭ олмлмΥллнΥлн86) Tagalahe 

rannal asuv 1980-ndatel rajatud kalakasvatusΣ Ƴƛǎ ƪŅŜǎƻƭŜǾŀƭ ŀƧŀƭ Ŝƛ ǘƻƛƳƛ ǘŅƴŀǇŅŜǾŀl sobimatu 

ǘŜƘƴƻƭƻƻƎƛƭƛǎŜ ƭŀƘŜƴŘǳǎŜ ǘƿǘǘǳ όWƻƻƴƛǎ мύΦ !ǎǳƪƻƘǘ ǎƻōƛǎ ǘŀƻƭƛǎŜ ŜƪǎǇŜǊƛƳŜƴŘƛ ƭŅbiviimiseks kuna: 

¶ !ǎǳƪƻƘǘ ƻƭƛ ǾŀƘŜǘǳƭǘ ƳŜǊŜ ƭŅƘŜŘǳǎŜǎ όƭƛƘǘƴŜ ƭƛƎƛǇŅŅǎ ƳŜǊŜǾŜŜƭŜύ 

¶ Sai kasutada endise kalakasvatuse rajatisi ja taristut (elektrivarustus) 

¶ Projekti pŀǊǘƴŜǊƛƭ ƻƭƛ Ǿŀōŀ ƭƛƎƛǇŅŅǎ ǘŜǊǊƛǘƻƻǊƛǳƳƛƭŜ 

¶ Suletud ja turvatud territoorium. 

Eksperiment pidi koosnema mitmest elemendist. Kalakasvatuse komponent ς kalamahuti, torustik, 

ǾŜŜǇǳƳǇ ƳŜǊŜǾŜŜ ǇǳƳǇŀƳƛǎŜƪǎ ǎǸǎǘŜŜƳƛΣ ǎƛǎǎŜǘǳƭŜǾŀ ǾŜŜ ŀŜǊaator ja filter, kalamahutisǘ ǾŅƭƧǳǾŀ ǾŜŜ 

ƧŅƳŜŦƛƭǘŜǊ ǎŜǘǘŜ ŜŜƳŀƭŘŀƳƛǎŜƪǎΦ ±ŜǘƛƪŀƛƴƪǳōŀŀǘƻǊƛ ƪƻƳǇƻƴŜƴǘ ς mahutid, kus paikneb inkubeeritav 

ǾŜǘƛƪŀōƛƻƳŀǎǎ ƴƛƴƎ ǘƻǊǳǎǘƛƪ ǾŜŜ ŅǊŀƧǳƘǘƛƳƛǎŜƪǎΦ ±esi pumbatakse kalamahutisse (8-9 m3) pumbaga 

όƳŀƪǎƛƳŀŀƭƴŜ ƧƿǳŘƭǳǎ 26,5 m3/h). Vetikainkubaatori komponent oli kavandatud koosnema 12-st 

ǊƛǎǘƪǸƭƛƪǳ ƪǳƧǳƭƛǎŜǎǘ ƳŀƘǳǘƛǎǘ ƳƿƿǘƳŜǘŜƎŀ мсȄмΣнȄлсƳ, Ƴƛǎ ǇƛŘƛŘ ŀǎŜǘǎŜƳŀ ƧŀŘŀǸƘŜƴŘǳǎŜǎ ƴŜƭƧŀ 

kaupa, et moodustuks neli ƛǎŜǎŜƛǎǾŀǘ ǾŜŜǾƻƻƭǳ ƧŀŘŀΦ YƻƭƳ ƧŀŘŀ ƻƭƛŘ ƳƿŜƭŘǳŘ ŜƪǎǇŜǊƛƳŜƴǘƛŘŜ ǘŀǊōŜƪǎ 

(vetikate inkubeerimiseksύ Ƨŀ Ǹƪǎ ƪƻƴǘǊƻƭƭƛƪǎ όǾŀōŀ ǾŜŜǾƻƻƭύΦ   

 

 

Eksperimentaalkompleksi esialgne asendiplaan (joonis 2ύ Ƨŀ ǇƿƘƛƳƿǘǘŜƭƛƴŜ ǎƪŜŜƳ όƧƻƻƴƛǎ 3) tuli 

ƘƛƭƧŜƳ ǊŜŀŀƭǎǳǎŜǎ Ƴǳǳǘŀ ƳƛǘƳŜƭ ǇƿƘƧǳǎŜƭ: 
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¶ 9ǎƛŀƭƎƴŜ ŀǎŜƴŘƛǇƭŀŀƴ ƻǎǳǘǳǎ ŜōŀƳǳƎŀǾŀƪǎ ǾŜŜǾƿǘǳ ƪƻǊǊŀƭŘŀƳƛǎŜ ƻǎŀǎΦ ¢ǳƴŘǳǎ ƻǘǎǘarbekam 

Ǿƿǘǘŀ ŜƪǎǇŜǊƛƳŜƴŘƛ Ƨŀƻƪǎ ǾŜǎƛ ǾŅƭƧŀǎtpoolt basseine (suvisel ajal madalam veetemperatuur). 

¶ tǊƻƧŜƪǘƛ ƪŅƛƎǳǎ ƻƭƛ ǾƿƛƳŀƭǳǎΣ Ŝǘ ǘŜǊǊƛǘƻƻǊƛǳƳil algavad sinna planeeritud kalakasvatuse 

ŜƘƛǘǳǎǘǀǀŘ Ƨŀ ŜƪǎǇŜǊƛƳŜƴǘŀŀƭƪƻƳǇƭŜƪǎ ƻƭŜƪǎ ƘŀƪŀƴǳŘ ǎŜŘŀ ǘŜƎŜǾǳǎǘ ǎŜƎŀma. 

¶ ±ŜǘƛƪŀƛƴƪǳōŀŀǘƻǊƛ ƳŀƘǳǘƛǘŜ ƘŀƴƎŜ ƪƻǊŘǳǾŀƭǘ ŜōŀƿƴƴŜǎǘǳǎΣ ǇŜŀƭŜ ƳƛŘŀ ǘǳƭƛ ǸƳōŜǊ 

orienteeruda modulaarsele disainile. 

Vetikamahutite paigutus ja konstruktsioon tuli muuta. Esialgu kavandatud 12 mahuti (Joonis 4) 

ŀǎŜƳŜƭ ǾƿŜǘƛ ƪŀǎǳǘǳǎŜƭŜ сп ƳŀƘǳǘƛǘ лΣу m3 rǳǳƳŀƭŀƎŀΣ Ƴƛǎ ƻƭƛŘ ǸƘŜƴŘŀǘǳŘ ƴŜƭƧŀ ƧŀŘŀǎǎŜ όWƻƻƴƛǎ сύΦ 

Eksperimendi asukohaskeem muudeti kompaktsemaks (Joonis 5). 

 

 

Joonis 2. Eksperimendi ǇŀƛƎǳǘǳǎǎƪŜŜƳ YŜǎƪƴƿƳƳŜ ƪŀƭŀƪŀǎǾŀǘǳǎŜ ǘŜǊǊƛǘƻƻǊƛǳƳƛƭ ς esialgne versioon.  
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Joonis 3Φ 9ƪǎǇŜǊƛƳŜƴŘƛ ǇƿƘƛƳƿǘǘŜƭƛƴe skeem. 
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Joonis 4Φ ±ŜǘƛƪŀƳŀƘǳǘƛǘŜ ǇŀƛƪƴŜƳƛƴŜ Ƨŀ ƳƿƿǘƳŜŘ ŜǎƛŀƭƎǎŜ ƪŀǾŀ ƧŅǊƎƛΦ  

 

 

 

Joonis 5. EksperimenŘƛ ǇŀƛƎǳǘǳǎǎƪŜŜƳ YŜǎƪƴƿƳƳŜ ƪŀƭŀƪŀǎǾŀǘǳǎŜ ǘŜǊǊƛǘƻƻǊƛǳƳƛƭ ς realiseerunud 

versioon. 
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Joonis 6. Modifitseeritud (realiseeritud) katseskeem koos mahutitŜ ƳŀǊƪŜŜǊƛƴƎǳ ƴŅƛŘƛǎŜƎŀ. 
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Eksperimentide korraldamine 
 

Eksperimentaalkompleksi rajamine algas 2018. aastal. Kuna 2018. aasta jooksul korduvalt 

ŜōŀƿƴƴŜǎǘǳǎ ǾŜǘƛƪŀƛƴƪǳōŀŀǘƻǊƛ ƳŀƘǳǘƛǘŜ ƘŀƴƎŜ, ǇǸǎǘƛǘŀǘƛ ŀŀǎǘŀ ǎǸƎƛǎŜƪǎ ƳƻŘǳƭŀŀǊǎŜ ǎǸǎǘŜŜƳƛ 

pilootkatse (Joonis 7-8). See koosnes kalamahutist, filtrist, pumbast ja neljast moodulinkubaatorist. 

YŀǘǎŜ ƪŅƛǾƛǘŀǘƛ нлму. ŀŀǎǘŀ ƻƪǘƻƻōǊƛǎ ƛƭƳŀ ƪŀƭŀƪƻƳǇƻƴŜƴŘƛǘŀΦ ±ŜǘƛƪŀƳŀƘǳǘƛǘŜǎǎŜ ǇŀƛƎǳǘŀǘƛ ǎǀǀŘŀǾ 

rannakarp ja lahtiselt Ulva intestinalisΦ 9ƪǎǇŜǊƛƳŜƴǘ Ƙƻƛǘƛ ƪŅƛƎǳǎ kaks kuud ja siis konserveeriti. 

2019. ŀŀǎǘŀ ƪŜǾŀŘŜƭ ƭŀƛŜƴŘŀǘƛ ƳƻŘǳƭŀŀǊǎŜ ǾŜǘƛƪŀƛƴƪǳōŀŀǘƻǊƛ ƻǎŀ ƻƭǳƭƛǎŜƭǘΦ [ƛǎŀǘƛ Ƨŀ ǸƘŜƴŘŀǘƛ ƪƻƪƪǳ спǎǘ 

ƳƻƻŘǳƭƛǎǘ ƪƻƻǎƴŜǾ ǎǸǎǘŜŜƳ (Joonised 9-13)Φ 9ƪǎǇŜǊƛƳŜƴǘŀŀƭƪƻƳǇƭŜƪǎ ƪŅƛǾƛǘŀǘƛ нпΦ aprillil. Iga 

eksperimendijada kahte esimesse mahutƛǎǎŜ ƭƛǎŀǘƛ оΣр ƪƎ ǎǀǀŘŀǾŀǘ ǊŀƴƴŀƪŀǊǇƛ όƪƻǊƧŀǘǳŘ YǸŘŜƳŀ 

lahest) (Joonis 15)Φ YŀƭŀƪƻƳǇƻƴŜƴǘ ƭƛǎŀǘƛ ǎǸǎǘŜŜƳƛ ŀƭƭŜǎ ǎǸƎƛǎŜƭ (24.09. asustati mahutisse 230 kg 

vikerforelli) ǇŅǊŀǎǘ ǾŜŜ erikasutusloa saamist. Suve esimeses pooles katsetati eri liikide kasvatamist 

mahutites.  

Periood 26.05-03.07 ς Mytilus trossulus + Cladophora glomerata 

Periood 22.07-26.08 ς Mytilus trossulus + Ulva intestinalis/ paralleelselt Ceratophyllum 

demersum 

Periood 27.08-18.10 ς Mytilus trossulus + Ulva intestinalis + Vikerforell  

2020. ŀŀǎǘŀ ƪŜǾŀŘŜƭ ǘŅƛŜƴŘŀǘƛ ǎǸǎǘŜŜƳƛ ƿƘǳǘǳǎŜƎŀΦ YƻƳǇǊŜǎǎƻǊƛƎŀ ǸƘŜƴŘŀǘƛ ƛƎŀǎǘ ŜƪǎǇŜǊƛƳŜƴŘƛƧŀŘŀǎǘ 

ƪƻƭƳ ƳŀƘǳǘƛǘ όǾŀǎǘŀǾŀƭǘ ƛƎŀ ƧŀŘŀ ƴǊ оΣ пΣ рύΦ lƘǳǘǳǎ ǘƻƛƳƛǎ ƛƴǘŜǊǾŀƭƭƛƎŀ ƛƎŀǎ ǘǳƴƴƛǎ нл ƳƛƴΦ Algusest 

peale kasutati ka kalakomponenti (suve jooksul hoiti kalamahutis 30-50 kg vikerforelli). 

2020. aasta jooksul teostati kokku kolm biomassi juurdekasvu eksperimenti: 

26.05-25.06 ς ол ǇŅŜǾŀ  

21.07-12.08 ς нн ǇŅŜǾŀ 

04.09-01.10 ς нт ǇŅŜǾŀ 

Need katsed olid suunatud toitainete eemaldamise ja biomassi juurdekasvu hindamisele. Inkubeeriti 

erinevaid koguseid Ulva intestinalist ja kalamahutis hoiti stabiilselt 30-50 kg vikerforelli.  
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Joonis 7. Pilootkatse seadistamine (oktoober 2018). 

  

  
Joonis 8Φ tƛƭƻƻǘƪŀǘǎŜ ǸƭŜǎǇŀƴŜƪ όƻƪǘƻƻōŜǊ нлмуύΦ 
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Joonis 9. Eksperimendi seadistamine (aprill 2019). Vaade meresuunast. 

 

Joonis 10. Eksperimendi seadistamine (aprill 2019).  
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Joonis 11Φ 9ƪǎǇŜǊƛƳŜƴǘ ƪǸƭƎǾŀŀǘŜǎ όǎŜǇǘŜƳōŜǊ нлнлύΦ 

 

 

Joonis 12. 9ƪǎǇŜǊƛƳŜƴŘƛ ǎŜŀŘƛǎǘŀƳƛƴŜ όŀǇǊƛƭƭ нлмфύΦ tŀǊŜƳŀƭ ƪŀƭŀƳŀƘǳǘƛ Ƨŀ ƧŅƳŜŦƛƭǘŜǊΦ 
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Joonis 13. Eksperimendi seadistamine (aprill 2019). Sissetuleva vee aeraator ja sademefilter. 

 

Joonis 14Φ aŀƘǳǘƛǘŜ ƳŀǊƪŜŜǊƛƴƎǳ ƴŅƛŘƛǎΦ 
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Joonis 15Φ {ǀǀŘŀǾŀ ǊŀƴƴŀƪŀǊōƛ ƛǎǘǳǘŀƳƛƴŜ ǎǸǎǘŜŜƳƛ όŀǇǊƛƭƭ нлмфύΦ  
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YŜǎƪƪƻƴƴŀǇŀǊŀƳŜŜǘǊƛǘŜ ƳƿƿǘƳƛƴŜ 
 

Kogu eksperimendi kŅƛƎǳǎ ƳƿƿŘŜǘƛ ƧŅǊƎƳƛǎƛ ǾŜŜƪŜǎƪƪƻƴƴŀ ŦǸǸǎƛƪŀƭƛǎƛ Ƨŀ ƪŜŜƳƛƭƛǎƛ ǇŀǊŀƳŜŜǘǊŜƛŘΥ 

¶ ±ŜŜ ǘŜƳǇŜǊŀǘǳǳǊ όǇƛŘŜǾƳƿƿǘƳƛǎŜŘύ 

¶ Vee hapnikusisaldus όǇƛŘŜǾƳƿƿǘƳƛǎŜŘ ŀǳǘƻƳŀŀǘƭƻƎŜǊƛƎŀΣ ƪƻǊŘ ƪǳǳǎ ƪŅǎƛŀƴŘǳǊƛƎŀύ 

¶ ǇI όŀǳǘƻƳŀŀǘƳƿƿǘƳƛǎŜŘ ƭƻƎŜǊƛƎŀύ 

¶ {ƻƻƭǎǳǎ όƛƎŀƴŅŘŀƭŀǎŜƭǘύ 

¶ Nitraadi kontsentratsioon (regulaarselt eksperimentide ajal) 

¶ Nitriti kontsentratsioon (regulaarselt eksperimentide ajal) 

¶ Fosfaadi kontsentratsioon (regulaarselt eksperimentide ajal) 

¶ «ƭŘŦƻǎŦƻǊƛ ƪƻƴǘǎŜƴǘǊŀǘǎƛƻƻƴ όǊŜƎǳƭŀŀǊǎŜƭǘ ŜƪǎǇŜǊƛƳŜƴǘƛŘŜ ŀƧŀƭύ 

¶ «ƭŘƭŅƳƳŀǎǘƛƪǳ ƪƻƴǘǎŜƴǘǊŀǘsioon (regulaarselt eksperimentide ajal) 

 

[ƛǎŀƪǎ ƳƿƿŘŜǘƛ ǾŜŜ ŜǊƛƪŀǎǳǘǳǎƭƻŀ seireǘƛƴƎƛƳǳǎǘŜƭŜ ǾŀǎǘŀǾŀƭǘ ƧŅǊƎƳƛǎƛ Ǉarameetreid: 

¶ KHT (kord kuus kalakasvatuse perioodil) 

¶ BHT (kord kuus kalakasvatuse perioodil) 

¶ Heljum (kord kuus kalakasvatuse perioodil) 

Proovid ƪŜŜƳƛƭƛǎǘŜ ŀƴŀƭǸǸǎƛŘŜ ǘŜƻǎǘŀƳƛǎŜƪǎ ƪƻƎǳǘƛ ƧŅǊƎƳƛǎǘŜƭǘΥ 

2018 2019 2020 Vee erikasutusluba 

Sissevool Kalamahuti (T 0) Kalamahuti (T 0) Sissevool (INLET) 

Kalamahuti (T 0) 1.2; 2.2; 3.2; 4.2 1.3; 2.3; 3.3; 4.3 tŅǊŀǎǘ ƧŅƳŜŦƛƭǘǊƛǘ ό!C¢ύ 

Mahuti 1 1.4; 2.4; 3.4; 4.4 1.5; 2.5; 3.5; 4.5 ±ŅƭƧŀǾƻƻƭ όh¦¢[9¢ύ 

Mahuti 2 1.8; 2.8; 3.8; 4.8 1.9, 2.9; 3.9; 4.9  

Mahuti 3 1.12; 2.12; 3.12; 4.12 1.15; 2.15; 3.15; 4.15  

Mahuti 4 1.16; 2.16, 3.16; 4.16   

 

Lisaks teostati perioodiliselt ka CO2 ƳƿƿǘƳƛǎƛ ƴƛƛ ƭƻƻŘǳǎƭƛƪŜǎ ƪƻƻslustes kui inkubatsioonimahutites. 

YŜŜƳƛƭƛǎŜŘ ŀƴŀƭǸǸǎƛŘ ǘŜƻǎǘŀǘƛ ¢ŀǊǘǳ «ƭƛƪƻƻƭƛ 9Ŝǎǘƛ aŜǊŜƛƴǎǘƛǘǳǳŘƛ aŜǊŜōƛƻƭƻƻƎƛŀ ƻǎakonna laboris, 

mis on EAK poolt akrediteeritud katselabor registreerimisnumbriga L179 (13.12.2025) 
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Joonis 16. Hapnikulogerite kalibreerimine. 

 

 

Joonis 17Φ ±ŜŜ ǇŀǊŀƳŜŜǘǊƛǘŜ ƳƿƿǘƳƛƴŜ /¢5 ǎƻƴŘƛƎŀ нлмф. aasta mais. 
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Joonis 18. Automaatsete valgus- ja temperatuurilogerite paigaldamine mahutitesse (2020. aasta 

esimene eksperiment, 08.06.2020). 

  
Joonis 19. SSN M90 sond, mida kasutati loodusliku vetikakoosluse keskkonnatingimuste 

kirjeldamiseks ja inkubeerimismahutite eri parameŜǘǊƛǘŜ ƧŅƭƎƛƳƛǎŜƪǎΦ 

  
Joonis 20Φ  9ƪǎǇŜǊƛƳŜƴŘƛ ƪŅƛƎǳ ǎŜƛǊŜƪǎ ƪŀǎǳǘŀǘǳŘ autonoomsed hapnikuloger (vasakul) ja pH loger 

(paremal).  
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Kultiveerimiseks sobiva vetikaliigi valik 
 

YǳƭǘƛǾŜŜǊƛƳƛǎŜƪǎ ǎƻōƛǾŀ ǾŜǘƛƪŀƭƛƛƎƛ Ǿŀƭƛƪǳƭ ƭŅƘǘǳǘƛ ƳƛǘƳŜǎǘ kriteeriumist: 

¶ Liik peab olema kohalik ja kohastunud kasvama riimvees; 

¶ [ƛƛƪ Ǿƿƛƪǎ ƻƭƭŀ ƪƻƘŀǎǘǳƴǳŘ ǘŀƭǳƳŀ Ǿƿƛ ǎƻƻǎƛƳŀ ƪƿǊƎŜƳŀƛŘ ǘƻƛǘŀƛƴŜǘŜ ƪƻƴǘǎŜƴǘǊŀǘǎƛƻƻƴŜΤ 

¶ [ƛƛƪ ǇŜŀō ƻƭŜƳŀ ǾƿƛƳŜƭƛƴŜ kasvama ka kinnitumata substraadile; 

¶ Liik peab olema suhteliselt kiire kasvuga; 

¶ [ƛƛƪƛ ǇŜŀƪǎ ƻƭŜƳŀ ǾƿƛƳŀƭƛƪ ǎǳƘǘŜƭƛǎŜƭǘ ƭƛƘǘǎŀƭǘ ƳŜǊŜǎǘ ƪƻƎǳŘŀΤ 

¶ Liik peab olema vastupidav fragmenteerumisele; 

¶ [ƛƛƪ Ǿƿƛƪǎ ƻƭƭŀ ǘǀǀƴŘǳǎƭƛƪǳƭǘ ƪŀǎǳǘŀǘŀǾ ƳǳƧŀƭ ƳŀŀƛƭƳŀǎΦ 

 

[ŅƘǘǳŘŜǎ ǸƭŀƭǘƻƻŘǳŘ ƪǊƛǘŜŜǊƛǳƳƛǘŜǎǘ ǘǀǀǘŀǘƛ ƭŅōƛ ǘŜŀŘǳǎƭƛƪ ƪƛǊƧŀƴŘǳǎ [ŅŅƴŜƳŜǊŜǎ ƭŜvivatest 

ƳŀƪǊƻǾŜǘƛƪŀƭƛƛƪƛŘŜǎǘ Ƨŀ ƪƻƻǎǘŀǘƛ ƴƛƳŜƪƛǊƛΣ ƳƛŘŀ ǎƛƛǎ ŀƴŀƭǸǸǎƛǘƛ Ŝdasi praktilise rakendatavuse osas. 

Liigid, mida kaaluti katsesse kaasamiseks, ŀƎŀ Ƴƛǎ ǘŜŀǘǳŘ ǇƿƘƧǳǎǘŜƭ ƪŀǘǎŜsse ei valitud: 

tƿƛǎŀŘǊǳ (Fucus vesiculosus) ς on laialt levinud liik, kohastunud elama madalas rannikumeres, esineb 

ka lahtisel kujulΣ ǘŀƭ ƻƴ ǘǀǀƴŘǳǎƭƛƪǳ ƪŀǎǳǘŀƳƛǎŜ ǇƻǘŜƴǘǎƛŀŀƭ. Katsesse ei sobinud kuna ς aeglane kasv 

(kirjanduse andmetes ja varasemate proŘǳƪǘǎƛƻƻƴƛƳƿƿǘƳƛǎǘŜ kohaselt on juurdekasv maksimaalselt 

10-15% biomassi aastas), liik on pigem madalate toitainete kontsentratsioonide eelistaja. 

Agarik (Furcellaria lumbricalis) ς ǎŀƳǳǘƛ ƭŀƛŀƭǘ ƭŜǾƛƴǳŘ ƭƛƛƪΣ Ǿƿƛō ŜǎƛƴŜŘŀ ƭŀƘǘƛǎŜƭǘ ǎǳōǎǘǊŀŀŘƛƭŜ 

kinnitamata, paljuneb vegetatiivselt ja talub ŦǊŀƎƳŜƴǘŜŜǊǳƳƛǎǘΣ ƻƳŀō ǘǀǀƴŘǳǎƭƛƪƪǳ ǾŅŅǊǘǳǎǘ Ƨŀ 

kasutust ka Eestis. Katsesse ei sobinud kuna ς aeglane juurdekasv (kuni 100% aastas 

ƛŘŜŀŀƭǘƛƴƎƛƳǳǎǘŜǎύΣ ƭƛƛƪ ƻƴ ƪƻƘŀǎǘǳƴǳŘ ŜƭŀƳŀ ǎǸƎŀǾŀƳŀƭ Ƨŀ ǎŜŜƎŀ ǾŀƭƎǳǎǘƛƴƎƛƳǳǎŜŘ ŀǾŀƳŀŀl mahutites 

kultiveerimisel vajavad rŜƎǳƭŜŜǊƛƳƛǎǘΣ Ŝƛ ǘŀƭǳ ƪƿǊƎŜƛŘ ǾŜŜǘŜƳǇŜǊŀǘǳǳǊŜΦ 

Ceramum tenuicorne ς ƭŀƛŀƭǘ ƭŜǾƛƴǳŘ ƴƛƛǘƧŀ ǘŀƭƭǳǎŜƎŀ ƭƛƛƪΣ ŜǎƛƴŜō ŜǊƛƴŜǾŀǘŜƭ ǎǸƎŀǾǳǎǘŜƭ Ƨŀ Ǿƿƛō ƪŀǎǾŀŘŀ 

ƪŀ ƭŀƘǘƛǎŜƭǘ ǎǳōǎǘǊŀŀŘƛƭŜ ƪƛƴƴƛǘǳƳŀǘŀΦ YŀǘǎŜǎǎŜ Ŝƛ ǎƻōƛƴǳŘ ŜŜƭƪƿƛƎŜ ǎŜƭƭŜ ǘƿǘǘǳΣ Ŝǘ ǎŜŘŀ ƭƛƛƪƛ ƻƴ ǾŅƎŀ 

raske koguda katse jaoks vajalikus koguses. 

Pilayella littoralis ς ƭŀƛŀƭǘ ƭŜǾƛƴǳŘ ƴƛƛǘƧŀ ǘŀƭƭǳǎŜƎŀ ǇǊǳǳƴǾŜǘƛƪŀ ƭƛƛƪΣ ŜǎƛƴŜō ŜǊƛƴŜǾŀǘŜƭ ǎǸƎŀǾǳǎǘŜƭ Ƨŀ Ǿƿƛō 

kasvada ka lahtiselt substraadile kinnitumata. Katsesse ei sobinud ǎŜƭƭŜ ǘƿǘǘǳΣ Ŝǘ ǎŜŘŀ ƭƛƛƪƛ ƻƴ ǊŀǎƪŜ 

koguda katse jaoks piisavas koguses.  

Merihein (Zostera marina) - ƭŀƛŀƭǘ ƭŜǾƛƴǳŘ 9Ŝǎǘƛ ǊŀƴƴƛƪǳƳŜǊŜǎΣ ƻƳŀō ǇƻǘŜƴǘǎƛŀŀƭƛ ǘǀǀƴŘǳǎƭƛƪǳƪǎ 

kasutuseksΣ ƻƴ ƻƭŜƳŀǎ ƪƻƎŜƳǳǎ ǸƳōŜǊƛǎǘǳǘŀƳƛǎŜƪǎ ǘŜƛǎǘŜ ǾŀǊŀǎŜƳŀǘŜ ǇǊƻƧŜƪǘƛŘŜ ƪŅƛƎǳǎΦ YŀǘǎŜǎǎŜ ƧŅƛ 

ǾŀƭƛƳŀǘŀ ŜŜƭƪƿƛƎŜ ƪŀǘǎŜ ǘŜƘƴƛƭƛǎŜ ƭŀƘŜƴŘǳǎŜ ǘƿǘǘǳΦ [ƛƛƪ ǾŀƧŀō ƪŀǎǾŀƳƛǎŜƪǎ ƳŜǊŜǇƿƘƧŀ ƪƛƴƴƛǘǳƳƛǎǘ Ƨŀ 

kasutatud katse teostus selliǎǘ ƭŀƘŜƴŘǳǎǘ Ŝƛ ǾƿƛƳŀƭŘŀƴǳŘΦ 

Liigid, mis valiti katsesse: 

Cladophora glomerata, Ulva intestinalis ja Ceratophyllum demersum. 
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Cladophora glomerata. 

Tegemiǎǘ ƻƴ ǾŅƎŀ ƭŀƛŀƭǘ ƭŜǾƛƴǳŘ ǊƻƘŜǾŜǘƛƪŀƭƛƛƎƛƎŀ (Joonis 21)Φ aŀƎŜǾŜŜƭƛƛƪΣ Ƴƛǎ ƪŀǎǾŀō ƪŀ ƳƿƿŘǳƪŀƭǘ 

ǎƻƻƭŀǎŜǎ ǊƛƛƳǾŜŜǎΦ 9Ŝǎǘƛ ǊŀƴƴƛƪǳƳŜǊŜǎ ƻƴ ǎŜŜ ƭƛƛƪ ŅŅǊƳƛǎŜƭǘ ƭŀƛŀƭǘ ƭŜǾƛƴǳŘΦ [ƛƛƪ ƻƴ ǎŜǎƻƻƴƴŜ ς massiliselt 

esineb suve alguseǎΦ IƛƭƧŜƳ ŜǎƛƴŜō ƪƻƎǳ ǾŜƎŜǘŀǘǎƛƻƻƴƛǇŜǊƛƻƻŘƛ Ƨƻƻƪǎǳƭ Ƨŀ Ǿƿƛō ǇƿƘƧǳǎǘŀŘŀ ƪŀ Ƴƛǘǳ 

ƿƛǘǎŜƴƎǳǘ (massesinemist) ǎǳǾŜ ƧƻƻƪǎǳƭΦ [ƛƛƪ ƻƴ ǾŅƎŀ ƪƛƛǊŜ ƪŀǎǾǳƎŀ Ƨŀ ƪƿǊƎŜ ǇǊƛƳŀŀǊǇǊƻŘǳƪǘǎƛƻƻƴƛ 

aktiivsusega. YƻƘŀǎǘǳƴǳŘ ǘŀƭǳƳŀ ƭŀǳǎǇŅƛƪŜǎǘ Ƨŀ ƪƿǊƎŜƳŀƛŘ ǾŜŜǘŜƳǇŜǊŀǘǳǳǊŜ ƳŀŘŀƭŀǎ vees. 

Looduslikult kasvab madalas vees, kinnitub nii vabale substraadile kui ka teistele taimedele. Substraadi 

ƪǸƭƧŜǎǘ ƭŀƘǘƛ ǊŜōƛǘǳƭǘ Ǿƿƛō ƳƻƻŘǳǎǘŀŘŀ ǾŜǘƛƪŀƳŀǘǘŜΦ ¢ǀǀƴŘǳǎƭƛƪǳ ƪŀǎǳǘŀƳƛǎŜ ƻǎŀǎ Ǿƿƛō ǇŀƪƪǳŘŀ ƘǳǾƛ 

nanotselluloosi toorainena.  

  
 
Joonis 21. Rohevetikaliik Cladophora glomerata mikroskoobis. 

 
Ulva intestinalis 

¢ŜƎŜƳƛǎǘ ƻƴ ǾŅƎŀ ƭƛƘǘǎŀ ŜƘƛǘǳǎŜƎŀ ǊƻƘŜǾŜǘƛƪŀƭƛƛƎƛƎŀΣ Ƴƛǎ ŀǎǳǎǘŀō ƪƿǾŀ ǎǳōǎǘǊŀŀǘƛ ǾŀƘŜǘǳƭǘ ǾŜŜǇƛƛǊƛƭ 

(Joonis 22)Φ [ƛƛƪ ƻƴ ŀƭƎǎŜƭǘ ǇŅǊƛǘ ƳŜǊŜƭƛǎŜǎǘ ƪŜǎƪƪƻƴƴŀǎǘ, ƪǳƛŘ ǎŀŀō ǾŅƎŀ ƘŅǎǘƛ ƘŀƪƪŀƳa ka madala 

soolsuse juures. ¢ŅƴŀǇŅŜǾŀƭ ŀǎǳǎǘŀō ǎŜŜ ƭƛƛƪ ƪƿƛƪƛ ƳŜǊŜǎƛŘ Ƨŀ ƻƴ ƭŜƛǘŀǾ ƪƿƛkides ookeanides. Liiki esineb 

ǇǊŀƪǘƛƭƛǎŜƭǘ ŀŀǎǘŀ ƭŅōƛΣ ǊƻƘƪŜƳ ŜǎƛƴŜō ǘŜŘŀ ƪŜǾŀŘƛǎŜƭ Ƨŀ ƘƛƭƛǎǎǳǾƛǎŜƭ ǇŜǊƛƻƻŘƛƭΦ Taim kasvab n-ǀΦ 

ƭƿǇƳŀǘǳƭǘ ƪǳƴƛ ǘŜƳŀ ǘŀƭƭǳǎ ƭŀƎǳƴŜō ƭŀƛƴŜǘǳǎŜ ƳƿƧǳƭΦ ±ƿƛō ƪŀǎǾŀŘŀ ƪŀ Ǿŀōŀƭǘ ƘƿƭƧǳǾŀƭǘΣ Ŝƛ ǾŀƧŀ 

kinnitumist substraadile. Liik on ǾŅƎŀ ƪƛƛǊŜ ƪŀǎǾǳƎŀΣ ŜŜƭƛǎǘŀō ǘƻƛǘŀƛƴŜǘŜǊƛƪŀǎǘ ǾŜǘǘΦ Liiki kasutatakse 

ƛƴƛƳǘƻƛŘǳƪǎ ǾŅƎŀ ƭŀƛŀƭŘŀǎŜƭǘ ƳǳƧŀƭ ƳŀŀƛƭƳŀǎΦ hƳŀ ƪƛƛǊŜ ƪŀǎǾǳ ǘƿǘǘǳ ƪŀǎǳǘŀǘŀƪǎŜ ǎŜŘŀ ƭƛƛƪƛ ƪŀ ƳǳƧŀƭ 

ǾŜǎƛǾƛƭƧŜƭǳǎŜǎ Ƨŀ ǎŀƳǳǘƛ ƻƴ ƴŅƛǘŜƛŘΣ ƪǳǎ ǎŜŘŀ ƭƛƛƪƛ ƪŀǎǳǘŀǘŀƪǎŜ ǊŜƻǾŜŜ ǇǳƘŀǎǘŀƳƛǎŜƭΦ 

  
 

Joonis 22. Rohevetikaliik Ulva intestinalis.  
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Ceratophyllum demersum 

wŅƴƛ-kardhein (Ceratophyllum demersum) on veesisene taim kardheinaliste sugukonnast kardheina 

pŜǊŜƪƻƴƴŀǎǘ όWƻƻƴƛǎ ноύΦ wŅƴƛ-kardhein on kosmopoliitse levikuga mageveetaim. 

9ƴŀƳŀǎǘƛ ƪŀǎǾŀō ǘŀ ǘƻƛǘŜŀƛƴŜǘŜǊƛƪŀǎǘŜǎ ǎŜƛǎǾŀǘŜǎ Ǿƿƛ ǾŅƎŀ ǾŀƛƪǎŜ ǾƻƻƭǳƎŀ ǾŜŜƪƻƎǳŘŜǎ ǎǳǾƛǎŜ 

temperatuuriga 15ςол ϲ/Σ ƪƛƴƴƛǘǳŘŜǎ ƳǳŘŀǎŜƭŜ ǇƿƘƧŀƭŜΦ ±ŀƘŜƭ ŜǎƛƴŜō ǘŀ ƪŀ ƴƿǊƎŀƭǘ ǊƛƛƳǾŜŜlistes 

veekogudes. Taime vars kasvab 1ς3 m pikkuseks. Varrel on ƘǳƭƎŀƭƛǎŜƭǘ ƪǸƭƎǾƿǎǳǎƛŘΣ Ƴƛǎ ƳǳǳŘŀō ǸƘŜ 

ƛǎŜƴŘƛ ǎǳǳǊŜƪǎ ǇƿƿǎŀƪǳƧǳƭƛǎŜƪǎ ƳŀǎǎƛƪǎΦ LƎŀ ƭŜƘǘ ƻƴ уς40 mm pikk. Lehed on 6ςмн ƪŀǳǇŀ ƳŅƴƴŀǎǘŜǎΦ 

[ŜƘŜŘ ƻƴ ǘŜǊŀǾŀ ǎŜǊǾŀƎŀ ƘŀƳƳŀǎǘŜƎŀΣ ƧŅƛƎŀŘ Ƨŀ ƘŀǇǊŀŘΦ 

TŀƛƳ ƻƴ ǸƘŜƪƻƧŀƭƛƴŜ Ƨŀ ƿƛǘǎŜō Ƨǳǳƭƛǎǘ ǎŜǇǘŜƳōǊƛƴƛΦ lƛŜŘ ƻƴ ǾŅƛƪŜǎed, umbes 2 mm pikad, kroonlehti on 

у Ǿƿƛ ǊƻƘƪŜƳ Ƨŀ ƴŜŜŘ ƻƴ ǊƻƘŜƪŀǎǇǊǳǳƴƛƪŀŘΦ {ŀƳŀƭ ǘŀƛƳŜƭ ƳƻƻŘǳǎǘǳǾŀŘ ŜǊŀƭŘƛ ƛǎŀǎ- Ƨŀ ŜƳŀǎƿƛŜŘΦ 

wŅƴƛ-ƪŀǊŘƘŜƛƴŀ ƪŀǎǾŀǘŀǘŀƪǎŜ ǎŀƎŜƭƛ ŀƪǾŀŀǊƛǳƳƛŘŜǎΣ ǎŜŀƭƘǳƭƎŀǎ ƪǸƭƳŀ ǾŜŜƎŀ ǘŅƛŘŜǘǳŘ ŀƪǾŀŀǊƛǳƳƛŘŜǎΦ 

LǎŜƎƛ ƛƭƳŀ ƧǳǳǊǘŜǘŀ Ǿƿƛō ǘŀƛƳ ƪƛƴƴƛǘǳŘŀ ŀƪǾŀŀǊƛǳƳƛ ǇƿƘƧŀ Ǿƿƛ ŀƪǾŀŀǊƛǳƳƛǎ ƻƭŜǾŀǘŜ ŜǎŜƳŜǘŜ ƪǸƭƎŜΦ  

wŅƴƛ-kardheina kasutatakse veekogude puhastamiseks, sest nad eritavad aineid, mis takistavad 

ǘǎǸŀƴƻōŀƪǘŜǊƛǘŜ ŀǊŜƴƎǳǘΦ 

  
 

Joonis 23Φ wŅƴƛ-kardhein Ceratophyllum demersum. 
 

Katsed inkubeerimiseks sobiva liigi valikuks 
 

YŀǘǎŜŘ ǎƻōƛǾŀ ƭƛƛƎƛ Ǿŀƭƛƪǳƪǎ ƪŀƭŀƪŀǎǾŀǘǳǎŜ ǾŜŜ ǇǳƘŀǎǘŀƳƛǎŜƪǎ ǾŜǘƛƪŀƛƴƪǳōŀŀǘƻǊƛǎ ǾƛƛŘƛ ƭŅōƛ нлмф. aasta 

suve perioodil. Katsed olid korraldatud selliselt, et kogǳ ǎǸǎǘŜŜƳ Ƙƻƛǘƛ ǘǀǀǎ ǘŜŀǘǳŘ ǇŜǊƛƻƻŘƛl ƧŅƭƎƛŘŜǎ 

nii taimede seisundit kui vee parameetrid. Perioodiliselt hinnati taimede seisundit ς selleks teostati 

ƴƛƛ ǾƛǎǳŀŀƭǎŜŘ ǾŀŀǘƭǳǎŜŘ ƪǳƛ ƪŀ ƳƿƿŘŜǘƛ ǘŀƛƳŜŘŜ ŦǸǎƛƻƭƻƻƎƛƭƛǎǘ ǎŜƛǎǳƴŘƛǘ ǇǊimaarproduktsiooni 

aktiivsuse hindamise kaudu.  

9ƪǎǇŜǊƛƳŜƴǘƛŘŜ ŜŜǎƳŅǊƎƛƪǎ ƻƭƛ ǾƿƛƳŀƭƛƪǳƭt pika perioodi jooksul hoida inkubeeritav vetikabiomass 

elus ja leida vetikabiomassi kultiveerimiseks sobivaimad keskkonnatingimused. 

YƿƛƪƛŘŜ ŜƪǎǇŜǊƛƳŜƴǘƛde ŀƧŀƭ Ƙƻƛǘƛ ǎǸǎǘŜŜƳƛǎ ƪŀ ƳŀƘǳǘŜƛŘ ǎǀǀŘŀǾŀ rannakarbiga. Seda tehti eeldades, 

Ŝǘ ǎǀǀŘŀǾa rannakarbigŀ ŀǎǳǎǘŀǘǳŘ ƳŀƘǳǘƛŘ ǘƻƛƳƛǾŀŘ ƪǳƛ ŜǎƳŀƴŜ ǘƻƛǘŀƛƴŜǘŜ Ƨŀ ƭŀƘǘƛǎŜ ǎŜǘǘŜ ǇǸǸŘǳǊΦ 

SǀǀŘŀǾ ǊŀƴƴŀƪŀǊǇ ƻƴ ŀƪǘƛƛǾƴŜ ŦƛƭǘǊŜŜǊƛƧŀ, ta ǇǸǸŀō ǾŜŜǎ ƻƭŜǾŀ ƘŜƭƧǳƳƛ Ƨŀ ǘŀǊōƛō ǎŜƭƭŜ ƻƳŀ ǘƻƛŘǳƪǎ, 

tǀǀǘŀŘŜǎ nii orgaanika ringi taimedele paremini omastatavasse vormi. 



                                  

22 
 

 

Katseperiood 26.05-03.07.2019 ς Mytilus trossulus + Cladophora glomerata 

EsimesŜ ƪŀǘǎŜǇŜǊƛƻƻŘƛƎŀ ŀƭǳǎǘŀǘƛ Ƴŀƛƪǳǳ ƭƿǇǳǎ ƪǳƛ ƭƛǎŀǘƛ ƪŀǘǎŜǎǎŜ ¢ŀƎŀƭŀƘŜǎǘ ƪƻƎǳǘǳŘ Cladophora 

glomerataΦ {ǀǀŘŀǾ ǊŀƴƴŀƪŀǊǇ ƻƭƛ ǎǸǎǘŜŜƳƛǎ juba selleks ajaks ligi kuu aega (karbid lisati esimestesse 

mahutitesse 24.04.2019). {ǸǎǘŜŜƳ ǘǀǀǘŀǎ ǘǸƘƧŀƭǘΣ ǾŜŜǾƻƻƭǳ ƪƛƛǊǳǎ ƻƭƛ мκмл ƳŀƪǎƛƳŀŀƭǾƿƛƳǎǳǎŜǎǘΦ 

9ƪǎǇŜǊƛƳŜƴǘ ƻƭƛ ǸƭŜǎ ŜƘƛǘŀǘǳŘ ǎŜƭƭƛǎŜƭǘΣ Ŝǘ ƪŀƭŀƳŀƘǳǘƛǎǘ ǘǳƭŜǾ ǾŜǎƛ suubus alguses esimese rea 

mahutitesseΦ {ǀǀŘŀǾ ǊŀƴƴŀƪŀǊǇ ŀǎǳǎǘŀǘƛ ǘŜƛǎŜ Ƨŀ ƪƻƭƳŀƴŘŀ ǊŜŀ ƳŀƘǳǘƛǘŜǎǎŜ igasse 3,5 kg (vastavalt 

mahutid 1.2 ja 1.3; 2.2 ja 2.3; 3.2 ja 3.3). Vetikas Cladophora glomerata asustati viienda ja kuuenda 

rea mahutitesse igasse 6 kg mŅǊƎƪŀŀƭǳǎ (1.5 ja 1.6; 2.5 ja 2.6, 3.5 ja 3.6).  

9ƪǎǇŜǊƛƳŜƴŘƛ ƪŅƛƪ Ƨŀ ǘulemusǘŜ ƪƻƪƪǳǾƿǘŜ. Eksperimendi 

ŜǎƛƳŜǎǘŜƭ ƴŅŘŀƭŀǘŜƭ ǇǸǎƛǎ ǾŜŜ ǘemperatuur alla 15 kraadi. Alates 

04.06 on aga ilmastikutingimused muutunud ja vee temperatuur 

hakkab mahutites kiirelt kasvama. Samuti oli probleemiks 

ŜǎƛƳŜǎŜƭ ƴŅŘŀƭŀƭ ǾŜǘƛƪŀƳŀǎǎƛ ƘƻƛŘƳƛƴŜ ƳŀƘǳǘƛǎΦ ±ŜǘƛƪŀƳŀǎǎ 

Ƙŀƪƪŀǎ ƪƻƻǎ ǾŜŜǾƻƻƭǳƎŀ ƭƛƛƪǳƳŀ ƳǀǀŘŀ ƳŀƘǳǘƛǘŜ ƧŀŘŀ Ƨŀ ƪŀƻŘ 

ƻƭƛŘ ƳŅǊƪƛƳƛǎǾŅŅǊǎŜŘΦ   

/ƭŀŘƻǇƘƻǊŀ Ƙŀƪƪŀǎ ƭŀƎǳƴŜƳŀ Ƨǳōŀ ŀƭŀǘŜǎ ǘŜƛǎŜǎǘ ƴŅŘŀƭŀǎǘ όƪƿǊǾŀƭ 

olev foto mahutist 1.5 on tehtud 05.06). Mahutites kerkis surnud vetikamass pinnale ja hakkas 

roiskuma. Kuni juuni keskpaigani oli mahutites pindmise surnud vetikamassi all ka elusat materjali. 

9ƪǎǇŜǊƛƳŜƴŘƛ ƭƿǇǳƪǎ ƻƭƛ ŜƴŀƳǳǎ /ƭŀŘƻǇƘƻǊŀ Ƴŀǎǎƛǎǘ ǎǳǊƴǳŘΦ   

Ka toitainete kontsenǘǊŀǘǎƛƻƻƴƛ ŀƴŀƭǸǸǎƛŘ ƴŅƛǘŀǎƛŘΣ Ŝt kohe peale vetikate ja rannakarpide asustamist 

ǎǸǎǘŜŜƳƛ Ƙŀƪƪŀǎ ōƛƻƳŀǎǎƛǎǘ ƭŜƪƪƛƳŀ ǘƻƛǘŀƛƴŜƛŘ ό[L{! н ƧƻƻƴƛǎŜŘ м-4). 9ƪǎǇŜǊƛƳŜƴŘƛǎ ƪŀǎǳǘŀǘǳŘ ǎǀǀŘŀǾ 

rannakaǊǇ ǇƛŘŀǎ ŜƪǎǇŜǊƛƳŜƴŘƛ ŀƧŀ ǾŅƎŀ ƘŅǎǘƛ Ǿŀǎǘǳ Ƨŀ ƭƻƻƳŀŘ Ǿŀōŀǎǘŀǘƛ ǇŅǊŀǎt eksperimenti. 

 

Katseperiood 22.07-26.08.2019 ς Mytilus trossulus + Ulva intestinalis/paralleelselt Ceratophyllum 

demersum 

¢ŜƛǎŜ ƪŀǘǎŜǇŜǊƛƻƻŘƛ ŜŜǎƳŅǊƪ ƻƭƛ ƪŀǘǎŜǘŀŘŀ ǘŜƛǎǘŜ ƭƛƛƪƛŘŜƎŀΦ {ŜŜƪƻǊŘ ƪƻƎǳǘƛ YǸŘŜƳŀ ƭŀƘŜǎǘ {ŀŀǊŜƳŀŀ 

sadama juurest piisav kogus Ulva intestinalst Ƨŀ ǎǀǀŘŀǾŀǘ ǊŀƴƴŀƪŀǊǇƛΦ {ǀǀŘŀǾ ǊŀƴƴŀƪŀǊǇ ǇŀƛƎǳǘŀǘƛ 

teise, kolmanda ja neljanda rea mahutitesse (vastavalt mahutid 1.2, 1.3 ja 1.4; 2.2, 2.3 ja 2.4; 3.2, 3.3 

Ƨŀ оΦпύΦ LƎŀǎǎŜ ƳŀƘǳǘƛǎǎŜ ǇŀƛƎǳǘŀǘƛ ǳƳōŜǎ н ƪƎ ǎǀǀŘŀǾŀǘ ǊŀƴƴŀƪŀǊǇƛΦ ¦ƭǾŀ ǇŀƛƎǳǘŀǘƛ ǾƛƛŜƴŘŀ ǊŜŀ 

mahutitesse (1.5; 2.5; 3.5). Mahutitejadade viimastes mahutites toimus ka paralleeleksperiment wŅƴƛ 

kardheinaga.  

EkǎǇŜǊƛƳŜƴŘƛ ƪŅƛƪ Ƨŀ ǘǳƭŜƳǳǎǘŜ ƪƻƪƪǳǾƿǘŜ. Ulva pidas vastu oluliselt paremini kui eelmises 

eksperimendis olnud Cladophora. Oli samuti probleeme vetikamassi hoidmisega 

inkubatsioonimahutisΦ YǳƛƎƛ ǾŜŜ ǘŜƳǇŜǊŀǘǳǳǊƛŘ ƪŜǊƪƛǎƛŘ Ƨǳǳƭƛ ƭƿǇǳƪǎ ǾŅƎŀ ƪƿǊƎŜƭŜ όWƻƻƴƛǎ ноύ ƧŅƛ Ulva 

ŜƭƭǳΦ {ǸǎǘŜŜƳ ǘƻƛƳƛǎ ƪŀ ǘƻƛǘŀƛƴŜǘŜ ŅǊŀǎǘŀƧŀƴŀ ς ƳƛǘƳŜŘ ƪŜŜƳƛŀ ǇŀǊŀƳŜŜǘǊƛŘ ƴŅƛǘŀǎƛŘΣ Ŝǘ ǎǸǎǘŜŜƳƛǎǘ 

ƭŅōƛǾƻƻƭŀǾŀǎǘ ǾŜŜǎǘ eemaldatakse toitaineid (LISA 2 joonised 5-6).  

ParallŜŜƭǎŜƭǘ ƭŅōƛǾƛƛŘǳŘ ƪŀǘǎŜ wŅƴƛ ƪŀǊŘƘŜƛƴŀƎŀ ŜōŀƿƴƴŜǎǘǳǎ, kuna katsematerjal ƘŅǾƛǎ ŜǎƛƳŜǎŜ ƪŀƘŜ 

ƴŅŘŀƭŀ ƧƻƻƪǎǳƭΦ ¢ƿŜƴŅƻƭƛǎŜƭǘ Ŝƛ ǇƛŘŀƴǳŘ ǘŀƛƳŜŘ Ǿŀǎǘǳ ƪƿǊƎŜƭŜ ǘŜƳǇŜǊŀǘǳǳǊƛƭŜΦ  
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Joonis 23. Valguse ja temperatuuri logeri salvestused teise eksperimendi ajal (loger 20611227 ς 

mahuti 1.1; loger 20611230 ς mahuti 1.4; loger 20611229 ς mahuti 1.15).  

 

Katseperiood 27.08-18.10.2019 ς Mytilus trossulus + Ulva intestinalis + Vikerforell 

YƻƭƳŀƴŘŀ ƪŀǘǎŜǇŜǊƛƻƻŘƛ ŜŜǎƳŅǊƎƛƪǎ ƻƭƛ ƪƻƴǘǊƻƭƭƛŘŀ ǾŀƭƛǘǳŘ liigi sobivust inkubeerimiseks lisades 

eksperimenti ka kalakomponendi. Erinevuseks eelmise perioodiga on ka veevoolu maht, mis 

ǎǳǳǊŜƴŘŀǘƛ ǘŅƛǎǾƿƛƳǎǳǎŜ ǇŜŀƭŜΦ {ǀǀŘŀǾ ǊŀƴƴŀƪŀǊǇ ǇŀƛƎǳǘŀǘƛ ǘŜƛǎŜΣ ƪƻƭƳŀƴŘŀ Ƨŀ ƴŜƭƧŀƴŘŀ ǊŜŀ 

mahutitesse (vastavalt mahutid 1.2, 1.3 ja 1.4; 2.2, 2.3 ja 2.4; 3.2, 3.3 ja 3.4). Igasse mahutisse paigutati 

ǳƳōŜǎ н ƪƎ ǎǀǀŘŀǾŀǘ ǊŀƴƴŀƪŀǊǇƛΦ ¦ƭǾŀ ǇŀƛƎǳǘŀǘƛ ǾƛƛŜƴŘŀ Ƨŀ ƪǳǳŜƴŘŀ ǊŜŀ ƳŀƘǳǘƛǘŜǎǎŜ όмΦр Ƨŀ мΦсΤ нΦр Ƨŀ 

нΦсΤ оΦр Ƨŀ оΦсύΦ ¦ƭǾŀ ƪƻƎǳǎ ƻƭƛ ǳƳōŜǎ о ƪƎ ƳŅǊƎƪŀŀƭǳǎ ƛƎŀǎǎŜ ƳŀƘǳǘƛǎǎŜΦ  
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EksperimeƴŘƛ ƪŅƛƪ Ƨŀ ǘǳƭŜƳǳǎǘŜ ƪƻƪƪǳǾƿǘŜ. Vee temperatuur langes eksperimendi jooksul oluliselt. Kui 

eksperimendi algusperioodil oli veetemperatuur +20 kraadi juures, ǎƛƛǎ ŜƪǎǇŜǊƛƳŜƴŘƛ ƭƿǇǳǎ ƻƭƛ ǾŜŜ 

temperatuur langenud +11 kraadi juurde. Eksperimendi jooksul oli Ulva olukord stabiilne, 

ǾŜǘƛƪŀōƛƻƳŀǎǎƛ ƭŀƎǳƴŜƳƛǎŜ ƳŅǊƪŜ ǇƻƭƴǳŘΦ  

KatsetŀǘǳŘ ǾŜǘƛƪŀƭƛƛƪƛŘŜ ǇǊƛƳŀŀǊǇǊƻŘǳƪǘǎƛƻƻƴƛ ƳƿƿǘƳƛǎŜŘ 

Yƿƛƪƛ ƪƻƭƳŜ ƪŀǘǎŜǘŀtǳŘ ǘŀƛƳŜƭƛƛƪƛ Ƙƛƴƴŀǘƛ ƪŀ ŦƻǘƻǎǸǎǘŜŜǘƛƭƛǎŜ ŀƪǘƛƛǾǎǳǎŜ ǎŜƛǎǳƪƻƘŀƭǘΦ 

tǊƛƳŀŀǊǇǊƻŘǳƪǘǎƛƻƻƴƛ ƳƿƿŘŜǘƛ ƘŀǇƴƛƪǳƳŜŜǘƻŘƛƭ ƛƴƪǳbeerides katsematerjali kindla aja jooksul 

ƪŀǘǎŜǇǳŘŜƭƛǎ Ƨŀ ǊŜƎƛǎǘǊŜŜǊƛŘŜǎ ƘŀǇƴƛƪǳƪƻƴǘǎŜƴǘǊŀǘǎƛƻƻƴƛ ƪŀǘǎŜ ŀƭƎǳǎŜǎ Ƨŀ ƭƿǇǳǎ όƧƻƻƴƛǎ нпύΦ {ŜƭƭŜ abil 

ǎŀŀō Ƙƛƴƴŀǘŀ ǘŀƛƳŜ ŦǸǎƛƻƭƻƻƎƛƭƛǎǘ ǎŜƛǎǳƴŘƛǘ ς ƪǳƛ ŦƻǘƻǎǸƴǘŜŜǎ ƻƴ ŀƪǘƛƛǾƴŜ ƻƴ ǘŀƛƳŜƭ 

keskkonnatingimused optimaŀƭǎŜŘΦ {ŀƳǳǘƛ ƴŅƛǘŀō ǎŜŜ ǇƿƘƛƳƿǘǘŜƭƛǎŜƭǘ ƪŀ ǘŀƛƳŜ ŦƻǘƻǎǸƴǘŜŜǎƛ ŀƪǘƛƛǾǎǳǎǘ 

ja aitab ka kaudselt hinnata biomassi juurdekasvu potentsiaali.  

TeƘǘǳŘ ƳƿƿǘƳƛǎŜŘ ƴŅƛǘŀǎƛŘΣ Ŝǘ ƪƿƛƎŜ ǎǳǳǊŜƳŀ ŀƪǘƛƛǾǎǳǎŜƎŀ ŦƻǘƻǎǸƴǘŜŜǎƛǎ Ulva intestinalis (joonis 25). 

Tehtud katsete ǇƿƘƧŀƭ Ǿŀƭƛǘƛ ƧŅǊƎƳƛǎǘŜƪǎ ƪŀǘǎŜǘŜƪǎ ǎƻōƛǾŀƪǎ ƭƛƛƎƛƪǎ Ulva intestinalis: 

¶ See liik oli tunduvalt vastupidavam avamaal lahtistes mahutites inkubeerimiseks 

¶ {ŜŜ ƭƛƛƪ ƴŅƛǘŀǎ ǘǳƴŘǳǾŀƭǘ ǎǳǳǊŜƳŀǘ ŦƻǘƻǎǸƴǘŜŜǘƛƭƛǎǘ ŀƪǘƛƛǾǎǳǎǘ Ƨŀ ōƛƻƳŀǎǎƛ ƧǳǳǊŘŜƪŀǎǾǳ 

  
 
Joonis 24. LƴƪǳōŜŜǊƛǘŀǾŀǘŜ ƭƛƛƪƛŘŜ ǇǊƛƳŀŀǊǇǊƻŘǳƪǘǎƛƻƻƴƛ ƳƿƿǘƳƛƴŜΦ 

 

Joonis 25. LƴƪǳōŜŜǊƛǘŀǾŀǘŜ ƭƛƛƪƛŘŜ ŦǸǎƛƻƭƻƻƎƛƭƛǎŜ ǎŜƛǎǳƴŘƛ ƪƻƴǘǊƻƭƭƛƪǎ ƘƛƴƴŀǘǳŘ ǇǊƛƳŀŀǊǇǊƻŘǳƪǘǎƛƻƻƴƛ 

ŀƪǘƛƛǾǎǳǎ ƴŅŘŀƭ ǇŅǊŀǎǘ ƛƴƪǳōŀǘǎƛƻƻƴƛ ŀƭƎǳǎǘΦ aƿƿǘƳƛǎŜŘ on teostatud erineval ajal.   
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Vetikakasvatus kalakasvatuse heitvee toitainete eemaldajana 
 

YƻƎǳ ǇǊƻƧŜƪǘƛ ǇƿƘƛŜŜǎƳŅǊƎƛƪǎ ƻƴ ŘŜƳƻƴǎǘǊŜŜǊƛŘŀ ƳŜǊŜǾŜŜ ƭŅōƛǾƻƻƭǳƭ ǇƿƘƛƴŜǾŀ ƪŀƭŀƪŀǎǾŀǘǳǎŜ ƘŜƛǘǾŜŜ 

ǇǳƘŀǎǘŀƳƛǎǘκƭƛƛƎǎŜǘŜ ǘƻƛǘŀƛƴŜǘŜ ŜŜƳŀƭŘŀƳƛǎǘ ƪŀǎǳǘŀŘŜǎ ǎŜƭƭŜƪǎ ƳŀƪǊƻǾŜǘƛƪŀǘŜƭ ǇƿƘƛƴŜǾŀǘ 

ōƛƻŦƛƭǘŜǊǎǸǎǘŜŜƳƛΦ  

Selleks teostati rida eksperimente, kus inkubeeriti merest kogutud vetikamaterjali selleks koostatud 

eksperimentaalkompleksis.    

YƻƎǳ ǎǸǎǘŜŜƳƛ ƪƻƴǘǎŜǇǘǎƛƻƻƴƛ ƪŀǘǎŜǘŀƳƛǎŜƪǎ ǾƛƛŘƛ ƭŅōƛ ŜǎƛƳŜƴŜ ǇƛƭƻƻǘƪŀǘǎŜ нлму. ŀŀǎǘŀ ƘƛƭƛǎǎǸƎƛǎŜƭΦ 

Eksperimentaalkompleks koosnes siis kalamahutistΣ ǇǳƳōŀǎǘΣ ƧŅƳŜŦƛƭǘǊƛǎǘ ja neljast 

inkubatsioonimahutist (Joonis 7). Inkubatsioonimahutisse paigutati 09.11.2018 igasse kuni 2 kg 

ǎǀǀŘŀǾŀǘ ǊŀƴƴŀƪŀǊǇƛ Ƨŀ о ƪƎ Ulva intestinalist (Joonis 25). 9ƪǎǇŜǊƛƳŜƴǘ ǘƻƛƳǳǎ ƘƛƭƛǎǎǸƎƛǎŜƭΣ ǾŜŜ 

temperatuur oli 10-15 kraadi vahel.  

!ƴŀƭǸǸǎƛŘ ǘƻƛǘŀƛƴŜǘŜ ƪƻƴǘǎŜƴǘǊŀǘǎƛƻƻƴƛŘŜ ƳŅŅǊŀƳƛǎŜƪǎ ǾƿŜǘƛ ƪŀƘŜƭ ƪƻǊǊŀƭ όнфΦмм Ƨŀ лфΦмнύΦ 9ǎƛƳŜǎŜƭ 

ƪƻǊǊŀƭ ƴŅƛǘŀǎƛŘ ŀƴŀƭǸǸǎƛŘ ƪƿǊƎŜƳŀƛŘ ǘƻƛǘŀƛƴŜǘŜ ƪƻƴǘǎŜƴǘǊŀǘǎƛƻƻƴŜ ƛƴƪǳōŀǘǎƛƻƻƴƛƳŀƘǳǘƛǘŜǎ ǾƿǊǊŜƭŘŜǎ 

ǎǸǎǘŜŜƳƛ ǎƛǎǎŜǘǳƭŜǾŀ ǾŜŜƎŀΦ {ŀƳŀǎ ǘŜƛƴŜ ŀƴŀƭǸǸǎƛŘŜ ǎŜŜǊƛŀ ƴŅƛǘŀǎ ƛƴƪǳōŀǘǎƛƻƻƴƛƳŀƘutites oluliselt 

ƳŀŘŀƭŀƳŀƛŘ ƪƻƴǘǎŜƴǘǊŀǘǎƛƻƻƴŜ ƪǳƛ ǎǸǎǘŜŜƳƛ ǎƛǎǎŜǘǳƭŜǾŀǎ ǾŜŜǎ (10-15 ҈ ǸƭŘƭŅƳƳŀǎǘƛƪǳ ǇǳƘǳƭ Ƨŀ  

30-40 ҈ ǸƭŘŦƻǎŦƻǊƛ ǇǳƘǳƭΤ Ƨƻƻƴƛǎ н6; andmed LISA 1 Tabel 1). 9ǎƛƳŜǎŜ ŀƴŀƭǸǸǎƛŘŜ ǎŜŜǊƛŀ ŀƧŀƭ Ǿƿƛs olla 

ǘŜƎŜƳƛǎǘ ƪŀǘǎŜ ǸƭŜǎǇŀƴŜƪǳƎŀ ƪŀǘǎŜǎǎŜ ǘƻƻŘǳŘ ƪŀƘƧǳǎǘŀŘŀ ǎŀŀƴǳŘ ƴƛƛ ǊŀƴƴŀƪŀǊōƛ ƪǳƛ Ulva lagunemisest 

ǘǳƭŜƴŜǾŀ ǘŅƛŜƴŘŀǾŀ ǘƻƛǘŀƛƴŜǘŜ ǾƻƻƎŀΦ ¢ŜƛƴŜ ŀƴŀƭǸǸǎƛŘŜ ǎŜŜǊƛŀ ƴŅƛǘŀǎΣ Ŝǘ ǎŜƭƭƛƴŜ ǎǸǎǘŜŜƳ Ǿƿƛō ǘƻƛƳƛŘŀ 

ƭŅōƛǾƻƻƭŀǾŀǎǘ Ǿeest toitainete eemaldajana.   

 

Joonis 25. Ulva intestinalis inkubatsioonimahutis 09.11.2018. 
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Joonis 26Φ нлму ŀŀǎǘŀƭ ǘŜƻǎǘŀǘǳŘ ǇƛƭƻƻǘƪŀǘǎŜ ǾŜŜƪŜŜƳƛŀ ŀƴŀƭǸǸǎƛŘe tulemused.  

 

{ŜƭƎƛǘŀƳŀƪǎ ǾŜǘƛƪŀǘŜƭ ǇƿƘƛƴŜǾŀ ōƛƻŦƛƭǘŜǊǎǸǎǘŜŜƳƛ ŜŦŜƪǘƛƛǾǎǳǎǘ ǾƛƛŘƛ нлнл. aastal ƭŅōƛ ƪƻƭƳ 

eksperimentide seeriat:  

26.05-25.06 ς ƪŜǎǘǾǳǎ ол ǇŅŜǾŀ  

21.07-12.08 ς ƪŜǎǘǾǳǎ нн ǇŅŜǾŀ 

04.09-01.10 ς ƪŜǎǘǾǳǎ нт ǇŅŜǾŀ  

9ƪǎǇŜǊƛƳŜƴǘƛŘŜ ŜŜǎƳŅǊƎƛƪǎ ƻƭƛ ƧŅƭƎƛŘŀ ƪŀƭŀƪŀǎǾŀǘǳǎƳŀƘǳǘƛǎǘ ǇŅǊƛƴŜǾŀ ǾŜŜ ǘƻƛǘŀƛƴŜǘŜ ƪƻƴǘǎŜƴǘǊŀǘǎƛƻƻƴƛ 

muutust biofiƭǘŜǊǎǸǎǘŜŜƳis. Selleks koguti veekeemia proovŜ ƪƿƛƎƛǎǘ ƴŜƭƧŀǎǘ ƳŀƘǳǘƛǘŜ ƧŀŘŀǎǘ ƴƛƴƎ 

kalakasvatusmahutist. Lisaks teostati ka kord kuus vee erikasutusloa ƧŅǊƎǎŜǘ ǎŜƛǊŜǘ, ƪǳǎ ƳŅŅǊŀǘƛ 

ƭƛǎŀǇŀǊŀƳŜŜǘǊŜƛŘ ǎƛǎǎŜǘǳƭŜǾŀǎǘ ǾŜŜǎǘΣ ǾŜǘƛƪŀƛƴƪǳōŀŀǘƻǊƛǎǎŜ ǎƛǎŜƴŜǾŀǎǘ ǾŜŜǎǘ Ƨŀ ǎǸǎǘŜŜƳƛǎǘ ǾŅƭƧǳǾŀǎǘ 

veest. Eksperimendi ƪŅƛƎǳǎ ƧŅƭƎƛǘƛ ƪŀ ƳŀƘǳǘƛǘŜǎ ƻƭŜǾŀ ǾŜŜ ǘŜƳǇŜǊŀǘǳǳǊƛ Ƨŀ ǎƻƻƭǎǳǎŜ ƳǳǳǘǳƳƛǎǘΦ {ŀƳǳǘƛ 

registreeriti automaatlogeritega ka pH ja hapnikusisaldust nii kontrolljadas kui vetikatega asustatud 

ƳŀƘǳǘƛǘŜǎΦ 9ƪǎǇŜǊƛƳŜƴŘƛ ŀƭƎǳǎŜǎ Ƨŀ ƭƿǇǳǎ ƳŅŅǊŀǘƛ ƪŀ ƳŀƘǳǘƛǘŜǎ ƻƭŜǾŀ ǾŜǘƛƪŀƳŀǎǎƛ ƳŅǊƎƪŀŀƭ Ƨŀ ǎŜŜƭŅōƛ 

ƻƭƛ ǾƿƛƳŀƭƛƪ Ƙƛƴƴŀǘŀ ǾŜǘƛƪŀƳŀǎǎƛ ƧǳǳǊŘŜƪŀǎǾǳΦ YŀƭŀŘŜ ƪƻƎǳǎ ƻƭƛ ƪƿƛƪƛŘŜ ŜƪǎǇŜǊƛƳŜƴǘƛŘŜ ƪŅƛƎǳǎ ǎŀƳŀ 
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(asustati 30 kg)Φ YŀƭŀŘŜ ǎǳǊŜƳǳǎ ƻƭƛ ǾŅƛƪŜΣ ƪƻƎǳ ŜƪǎǇŜǊƛƳŜƴŘƛ ƪŅƛƎǳǎ oli kalade kadu suremusena kuni 

5 %.  

±ŜŜǾƻƻƭ Ƙƻƛǘƛ ƪƿƛƪƛŘŜ ŜƪsperimentidŜ ƪŅƛƎǳǎ ƳŀƪǎƛƳŀŀƭƴŜΣ ǎŀƳŀǎ ŜǎƛƴŜǎ ƪŀ ǊƛƪƪŜƛŘ Ƨŀ ǾƻƻƭǳƪŀǘƪŜǎǘǳǎƛΦ 

aŀƘǳǘƛŘ ǾŜǘƛƪŀǘŜƎŀ ƻƭƛŘ ŀŜǊŜŜǊƛǘǳŘ ǎǳǊǳƿƘǳƪƻƳǇǊŜǎǎƻǊƛƎŀΦ !ŜǊŜŜǊƛƳƛƴŜ ǘƻƛƳǳǎ ǇŜǊƛƻƻŘƛƭƛǎŜƭǘ нл Ƴƛƴ 

jooksul igas tunnis.   

 

¢ǀǀ ƪŅƛƪ Ƨŀ ǘǳƭŜƳǳǎŜŘΦ 

Veetemperatuur mahutite jadades muutus ǎƿƭǘǳǾŀƭǘ ƛƭƳŀǎǘƛƪǳǘƛƴƎƛƳǳǎǘŜǎǘ, veetemperatuuri erinevus 

ŜǎƛƳŜǎǘŜ Ƨŀ ǾƛƛƳŀǎǘŜ ƳŀƘǳǘƛǘŜ ǾŀƘŜƭ Ǿƿƛǎ ƻƭƭŀ ƪǳƴƛ о ƪǊŀŀŘƛ όWƻƻƴƛǎŜŘ нт-нфύΦ YƿǊƎŜƛƳŀŘ 

veetemperatuurid ulatusid juunikuus 25 kraadini. Valgus- ja temperatuurilogeri salvestuses 

registreeriti ƳŀƪǎƛƳŀŀƭƴŜ ǾŜŜǘŜƳǇŜǊŀǘǳǳǊ Ƨǳǳƴƛ ƭƿǇǳs isegi 26 kraadi (Joonis 30). Samas merevee 

soolsǳǎ ǇǸǎƛǎ ƪƻƎǳ ŜƪǎǇŜǊƛƳŜƴŘƛ ǇŜǊƛƻƻŘƛ Ƨƻƻƪǎǳƭ ǾŅƎŀ ǎǘŀōƛƛƭǎŜƴŀΦ 

YƿǊƎŜ ǾŜŜǘŜƳǇŜǊŀǘǳǳǊ ǇŅǊǎƛō ǾŜǘƛƪŀǘŜ ŦǸǎƛƻƭƻƻƎƛŀǘ Ƨŀ Ǿƿƛō ǘŜƪƛǘŀŘŀ ƘŀǇƴƛƪu puuduse vetikamassis. 

Meie ekspeǊƛƳŜƴŘƛ ǇǳƘǳƭ ƻƭǳ ƴŅƘŀ ƪƿǊƎŜ ǘŜƳǇŜǊŀǘǳǳǊƛ ǇŅǊǎǎƛǾŀǘ ƳƿƧǳ ¦ƭǾŀ ōƛƻƳŀǎǎƛƭŜ, esimese 

ŜƪǎǇŜǊƛƳŜƴŘƛ ƭƿǇǳƪǎ όнсΦлсύ ƻƭƛ ŜƴŀƳǳǎ ƳŀƘǳǘƛǘŜǎ ƘƻƛǘǳŘ ǾŜǘƛƪŀƳŀǎǎƛǎǘ ǎǳǊƴǳŘΦ YƿǊƎŜ ǘŜƳǇŜǊŀǘǳǳǊƛ 

ǇŅǊǎǎƛǾ ƳƿƧǳ ōƛƻŦƛƭǘŜǊǎǸǎǘŜŜƳƛ ǘƻƛƳƛƳƛǎŜƭŜ ŀǾŀƭŘǳǎ ƪŀ ƪŜŜƳƛŀ ŀƴŀƭǸǸǎƛŘŜ ǘǳƭŜƳustes. 

tǊƻōƭŜŜƳŜ ǘŜƪƪƛǎ ƪŀ ǘŜƛǎŜ ŜƪǎǇŜǊƛƳŜƴŘƛ ƪŅƛƎǳǎΣ ƪǳǎ ǾŀƘŜǘǳƭǘ ŜƴƴŜ ŜƪǎǇŜǊƛƳŜƴŘƛ ƭƿǇǇǳ ǎŜƛǎƪǳǎ ǇǳƳōŀ 

ǊƛƪƪŜ ǘƿǘǘǳ ǾŜŜǾƻƻƭ ƳƛǘƳŜƪǎ ǇŅŜǾŀƪǎΦ {ŜŜ ŀǾŀƭŘŀǎ ƭƿǇǇƪƻƪƪǳǾƿǘǘŜǎ ǇŅǊǎǎƛǾŀǘ ƳƿƧǳ ǾŜǘƛƪŀōƛƻƳŀǎǎƛ 

juurdekasvule.  

YƿƛƎŜ ƿƴƴŜǎǘǳƴǳƳŀƪǎ ŜƪǎǇŜǊƛƳŜƴŘƛƪǎ ƻǎǳǘǳs kolmaǎ ŜƪǎǇŜǊƛƳŜƴǘΦ {ŜƭƭŜ ƪŅƛǘŀƳƛǎŜ ƪŅƛƎǳǎ ƻƭƛŘ ƴƛƛ 

ǾŜŜǘŜƳǇŜǊŀǘǳǳǊƛŘ ƳƿƿŘǳƪŀŘΣ ǘŜƘƴƛƭƛǎŜƭǘ toimis ǎǸǎǘŜŜƳ ƛƭƳŀ ǎǳǳǊŜƳŀǘŜ ǘƿǊƎŜǘŜǘŀΦ  

¢ƻƛǘŀƛƴŜǘŜ ŅǊŀǎǘŀƳƛƴŜ ƪŀƭŀƪŀǎǾŀǘǳǎǾŜŜǎǘΦ [ŅōƛǾƛƛŘǳŘ ŜƪǎǇŜǊƛƳŜƴǘƛŘŜ ƪŅƛƎǳǎ ƿƴƴŜǎǘǳǎ ǎŀŀǾǳǘŀŘŀ 

teatud soodsatel tingimustel nitraaǘƛŘŜ Ƨŀ ƴƛǘǊƛǘƛǘŜ ǎƛŘǳƳƛƴŜ ǾƿǊǊŜƭŘŜǎ ƪƻƴǘǊƻƭƭƛƎŀ ƛǎŜƎƛ ƪǳƴƛ мл ҈ 

nitraatide puhul ja 20-нр ҈ ƴƛǘǊƛǘƛŘŜ ǇǳƘǳƭ όWƻƻƴƛǎŜŘ ом Ƨŀ онύΦ !ƴŘƳŜǘŜ ǎǳǳǊŜ ǾŀǊƛŜŜǊǳǾǳǎŜ ǘƿǘǘǳ Ŝƛ 

saanud statistiliselt ƻƭǳƭƛǎǘ ŜǊƛƴŜǾǳǎǘ ƪƻƴǘǊƻƭƭƛ Ƨŀ ǾŜǘƛƪŀƳŀƘǳǘƛǘŜ ǾŀƘŜƭ ŦƻǎŦƻǊƛǸƘendite puhul. Samas 

ƪƻƎǳ ǎǸǎǘŜŜƳƛ ǘƻƛǘŀƛƴŜǘŜ ŅǊŀǎǘŀƳƛǎŜ ŜŦŜƪǘƛƛǾǎǳǎ ƻƭƛ ŅŅǊƳƛǎŜƭǘ ƪƿǊƎŜ ς nitraatide ja nitritite puhul kuni 

60 %, fosfaadi puhul 60 ҈ Ƨŀ ǸƭŘŦƻǎŦƻǊƛ ǇǳƘǳƭ ол ҈ ƪŀƭŀƳŀƘǳǘƛǎǘ ŦƛƭǘŜǊǎǸǎǘŜŜƳƛ ǘǳƭŜǾŀ ǾŜŜ 

kontsentratsioonist (Joonised 31-35).   

Vee erikasutusloa seire tulemusŜŘ ƴŅƛǘŀǎƛŘ ǎŀƳǳǘƛΣ Ŝǘ ƪƻƎǳ ǎǸǎǘŜŜƳ ǘƻƛƳƛǎ ŜŦŜƪǘƛƛǾǎŜ ŦƛƭǘǊƛƴŀΦ ±ƿǊǊŜƭŘŜǎ 

ǎƛǎǎŜǘǳƭŜǾŀ ǾŜŜ ǎƛǎŀƭŘǳǎǘŜƎŀ ǾŅƘŜƴŜǎ ǎǸǎǘŜŜƳƛǎǘ ǾŅƭƧŀǾƻƻƭŀǾŀǎ ǾŜŜǎ ƻƭǳƭƛǎŜƭǘ ƴƛǘǊŀŀǘƛŘŜ Ƨŀ ŦƻǎŦŀŀǘƛŘŜ 

ƪƻƎǳǎΦ ±ƿǊǊŜƭŘŜǎ ƪŀƭŀƳŀƘǳǘƛ ƧŅǊƎǎŜǎǘ ƧŅƳŜŦƛƭǘǊƛǎǘ ǾŅƭƧǳǾŀǎǘ ǾŜŜǎ ǾŅƘŜƴŜǎ ǎǸǎǘŜŜƳƛǎǘ ǾŅƭƧǳǾŀǎ ǾŜŜǎ 

ƻƭǳƭƛǎŜƭǘ ǸƭŘƭŅƳƳŀǎǘƛƪǳ Ƨŀ ǸƭŘŦƻǎŦƻǊƛ ƪƻƴǘǎŜƴǘǊŀǘǎƛƻƻƴ Ƨǳǎǘ ƴŜƭƧŀƴŘŀ ŜƪǎǇŜǊƛƳŜƴŘƛ ŀƧŀƭ ό[L{! пΣ Wƻƻƴƛǎ 

1).  

Vetikabiomassi juurdekasv. ±ŜǘƛƪŀōƛƻƳŀǎǎƛ ƧǳǳǊŘŜƪŀǎǾǳ ƳŅŅǊŀƳƛǎŜƪǎ ƪŀŀƭǳǘƛ ƳŀƘǳǘƛǘŜǎ ƻƭŜǾ ¦ƭǾŀ 
biomass nii eƴƴŜ ƪǳƛ ǇŅǊŀǎǘ ŜƪǎǇŜǊƛƳŜƴǘƛΦ ±ŜǘƛƪŀōƛƻƳŀǎǎƛ ƧǳǳǊŘŜƪŀǎǾ ƻƭƛ ƴŜƎŀǘƛƛǾƴŜ ŜǎƛƳŜǎŜ Ƨŀ ǘŜƛǎŜ 
ŜƪǎǇŜǊƛƳŜƴŘƛ ǇǳƘǳƭ Ƨŀ ǇƻǎƛǘƛƛǾƴŜ ƪƻƭƳŀƴŘŀ ŜƪǎǇŜǊƛƳŜƴŘƛ ǇǳƘǳƭΦ YƿƛƎŜ ǎǳǳǊŜƳ ƻƭƛ ǾŜǘƛƪŀƳŀǎǎƛ 
juurdekasv mahutites 1.4 ja 1.5, kus see ulatus kuni 4 ҈ ƧǳǳǊŘŜƪŀǎǾǳ ǇŅevas (Joonis 36). Suur erinevus 
erinevate mahutijadade vahel on tingitud tehnilistest probleemidest (veevoolu muutus, vetikamassi 
kaod, veevoolu ummistused jne.). 
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Joonis 27. Soolsus ja temperatuur mahutites 2020. aasta esimese eksperimendi ajal (x - teljel 

mahutite numbrid, seeriad vastavalt mahutite Rida 2 ja Rida 3). 
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Joonis 28. Soolsus ja temperatuur mahutites 2020. aasta teise eksperimendi ajal (x - teljel mahutite 

numbrid, seeriad vastavalt mahutite Rida 2 ja Rida 3). 
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Joonis 29. Soolsus ja temperatuur mahutites 2020. aasta kolmanda eksperimendi ajal (x - teljel 

mahutite numbrid, seeriad vastavalt mahutite Rida 2 ja Rida 3). 
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Joonis 30. Valgus- ja temperatuurilogeri ƴŅƛŘǳŘ нлнл. aasta esimese eksperimendi ajal. (Loger 

20611227 ς mahuti 1.1; loger 20117885 - mahuti 1.6; loger 20379907 ς mahuti 1.14).  
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Joonis 31Φ [ŅƳƳŀǎǘƛƪǳǸƘŜƴŘƛǘŜ ƪƻƴǘǎŜƴǘǊŀǘǎƛƻƻƴƛ muutus ōƛƻŦƛƭǘŜǊǎǸǎǘŜŜƳƛǎ нлнл. aasta 

ŜƪǎǇŜǊƛƳŜƴǘƛŘŜ ǇƿƘƧŀƭ (andmetest ŜŜƳŀƭŘŀǘǳŘ ƛƭƳŀǎǘƛƪǳ Ǿƿƛ ǘŜƘƴƛƭƛǎǘŜ ǇǊƻōƭŜŜƳƛŘŜ ǘƿǘǘǳ 

ǇǊƻōƭŜŜƳǎŜŘ ƳƿƿǘƳƛǎǘǳƭŜƳǳǎŜŘύ.  

 

Joonis 32Φ bƛǘǊƛǘƛǘŜ ƪƻƴǘǎŜƴǘǊŀǘǎƛƻƻƴƛ Ƴǳǳǘǳǎ ōƛƻŦƛƭǘŜǊǎǸǎǘŜŜƳƛǎ нлнл. ŀŀǎǘŀ ŜƪǎǇŜǊƛƳŜƴǘƛŘŜ ǇƿƘƧŀƭ 

(aƴŘƳŜǘŜǎǘ ŜŜƳŀƭŘŀǘǳŘ ƛƭƳŀǎǘƛƪǳ Ǿƿƛ ǘŜƘƴƛƭƛǎǘŜ ǇǊƻōƭŜŜƳƛŘŜ ǘƿǘǘu probleemsed 

ƳƿƿǘƳƛǎǘǳƭŜƳǳǎŜŘύ. 
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Joonis 33Φ «ƭŘƭŅƳƳŀǎǘƛƪǳ ƪƻƴǘǎŜƴǘǊŀǘǎƛƻƻƴƛ Ƴǳǳǘǳǎ ōƛƻŦƛƭǘŜǊǎǸǎǘŜŜƳƛǎ нлнл. aasta eksperimentide 

ǇƿƘƧŀƭ (aƴŘƳŜǘŜǎǘ ŜŜƳŀƭŘŀǘǳŘ ƛƭƳŀǎǘƛƪǳ Ǿƿƛ ǘŜƘƴƛƭƛǎǘŜ ǇǊƻōƭŜŜƳƛŘŜ ǘƿǘǘǳ ǇǊƻōƭŜŜƳǎŜŘ 

ƳƿƿǘƳƛǎǘǳƭŜƳǳǎŜŘύ. 

 

 

 

Joonis 34. FosfaŀǘƛŘŜ ƪƻƴǘǎŜƴǘǊŀǘǎƛƻƻƴƛ Ƴǳǳǘǳǎ ōƛƻŦƛƭǘŜǊǎǸǎǘŜŜƳƛǎ нлнл. ŀŀǎǘŀ ŜƪǎǇŜǊƛƳŜƴǘƛŘŜ ǇƿƘƧŀƭ 

(aƴŘƳŜǘŜǎǘ ŜŜƳŀƭŘŀǘǳŘ ƛƭƳŀǎǘƛƪǳ Ǿƿƛ ǘŜƘƴƛƭƛǎǘŜ ǇǊƻōƭŜŜƳƛŘŜ ǘƿǘǘǳ ǇǊƻōƭŜŜƳǎŜŘ 

ƳƿƿǘƳƛǎǘǳƭŜƳǳǎŜŘύ. 
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Joonis 35Φ «ƭŘŦƻǎŦƻǊƛ ƪƻƴǘǎŜƴǘǊŀǘǎƛƻƻƴƛ Ƴǳǳǘǳǎ ōƛƻŦƛƭǘŜǊǎǸǎǘŜŜƳƛǎ нлн0. a ŜƪǎǇŜǊƛƳŜƴǘƛŘŜ ǇƿƘƧŀƭ 

(aƴŘƳŜǘŜǎǘ ŜŜƳŀƭŘŀǘǳŘ ƛƭƳŀǎǘƛƪǳ Ǿƿƛ ǘŜƘƴƛƭƛǎǘŜ ǇǊƻōƭŜŜƳƛŘŜ ǘƿǘǘǳ ǇǊƻōƭŜŜƳǎŜŘ 

ƳƿƿǘƳƛǎǘǳƭŜƳǳǎŜŘύ. 

 

 

 

Joonis 36. Vetikabiomassi juurdekasv 2020. ŀŀǎǘŀƭ ƭŅōƛǾƛƛŘǳŘ ŜƪǎǇŜǊƛƳŜƴǘƛŘŜ ƪŅƛƎǳǎΦ  
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Joonis 37. Mahutites kultiveeritud Ulva intestinalis (september 2019).  
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Vetikamassi kasutamine 
 

YƛǊƧŜƭŘŀƳŀƪǎ ƳǳƧŀƭ ƳŀŀƛƭƳŀǎ ǾŜǘƛƪŀōƛƻƳŀǎǎƛ ƪŀǎǳǘŀƳƛǎŜ ƪƻƎŜƳǳǎǘ ƪƻƻǎǘŀǘƛ ƪŅŜǎƻƭŜǾŀ ǇǊƻƧŜƪǘƛ ƪŅƛƎǳǎ 

ƪƛǊƧŀƴŘǳǎŜ ǸƭŜǾŀŀŘŜ όlƛǎŀǘǳŘ ƪŅŜǎƻƭŜǾŀƭŜ ŀǊǳŀƴŘŜƭŜ, LISA 7). Allpool tuuŀƪǎŜ ŅǊŀ ǎŜƭƭŜ ǘǀǀ ǘŅƘǘǎŀƳŀŘ 

leiud. 

YǳƭǘƛǾŜŜǊƛǘǳŘ Ǿƿƛ Ǌŀƴƴŀƭǘ ƪƻƎǳǘǳŘ ǾŜǘƛƪŀōƛƻƳŀǎǎƛ ƪŀǎǳǘǳǎ ǎŀŀō ƻƭƭŀ ǸƘŜǎ ƧŅǊƎƳƛǎǘŜǎǘ ǾŀƭŘƪƻƴŘŀŘŜǎǘΥ 

¶ ƪƻƳǇƻǎǘ Ƨŀ ǇƿƭƭǳƳŀƧŀƴŘǳǎǾŅŜǘƛǎ 

¶ ǇƿƭŜǘŀƳƛƴŜ ŜƴŜǊƎƛŀ ǎŀŀƳƛǎŜƪǎ 

¶ biogaasi tootmine 

¶ ōƛƻŘƛƛǎƭƛ Ǿƿƛ ōƛƻŜǘŀƴƻƻƭƛ ǘƻƻǘƳƛƴŜ 

¶ tooraine erinevate kasuliƪŜ ōƛƻƭƻƻƎƛǎǘŜ ǸƘŜƴŘƛǘŜ ǎŀŀƳƛǎŜƪǎ 

¶ ƪŀƭŀǎǀǀŘŀ komponentide tootmine 

¶ ƭƻƻƳŀǎǀǀŘŀ komponentide tootmine 

¶ toiduained inimtarbimiseks 

YŅŜǎƻƭŜǾŀ ǇǊƻƧŜƪǘƛ ƪŅƛƎǳǎ ƪŀǘǎŜǘŜǎ ƪƿƛƎŜ ŜŘǳƪŀƳŀƪǎ ƻǎǳǘǳƴǳŘ ƭƛƛƪ Ulva intestinalis sobib kirjanduse 

ǇƿƘƧŀƭ ƳƛǘƳŜ mainitud valdkonnŀ ƧŅǊƎǎŜƪǎ ƪŀǎǳǘǳǎŜƪǎΦ aŀƛƴƛǘŀƪǎŜ ƴƛƛ ƻǘǎŜǎǘ ǇƿƭŜǘŀƳƛǎǘ ƪǳƛ ōƛƻƎŀŀǎƛ Ƨŀ 

ōƛƻŘƛƛǎƭƛ ǘƻƻǘƳƛǎǘΦ {ŀƳǳǘƛ ƪŀǎǳǘŀǘŀƪǎŜ ǎŀǊƴŀǎŜƛŘ ƭƛƛƪŜ ǾŜǎƛǾƛƭƧŜƭǳǎŜǎ ƪŀƭŀǎǀǀŘŀ ƪƻƳǇƻƴŜƴǘƛŘŜƴŀΦ 

±ƛƛƳŀǎǘŜ ŀŀǎǘŀǘŜ ǘǊŜƴŘƛƪǎ ƻƴ ƪŀ ǾŜǘƛƪŀ ƭƛǎŀƳƛƴŜ ƭƻƻƳŀǎǀǀǘŀ ς paljudel liikidel on avastatud ǾƿƛƳŜ 

ǾŅƘŜƴŘŀŘŀ ǾŜƛǎǘŜƭ ƳŜǘŀŀƴƛ ŜǊŀƭŘǳƳƛǎǘ ǎǀǀŘŀ ǎŜŜŘƛƳƛǎŜƭΦ Ulva intestinalis ƻƴ ǸƘŜƪǎ ǇƻǘŜƴǘǎƛŀŀƭǎŜƪǎ 

ƭƛƛƎƛƪǎ ƪŀǎǳǘŀƳƛǎŜƪǎ ƭƻƻƳŀǎǀǀŘŀ ƪƻƳǇƻƴŜƴŘƛƴŀΦ   

9Ŝǎǘƛǎ Ŝƛ ƻƭŜ ƘŜǘƪŜƭ ƪƻƎŜƳǳǎǘ ǎǳǳǊŜƭ ƘǳƭƎŀƭ ǾŜǘƛƪŀōƛƻƳŀǎǎƛ ǘǀǀƴŘǳǎƭƛƪǳƪǎ ƪŀǎǳǘŀƳƛǎŜks v.a. agariku 

kŀǎǳǘŀƳƛƴŜΦ YŅŜǎƻƭeǾŀǎ ǘǀǀǎ ƻƭƛ ǇƿƘƛŜŜǎƳŅǊƪ ǎŀŀǾǳǘŀŘŀ ƪŀƭŀƪŀǎǾŀǘǳǎŜ ƘŜƛǘǾŜŜ ǘƻƛǘŀƛƴŜǘŜ ǎƛǎŀƭŘǳǎŜ 

ǾŅƘŜƴŜƳƛƴŜ ǾŜǘƛƪŀƛŘ ǎƛǎŀƭŘŀǾŀ ōƛƻŦƛƭǘŜǊǎǸǎǘŜŜƳƛ ŀōƛƭΦ .ƛƻŦƛƭǘŜǊǎǸǎǘŜŜƳƛ Ƨŀƻƪǎ ǎƻōƛǾŀŘ ǾŜǘƛƪŀƭƛƛƎƛŘ 

ǇŜŀǾŀŘ ƻƭŜƳŀ ǾŅƎŀ ƪƛƛǊŜ ƪŀǎǾǳƎŀΣ ǎŜŜ ǘŀƎŀō Ŝfektiivse toitainete sidumise. Agarik selleks ei sobi. Samas 

ǎǳǳǊ ǘƻƛǘŀƛƴŜǘŜ ƻƳŀǎǘŀƳƛǎŜ ƳŅŅǊ ǘŅƘŜƴŘŀō ƪŀ ǎǳǳǊǘ ōƛƻƳŀǎǎƛ ƧǳǳǊŘŜƪŀǎǾǳ. Selle biomassi 

ǳǘƛƭƛǎŜŜǊƛƳƛƴŜ Ǿƿƛō ƻƭƭŀ ǎǳǳǊŜ ǘƻƻǘƳƛǎǾƿƛƳǎǳǎŜƎŀ ƪŀƭŀƪŀǎǾŀǘǳǎŜ ǇǳƘǳƭ ǎǳǳǊŜƪǎ ǇǊƻōƭŜŜƳƛƪǎ ja 

ǎŜŜǇŅǊŀǎǘ ƻƭŜƪǎ ƻǘǎǘŀǊōŜƪŀǎ ƭŜƛŘŀ sellele vetikabiomassile rakendus. Konkreetse lahenduse leidmine 

ǎƿƭǘǳō ƪƻƴƪǊŜŜǘǎŜ ǇǊƻƧŜƪǘƛ kƻƴǘŜƪǎǘƛǎǘ Ƨŀ ŅǊƛǇƭŀŀƴƛǎǘΦ  

Ohtlike ainete sisaldus mahutis kasvatatud vetikamassis. 
 

Veendumaks mahutites kasvatatava vetikamassi ohutuses ja sobivuses kasutamiseks kas inimese 

ǘƻƛŘǳƪǎ Ǿƿƛ ǎǀǀŘŀ ǘƻƻǘƳƛǎŜƪǎ, ǘŜƻǎǘŀǘƛ ǊŀǎƪŜƳŜǘŀƭƭƛŘŜ ŀƴŀƭǸǸǎƛŘ ƛƴƪǳōŜŜǊƛǘǳŘ ǾŜǘƛƪŀƳŀǎǎƛǎǘ ƪŀƘŜƭ 

ƪƻǊǊŀƭ ŜǊƛƴŜǾŀǘŜ ƛƴƪǳōŜŜǊƛƳƛǎŜƪǎǇŜǊƛƳŜƴǘƛŘŜ ƪŅƛƎǳǎ όŀƴŀƭǸǸǎƛŘŜ ŀƪǘ ƭƛǎŀǎ, LISA 6).  

EL oƴ ƪŜƘǘŜǎǘŀƴǳŘ ƻƘǘƭƛƪŜ ŀƛƴŜǘŜ ǇƛƛǊƴƻǊƳƛŘŜ ǾŅŅǊǘǳǎŜŘ ǎǀǀǘŀŘŜǎ όнллнκонκ9«ύΦ {ŜŜƧǳǳǊŜǎ ƻƴ 

ƪŀǎǳǘŀǘǳŘ ŜǊƛƴŜǾŀƛŘ ƳƿƛǎǘŜƛŘΦ ±ŜǘƛƪŀǘŜƎŀ ǎŜƻǎŜǎ Ǿƿƛō nendest ǾŅƭƧŀ ǘǳǳŀ ƪŀƪǎ ǇŜŀƳƛǎǘΥ  

ά{ǀǀŘŀŘέ ς ƭƻƻƳŀŘŜ ǎǀǀǘƳƛǎŜƪǎ ƳƿŜƭŘǳŘ ǘǀǀǘƭŜƳŀǘŀΣ ǾŅǊǎƪŜŘ Ǿƿƛ ƪƻƴǎŜǊǾŜŜǊƛǘǳŘ ǘŀƛƳǎŜǘ Ǿƿƛ ƭƻƻƳǎŜǘ 

ǇŅǊƛǘƻƭǳ ǘƻƻǘŜŘΣ ƴŜƴŘŜǎǘ ǘǀǀǎǘǳǎƭƛƪǳ ǘǀǀǘƭŜƳƛǎŜ ŀōƛƭ ǎŀŀŘǳŘ ǘƻƻǘŜŘ ƴƛƴƎ ŜǊŀƭŘƛ Ǿƿƛ ǎŜƎǳŘŜƴŀ 

ƪŀǎǳǘŀǘŀǾŀŘ ƻǊƎŀŀƴƛƭƛǎŜŘ Ǿƿƛ ŀƴƻǊƎŀŀƴƛƭƛǎŜŘ ŀƛƴŜŘΣ ƭƛǎŀƴŘƛǘŜƎŀ Ǿƿƛ ƭƛǎŀƴŘƛǘŜǘŀΤ 

ά{ǀǀŘŀƳŀǘŜǊƧŀƭƛŘέ ς ƳƛǘƳŜǎǳƎǳǎŜŘ ǘǀǀǘƭŜƳŀǘŀΣ ǾŅǊǎƪŜŘ Ǿƿƛ ƪƻƴǎŜǊǾŜŜǊƛǘǳŘ ǘŀƛƳǎŜǘ Ǿƿƛ ƭƻƻƳǎŜǘ 

ǇŅǊƛǘƻƭǳ ǘƻƻǘŜŘΣ ƴŜƴŘŜǎǘ ǘǀǀǎǘǳǎƭƛƪǳ ǘǀǀǘƭŜƳƛǎŜ ŀōƛƭ ǎŀŀŘǳŘ ǘƻƻǘŜŘ ƴƛƴƎ ŜǊŀƭŘƛ Ǿƿƛ segudena 
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ƪŀǎǳǘŀǘŀǾŀŘ ƻǊƎŀŀƴƛƭƛǎŜŘ Ǿƿƛ ŀƴƻǊƎŀŀƴƛƭƛǎŜŘ ŀƛƴŜŘΣ ƭƛǎŀƴŘƛǘŜƎŀ Ǿƿƛ ƭƛǎŀƴŘƛǘŜǘŀΣ ǎǀǀǘƳƛǎŜƪǎ ƭƻƻƳŀŘŜƭŜ 

ƪŀǎ ǘǀǀǘƭŜƳŀǘŀ ƪǳƧǳƭΣ ǘǀǀǘƭŜƳƛǎŜ ŀōƛƭ ǎŀŀŘǳŘ ǎŜƎŀǎǀǀǘŀŘŜ ƪƻƻǎǘƛǎŜǎ Ǿƿƛ eelsegude substraatidena. 

όнллнκонκ9«ύ 

tƛƛǊƴƻǊƳƛŘŜ ǾŅŅǊǘǳǎŜŘ όǇƛƛǊƴƻǊƳ όƳƎκƪƎ όǇǇƳύύ ǎǀǀŘŀ ǇǳƘǳƭΣ ƳƛƭƭŜ ƴƛƛǎƪǳǎŜǎƛǎŀƭŘǳǎ ƻƴ мн ҈ύ  

erinevates materjalides on toodud nelja metalli kohta ς ŀǊǎŜŜƴΣ ǇƭƛƛΣ ŜƭŀǾƘƿōŜ Ƨŀ ƪŀŀŘƳƛǳƳΦ  

AǊǎŜŜƴΦ {ǀǀŘŀƳŀǘŜǊƧŀƭ ς н ƳƎκƪƎ όнллнκонκ9«ύ Τ Ŧƻsfaadid ja lubjarikkad merevetikad ς 10 mg/kg); 

ƳŜǊŜǾŜǘƛƪŀƧŀƘǳ Ƨŀ ƳŜǊŜǾŜǘƛƪŀǘŜǎǘ ǾŀƭƳƛǎǘŀǘǳŘ ǎǀǀŘŀƳŀǘŜǊƧŀƭ ς 40 mg/kg (2012/744/EL). Sisaldused 

ŀƴŀƭǸǸǎƛǘǳŘ ǾŜǘƛƪŀǘŜǎ ƻƴ ǾƿǊǊŜƭŘŀǾŀŘ ǎǀǀŘŀƳŀǘŜǊƧŀƭƛŘŜ ƪƻƘǘŀ ǘƻƻŘud piirnormidega, kuid oluliselt 

madalamad merevetikate kohta toodud piirnormidest.  

tƭƛƛΦ {ǀǀŘŀƳŀǘŜǊƧŀƭ - мл ƳƎκƪƎ όнллнκонκ9«ύΤ ƘŀƭƧŀǎǎǀǀǘ ς 30 mg/kg; fosfaadid ja lubjarikkad 

ƳŜǊŜǾŜǘƛƪŀŘΣ мр ƳƎκƪƎ όнлмнκтппκ9[Τ нлмоκмнтрκ9[ύΦ WŅǘǘŜǎ ƪƿǊǾŀƭŜ ǸƘŜ ŜǊŀƪƻǊŘǎŜƭǘ ƪƿǊƎŜ Ǉƭƛƛ 

sisaldusega proovi (TA21000558), on plii sisaldused vetikates madalamad kehtestatud piirnormidest.   

9ƭŀǾƘƿōŜΦ {ǀǀŘŀƳŀǘŜǊƧŀƭ ς лΣм ƳƎκƪƎ όнллнκонκ9«ύΦ YƿƛƎƛǎ ŀƴŀƭǸǸǎƛǘǳŘ ǾŜǘƛƪŀǇǊƻƻǾƛŘŜǎ ƻƴ 

ŜƭŀǾƘƿōŜŘŀ ǎƛǎŀƭŘǳǎ ǇƛƛǊƴƻǊƳƛǎǘ ƳŀŘŀƭŀƳΦ     

KaadmiuƳΦ ¢ŀƛƳǎŜ ǇŅǊƛǘƻƭǳƎŀ ǎǀǀŘŀǘƻƻǊŀƛƴŜ ς 1 mg/kg (20лнκонκ9«ύΦ YƿƛƎƛǎ ŀƴŀƭǸǸǎƛǘǳŘ 

ǾŜǘƛƪŀǇǊƻƻǾƛŘŜǎ ƻƴ ƪŀŀŘƳƛǳƳƛ ǎƛǎŀƭŘǳǎ ƻƭǳƭƛǎŜƭǘ ƳŀŘŀƭŀƳ ǇƛƛǊƴƻǊƳƛ ǾŅŅǊǘǳǎŜǎǘΦ     

Soovitused tehnoloogia rakendamiseks 

SǳǳǊǾŜǘƛƪŀǘŜƭ ǇƿƘƛƴŜǾ ōƛƻŦƛƭǘŜǊǎǸǎǘŜŜƳ ƪŀƭŀƪŀǎǾŀǘǳǎŜ vee puhastamiseks on reaalne alternatiiv 

muudelŜ ƪŀƭŀƪŀǎǾŀǘǳǎŜ ƘŜƛǘǾŜŜ ǘǀǀǘƭŜƳƛǎŜ ǾƿƛƳŀƭǳǎǘŜƭŜΦ aŜƛŜ ƪŀǘǎŜŘ ƴŅƛǘŀǎƛŘΣ Ŝǘ ǘŜŀǘǳŘ ǇŀǊƛƳŀǘŜƭ 

ǘƛƴƎƛƳǳǎǘŜƭ ǎŀŀō ƴƛƛ ǎŀŀǾǳǘŀŘŀ ǾŅƎŀ ǎǳǳǊŜ ǘƻƛǘŀƛƴŜǘŜ ŜŜƳŀƭŘŀƳƛǎŜ ŜŦŜƪǘƛƛǾǎǳǎŜ Ƨŀ ƻƭǳƭƛǎŜ 

vetikabiomassi juurdekasvu. {ŀƳŀǎ ƻƴ ǾŀƧŀƭƛƪ ǘŜƘƴƻƭƻƻƎƛŀ ŜŘŀǎƛƴŜ ǘŅƛǳǎǘŀƳƛƴŜ ƪǳƴŀ ƪŅŜǎƻƭŜǾŀ 

ǇǊƻƧŜƪǘƛ ŦƻǊƳŀŀǘ Ŝƛ ǾƿƛƳŀƭŘŀƴǳŘ ƻƭǳƭƛǎŜƭǘ Ƴǳǳǘŀ Ƨǳōŀ ŀƭƎǎŜƭǘ ƪŀǾŀƴŘŀǘǳŘ ǘǀǀǇƭŀŀƴƛ Ƨŀ ƪŀǘǎŜ ǘŜƘƴƛƭƛǎǘ 

lahendust.  

Sarnase tŜƘƴƻƭƻƻƎƛŀ ǊŀƪŜƴŘŀƳƛǎŜƭ ƻƴ ƻƭǳƭƛƴŜ ŀǊǾŜǎǘŀŘŀ ƧŅǊƎƳƛǎǘŜ ƪƻƎŜƳǳǎǘŜƎŀΣ Ƴƛs tekkisid projekti 

ƭŅōƛǾƛƛƳƛǎŜƭΥ 

1. Inkubatsioonimahutite kuju ς projektis kasutatud inkubatsioonimahutid osutusid 

ŜōŀƳǳƎŀǾŀƪǎ ǎŀŀǾǳǘŀƳŀƪǎ ƪƿƛƎŜ ƻǇǘƛƳŀŀƭǎŜƳŀƛŘ ǾŜǘƛƪŀōƛƻƳŀǎǎƛ ƛƴƪǳōŜŜǊƛƳƛǎŜ ǘƛƴƎƛƳǳǎƛΦ 

LƴƪǳōŀǘǎƛƻƻƴƛƳŀƘǳǘƛŘ ǇŜŀǾŀŘ ǾƿƛƳŀƭŘŀƳŀ ƭŅōƛǾƻƻƭŀǾŀ ǾŜŜ ǾŀōŀΣ ǘŀƪƛǎǘǳǎǘŜǘŀ Ǿƻƻƭǳ ƭŅōƛ 

ǎǸǎǘŜŜƳƛ ja on olulinŜ ŦƛƪǎŜŜǊƛŘŀ Ǿŀōŀƭǘ ƘƿƭƧǳǾ ǾŜǘƛƪŀƳŀǎǎ ƳŀƘǳǘƛǘŜǎΦ aŜƛŜ ƧǳƘǳƭ ƪŀǎǳǘŀǎƛƳŜ 

2020. aasta eksperimentide puhul vetikamassi fikseerimiseks suure silmaga nailonǾƿǊƪǳΦ 

Suurimaks probleemiks oli meie eksperimendi puhul ƳŀƘǳǘŜƛŘ ǸƘŜƴŘŀǾŀǘŜ ǾŜŜǘƻǊǳŘŜ 

ummistused vetikamŀǎǎƛƎŀΦ Yǳƴŀ ǇǊƻƧŜƪǘƛǎ ŜǎƛŀƭƎǎŜƭǘ ƪŀǾŀƴŘŀǘǳŘ ƳŀƘǳǘŜƛŘ Ŝƛ ƻƭƴǳŘ ǾƿƛƳŀƭƛƪ 

hankida, kasutati lihtsustatud modulaarset mahutite versiooni. Optimaalsem oleks kasutada 

madalamaid, ǎǳǳǊŜƳŀǘŜ ƳƿƿǘƳŜǘŜƎŀΣ ǇŀǊŜƳŀ ƭŅōƛǾooluga mahuteid. 

2. LƭƳŀǎǘƛƪǳ ƳƿƧǳ - veetemperatuur ƻƴ ŅŅǊƳƛǎŜƭǘ ƻƭǳƭƛƴŜ ƪŜǎƪƪƻƴƴŀǘŜƎǳǊΣ Ƴƛǎ ƳƿƧǳǘŀō ƪƿƛƪƛŘŜ 

ǾŜŜƻǊƎŀƴƛǎƳƛŘŜ ŦǸǎƛƻƭƻƻƎƛŀǘΦ !ǾŀǘǳŘ ōŀǎǎŜƛƴƛŘŜ Ǿƿƛ ƳŀƘǳǘƛǘŜ ǎǸǎǘŜŜƳ ƻƴ ƛƭƳŀǎǘƛƪǳǘƛƴƎƛƳǳǎǘŜ 

ƳŜŜƭŜǾŀƭƭŀǎ Ƨŀ ǎŜƭƭƛǎǘŜ ǎǸǎǘŜŜƳƛŘŜ ǇǳƘǳƭ ƻƴ ǊŀǎƪŜ ŅǊŀ hoida ekstreemsete tingimuste 

tekkimist. Selliste vetƛƪŀƪŀǎǾŀǘǳǎŜ ƳŀƘǳǘƛǘŜ ƪŀǎǳǘŀƳƛǎŜƭ ǇŜŀō ƻƭŜƳŀ ƭŅōƛ ƳƿŜƭŘǳŘ ƪŀ ƪŀƛǘǎŜ 

ŜƪǎǘǊŜŜƳǎŜǘŜ ƛƭƳŀǎǘƛƪǳǘƛƴƎƛƳǳǎǘŜ ŜŜǎǘ όƪŀƛǘǎŜ ǸƭŜƳŅŅǊŀǎŜ ǇŅƛƪŜǎŜƪƛƛǊƎǳǎŜ ŜŜǎǘύΦ 

3. Vetikaliigi valik ς ōƛƻŦƛƭǘŜǊǎǸǎǘŜŜƳƛ ǾŜǘƛƪŀƭƛƛƎƛ Ǿŀƭƛƪǳ ǇǳƘǳƭ ǘǳƭŜƪǎ ŀǊǾŜǎǘŀŘŀ ǇŅǊƛǎ ƳƛǘƳŜ 

ǘŜƎǳǊƛƎŀΦ 9ŜƭƪƿƛƎŜ ǇŜŀƪǎ ǎŜŜ ƻƭŜƳŀ ƪƻƘŀƭƛƪ ƭƛƛƪΦ [ƛƛƪ ǇŜŀƪǎ ƻƭŜƳŀ ƪƿǊƎŜ ōƛƻƳŀǎǎƛ 
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produktsiooniga ς ǘƻƛǘŀƛƴŜǘŜ ǎƛŘǳƳƛǎǾƿƛƳŜƎŀΦ [ƛƛƪ ǇŜŀƪǎ ƻƭŜƳŀ ƪǳƭǘƛǾŜŜǊƛǘŀǾ ǎǳōstraadile 

kinnitamata. Liik peaks olema pika vegetatsiooniperioodiga ς ǾƿƛƳŀƭŘŀƳŀ ōƛƻŦƛƭǘŜǊǎǸǎǘŜŜƳƛ 

kasutamist vƿƛƳŀƭƛƪǳƭǘ Ǉƛƪŀ ƘƻƻŀƧŀ ƧƻƻƪǎǳƭΦ Meie poolt kasutatud Ulva intestinalis ƻƴ ǾŅƎŀ 

perspektiivne liik kultiveerimiseks just kalakasvatuse heitveest toitainete eemaldajana. 

4. Kultiveerimise alustamiseks vajaliku vetikakoguse hankimine ς oluliseks probleemiks 

kirjŜƭŘŀǘǳŘ ǎǳǳǊǾŜǘƛƪŀǘŜƭ ǇƿƘƛƴŜǾŀ ŦƛƭǘŜǊǎǸǎǘŜŜƳƛ ƪŅƛǾƛǘŀƳƛǎŜƭ Ǿƿƛō ƪǳƧǳƴŜŘŀ ŜǎƛŀƭƎǎŜ 

ǾŜǘƛƪŀōƛƻƳŀǎǎƛ ƘŀƴƪƛƳƛƴŜΦ Yǳƴŀ ǎŜŘŀ ƘŜǘƪŜƭ Ŝƛ ƻƭŜ ǾƿƛƳŀƭƛƪ ǘǀǀnduslikes mahtudes soetada ei 

EŜǎǘƛǎ ŜƎŀ ƪŀ ƭŅƘƛǇƛƛǊƪƻƴƴŀǎ ǎƛƛǎ ǾŀƧŀō ǾŜǘƛƪŀƛƴƪǳōŀŀǘƻǊƛ ƪŅƛǾƛǘŀƳƛǎŜƪǎ ǇƛƛǎŀǾŀ ƪƻguse 

ǘƻƻǊƳŀǘŜǊƧŀƭƛ ƪƻƎǳƳƛƴŜ ƭƻƻŘǳǎŜǎǘ ŜǊŀƭŘƛ ƪƻǊǊŀƭŘŀƳƛǎǘΦ IƛƭƧŜƳΣ ǎǸǎǘŜŜƳƛ ǊŜƎǳƭŀŀǊǎŜƭ ƪŅƛǘŀƳƛǎŜƭ 

saab kasutada varasemal perioodil genereeritud biomassi, samas tuleb vetikabiomassi ka 

ǳǳŜƴŘŀŘŀΦ YŅŜǎƻƭŜǾŀǎ ǇǊƻƧŜƪǘƛǎ όƭǸƘƛŀƧŀƭƛǎŜŘ ŜƪǎǇŜǊƛƳŜƴŘƛŘύ ǎŜƭƭƛǎǘ ƪƻgemust ei tekkinud. 

5. Vetikainkubaatori suurus ς ǾŜǘƛƪŀƛƴƪǳōŀŀǘƻǊƛ ǎǳǳǊǳǎ ǎƿƭǘǳō ǇŀƭƧǳŘŜǎǘ ǘŜƎǳǊƛǘŜǎǘ ƴŀƎǳ 

ƪǳƭǘƛǾŜŜǊƛǘŀǾŀ ƪŀƭŀ ƪƻƎǳǎŜǎǘΣ ǾŜŜǾƻƻƭǳ ƘǳƭƎŀǎǘΣ ǎƻƻǾƛǘǳŘ ǘƻƛǘŀƛƴŜǘŜ ŅǊŀǎǘŀƳƛǎŜ ŜŦŜƪǘƛƛǾǎǳǎŜǎǘΣ 

soovitud kultiveeritud vetikabiomassi suurusest jne. Meie eksperimentide puhul oli kogu 

ǎǸǎǘŜŜƳ ǾŜƛŘƛ ǸƭŜŘƛƳŜƴǎƛƻƴŜŜǊƛǘǳŘ ς ǾŜŜǾƻƻƭ ƭƛƛƎŀ ǎǳǳǊΣ ƪŀƭŀŘŜ ƪƻƎǳǎ ƭƛƛƎŀ ǾŅƛƪŜΦ   

6. WŅƳŜǎŜǘǘŜ ŜŜƳŀƭŘŀƳƛƴŜ ς ǾŅƎŀ ƻƭǳƭƛƴŜ ƻƴ ƪŀƭŀƳŀƘǳǘƛǎǘ ǘǳƭŜǾŀ ǾŜŜ ǇǳƘŀǎǘŀƳƛƴŜ ƧŅƳŜŘŀǎǘ 

settest enne vetikainkubaatorisse suunamist, ƪǳƴŀ ƧŅƳŜǎete sattudes kultiveeritava vetika 

Ƙǳƭƪŀ ǾŅƘŜƴŘŀō ǾŜǘƛƪŀōƛƻƳŀǎǎƛ ƪǾŀƭƛǘŜŜǘƛ Ƨŀ ǇƿƘƧǳǎǘŀō ƳǳǳŘŜ ƭƛƛƪƛŘŜ vohamise. 

7. Keskkonnaparameetrite pidev seire ς ŅŅǊƳƛǎŜƭǘ ƻƭǳƭƛƴŜ ƻƴ ƧŅƭƎƛŘŀ ƪƻƎǳ ǎǸǎǘŜŜƳƛ 

keskkonnaparameetreid, et operatiivselt reageerida tekkivatele olukordadele. Meie projekti 

ƪƻƎŜƳǳǎ ƴŅƛǘŀǎΣ Ŝǘ ƛǎŜƎƛ ǇŅŜǾŀƴŜ ƘƛƭƛƴŜƳƛƴŜ ƻƭǳƪƻǊǊŀƭŜ Ǿƿƛō ǇƿƘƧǳǎǘŀŘŀ ƪƻƎǳ ǎǸǎǘŜŜƳƛ 

seiskumise ja inkubeeritava vetikabiomassi hukkumise. 

8. Regulaarne vetikabiomassi eemaldamine ς juhul, kui vetikabiomass kasvab optimaalsetes 

tingƛƳǳǎǘŜǎ ƻƴ ǘŜƳŀ ƭƛǎŀƴŘǳƳƛǎŜ ƪƛƛǊǳǎ ǾŅƎŀ ǎǳǳǊΦ {ŜŜƎŀ ƻƴ ǾŀƧŀƭƛƪ ǊŜƎǳƭŀŀǊƴŜ ǾŜǘƛƪŀōƛƻƳŀǎǎƛ 

koguse reguleerimine mahutites. 
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English summary 
 

The current project was designed to assess the feasibility of using macroalgae as a biological filtration 

system for the removal of  dissolved nutrients found in seawater based fish farm effluent/waste water. 

To test this, an experimental fish farm was established on the northern coast of Saaremaa island, West 

Estonian archipelago. The experimental fish farm setup consisted of a 6 m3 fish tank stocked with 

finfish, a water pump station, aeration devices and mechanical filter units connected to a series of 

0,8m3 tanks used for the incubation of macroalgae. 

The study was conducted in several phases ς firstly, suitable macroalgae candidates were selected 

from species found to grow naturally within the local coastal region. Independent experiments were 

conducted in order to assess each species ability to uptake nutrients and as consequence its utility as 

a biofilter. Of these, the most suitable candidate for use in a biofiltration system was identified to be 

the green algae Ulva intestinalis. In the second phase, one vegetative season (2020) was dedicated to 

testing the efficiency of nutrient removal by a filter system inhabited by Ulva intestinalis. In total, 

three, 4-5 week experiments were conducted in which fish farm waste water outflow was monitored 

in terms of parameters relating to biotic and abiotic factors, with farm external environmental factors 

also monitored. 

Whilst all three experiments experienced differences in environmental settings and a very high 

variability in response variables observed, we managed to obtain a 10-15 % reduction in waste water 

nutrient concentrations (primarily nitrogenous compounds) for tanks inhabited by algae compared to 

that of control tanks. As a whole, the system experienced an average 60% reduction in nitrogen and 

phosphorus concentrations in waste water outflow compared to concentrations present within the 

fish tank. Additionally, the subsequent biomass gain of the incubated macroalgae species Ulva 

intestinalis is reported to be 4% per day at its maximum rate. 

Overall, the results obtained from this study indicate a promising future for the development of 

biological filtration setups.  The implantation of this technology as an alternative to  mechanical and 

other biological methods of treatment for fish farm effluents may offer both economic and 

environmental benefits for existing and future finfish aquaculture operations. 
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Kasutatud kirjandus 
 
нллнκонκ9« 9¦whht! t!w[!a9b5L W! bl¦YhD¦ 5Lw9Y¢LL±Σ тΦ Ƴŀƛ нллнΣ ƭƻƻƳŀǘƻƛŘǳǎ ƭŜƛŘǳǾŀǘŜ 

soovimatute ainete kohta.  

2012/744/EL KOML{WhbL a&&w¦{Σ мсΦ ŀǳƎǳǎǘ нлмнΣ ƳƛƭƭŜƎŀ ƳǳǳŘŜǘŀƪǎŜ 9ǳǊƻƻǇŀ tŀǊƭŀƳŜƴŘƛ Ƨŀ 

ƴƿǳƪƻƎǳ ŘƛǊŜƪǘƛƛǾƛ нллнκонκ9« L Ƨŀ LL ƭƛǎŀ ŀǊǎŜŜƴƛΣ ŦƭǳƻǊƛΣ ǇƭƛƛΣ ŜƭŀǾƘƿōŜŘŀΣ ŜƴŘƻǎǳƭŦŀŀƴƛΣ ŘƛƻƪǎƛƛƴƛŘŜΣ 

Ambrosia spp., diklasuriili ja naatriumlasalotsiid A piirnormide ja dioksiinidŜ ǊŀƪŜƴŘǳǎƪǸƴƴƛǎǘŜ ƻǎŀǎΦ  
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ƴƿǳƪƻƎǳ ŘƛǊŜƪǘƛƛǾƛ нллнκонκ9« L ƭƛǎŀ ŀǊǎŜŜƴƛΣ ƪŀŀŘƳƛǳƳƛΣ ǇƭƛƛΣ ƴƛǘǊƛǘƛǘŜΣ ƭŜƴŘǳǾŀ ǎƛƴŜǇƛƿƭƛ Ƨŀ ƪŀƘƧǳƭƛƪŜ 
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LISA 1 
Tabel 1. 2018. ŀŀǎǘŀ ǾŜŜƪŜŜƳƛŀ ŀƴŀƭǸǸǎƛŘŜ ǘǳƭŜƳǳǎŜŘΦ 

tǊƻƻǾƛ ǘŅƘƛǎ tǊƻƻǾƛǾƿǘǳ- 
kuupŅŜǾ 

Nitrite 
ώҡƳƻƭ 
N/l]  

OrthoPhosphate 
ώҡƳƻƭ tκƭϐ 

Nitrate 
Nitrite 
ώҡƳƻƭ 
N/l]  

Total P 
ώҡƳƻƭ 
P/l] 

Total N 
ώҡƳƻƭ 
N/l]  

YŜǎƪƴƿƳƳŜ ƪŀƭŀǘǸƴƴ 29/11/2018 0.72 0.85 4.73 0.92 29.50 

YŜǎƪƴƿƳƳŜ ƪŀƭŀǘǸƴƴ 29/11/2018 0.79 0.79 4.86 0.96 32.65 

YŜǎƪƴƿƳƳŜ ƪŀƭŀǘǸƴƴ 29/11/2018 0.84 0.77 4.66 0.81 29.07 

YŜǎƪƴƿƳƳŜ ƳŜǊƛ 29/11/2018 0.69 0.69 5.41 0.76 26.07 

YŜǎƪƴƿƳƳŜ ƳŜǊƛ 29/11/2018 0.65 0.72 5.10 0.74 25.04 

YŜǎƪƴƿƳƳŜ ƳŜǊƛ 29/11/2018 0.75 0.70 4.27 0.78 21.26 

YŜǎƪƴƿƳƳŜ ǘǸƴƴ м 29/11/2018 0.60 0.88 3.26 0.88 25.05 

YŜǎƪƴƿƳƳŜ ǘǸnn 1 29/11/2018 0.87 1.03 4.88 1.10 33.01 

YŜǎƪƴƿƳƳŜ ǘǸƴƴ м 29/11/2018 0.88 1.06 4.83 1.18 34.63 

YŜǎƪƴƿƳƳŜ ǘǸƴƴ н 29/11/2018 0.69 1.27 3.55 1.32 35.93 

YŜǎƪƴƿƳƳŜ ǘǸƴƴ н 29/11/2018 0.79 1.31 4.98 1.38 36.77 

YŜǎƪƴƿƳƳŜ ǘǸƴƴ н 29/11/2018 0.76 1.44 4.69 1.43 50.25 

YŜǎƪƴƿƳƳŜ ǘǸƴƴ о 29/11/2018 1.01 1.44 4.87 1.58 45.14 

YŜǎƪƴƿƳƳŜ ǘǸƴƴ о 29/11/2018 0.80 1.34 4.91 1.43 36.41 

YŜǎƪƴƿƳƳŜ ǘǸƴƴ о 29/11/2018 0.90 1.42 4.83 1.48 38.25 

YŜǎƪƴƿƳƳŜ ǘǸƴƴ п 29/11/2018 0.79 1.03 4.69 1.08 34.41 

YŜǎƪƴƿƳƳŜ ǘǸƴƴ п 29/11/2018 0.87 1.02 4.83 1.06 32.03 

YŜǎƪƴƿƳƳŜ ǘǸƴƴ п 29/11/2018 0.59 1.08 4.36 1.14 32.38 

YŜǎƪƴƿƳƳŜ ƪŀƭŀǘǸƴƴ 09/12/2018 0.94 0.77 6.40 0.82 28.40 

YŜǎƪƴƿƳƳŜ ƪŀƭŀǘǸƴƴ 09/12/2018 1.01 0.72 6.61 0.71 28.18 

YŜǎƪƴƿƳƳŜ ƪŀƭŀǘǸƴƴ 09/12/2018 1.01 0.75 6.49 0.75 30.62 

KeskƴƿƳƳŜ ƳŜǊƛ 09/12/2018 1.00 0.96 6.67 0.96 31.21 

YŜǎƪƴƿƳƳŜ ƳŜǊƛ 09/12/2018 1.00 0.96 6.54 1.01 33.20 

YŜǎƪƴƿƳƳŜ ƳŜǊƛ 09/12/2018 0.77 0.80 4.82 0.81 24.25 

YŜǎƪƴƿƳƳŜ ǘǸƴƴ м 09/12/2018 0.99 0.80 6.42 0.84 30.82 

YŜǎƪƴƿƳƳŜ ǘǸƴƴ м 09/12/2018 0.98 0.76 6.38 0.81 29.06 

YŜǎƪƴƿƳƳŜ ǘǸƴƴ м 09/12/2018 0.83 0.76 6.36 0.73 30.02 

YŜǎƪƴƿƳƳŜ ǘǸƴƴ н 09/12/2018 1.01 0.77 6.53 0.69 30.43 

YŜǎƪƴƿƳƳŜ ǘǸƴƴ н 09/12/2018 1.01 0.76 6.38 0.79 29.35 

YŜǎƪƴƿƳƳŜ ǘǸƴƴ н 09/12/2018 0.45 0.59 5.07 0.61 22.56 

YŜǎƪƴƿƳƳŜ ǘǸƴƴ о 09/12/2018 0.96 0.74 6.68 0.77 28.79 

YŜǎƪƴƿƳƳŜ ǘǸƴƴ о 09/12/2018 0.61 0.60 4.39 0.66 20.76 

YŜǎƪƴƿƳƳŜ ǘǸƴƴ о 09/12/2018 0.98 0.76 6.45 0.80 28.87 

YŜǎƪƴƿƳƳŜ ǘǸƴƴ п 09/12/2018 0.95 0.76 6.34 0.75 28.78 

YŜǎƪƴƿƳƳŜ ǘǸƴƴ п 09/12/2018 0.96 0.71 6.44 0.76 28.82 

YŜǎƪƴƿƳƳŜ ǘǸƴƴ п 09/12/2018 0.97 0.73 6.28 0.78 28.67 
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Tabel 2. 2019. ŀŀǎǘŀ ǾŜŜƪŜŜƳƛŀ ŀƴŀƭǸǸǎƛŘe tulemused. 

tǊƻƻǾƛ ǘŅƘƛǎ tǊƻƻǾƛǾƿǘǳ- 
ƪǳǳǇŅŜǾ 

Nitrite 
ώҡƳƻƭ 
N/l]  

OrthoPhosphate 
ώҡƳƻƭ tκƭϐ 

Nitrate 
bƛǘǊƛǘŜ ώҡƳƻƭ 
N/l]  

Total P 
ώҡƳƻƭ 
P/l] 

Total N 
ώҡƳƻƭ 
N/l]  

T0 25/04/2019 0.72 0.85 4.73 0.92 29.50 

T0 25/04/2019 0.79 0.79 4.86 0.96 32.65 

T0 25/04/2019 0.84 0.77 4.66 0.81 29.07 

T 1.2 25/04/2019 0.69 0.69 5.41 0.76 26.07 

T 1.4 25/04/2019 0.65 0.72 5.10 0.74 25.04 

T 1.7 25/04/2019 0.75 0.70 4.27 0.78 21.26 

T 1.12 25/04/2019 0.60 0.88 3.26 0.88 25.05 

T 1.16 25/04/2019 0.87 1.03 4.88 1.10 33.01 

T 2.2 25/04/2019 0.88 1.06 4.83 1.18 34.63 

T 2.4 25/04/2019 0.69 1.27 3.55 1.32 35.93 

T 2.7 25/04/2019 0.79 1.31 4.98 1.38 36.77 

T 2.12 25/04/2019 0.76 1.44 4.69 1.43 50.25 

T 2.16 25/04/2019 1.01 1.44 4.87 1.58 45.14 

T 3.2 25/04/2019 0.80 1.34 4.91 1.43 36.41 

T 3.4 25/04/2019 0.90 1.42 4.83 1.48 38.25 

T 3.7 25/04/2019 0.79 1.03 4.69 1.08 34.41 

T 3.12 25/04/2019 0.87 1.02 4.83 1.06 32.03 

T 3.16 25/04/2019 0.59 1.08 4.36 1.14 32.38 

T 4.2 25/04/2019 0.94 0.77 6.40 0.82 28.40 

T 4.4 25/04/2019 1.01 0.72 6.61 0.71 28.18 

T 4.7 25/04/2019 1.01 0.75 6.49 0.75 30.62 

T 4.12 25/04/2019 1.00 0.96 6.67 0.96 31.21 

T 4.16 25/04/2019 1.00 0.96 6.54 1.01 33.20 

T0 02/05/2019 0.77 0.80 4.82 0.81 24.25 

T0 02/05/2019 0.99 0.80 6.42 0.84 30.82 

T0 02/05/2019 0.98 0.76 6.38 0.81 29.06 

T 1.2 02/05/2019 0.83 0.76 6.36 0.73 30.02 

T 1.4 02/05/2019 1.01 0.77 6.53 0.69 30.43 

T 1.8 02/05/2019 1.01 0.76 6.38 0.79 29.35 

T 1.12 02/05/2019 0.45 0.59 5.07 0.61 22.56 

T 1.16 02/05/2019 0.96 0.74 6.68 0.77 28.79 

T 2.2 02/05/2019 0.61 0.60 4.39 0.66 20.76 

T 2.4 02/05/2019 0.98 0.76 6.45 0.80 28.87 

T 2.8 02/05/2019 0.95 0.76 6.34 0.75 28.78 

T 2.12 02/05/2019 0.96 0.71 6.44 0.76 28.82 

T 2.16 02/05/2019 0.97 0.73 6.28 0.78 28.67 

T 3.2 02/05/2019 0.04 0.12 0.47 0.41 27.05 

T 3.4 02/05/2019 0.02 0.12 0.33 0.48 25.63 

T 3.8 02/05/2019 0.01 0.12 0.30 0.42 21.25 

T 3.12 02/05/2019 0.02 0.11 0.18 0.44 17.62 

T 3.16 02/05/2019 0.02 0.19 0.30 0.46 18.18 

T 4.2 02/05/2019 0.02 0.21 0.30 0.50 21.57 
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tǊƻƻǾƛ ǘŅƘƛǎ tǊƻƻǾƛǾƿǘǳ- 
ƪǳǳǇŅŜǾ 

Nitrite 
ώҡƳƻƭ 
N/l]  

OrthoPhosphate 
ώҡƳƻƭ tκƭϐ 

Nitrate 
bƛǘǊƛǘŜ ώҡƳƻƭ 
N/l]  

Total P 
ώҡƳƻƭ 
P/l] 

Total N 
ώҡƳƻƭ 
N/l]  

T 4.4 02/05/2019 0.02 0.16 0.26 0.45 17.56 

T 4.8 02/05/2019 0.02 0.16 0.30 0.47 21.10 

T 4.12 02/05/2019 0.02 0.16 0.34 0.39 14.54 

T 4.16 02/05/2019 0.02 0.13 0.30 0.48 24.02 

T0 17/05/2019 0.02 0.18 0.30 0.53 22.58 

T0 17/05/2019 0.02 0.20 0.27 0.48 19.44 

T0 17/05/2019 0.02 0.16 0.26 0.48 16.60 

T 1.2 17/05/2019 0.02 0.21 0.31 0.51 20.61 

T 1.4 17/05/2019 0.03 0.17 0.55 0.44 18.94 

T 1.8 17/05/2019 0.04 0.18 0.30 0.49 19.61 

T 1.12 17/05/2019 0.02 0.21 0.28 0.53 21.11 

T 1.16 17/05/2019 0.02 0.18 0.38 0.53 20.33 

T 2.2  17/05/2019 0.02 0.19 0.42 0.52 19.23 

T 2.4 17/05/2019 0.02 0.20 0.25 0.54 19.92 

T 2.8 17/05/2019 0.01 0.16 0.20 0.48 16.09 

T 2.12 17/05/2019 0.02 0.13 0.16 0.43 15.27 

T 2.16 17/05/2019 0.01 0.16 0.15 0.50 16.70 

T 3.2 17/05/2019 0.05 0.36 0.69 1.42 23.35 

T 3.4 17/05/2019 0.03 0.33 0.67 1.40 22.04 

T 3.8 17/05/2019 0.03 0.32 0.63 1.37 22.50 

T 3.12 17/05/2019 0.02 0.30 0.52 0.86 17.47 

T 3.16 17/05/2019 0.03 0.35 0.49 1.05 19.90 

T 4.2 17/05/2019 0.03 0.35 0.57 1.27 21.10 

T 4.4 17/05/2019 0.03 0.27 0.55 1.00 19.00 

T 4.8 17/05/2019 0.02 0.26 0.41 1.12 19.80 

T 4.12 17/05/2019 0.03 0.35 0.64 1.34 22.20 

T 4.16 17/05/2019 0.04 0.40 0.63 1.42 22.31 

T0 25/05/2019 0.04 0.40 0.57 1.48 22.86 

T0 25/05/2019 0.04 0.34 0.63 1.45 22.86 

T0 25/05/2019 0.01 0.30 0.42 0.98 18.43 

T1.2 25/05/2019 0.03 0.34 0.64 1.38 22.39 

T1.4 25/05/2019 0.04 0.43 0.58 1.44 23.54 

T1.8 25/05/2019 0.04 0.38 0.56 1.45 23.85 

T1.12 25/05/2019 0.04 0.29 0.59 1.28 20.14 

T1.16 25/05/2019 0.02 0.30 0.62 0.89 16.95 

T2.2 25/05/2019 0.03 0.34 0.63 1.46 21.35 

T2.4 25/05/2019 0.05 0.35 0.64 1.34 21.74 

T2.8 25/05/2019 0.03 0.35 0.43 1.08 19.19 

T2.12 25/05/2019 0.02 0.37 0.27 1.48 22.90 

T2.16 25/05/2019 0.02 0.29 0.22 1.35 20.12 

T3.2 25/05/2019 0.02 0.10 0.15 0.59 28.64 

T3.4 25/05/2019 0.02 0.10 0.34 0.69 45.39 

T3.8 25/05/2019 0.02 0.11 0.29 0.59 26.90 

T3.12 25/05/2019 0.02 0.15 0.23 0.59 25.77 
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tǊƻƻǾƛ ǘŅƘƛǎ tǊƻƻǾƛǾƿǘǳ- 
ƪǳǳǇŅŜǾ 

Nitrite 
ώҡƳƻƭ 
N/l]  

OrthoPhosphate 
ώҡƳƻƭ tκƭϐ 

Nitrate 
bƛǘǊƛǘŜ ώҡƳƻƭ 
N/l]  

Total P 
ώҡƳƻƭ 
P/l] 

Total N 
ώҡƳƻƭ 
N/l]  

T3.16 25/05/2019 0.02 0.19 0.27 0.58 23.33 

T4.2 25/05/2019 0.02 0.19 0.20 0.57 22.10 

T4.4 25/05/2019 0.02 0.18 0.19 0.57 18.67 

T4.8 25/05/2019 0.01 0.13 0.19 0.55 22.34 

T4.12 25/05/2019 0.02 0.20 0.30 0.57 23.27 

T4.16 25/05/2019 0.03 0.18 0.27 0.54 21.90 

T0 04/06/2019 0.02 0.19 0.24 0.61 22.17 

T0 04/06/2019 0.02 0.19 0.17 0.63 19.68 

T0 04/06/2019 0.02 0.21 0.39 0.60 21.90 

T1.2 04/06/2019 0.03 0.15 0.31 0.52 24.11 

T1.4 04/06/2019 0.01 0.19 0.28 0.55 22.33 

T1.8 04/06/2019 0.01 0.15 0.25 0.51 19.25 

T1.12 04/06/2019 0.02 0.18 0.22 0.57 21.64 

T1.16 04/06/2019 0.01 0.17 0.29 0.69 24.94 

T2.2 04/06/2019 0.01 0.12 0.33 0.56 30.99 

T2.4 04/06/2019 0.02 0.10 0.28 0.51 26.51 

T2.8 04/06/2019 0.02 0.17 0.22 0.54 21.58 

T2.12 04/06/2019 0.01 0.14 0.22 0.49 21.60 

T2.16 04/06/2019 0.01 0.14 0.21 0.51 22.08 

T3.2 04/06/2019 0.02 0.29 0.27 0.74 22.70 

T3.4 04/06/2019 0.02 0.25 0.21 0.89 27.71 

T3.8 04/06/2019 0.02 0.27 0.22 0.73 24.82 

T3.12 04/06/2019 0.02 0.34 0.22 0.87 23.98 

T3.16 04/06/2019 0.04 0.23 0.37 0.65 23.23 

T4.2 04/06/2019 0.02 0.15 0.22 0.59 22.44 

T4.4 04/06/2019 0.01 0.15 0.29 0.52 22.05 

T4.12 04/06/2019 0.01 0.13 0.35 0.48 23.16 

T4.16 04/06/2019 0.02 0.32 0.24 0.75 23.20 

T0 18/06/2019 0.03 0.24 0.50 0.66 24.10 

T0 18/06/2019 0.02 0.16 0.22 0.50 21.40 

T0 18/06/2019 0.02 0.15 0.26 0.49 23.33 

T1.2 18/06/2019 0.01 0.11 0.21 0.43 19.30 

T1.4 18/06/2019 0.03 0.35 0.24 0.84 24.21 

T1.8 18/06/2019 0.03 0.27 0.48 0.63 22.57 

T1.12 18/06/2019 0.02 0.16 0.26 0.57 23.09 

T1.16 18/06/2019 0.01 0.15 0.32 0.48 18.43 

T2.2 18/06/2019 0.02 0.16 0.27 0.52 23.38 

T2.4 18/06/2019 0.02 0.20 0.20 0.61 21.47 

T2.8 18/06/2019 0.01 0.25 0.27 0.72 30.32 

T2.12 18/06/2019 -0.01 0.18 0.24 0.52 24.70 

T2.16 18/06/2019 0.00 0.16 0.23 0.38 13.64 

T3.2 18/06/2019 0.02 0.11 0.23 0.46 21.71 

T3.4 18/06/2019 0.03 0.29 0.32 1.47 27.49 

T3.8 18/06/2019 0.03 0.25 0.29 1.36 24.86 
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tǊƻƻǾƛ ǘŅƘƛǎ tǊƻƻǾƛǾƿǘǳ- 
ƪǳǳǇŅŜǾ 

Nitrite 
ώҡƳƻƭ 
N/l]  

OrthoPhosphate 
ώҡƳƻƭ tκƭϐ 

Nitrate 
bƛǘǊƛǘŜ ώҡƳƻƭ 
N/l]  

Total P 
ώҡƳƻƭ 
P/l] 

Total N 
ώҡƳƻƭ 
N/l]  

T3.12 18/06/2019 0.03 0.28 0.29 1.42 24.64 

T3.16 18/06/2019 0.03 0.25 0.25 1.54 23.01 

T4.2 18/06/2019 0.03 0.24 0.22 1.47 24.46 

T4.4 18/06/2019 0.02 0.13 0.22 0.77 19.70 

T4.8 18/06/2019 0.02 0.12 0.27 1.30 25.47 

T4.12 18/06/2019 0.03 0.14 0.22 1.30 23.15 

T4.16 18/06/2019 0.02 0.47 0.21 1.32 22.33 

T0 30/07/2019 0.02 0.21 0.23 1.33 23.56 

T1.2 30/07/2019 0.01 0.16 0.22 0.86 19.09 

T1.4 30/07/2019 0.01 0.13 0.20 1.23 19.90 

T1.8 30/07/2019 0.01 0.14 0.28 1.01 19.75 

T1.12 30/07/2019 0.03 0.33 0.26 1.57 25.68 

T1.16 30/07/2019 0.02 0.21 0.27 0.93 20.60 

T2.2 30/07/2019 0.02 0.16 0.25 1.26 24.41 

T2.4 30/07/2019 0.03 0.13 0.23 1.23 23.70 

T2.8 30/07/2019 0.02 0.12 0.25 1.17 25.05 

T2.12 30/07/2019 0.02 0.41 0.23 1.61 25.99 

T2.16 30/07/2019 0.02 0.23 0.22 1.24 23.25 

T3.2 30/07/2019 0.02 0.18 0.30 1.29 25.29 

T3.4 30/07/2019 0.02 0.20 0.22 1.10 20.70 

T3.8 30/07/2019 0.05 0.24 0.29 1.32 23.82 

T3.12 30/07/2019 0.04 0.25 0.31 1.33 23.65 

T3.16 30/07/2019 0.04 0.23 0.33 1.31 24.11 

T4.2 30/07/2019 0.07 0.28 0.38 1.40 28.63 

T4.4 30/07/2019 0.10 0.31 0.35 1.45 29.17 

T4.8 30/07/2019 0.03 0.40 0.28 1.48 30.11 

T4.12 30/07/2019 0.12 0.27 0.24 1.48 29.23 

T4.16 30/07/2019 0.02 0.30 0.34 1.32 28.56 

T0 08/08/2019 0.10 0.41 0.40 1.65 27.36 

T0 08/08/2019 0.08 0.43 0.38 1.52 28.33 

T0 08/08/2019 0.02 0.29 0.20 1.43 26.96 

T1.2 08/08/2019 0.03 0.28 0.19 1.32 25.11 

T1.4 08/08/2019 0.02 0.20 0.20 1.20 25.46 

T1.8 08/08/2019 0.06 0.48 0.53 1.61 30.11 

T1.12 08/08/2019 0.07 0.40 0.38 1.45 29.28 

T1.16 08/08/2019 0.03 0.36 0.26 1.38 28.95 

T2.2 08/08/2019 0.02 0.25 0.21 1.23 27.15 

T2.4 08/08/2019 0.04 0.24 0.25 1.43 27.54 

T2.8 08/08/2019 0.04 0.22 0.23 1.26 25.27 

T2.12 08/08/2019 0.05 0.29 0.20 1.55 25.16 

T2.16 08/08/2019 0.03 0.20 0.22 1.16 24.94 

T3.2 08/08/2019 0.04 0.19 0.23 1.14 24.93 

T3.4 08/08/2019 0.03 0.18 0.22 1.18 24.48 

T3.8 08/08/2019 0.08 0.33 0.40 1.74 33.82 
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tǊƻƻǾƛ ǘŅƘƛǎ tǊƻƻǾƛǾƿǘǳ- 
ƪǳǳǇŅŜǾ 

Nitrite 
ώҡƳƻƭ 
N/l]  

OrthoPhosphate 
ώҡƳƻƭ tκƭϐ 

Nitrate 
bƛǘǊƛǘŜ ώҡƳƻƭ 
N/l]  

Total P 
ώҡƳƻƭ 
P/l] 

Total N 
ώҡƳƻƭ 
N/l]  

T3.12 08/08/2019 0.07 0.15 0.39 1.55 41.22 

T3.16 08/08/2019 0.08 0.26 0.42 1.73 36.57 

T4.2 08/08/2019 0.06 0.20 0.34 1.77 35.20 

T4.4 08/08/2019 0.05 0.16 0.26 1.70 34.97 

T4.8 08/08/2019 0.04 0.15 0.23 1.67 33.10 

T4.12 08/08/2019 0.09 0.28 0.39 1.77 34.99 

T4.16 21/07/2019 0.08 0.25 0.41 1.74 36.85 

T0 26/08/2019 0.06 0.21 0.29 1.75 35.72 

T0 26/08/2019 0.05 0.19 0.24 1.66 32.71 

T0 26/08/2019 0.04 0.18 0.20 1.64 30.23 

T1.2 26/08/2019 0.07 0.21 0.35 1.71 36.51 

T1.4 26/08/2019 0.10 0.29 0.40 1.69 36.03 

T1.8 26/08/2019 0.05 0.17 0.28 1.59 34.83 

T1.12 26/08/2019 0.06 0.20 0.23 1.68 33.80 

T1.16 26/08/2019 0.04 0.15 0.19 1.53 29.54 

T2.2 26/08/2019 0.06 0.27 0.22 1.76 33.11 

T2.4 26/08/2019 0.04 0.23 0.19 1.81 34.20 

T2.8 26/08/2019 0.05 0.27 0.19 1.76 35.93 

T2.12 26/08/2019 0.06 0.13 0.20 1.55 32.76 

T2.16 26/08/2019 0.05 0.12 0.18 1.48 33.68 

T3.2 26/08/2019 0.04 0.24 0.19 1.62 29.77 

T3.4 26/08/2019 0.04 0.18 0.26 1.47 29.97 

T3.8 26/08/2019 0.05 0.23 0.22 1.53 30.63 

T3.12 26/08/2019 0.04 0.30 0.21 1.70 29.48 

T3.16 26/08/2019 0.05 0.25 0.25 1.61 31.32 

T4.2 26/08/2019 0.04 0.17 0.19 1.49 32.27 

T4.4 26/08/2019 0.03 0.13 0.17 1.53 30.61 

T4.8 26/08/2019 0.03 0.14 0.17 1.30 27.49 

T4.12 26/08/2019 0.04 0.28 0.21 1.85 30.21 

T4.16 26/08/2019 0.04 0.27 0.24 1.66 29.49 

T0 25/09/2019 0.03 0.14 0.17 1.64 29.95 

T0 25/09/2019 0.03 0.15 0.16 1.38 27.45 

T0 25/09/2019 0.02 0.16 0.16 1.42 28.23 

T1.2 25/09/2019 0.04 0.30 0.22 1.58 28.62 

T1.4 25/09/2019 0.05 0.31 0.28 1.65 31.70 

T1.8 25/09/2019 0.03 0.22 0.17 1.37 27.32 

T1.12 25/09/2019 0.04 0.10 0.17 1.57 32.23 

T1.16 25/09/2019 0.03 0.13 0.15 1.44 29.82 

T4.2 25/09/2019 0.04 0.12 0.15 1.61 30.13 

T4.4 25/09/2019 0.03 0.15 0.16 1.62 29.45 

T4.8 25/09/2019 0.03 0.17 0.15 1.58 28.74 

T4.12 25/09/2019 0.02 0.11 0.15 1.37 26.18 

T4.6 25/09/2019 0.03 0.10 0.14 1.34 26.44 

T0 18/10/2019 0.10 0.30 0.84 1.66 25.96 
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tǊƻƻǾƛ ǘŅƘƛǎ tǊƻƻǾƛǾƿǘǳ- 
ƪǳǳǇŅŜǾ 

Nitrite 
ώҡƳƻƭ 
N/l]  

OrthoPhosphate 
ώҡƳƻƭ tκƭϐ 

Nitrate 
bƛǘǊƛǘŜ ώҡƳƻƭ 
N/l]  

Total P 
ώҡƳƻƭ 
P/l] 

Total N 
ώҡƳƻƭ 
N/l]  

T0 18/10/2019 0.09 0.30 0.79 1.49 24.29 

T0 18/10/2019 0.09 0.32 0.81 1.62 26.63 

T1.2 18/10/2019 0.04 0.14 0.18 1.47 25.85 

T1.4 18/10/2019 0.04 0.17 0.16 1.51 28.87 

T1.8 18/10/2019 0.03 0.15 0.16 1.39 25.30 

T1.12 18/10/2019 0.03 0.15 0.15 1.47 27.34 

T1.16 18/10/2019 0.02 0.14 0.15 1.27 23.37 

T2.2 18/10/2019 0.04 0.17 0.15 1.38 23.22 

T2.4 18/10/2019 0.04 0.15 0.15 1.75 25.88 

T2.8 18/10/2019 0.03 0.17 0.17 1.18 21.05 

T2.12 18/10/2019 0.10 0.13 0.54 1.11 47.61 

T2.16 18/10/2019 0.03 0.17 0.16 1.51 24.27 

T3.2 18/10/2019 0.02 0.16 0.15 1.59 24.57 

T3.4 18/10/2019 0.04 0.13 0.15 1.64 27.58 

T3.8 18/10/2019 0.03 0.21 0.15 1.50 24.62 

T3.12 18/10/2019 0.02 0.15 0.14 1.06 19.74 

T3.16 18/10/2019 0.02 0.15 0.14 1.29 22.99 

T4.2 18/10/2019 0.02 0.18 0.16 1.56 26.81 

T4.4 18/10/2019 0.03 0.20 0.16 1.61 26.84 

T4.8 18/10/2019 0.03 0.17 0.16 1.45 25.51 

T4.12 18/10/2019 0.03 0.14 0.15 1.45 26.25 

T4.16 18/10/2019 0.02 0.16 0.16 1.22 21.74 
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Tabel 3. 2020. ŀŀǎǘŀ ŜǎƛƳŜǎŜ ŜƪǎǇŜǊƛƳŜƴŘƛ ǾŜŜƪŜŜƳƛŀ ŀƴŀƭǸǸǎƛŘŜ ǘǳƭŜƳǳǎŜŘΦ  

Proov Prooviv»tu- 
kuupªev 

NOX,  
Õg N/l 

PO4,   
Õg P/l 

Ntot, Õg 
N/l 

Ptot, Õg 
P/l 

NO2,   
Õg N/l 

0 08/06/2020 5.30 10.83 245.7 34.42 0.59 

0 08/06/2020 5.53 10.32 351.6 25.89 0.31 

0 08/06/2020 3.60 9.15 346.6 23.99 0.31 

1_3 08/06/2020 3.51 9.18 250.5 34.01 0.50 
1_5 08/06/2020 3.13 9.38 263.1 28.27 0.22 

1_9 08/06/2020 3.06 8.93 275.4 31.63 0.30 

1_12 08/06/2020 3.13 8.68 210.0 34.61 0.25 

1_15 08/06/2020 3.48 8.70 201.1 37.62 0.21 

2_3 08/06/2020 3.50 8.32 206.7 36.21 0.37 

2_5 08/06/2020 2.93 9.63 170.5 36.86 0.33 

2_9 08/06/2020 2.78 8.49 155.8 35.06 0.33 

2_12 08/06/2020 3.27 9.05 196.7 38.13 0.23 

2_15 08/06/2020 3.23 7.71 150.8 31.55 0.22 

3_3 08/06/2020 3.01 6.87 111.0 24.22 0.46 

3_5 08/06/2020 2.71 7.68 164.9 29.60 0.46 

3_9 08/06/2020 2.75 7.10 143.7 25.86 0.32 

3_12 08/06/2020 3.20 7.05 129.7 28.82 0.25 

3_15 08/06/2020 3.28 6.76 149.1 31.40 0.22 

4_3 08/06/2020 3.05 8.03 105.2 24.76 0.19 

4_5 08/06/2020 2.74 5.01 53.2 16.53 0.29 

4_9 08/06/2020 2.76 6.50 115.7 24.25 0.35 

4_12 08/06/2020 3.44 7.12 136.4 30.37 0.27 

4_15 08/06/2020 3.13 6.99 146.8 31.39 0.18 

0 11/06/2020 2.60 12.53 280.3 13.25 0.44 

0 11/06/2020 2.60 11.82 304.6 13.40 0.50 

0 11/06/2020 2.30 11.73 263.7 14.14 0.40 

1_3 11/06/2020 2.83 9.13 313.8 12.76 0.47 

1_5 11/06/2020 2.98 10.06 252.1 11.02 0.40 
1_9 11/06/2020 2.60 10.07 270.4 11.98 0.38 

1_12 11/06/2020 1.94 9.76 231.8 13.50 0.37 

1_15 11/06/2020 1.93 9.24 238.2 9.62 0.32 

2_3 11/06/2020 2.57 8.21 232.2 11.11 0.33 

2_5 11/06/2020 2.71 9.30 220.9 10.63 0.30 

2_9 11/06/2020 1.92 12.27 186.3 13.78 0.28 

2_12 11/06/2020 1.98 9.83 237.5 17.00 0.30 

2_15 11/06/2020 2.50 8.03 189.3 10.8 0.26 

3_3 11/06/2020 2.52 8.53 215.0 12.3 0.30 

3_5 11/06/2020 3.04 10.10 289.0 19.8 0.36 

3_9 11/06/2020 2.30 7.84 217.7 14.6 0.28 

3_12 11/06/2020 3.20 9.84 255.2 17.4 0.33 

3_15 11/06/2020 1.89 9.29 226.4 12.9 0.24 

4_3 11/06/2020 2.26 9.48 247.6 14.8 0.27 

4_5 11/06/2020 1.92 7.22 115.6 5.4 0.19 

4_9 11/06/2020 2.36 8.61 225.0 12.2 0.29 

4_12 11/06/2020 1.87 8.24 212.6 8.9 0.29 

4_15 11/06/2020 1.76 8.89 232.2 14.5 0.34 

0 14/06/2020 1.80 9.06 122.9 10.5 0.25 

0 14/06/2020 1.96 12.85 272.4 18.8 0.38 
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Proov Prooviv»tu- 
kuupªev 

NOX,  
Õg N/l 

PO4,   
Õg P/l 

Ntot, Õg 
N/l 

Ptot, Õg 
P/l 

NO2,   
Õg N/l 

0 14/06/2020 1.96 12.75 242.2 16.1 0.34 

1_3 14/06/2020 2.21 11.43 287.6 17.3 0.46 

1_5 14/06/2020 2.68 8.78 210.4 14.1 0.35 

1_9 14/06/2020 2.81 9.06 195.8 9.7 0.38 

1_12 14/06/2020 1.92 9.20 203.6 9.4 0.38 

1_15 14/06/2020 1.88 8.24 196.5 9.3 0.30 

2_3 14/06/2020 2.24 11.91 255.3 19.5 0.50 

2_5 14/06/2020 2.12 10.89 263.5 18.7 0.40 

2_9 14/06/2020 2.57 8.96 262.1 17.4 0.38 

2_12 14/06/2020 2.00 8.23 182.3 19.8 0.37 

2_15 14/06/2020 1.72 8.82 273.3 14.0 0.37 

3_3 14/06/2020 2.05 11.12 270.1 16.6 0.44 

3_5 14/06/2020 2.49 7.44 377.1 16.4 0.39 

3_9 14/06/2020 2.74 7.52 289.2 14.6 0.34 

3_12 14/06/2020 2.10 7.86 251.8 11.0 0.28 

3_15 14/06/2020 1.89 7.76 240.7 15.6 0.28 

4_3 14/06/2020 2.03 12.45 274.2 21.63 0.40 
4_5 14/06/2020 1.94 12.06 258.8 16.58 0.40 

4_9 14/06/2020 3.04 9.61 187.0 13.94 0.31 

4_12 14/06/2020 1.98 9.30 227.7 10.31 0.33 

4_15 14/06/2020 1.83 8.94 248.0 8.99 0.34 

0 18/06/2020 1.74 11.37 256.7 12.21 0.33 

0 18/06/2020 2.36 13.13 278.9 17.57 0.36 

0 18/06/2020 2.50 12.10 246.6 13.69 0.38 

1_3 18/06/2020 2.52 8.62 251.0 15.93 0.45 

1_5 18/06/2020 3.03 9.65 256.5 12.65 0.57 

1_9 18/06/2020 1.83 7.45 169.4 8.54 0.31 

1_12 18/06/2020 2.26 9.78 305.7 13.22 0.39 

1_15 18/06/2020 1.95 8.85 233.9 10.36 0.39 

2_3 18/06/2020 1.95 8.95 253.2 11.25 0.42 

2_5 18/06/2020 1.95 7.95 270.4 15.64 0.35 

2_9 18/06/2020 2.05 8.77 235.2 16.57 0.41 

2_12 18/06/2020 2.07 8.74 186.1 12.79 0.31 

2_15 18/06/2020 2.04 10.28 279.3 15.17 0.44 

3_3 18/06/2020 1.89 10.06 288.6 12.51 0.35 

3_5 18/06/2020 1.96 6.72 225.4 4.34 0.31 

3_9 18/06/2020 2.60 7.83 148.9 2.75 0.24 

3_12 18/06/2020 2.16 9.02 253.2 9.60 0.32 

3_15 18/06/2020 2.61 9.07 292.7 9.15 0.31 

4_3 18/06/2020 2.29 11.19 249.9 8.71 0.38 

4_5 18/06/2020 2.62 8.54 181.2 7.54 0.29 
4_9 18/06/2020 3.11 8.89 245.9 11.55 0.31 

4_12 18/06/2020 1.65 8.20 223.5 14.34 0.39 

4_15 18/06/2020 1.97 9.07 260.8 5.16 0.30 

0 22/06/2020 3.32 13.35 272.8 15.16 0.58 

0 22/06/2020 2.58 13.57 226.0 13.68 0.49 

0 22/06/2020 3.03 14.64 309.0 16.44 0.57 

1_3 22/06/2020 2.10 9.36 206.0 8.73 0.43 

1_9 22/06/2020 1.93 8.50 274.9 7.91 0.44 

1_12 22/06/2020 2.01 8.36 303.5 10.94 0.48 
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Proov Prooviv»tu- 
kuupªev 

NOX,  
Õg N/l 

PO4,   
Õg P/l 

Ntot, Õg 
N/l 

Ptot, Õg 
P/l 

NO2,   
Õg N/l 

1_15 22/06/2020 2.16 8.69 262.3 8.46 0.49 

2_3 22/06/2020 2.46 10.71 305.8 18.33 0.72 

2_5 22/06/2020 2.49 9.10 333.2 19.46 0.68 

2_9 22/06/2020 2.49 8.45 213.7 17.08 0.45 

2_12 22/06/2020 2.01 8.21 241.3 11.86 0.45 

2_15 22/06/2020 2.53 8.15 257.5 9.32 0.50 

3_3 22/06/2020 2.54 10.85 304.3 18.12 0.57 

3_5 22/06/2020 2.22 9.28 287.3 18.81 0.52 

3_9 22/06/2020 2.93 8.56 294.1 11.68 0.54 

3_12 22/06/2020 1.96 8.50 293.1 10.49 0.47 

3_15 22/06/2020 2.17 6.91 247.7 4.50 0.46 

4_3 22/06/2020 2.63 12.34 320.2 16.47 0.67 

4_5 22/06/2020 2.40 9.62 265.8 14.88 0.62 

4_9 22/06/2020 2.44 9.30 265.1 17.75 0.59 

4_15 22/06/2020 2.04 8.08 190.6 7.44 0.51 

0 25/06/2020 4.01 8.22 162.3 37.93 0.69 

0 25/06/2020 5.10 8.59 175.3 29.31 0.73 
0 25/06/2020 3.76 7.84 167.8 28.25 0.78 

1_3 25/06/2020 2.71 5.91 121.7 21.60 0.52 

1_5 25/06/2020 2.17 5.74 136.2 24.21 0.44 

1_9 25/06/2020 2.75 5.26 169.9 21.49 0.39 

1_12 25/06/2020 3.13 4.94 165.7 21.00 0.47 

1_15 25/06/2020 3.04 4.96 219.1 20.16 0.32 

2_3 25/06/2020 2.77 5.98 235.2 30.84 0.62 

2_5 25/06/2020 2.27 5.51 251.9 23.65 0.45 

2_9 25/06/2020 3.64 5.34 252.5 21.20 0.40 

2_12 25/06/2020 2.61 4.09 192.4 15.95 0.35 

2_15 25/06/2020 2.76 5.40 242.1 29.95 0.40 

3_3 25/06/2020 2.74 7.22 195.3 31.30 0.52 

3_5 25/06/2020 2.36 4.40 247.3 26.41 0.44 

3_9 25/06/2020 2.41 5.48 205.5 24.98 0.43 

3_12 25/06/2020 2.48 4.87 173.4 21.39 0.34 

3_15 25/06/2020 3.03 4.52 158.9 18.59 0.26 

4_3 25/06/2020 3.18 6.87 168.7 20.04 0.66 

4_5 25/06/2020 2.44 7.03 144.0 25.94 0.54 

4_9 25/06/2020 2.81 5.61 163.4 25.47 0.41 

4_12 25/06/2020 2.62 4.89 173.7 21.42 0.52 

4_15 25/06/2020 2.22 4.56 149.2 16.86 0.44 

1.5 22/06/2020 1.91 9.90 218.4 21.90 0.39 

4.12 22/06/2020 2.22 8.93 233.2 11.93 0.53 
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Tabel 4. 2020. ŀŀǎǘŀ ǘŜƛǎŜ ŜƪǎǇŜǊƛƳŜƴŘƛ ǾŜŜƪŜŜƳƛŀ ŀƴŀƭǸǸǎƛŘŜ ǘǳƭŜƳǳǎŜŘΦ 

Proov Prooviv»tu- 

kuupªev 

NOX,  

Õg N/l 

PO4,   

Õg P/l 

Ntot (UV), 

Õg N/l 

Ptot (UV), 

Õg P/l 

NO2,   

Õg N/l 

0 23/07/2020 2.53 6.79 159.1 20.06 0.47 

0 23/07/2020 3.23 6.12 110.9 16.09 0.33 

0 23/07/2020 2.22 5.05 88.0 13.98 0.42 

1_3 23/07/2020 3.30 5.85 214.2 18.52 0.32 

1_5 23/07/2020 2.75 5.55 124.9 18.97 0.35 

1_9 23/07/2020 2.38 4.73 143.9 15.14 0.32 

1_12 23/07/2020 3.58 4.74 115.8 13.97 0.31 

1_15 23/07/2020 2.76 4.75 162.3 14.93 0.27 

2_3 23/07/2020 3.86 5.78 161.3 17.59 0.40 

2_5 23/07/2020 3.22 5.85 112.1 17.88 0.34 

2_9 23/07/2020 3.07 4.73 137.4 14.33 0.26 

2_12 23/07/2020 3.09 4.63 133.3 13.16 0.28 

2_15 23/07/2020 3.62 5.09 139.5 12.56 0.25 

3_3 23/07/2020 3.63 5.08 112.7 15.48 0.50 

3_5 23/07/2020 3.69 4.97 132.1 16.13 0.24 

3_9 23/07/2020 2.20 4.30 86.2 11.74 0.29 

3_12 23/07/2020 2.76 4.75 77.9 11.52 0.22 

3_15 23/07/2020 2.04 4.14 103.2 12.83 0.36 

4_3 23/07/2020 3.04 4.86 85.5 14.53 0.44 

4_5 23/07/2020 4.48 5.75 173.4 15.54 0.42 

4_9 23/07/2020 2.00 4.71 104.5 14.86 0.38 

4_12 23/07/2020 2.45 5.29 174.5 18.57 0.27 

4_15 23/07/2020 2.14 4.85 94.6 13.33 0.33 

0 27/07/2020 3.56 11.24 171.7 29.39 0.46 

0 27/07/2020 2.97 10.36 195.4 29.51 0.53 

0 27/07/2020 3.00 10.65 199.6 30.60 0.59 

1_3 27/07/2020 1.70 7.17 180.6 26.17 0.31 

1_5 27/07/2020 2.42 5.29 176.8 23.32 0.40 

1_9 27/07/2020 2.34 5.41 240.4 20.66 0.26 

1_12 27/07/2020 2.43 5.05 184.7 23.62 0.24 
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Proov Prooviv»tu- 

kuupªev 

NOX,  

Õg N/l 

PO4,   

Õg P/l 

Ntot (UV), 

Õg N/l 

Ptot (UV), 

Õg P/l 

NO2,   

Õg N/l 

1_15 27/07/2020 1.63 4.46 197.3 23.44 0.31 

2_3 27/07/2020 2.24 6.11 194.5 26.45 0.39 

2_5 27/07/2020 1.88 7.56 228.9 33.08 0.40 

2_9 27/07/2020 1.76 5.87 192.1 25.70 0.32 

2_12 27/07/2020 2.26 5.57 177.5 24.56 0.30 

2_15 27/07/2020 2.77 5.58 164.9 25.93 0.31 

3_3 27/07/2020 2.51 7.29 197.8 28.88 0.41 

3_5 27/07/2020 1.92 7.17 157.6 33.53 0.33 

3_9 27/07/2020 1.83 5.47 164.9 25.90 0.35 

3_12 27/07/2020 2.52 5.71 170.5 26.24 0.31 

3_15 27/07/2020 2.26 5.31 189.0 24.44 0.33 

4_3 27/07/2020 1.92 7.39 216.6 29.32 0.40 

4_5 27/07/2020 2.40 7.28 187.8 30.50 0.38 

4_9 27/07/2020 1.92 6.43 190.9 27.11 0.34 

4_12 27/07/2020 2.23 5.91 182.6 27.11 0.36 

4_15 27/07/2020 1.86 5.71 228.4 24.95 0.37 

0 30/07/2020 2.71 8.13 201.6 31.10 0.21 

0 30/07/2020 2.49 8.18 210.2 34.04 0.20 

0 30/07/2020 2.43 7.02 187.6 27.02 0.19 

1_3 30/07/2020 2.68 4.95 200.6 27.27 0.15 

1_5 30/07/2020 3.58 4.30 185.1 25.89 0.19 

1_9 30/07/2020 2.08 2.12 178.3 23.49 0.20 

1_12 30/07/2020 2.08 2.02 181.3 26.61 0.23 

1_15 30/07/2020 2.20 2.53 211.6 24.54 0.24 

2_3 30/07/2020 2.10 4.97 171.8 25.97 0.21 

2_5 30/07/2020 2.03 2.33 194.3 27.33 0.16 

2_9 30/07/2020 2.11 3.55 160.3 24.79 0.09 

2_12 30/07/2020 2.01 4.60 180.2 26.02 0.11 

2_15 30/07/2020 2.10 2.44 200.8 26.95 0.12 

3_3 30/07/2020 2.06 6.51 224.1 29.18 0.17 

3_5 30/07/2020 2.01 3.78 186.6 25.56 0.20 
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Proov Prooviv»tu- 

kuupªev 

NOX,  

Õg N/l 

PO4,   

Õg P/l 

Ntot (UV), 

Õg N/l 

Ptot (UV), 

Õg P/l 

NO2,   

Õg N/l 

3_9 30/07/2020 1.97 2.72 194.0 21.68 0.20 

3_12 30/07/2020 1.85 2.43 192.9 21.21 0.13 

3_15 30/07/2020 1.91 1.77 192.5 24.97 0.21 

4_3 30/07/2020 1.91 4.44 173.2 23.79 0.30 

4_5 30/07/2020 1.81 2.95 186.9 22.28 0.01 

4_9 30/07/2020 1.69 4.46 175.0 25.07 0.00 

4_12 30/07/2020 1.78 2.32 191.5 24.63 0.05 

4_15 30/07/2020 1.77 1.96 177.5 24.92 0.12 

0 03/08/2020 4.27 17.16 231.5 49.20 0.60 

0 03/08/2020 3.80 14.28 216.5 44.34 0.49 

0 03/08/2020 4.10 20.10 232.7 57.34 0.60 

1_3 03/08/2020 2.83 11.01 224.0 40.60 0.42 

1_5 03/08/2020 1.93 8.84 183.7 32.26 0.37 

1_9 03/08/2020 2.00 8.04 252.2 38.92 0.41 

1_12 03/08/2020 2.04 5.81 242.5 36.77 0.45 

1_15 03/08/2020 2.09 4.89 241.8 32.50 0.40 

2_3 03/08/2020 2.68 9.53 246.6 42.10 0.74 

2_5 03/08/2020 2.06 11.07 237.7 42.71 0.56 

2_9 03/08/2020 1.90 7.39 253.6 41.53 0.49 

2_12 03/08/2020 1.88 7.29 221.3 33.96 0.37 

2_15 03/08/2020 1.95 5.47 275.2 38.21 0.36 

3_3 03/08/2020 2.55 14.72 324.0 42.00 0.51 

3_5 03/08/2020 2.07 10.21 294.3 44.11 0.33 

3_9 03/08/2020 1.96 9.51 317.2 43.02 0.29 

3_12 03/08/2020 1.94 6.08 221.3 42.99 0.34 

3_15 03/08/2020 1.95 5.83 177.7 34.60 0.26 

4_3 03/08/2020 2.12 9.53 156.8 36.52 0.49 

4_5 03/08/2020 2.24 10.73 211.4 46.87 0.52 

4_9 03/08/2020 1.98 10.18 218.3 43.58 0.34 

4_12 03/08/2020 1.87 7.96 187.5 38.11 0.27 

4_15 03/08/2020 1.75 3.88 136.3 28.22 0.27 
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Proov Prooviv»tu- 

kuupªev 

NOX,  

Õg N/l 

PO4,   

Õg P/l 

Ntot (UV), 

Õg N/l 

Ptot (UV), 

Õg P/l 

NO2,   

Õg N/l 

0 06/08/2020 1.79 19.23 179.7 45.85 0.32 

0 06/08/2020 1.65 19.69 193.9 48.61 0.39 

0 06/08/2020 1.57 16.98 175.7 42.36 0.36 

1_3 06/08/2020 1.54 8.75 153.6 33.85 0.26 

1_5 06/08/2020 1.55 12.31 227.0 45.61 0.31 

1_9 06/08/2020 1.80 7.91 201.5 37.93 0.30 

1_12 06/08/2020 1.95 9.66 187.8 43.90 0.38 

1_15 06/08/2020 1.71 6.93 134.3 32.59 0.24 

2_3 06/08/2020 1.73 10.42 160.6 41.89 0.40 

2_5 06/08/2020 1.67 8.20 175.0 36.66 0.38 

2_9 06/08/2020 1.82 9.74 206.2 43.32 0.37 

2_12 06/08/2020 1.71 6.40 142.9 31.80 0.32 

2_15 06/08/2020 1.71 8.84 166.1 37.73 0.33 

3_3 06/08/2020 1.77 13.29 173.7 48.66 0.31 

3_5 06/08/2020 1.69 11.89 125.1 36.11 0.23 

3_9 06/08/2020 1.71 6.68 122.4 27.21 0.23 

3_12 06/08/2020 1.65 5.13 133.7 32.31 0.24 

3_15 06/08/2020 1.72 7.03 170.4 32.75 0.33 

4_3 06/08/2020 1.56 17.25 244.8 53.64 0.50 

4_5 06/08/2020 1.72 14.24 209.1 42.94 0.36 

4_9 06/08/2020 1.65 9.72 189.9 46.48 0.41 

4_12 06/08/2020 1.61 5.73 157.2 30.63 0.25 

4_15 06/08/2020 1.53 5.70 143.1 27.33 0.24 

0 10/08/2020 1.74 9.57 190.3 36.25 0.57 

0 10/08/2020 1.91 11.12 184.1 37.09 0.35 

0 10/08/2020 1.79 14.35 197.5 49.52 0.61 

1_3 10/08/2020 1.57 9.44 165.4 37.30 0.43 

1_5 10/08/2020 1.57 6.49 188.0 37.83 0.40 

1_9 10/08/2020 1.63 5.84 185.0 38.48 0.50 

1_12 10/08/2020 1.54 7.20 201.6 44.82 0.52 

1_15 10/08/2020 1.58 3.45 95.7 27.08 0.32 
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Proov Prooviv»tu- 

kuupªev 

NOX,  

Õg N/l 

PO4,   

Õg P/l 

Ntot (UV), 

Õg N/l 

Ptot (UV), 

Õg P/l 

NO2,   

Õg N/l 

2_3 10/08/2020 1.62 9.28 207.0 39.85 0.57 

2_5 10/08/2020 1.81 7.96 254.8 43.51 0.53 

2_9 10/08/2020 1.58 6.19 258.0 35.72 0.51 

2_12 10/08/2020 1.62 5.44 201.3 33.37 0.43 

2_15 10/08/2020 1.53 3.84 226.2 36.44 0.43 

3_3 10/08/2020 1.66 6.78 250.5 37.62 0.46 

3_5 10/08/2020 1.63 7.51 259.2 40.38 0.41 

3_9 10/08/2020 1.74 6.98 267.9 41.46 0.40 

3_12 10/08/2020 1.74 7.19 247.5 36.67 0.33 

3_15 10/08/2020 1.80 5.13 273.6 33.44 0.39 

4_3 10/08/2020 1.89 6.74 282.3 39.36 0.43 

4_5 10/08/2020 1.75 4.85 273.6 36.26 0.35 

4_9 10/08/2020 1.66 5.60 332.4 36.53 0.42 

4_12 10/08/2020 1.65 5.06 238.1 33.08 0.43 

4_15 10/08/2020 1.64 8.16 214.5 36.75 0.45 
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Tabel 5. 2020. ŀŀǎǘŀ ƪƻƭƳŀƴŘŀ ŜƪǎǇŜǊƛƳŜƴŘƛ ǾŜŜƪŜŜƳƛŀ ŀƴŀƭǸǸǎƛŘŜ ǘǳƭŜƳǳǎŜŘΦ 

Proov Prooviv»tu- 
kuupªev 

NOX,  
Õg N/l 

PO4,   
Õg P/l 

Ntot 
(UV), Õg 
N/l 

Ptot 
(UV), Õg 
P/l 

NO2,   
Õg N/l 

0 04/09/2020 29.55 29.99 559.7 65.42 4.88 

0 04/09/2020 31.80 32.81 593.8 75.53 4.50 

0 04/09/2020 28.86 34.49 648.8 80.45 4.39 

1_3 04/09/2020 34.98 24.98 541.9 68.83 4.66 

1_5 04/09/2020 35.02 22.84 418.2 50.39 4.31 

1_9 04/09/2020 32.52 20.27 476.7 44.89 4.19 

1_12 04/09/2020 35.47 22.18 456.8 64.66 4.49 

1_15 04/09/2020 35.26 21.24 569.7 51.38 3.57 

2_3 04/09/2020 32.86 26.08 514.7 76.63 4.83 

2_5 04/09/2020 33.97 20.15 462.1 58.26 4.48 

2_9 04/09/2020 34.74 21.08 526.8 52.16 4.04 
2_12 04/09/2020 36.29 19.99 560.4 57.48 4.50 

2_15 04/09/2020 37.55 22.13 555.0 60.52 3.89 

3_3 04/09/2020 35.20 26.12 542.5 66.92 4.19 

3_5 04/09/2020 31.26 18.67 506.7 56.55 3.82 

3_9 04/09/2020 31.46 17.04 479.7 55.64 3.64 

3_12 04/09/2020 31.80 14.03 503.8 48.75 4.12 

3_15 04/09/2020 34.72 16.11 527.5 51.85 4.49 

4_3 04/09/2020 33.51 20.02 571.0 52.77 4.49 

4_5 04/09/2020 29.44 14.66 514.8 57.95 4.18 

4_9 04/09/2020 29.92 18.81 525.9 51.59 3.79 

4_12 04/09/2020 31.40 18.45 593.0 45.74 3.92 

4_15 04/09/2020 31.42 17.48 554.0 64.01 3.57 

0 07/09/2020 25.25 23.15 385.2 46.62 2.21 

0 07/09/2020 33.71 23.60 429.5 45.14 2.68 

0 07/09/2020 29.77 25.25 438.5 51.14 2.43 

1_3 07/09/2020 5.61 10.13 364.4 35.40 1.32 

1_5 07/09/2020 3.22 20.03 402.0 48.36 0.57 

1_9 07/09/2020 3.04 8.63 339.2 31.91 0.35 

1_12 07/09/2020 2.88 8.05 323.6 31.26 0.27 

1_15 07/09/2020 2.56 7.34 325.2 30.68 0.29 

2_3 07/09/2020 13.45 10.53 358.6 39.74 7.37 

2_5 07/09/2020 3.74 8.72 372.3 36.15 2.07 

2_9 07/09/2020 2.37 8.20 318.9 31.48 0.27 

2_12 07/09/2020 2.64 7.35 294.5 28.46 0.20 
2_15 07/09/2020 2.22 7.04 325.5 29.58 0.14 

3_3 07/09/2020 3.97 8.15 336.3 34.82 0.96 

3_5 07/09/2020 3.06 6.67 330.5 31.56 0.26 

3_9 07/09/2020 2.11 5.33 275.8 27.57 0.13 

3_12 07/09/2020 2.32 5.09 246.9 24.01 0.14 

3_15 07/09/2020 2.25 5.64 281.4 24.50 0.16 

4_3 07/09/2020 7.90 10.22 343.8 36.46 1.61 

4_5 07/09/2020 2.38 7.76 335.7 31.49 0.28 

4_9 07/09/2020 2.26 5.48 302.5 26.15 0.15 

4_12 07/09/2020 2.16 3.97 252.5 21.79 0.18 

4_15 07/09/2020 2.24 3.84 247.6 20.23 0.19 

0 11/09/2020 17.00 8.54 430.4 35.23 1.29 
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Proov Prooviv»tu- 
kuupªev 

NOX,  
Õg N/l 

PO4,   
Õg P/l 

Ntot 
(UV), Õg 
N/l 

Ptot 
(UV), Õg 
P/l 

NO2,   
Õg N/l 

0 11/09/2020 17.93 10.15 344.9 28.81 1.43 

0 11/09/2020 17.17 7.61 373.3 34.39 1.39 

1_3 11/09/2020 11.10 6.29 407.2 25.23 1.13 

1_5 11/09/2020 8.44 6.32 386.5 23.31 0.88 

1_9 11/09/2020 5.87 4.53 330.1 22.44 0.78 

1_12 11/09/2020 4.92 3.53 332.1 21.54 0.67 

1_15 11/09/2020 4.05 3.30 333.5 23.63 0.96 

2_3 11/09/2020 11.64 7.03 386.8 26.69 1.46 

2_5 11/09/2020 9.50 5.33 235.7 22.12 1.09 

2_9 11/09/2020 6.63 4.10 223.5 20.25 0.78 

2_12 11/09/2020 5.84 3.96 219.6 21.41 0.74 

2_15 11/09/2020 5.09 3.52 304.1 22.30 0.69 

3_3 11/09/2020 11.42 4.71 228.6 22.24 1.15 

3_5 11/09/2020 7.99 3.59 233.3 23.34 0.97 

3_9 11/09/2020 5.11 2.33 222.1 17.70 0.35 

3_12 11/09/2020 4.69 2.12 190.0 17.69 0.62 

3_15 11/09/2020 4.10 2.13 190.2 23.31 0.54 

4_3 11/09/2020 12.34 6.23 224.4 20.66 1.20 

4_5 11/09/2020 10.04 4.62 217.5 17.10 1.08 

4_9 11/09/2020 7.02 3.20 173.8 15.92 0.57 

4_12 11/09/2020 5.61 2.65 233.9 17.92 0.72 

4_15 11/09/2020 4.53 2.40 226.5 19.86 0.62 

0 14/09/2020 21.37 5.39 309.9 26.76 1.90 

0 14/09/2020 23.12 6.98 264.6 25.78 2.10 

0 14/09/2020 23.75 7.16 225.1 22.14 1.72 

1_3 14/09/2020 5.71 27.28 357.9 91.00 1.00 

1_5 14/09/2020 8.43 2.96 226.7 19.28 1.28 

1_9 14/09/2020 5.18 1.87 233.1 19.45 0.93 

1_12 14/09/2020 2.41 2.26 218.2 18.11 0.59 

1_15 14/09/2020 1.53 1.44 229.6 22.01 0.38 

2_3 14/09/2020 16.52 4.17 258.8 24.02 1.73 

2_5 14/09/2020 9.72 2.48 237.8 19.16 1.30 

2_9 14/09/2020 5.06 2.02 242.6 20.06 0.85 

2_12 14/09/2020 2.64 1.68 238.7 18.78 0.64 

2_15 14/09/2020 1.44 0.65 255.8 19.22 0.50 

3_3 14/09/2020 15.69 3.18 291.1 20.57 1.75 

3_5 14/09/2020 6.61 3.48 246.6 21.07 0.99 

3_9 14/09/2020 2.97 1.94 228.8 17.45 0.70 

3_12 14/09/2020 2.18 0.89 229.9 18.32 0.72 

3_15 14/09/2020 1.16 0.66 231.7 17.56 0.27 

4_3 14/09/2020 17.53 4.10 248.0 18.09 1.77 

4_5 14/09/2020 13.53 2.59 239.1 20.27 1.45 

4_9 14/09/2020 5.27 1.54 241.0 17.35 1.08 

4_12 14/09/2020 2.06 0.66 198.4 14.59 0.54 

4_15 14/09/2020 1.11 1.25 220.5 15.05 0.43 

0 17/09/2020 10.64 5.15 198.4 21.02 1.69 

0 17/09/2020 10.43 4.89 254.1 23.39 1.61 

0 17/09/2020 10.89 5.55 233.3 25.00 1.76 

1_3 17/09/2020 7.17 2.14 251.2 17.16 1.23 
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Proov Prooviv»tu- 
kuupªev 

NOX,  
Õg N/l 

PO4,   
Õg P/l 

Ntot 
(UV), Õg 
N/l 

Ptot 
(UV), Õg 
P/l 

NO2,   
Õg N/l 

1_5 17/09/2020 3.11 1.43 214.1 16.97 0.72 

1_9 17/09/2020 2.28 1.96 242.5 19.11 0.60 

1_12 17/09/2020 1.84 0.95 240.0 15.17 0.47 

1_15 17/09/2020 1.33 1.16 251.7 17.13 0.37 

2_3 17/09/2020 7.10 4.15 271.5 21.38 1.15 

2_5 17/09/2020 4.00 2.46 231.7 18.32 0.78 

2_9 17/09/2020 2.30 2.33 237.3 19.56 0.72 

2_12 17/09/2020 1.72 1.55 237.3 16.65 0.44 

2_15 17/09/2020 1.41 1.08 271.8 16.30 0.37 

3_3 17/09/2020 6.56 3.44 206.7 23.56 1.12 

3_5 17/09/2020 3.10 2.69 180.9 17.58 0.57 

3_9 17/09/2020 1.82 0.89 198.9 21.18 0.82 

3_12 17/09/2020 1.40 0.75 201.4 23.50 0.54 

3_15 17/09/2020 1.27 0.47 172.9 17.57 0.49 

4_3 17/09/2020 6.78 2.26 204.8 22.25 1.49 

4_5 17/09/2020 5.37 2.26 188.9 23.39 1.37 

4_9 17/09/2020 2.96 0.93 176.5 21.20 0.78 

4_12 17/09/2020 2.03 1.09 208.9 20.55 0.58 

4_15 17/09/2020 1.46 0.67 166.0 21.40 0.55 

0 21/09/2020 9.73 12.79 238.2 38.79 1.12 

0 21/09/2020 8.88 10.42 257.1 34.17 1.31 

0 21/09/2020 6.98 11.05 196.3 41.24 0.97 

1_3 21/09/2020 5.67 6.54 340.0 41.89 1.42 

1_5 21/09/2020 1.61 4.15 307.8 51.36 0.61 

1_9 21/09/2020 1.23 3.28 229.3 34.38 0.44 

1_12 21/09/2020 1.22 2.85 219.5 33.17 0.32 

1_15 21/09/2020 1.25 2.53 297.6 36.84 0.35 

2_3 21/09/2020 6.84 8.12 324.6 38.92 1.46 

2_5 21/09/2020 3.80 5.36 309.1 32.61 0.94 

2_9 21/09/2020 1.16 2.29 195.2 27.91 0.29 

2_12 21/09/2020 1.15 2.14 191.9 34.36 0.16 

2_15 21/09/2020 1.13 2.81 146.1 30.44 0.22 

3_3 21/09/2020 1.59 4.48 134.9 33.62 0.61 

3_5 21/09/2020 1.05 3.63 143.4 28.62 0.18 

3_9 21/09/2020 1.08 3.72 172.1 32.15 0.18 

3_12 21/09/2020 2.20 3.65 170.0 28.59 0.29 

3_15 21/09/2020 1.00 2.59 120.2 25.01 0.19 

4_3 21/09/2020 4.17 4.09 175.7 32.11 0.97 

4_5 21/09/2020 2.02 3.37 129.7 24.91 0.68 

4_9 21/09/2020 0.88 2.85 180.3 28.60 0.33 

4_12 21/09/2020 0.82 2.69 141.3 25.40 0.33 

4_15 21/09/2020 1.05 1.64 141.4 26.87 0.35 

0 24/09/2020 19.04 25.01 343.1 44.65 2.03 

0 24/09/2020 21.43 28.76 363.9 46.14 2.75 

0 24/09/2020 16.94 23.91 302.0 38.44 1.52 

1_3 24/09/2020 16.05 19.63 312.3 34.56 2.03 

1_5 24/09/2020 11.34 15.81 273.6 30.20 0.84 

1_9 24/09/2020 8.71 9.62 221.2 19.95 0.98 

1_12 24/09/2020 7.59 10.05 228.7 22.72 0.89 
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Proov Prooviv»tu- 
kuupªev 

NOX,  
Õg N/l 

PO4,   
Õg P/l 

Ntot 
(UV), Õg 
N/l 

Ptot 
(UV), Õg 
P/l 

NO2,   
Õg N/l 

1_15 24/09/2020 5.96 8.09 242.6 20.94 0.79 

2_3 24/09/2020 14.45 17.24 276.1 30.68 1.19 

2_5 24/09/2020 8.75 10.91 189.3 22.53 0.92 

2_9 24/09/2020 8.07 8.91 169.3 18.79 0.83 

2_12 24/09/2020 8.86 9.98 252.9 20.78 1.09 

2_15 24/09/2020 6.57 8.25 244.6 19.15 0.84 

3_3 24/09/2020 19.15 21.72 361.5 38.12 2.77 

3_5 24/09/2020 10.42 14.11 263.0 28.55 1.36 

3_9 24/09/2020 7.58 8.27 219.4 20.01 0.61 

3_12 24/09/2020 7.48 11.08 286.9 24.38 1.09 

3_15 24/09/2020 5.01 8.31 253.5 19.40 0.66 

4_3 24/09/2020 13.85 19.26 276.9 34.14 1.53 

4_5 24/09/2020 16.20 18.01 301.6 31.65 1.84 

4_9 24/09/2020 10.14 10.39 224.1 21.41 1.26 

4_12 24/09/2020 9.07 8.95 254.0 20.58 1.12 

4_15 24/09/2020 6.29 7.05 225.5 20.64 0.82 

0 28/09/2020 10.91 28.16 247.9 70.33 2.42 

0 28/09/2020 10.41 25.74 223.8 60.25 2.39 

0 28/09/2020 9.45 25.29 236.4 61.88 2.52 

1_3 28/09/2020 5.84 13.69 245.3 53.37 1.91 

1_5 28/09/2020 4.22 9.21 187.6 46.12 1.29 

1_9 28/09/2020 1.77 11.56 183.7 38.76 0.69 

1_12 28/09/2020 1.57 9.34 213.1 37.61 0.57 

1_15 28/09/2020 1.24 7.10 183.1 37.43 0.53 

2_3 28/09/2020 4.98 13.21 185.5 54.99 1.31 

2_5 28/09/2020 3.76 10.82 204.7 40.01 1.27 

2_9 28/09/2020 1.33 10.19 177.1 48.59 0.82 

2_12 28/09/2020 1.41 9.56 176.4 40.65 0.71 

2_15 28/09/2020 1.32 6.10 257.1 37.03 0.67 

3_3 28/09/2020 5.28 13.53 260.9 53.89 1.54 

3_5 28/09/2020 3.08 9.66 219.2 48.87 1.11 

3_9 28/09/2020 1.65 7.10 198.8 41.58 0.60 

3_12 28/09/2020 1.39 5.60 202.0 42.96 0.50 

3_15 28/09/2020 1.12 5.96 179.2 35.19 0.33 

4_3 28/09/2020 6.04 13.40 220.2 51.77 1.82 

4_5 28/09/2020 3.88 13.08 230.3 48.18 1.26 

4_9 28/09/2020 2.69 8.40 207.8 46.97 0.80 

4_12 28/09/2020 1.63 7.34 212.5 37.01 0.61 

4_15 28/09/2020 1.36 5.39 219.6 31.12 0.56 

0 01/10/2020 6.23 6.75 196.7 24.13 0.90 

0 01/10/2020 6.99 7.60 237.4 20.83 0.80 

0 01/10/2020 6.81 7.49 197.5 34.77 0.80 

1_3 01/10/2020 2.71 5.56 225.1 29.94 0.73 

1_5 01/10/2020 2.27 6.46 294.5 30.35 0.64 

1_9 01/10/2020 0.97 5.18 250.6 28.60 0.53 

1_12 01/10/2020 0.81 4.49 240.9 24.87 0.55 

1_15 01/10/2020 0.71 3.25 186.6 28.57 0.42 

2_3 01/10/2020 3.39 7.17 212.5 34.41 0.58 

2_5 01/10/2020 2.42 4.75 208.4 31.74 0.66 
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Proov Prooviv»tu- 
kuupªev 

NOX,  
Õg N/l 

PO4,   
Õg P/l 

Ntot 
(UV), Õg 
N/l 

Ptot 
(UV), Õg 
P/l 

NO2,   
Õg N/l 

2_9 01/10/2020 1.01 3.50 223.3 30.45 0.54 

2_12 01/10/2020 0.90 4.48 225.5 30.57 0.53 

2_15 01/10/2020 0.80 2.71 230.3 25.42 0.31 

3_3 01/10/2020 3.10 5.41 251.8 33.45 0.54 

3_5 01/10/2020 2.17 3.09 203.1 30.55 0.47 

3_9 01/10/2020 1.19 2.81 210.7 23.45 0.33 

3_12 01/10/2020 1.01 3.24 226.0 27.04 0.29 

3_15 01/10/2020 1.12 2.31 243.4 22.48 0.31 

4_3 01/10/2020 3.23 3.68 240.8 28.88 0.50 

4_5 01/10/2020 2.61 3.54 185.7 28.85 0.45 

4_9 01/10/2020 0.92 4.21 205.6 28.85 0.40 

4_12 01/10/2020 0.84 2.80 216.2 24.20 0.17 

4_15 01/10/2020 1.40 2.78 234.9 30.78 0.29 
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Wƻƻƴƛǎ мΦ ¢ƻƛǘŀƛƴŜǘŜ ƪƻƴǘǎŜƴǘǊŀǘǎƛƻƻƴƛ Ƴǳǳǘǳǎ ōƛƻŦƛƭǘŜǊǎǸǎǘŜŜƳƛǎ нрΦлпΦнлмф ƳƿƿǘƳƛǎǘŜƭΦ · ς teljel 

ƳŅǊƎƛǘǳŘ ƳŀƘǳǘƛǘŜ ǊŜŀ ƴumber. 
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Joonis 2. Toitainete ƪƻƴǘǎŜƴǘǊŀǘǎƛƻƻƴƛ Ƴǳǳǘǳǎ ōƛƻŦƛƭǘŜǊǎǸǎǘŜŜƳƛǎ лнΦлрΦнлмф ƳƿƿǘƳƛǎǘŜƭΦ · ς teljel 

ƳŅǊƎƛǘǳŘ ƳŀƘǳǘƛǘŜ ǊŜŀ ƴǳƳōŜǊΦ 
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Wƻƻƴƛǎ оΦ ¢ƻƛǘŀƛƴŜǘŜ ƪƻƴǘǎŜƴǘǊŀǘǎƛƻƻƴƛ Ƴǳǳǘǳǎ ōƛƻŦƛƭǘŜǊǎǸǎǘŜŜƳƛǎ лпΦлсΦнлмф ƳƿƿǘƳƛǎǘŜƭΦ X ς teljel 

ƳŅǊƎƛǘǳŘ ƳŀƘǳǘƛǘŜ ǊŜŀ number. 
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Wƻƻƴƛǎ пΦ ¢ƻƛǘŀƛƴŜǘŜ ƪƻƴǘǎŜƴǘǊŀǘǎƛƻƻƴƛ Ƴǳǳǘǳǎ ōƛƻŦƛƭǘŜǊǎǸǎǘŜŜƳƛǎ муΦлсΦнлмф ƳƿƿǘƳƛǎǘŜƭΦ · ς teljel 

ƳŅǊƎƛǘǳŘ ƳŀƘǳǘƛǘŜ ǊŜŀ ƴǳƳōŜǊΦ 
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Joonis 5. Toitainete kontsentratsiooni muutus bioŦƛƭǘŜǊǎǸǎǘŜŜƳƛǎ олΦлтΦнлмф ƳƿƿǘƳƛǎǘŜƭΦ · ς teljel 

ƳŅǊƎƛǘǳŘ ƳŀƘǳǘƛǘŜ ǊŜŀ ƴǳƳōŜǊΦ 
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Wƻƻƴƛǎ сΦ ¢ƻƛǘŀƛƴŜǘŜ ƪƻƴǘǎŜƴǘǊŀǘǎƛƻƻƴƛ Ƴǳǳǘǳǎ ōƛƻŦƛƭǘŜǊǎǸǎǘŜŜƳƛǎ луΦлуΦнлмф ƳƿƿǘƳƛǎǘŜƭΦ · ς teljel 

ƳŅǊƎƛǘǳŘ ƳŀƘǳǘƛǘŜ ǊŜŀ ƴǳƳōŜǊΦ 

 

 

  



                                  

67 
 

  

  

 

 

 

Joonis 7. ¢ƻƛǘŀƛƴŜǘŜ ƪƻƴǘǎŜƴǘǊŀǘǎƛƻƻƴƛ Ƴǳǳǘǳǎ ōƛƻŦƛƭǘŜǊǎǸǎǘŜŜƳƛǎ нсΦлуΦнлмф ƳƿƿǘƳƛǎǘŜƭΦ · ς teljel 

ƳŅǊƎƛǘǳŘ ƳŀƘǳǘƛǘŜ ǊŜŀ ƴǳƳōŜǊΦ 

  
























