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{dzdzNA Y14 1FEF1Fagriadas 18a112yylyYpadaa 2y 1€l
T2ATF2ND22WRpd2BBE S YIHaOH idaS LINPG&ASEEAE 2NNo LI NI
G22RI@1FadG FAySad 11Fadzil YI OddH{AR daiZAA @&k AlydsA R didEND 12
2l YdzdzRS YSGlFo2f AAYALINRRdAzZl GARS & NRd1 198 S| BHAR 12 yRY
lahendusselle ohutul viisil looduskeskkonda viimiseks. Avatud kalasumpade puhul lahjendatakse kogu
kalakasvatusgt tulene@ G 2AGFAYSGS {(22NXNdza f22Rdzaf Aldz 9SS
YAYYAaidSa aNailsS SidandRddogidssizi ifidselld kKalBiku (ni§eSkokku korjab ja
ANAGSSYAAd ONtal OAA0D [FKSYRdAA 2y @fS¥H & «KEVE
[ NNYSYSNBE LIAAN] 2yYyl 2F214& LISNRERLIS{TGAAGaS A, 1+l
kus kala kasvataks maapealsetes kinnistes tankides kadetwf No A @22t I g G YSNBGS
I KSYRAZASE 2y YAGYSAdR SBAXWSRRA YR IAa Blp NNBX RSA | @
1dzA 1+ GNASAGA 1AYyYyAalnS SrraNaSihS AYSAIRSS v 30SRKI £ pansHidi
d4S20dzR 1 dzZf dZRO® { SYyA 2y 2dzad aStftAaaGsS LR2t1AYyYyAAadl
takS NRdzy dzZR Nf SYNNRRPAB dza SAMURAY SIS pi-UmASBINBAIRKE ¢
endale kohustusedNKSy RF RIF GSFGdzR FA1aSSNAGddzR YNNNIE 2VYlI
Of NYYFAGA] 2F F2aF2ND  122NNdAG 6l 0b [Vedpdlifika [ NNY S
wlkF YRANB{GAADGA &ESNNHYS NIyYyyA{1dz@SS aSiadzyRA KAYR
a1X554486 aSradyRALfrFaare {S83F SiA 2f8 KSAG1S8t 1
Gl alGdz@pSil @ GNASYRI @I sa@nindahekelieSkkoinrlk. Kalakas\aitiiss sekt@iz2 NIy dz?
A8AAadA 2KIEG 2y FAYdZd S OGNt 2l Laakeakas Milldris? FAR I Sp G S Ky
ydzf t Af NKSRIFAS G2AGHAYSOSNEWSEXARSYADAdNI RATEARY
muudab investeerih &S Yl Kdz Gpiliddz SGGS@pliyYArAasS Yl alyRdzf )
alternatiivseks lahenduseks olekskifodza f A { St (2AGF Ay SGS {(Fadzil 2l GS¢

al INRPOSGALLGSt LIPKAYSOIAR 1FEF1laghddafan@NN] 958
YAOGYSt L2t O6yNAGS1a .l1t22 SG Ftf HamnoOd | Af2dziAa
Gdzt Sydzaa 2F 2y 1l A&S3IA &l lFRFEGFE 12YYSNIaLX Il Gd@21
AAaa8 2800 {FYFa | pAf2 YSISRA @8 KB yRAdABIRG Sp KA NTBIOY AR
GAy3IAYdzalGSa Stftdz SA 2NN @oikdidedulaneovea puldastamisel | £ G
(Mehta & Gaur 2005).

YNSaz2ft S@IF LINRP2S]T0iA SSaYNNHA|lAa 2ftA ONf 2ikatelr NSy R |
Lp KAYSP @SSad G2A01AySiGS SSYFERFYAAS GSKyz2f223Al
+AAYFAS L2l (SFRdAGdE $8da 8% § A DSBNKSRES | BphaopE
EAALARS1 A OpAlAaAR 2ftF 1AANBE Mujat kiBeyafidilidast ofA A G 2 R
meil esinevatet] p A 3S f N KdidperekéNastRvaja ka perekonnastladophoraSeega oli

esimesee NNHdza 1 @I a 1 I (aSniestiRaliga @attéphorafglbmiela®@ RS BE SY I R
EAATIAR 2y (AANB O0A2YFAaaAr SHINBWRGRIST (0 Op DD B I 2
Adz0AGNI F RA | Nf3S | AYYAGdzydzd G aikontsatiatsia®nidd judras.NE Sy R |

CAZ2FALONRE {dzf GADSSNAGAZR 0A2YFaaA dziAf AASSNAYAYS
biomassijuur@ 1 4@ 2f tF YNNI AYAAONNNFS 61 LNBIOY &ded & daNg K
2010). Rohevetika biomaggp A6 2f f I 2YIF SGGS (022Nr AyS{a LI f2a2dzRS
HAMHO® 9aAlft3asStd 2y AftyvyasSt.d GpAYIFEA]l 1Fadzil RFE N



P . EMKF
RAKENDUSKAVA
_|”_| TARTU ULIKOOL 2014-2020 e

Eestis hetkel puudub oskusteave rohevetika toorainena kasutamise kob#amas on olemas

kogemused punavetikate kaguty A & St 6F 3F NA {1 dz LINNRYAYS 2F 3SStAa
YIFAfYFra 2y 3F aSttAaSAR | 23SYdzA esiNtingimustdslk £ 2dz 2
1Fadzit RF O[ NYAy3 g tly3 HnnoT ¢AGE&lIy20 3 C¢AGE &Y

Eestis on olemas teaduslik taumakrovetikate produktsiooina kultiveerimise uurimisel (Kotta et al

2008, Martin et al 2006a, b; Paalme et al 20011, 2013). Senised kogemupidieiagariku ja
NEKSOSGALFGS LINPRdAzZl GaA22yAdzdzNA Yy Idzi S GFAR 2y |
Rdzl GaA22yAdzdzNAy 3dziS (2KiGl o6yAAG2FI R NRKS@OSGHA{IlRZ
YNSE2NB@El @A (SHEPAEWHA YNRELF I2f adzaf NKSRIaS S aLis
Gl 1 ardari1as @nNter 2F 11 Ga& Suatudrmetedes puhabtdmistditaingtésii dza S &
1radzil RSa aStftS1a [NNYSYSNBE YIFI{NRBOGSGALIFGSE LipKAy
I dzNA y 3 i @t deleAjaokk Kbostatudksperimentaalkompleks, misseai N S & prdjektiS

partneri valduses oleval endise Kpld 8 @ 1 dz24 S GSNNR (22NAdzyYAt oYSajypy

Kavas b & A Ydzf SSNARI GNA1aSY!l € a1l It let tehhndboglatf Bu§ 1 € I
poolkinnise kalakasvatuse jaoks kasutatakse merevett.

¢S3SPdzaS SJIaYNN]JARS1a 2

wxlfARI 0@l & YAI NRPOSGALFITAAIAR O0A2FAf ONAGSA
merevetikate liikide hulgast;

wKirjeldadanende vetikaliikide inkubkerimiseks vajallke optimaals@ keskkanatingimus;

w{StAAGI R @Nfal o0A2FAf (1NBSNA MdrevéttoitailptekK A Y S F |
eemaldamise rakendatavus ja tingimused kasutamaks seda tehnoloogiat reaalse
kalakasvatuse mastaabi puhul;

wSelgit RI Nt 2F 0A2FAE GNBSNAYAAS {(dzZ SydzaSt 11 agd
GpAYlFtAldzR LIAANY yIdRD

Projektvidh f NOA ¢« 9SaGA YSNBAyaldAlGdzzZRA YSNBoOoAZ2f223A
projektipartneritega.
¢l 1 RSa 2alfSaARrRy
Georg MartingprojS | G A 2dzKG X LINR2@AG@pGGZ | NYzZk yRf dza
Kristina Tiivet hangete ettevalmistamine, aruandlus
Martin Teeveec @ N A (| 1ARZS ySIFALOSNDY LI S1aA LINAGAGE YAYS
¢SSYI NS BABNAYSYGFFE12YLX S1aA LINadAlGl YAYS
Jekaterina Jefimoval SSYAf A&aSR |yl f NNaAR
TuuliLevandi] SSYAfAaSR Iyl fNNaAR
INY 2 tg{8aaNSYyyl LI N YSSGNRGS YppliYAaSR
YI'AR2 b 2NMBIA] aA 1 2Ké LISFEYyS {NAGIYAY
Jack Hakk @ N f A LINE RGVetBigbiomaksi uuring
Wdzt A k TalindaN&/ I | | agef vetikgtelproduktsioonikatsed
Kai Martinc@Nf A1 | R fF02NAGI I R
GretaReisalg@Nf AGI I RZ fFo0o2NRARGI I R
Hanna Elisa Lus@Nf A 41 | R
Kaire Kaljurand @Nt A G 1 | R

Annely Enke Nt A G 1 | R
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Eksperimentaa® S G A 1 F { F a0F Gidza Y@alypYYS {
territooriumil

1

Eksperimentaalkomleksi rajamine.

wSI | f &dzd SkaBe| 2RI RIRE YA aS1a 2tA @ral Nra2FRF (2AYA
Selleks koostati eksperny G F I £ &S 1 2YLIX S1 aA Ll KA YepalmistisfahsisS a1 SS
Asukohaksvalif I F NBYFF @Fttl YSKAtF 1Ntla YS&aTagaheYSt 61
rannal asuv 198ndatel rajatud kalakasvatds YA & | NS&az2ft SOt Ills@imatu SA G2

(SKy2t223AtA4S (I KEWRAAGS &padkdz & weidigehs&und D ® LIS NA Y &

f tadzl2KGd 2fA @I KSGdzAh 6 NA*SMENBSRWRESR&EASE o6f AKGYS |
9 Sai kasutada endise kalakasvatuse rajatisi ja taristut (elektrivarustus)

 Projektipp NIy SNRAE 2fA @Fol fAIALINNA GSNNRG22NRdzYA f
9 Suletud ja turvatud territoorium.

Eksperiment pidi koosnema mitmest elemendist. Kalakasvatuse kompanetmahutj torustik,

@SS LIzY L) YSNB @SS LidzY LI YA &S lagtor ja ke, kBafahtish @GN 8 820 bzt S &
SNYSFAEt GOSN a8GGS SSYI RIYA@nhusidpkuspdiknablinkubeeiitazo | | § 2 1
GSGALFOAZ2YFAA YAy ( edpenbiataise Ksnfahutisselg@BRIZUMbagar 4 S1 & ©
OYLF 1 aAYLl I 265 ni/E).p\VerRdindadaatorikomponent oli kavandatud koosnema -2
NAZG]NEA]dz 1dz2df AaSad  YIYKdi AR AYRp pliavS{iBEY I M IERIS
kaupa, et moodustuks neii 8 S&ASA a @ G @SS@22ftdz 2F RF® Y2fY 2F Rl 3
(vetikate inkubeerimiseks 21 Nl1a 12y GNRttAla 000l @SS@22t0®

Joonis 1.1 Keskndmme kalakasvatuse asukoht Tagalahe laanerannikul (aluskaart: Maa-amet
2016)

Eksperimentaalkompleksi esialgne asendiplaan (joanis 2 1 LIJp KA Yp (0 0 Sftdliy S a1 SSY
KAt 2SY NBFIfadzaSa Ydzdzil YAGYSE LlpKedzaSt
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f 9aALFf3AYyS FFaSYyRALXFIY 2&adzidza Sol YdAa@kahada @SSO
Gpiaidl S1 a&aLISNRX Y Spositbasine(§udisel @jal enddalanéeinp@ratuur

T t NE2STGA {NAIdzaA 2t Al aggvad Sinra datarkeerit@dikalakaSvdiige (i 2 2 N
SKAGdzaGlI I R 2F S{T&aLISNAYSyGlrFf]2mll) S1a 2tS1a KI

9 £SOGA1LFAY1dzol | (G2 NR YI KdziAGS KIFy3s 1 2 NRdzOI £ G
orienteeruda nodulaarsele disainile.

Vetikamahutite paigutus ja konstruktsioon tuli muuta. Esialgu kavandatud 12 mahuti (Joonis 4)
FaSYSt @pSaGA 11 addrdizeSlf S BInT Y¥ KaziAGA REINKSY Rl GdzR Y

Eksperimendi asukohaskeem muudeti kompaktsemaks (Joonis 5).
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(0p))

Jooni2. EksperimadiLJ- A 3dzidza 481 SSY YSalypVYYS ¢éslalgnevdrsicand I (i dza S
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Merevesi
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K
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Jooniss. EksperimaR A LI A 3dzidza a1 SSY YSaiypYYrealigeérdnud] I & @ ( dza
versioon.
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V

Meri
Pump
Aeraator
Kalamahuti
Filter
L Vetikainkubaator -
mahutid 0,8 m3 x 64 tk
| | | | |
I
I
I
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I
[
I

Jooniss. Modifitseeritud (realiseeritud) katseskeeknos mahutiS Y NJ] SSNA y 3dz yNARAAS
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ksperimentide korraldamine

Eksperimentaalkompleksi rajamine algas 20Hastal. Kuna 2018aasta jooksul korduvalt
SoltpyySaildza QSGATIAYIdNGZGRKENAR YaNKIANASSE KYFRE | |
pilootkatse (Joonis 7B). See koosnes kalamahuitist, filtrist, pumbast ja neljast moodulinkubaatorist.
YFEGaS (I NAGAREAGHK A2 HOMYONR A AT YE 1FEF12YLRYSYRAGE @
rannakarp ja lahtisellva intestinali®@ 9 1 a LIS NR& Y Sk@ké kuKdalisikbnservisiekitd dza

2019k Fadtk 1S@FRSt tFASYRIFGA Y2Rdz I F NBS @GSGATLFAY | dz
Y22RdzZA Aad 1 24BoniSed APINAGBENMSNAYSYy G ] @&Miliigs] a 1 NA
eksperimendijada kahtesimesse mahiktaaS fAal dA oXp 13 allRFE@FG NI
lahest)(Joonis 18P Y I £ I 1 2 YLR Yy Sy i A a[@R4I08. asusthsi indhGtivse 230 kgf Sa &
vikerforelli) LIN NJ- ZeiiikagditSsfha saamist. Suve esirepooles katsetati eri likile kasvatamis

mahutites.

Periood 26.083.07¢ Mytilus trossulus- Cladophora glomerata

Periood 22.0726.08 ¢ Mytilus trossulus+ Ulva intestinalis paralleelselt Ceratophyllum
demersum

Periood 27.0818.10¢ Mytilus trossulus- Ulva intestinalis- Vikerorell

2020 Fadl 1S@FRSt GNASYRFGA aNaAdGSSYA pKdzidzaS3alt o Y
12fY YIFIKdziAdG o6@Fadl@rtd A3IF 2FRFE YN oElguset povd |
peale kasutati ka kalakomponerfsiuve jooksul hiti kalamahuts 3650 kg vikerforelli)

2020 aasta jooksulgostati kokku kolm biomassi juurdekaseksperimenti
26.0525.06con LINS @I
21.0712.08¢HH LINS @I
04.0901.10cH T LINS @I

Needkatsedolid suunatud toitainete eemaldamise ja biomassi juurdekasvu hindamisddebeeriti
erinevaid koguseitllva intestinalisia kalamahutis hoiti stabiilselt 380 kg vikerforelli.

10
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Joonis9. Eksperimendi seademine (aprill 2019). Vaade mengunast

JoonislO. Eksperimendi seadistamine (aprill 2019).

12
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Joonislld 91 ALISNAYSYy(d (NfIGFHFGSa 6aSLIISYOSNI HAHANL ®

Joonisl29 1 ALISNAYSYRA &ASFRA&AGIYAYS O6FLINAREE HAamMpOD t

13
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Joonisl3. Ekspemendi seadistamine (aprill 2019). Sissetuleva veeater ja sademefilter

Joonisldd al KdziAGS YIFNJ] SSNAy3Idz yNARAAOD
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Euroopa Lift

Euroopa Merendus- ja Kalandusfond

Joonisls® {1 | RI @I NI yylI ]

ND A
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YSa112yyYylrLINIYSSUNRGS YpplGYAYS

Kogu eksperimendifkA 3dza YppRSGA 2S2NNAYAaAA @SS1Saiilzyyl FNN

=

+8SS GSYLISNI GdzdzNJ 6 LMWRSGYppliYAASRO

Vee hapnikusisaldus LA RS@Ypp i YAASR Fdzi2YF Gt 23SNAIL S {2
LI ol dzi2YlFdYpplidYAaSR t23aSNRIL O

{22fadza 6A3AFYyNRIFEFaStdo

Nitraadi kontentratsioon (regulaarselt eksperimentide ajal)

Nitriti kontsentratsioon (regulaarselt eksperimentide ajal)

Fosfaadi kontsentraison (regulaarselt eksperimentide ajal)

«f RF2aF2NA 1 2y0aSyiNI Garz2y oNB3IdzZ I F N&ESt G S :
«f RTE NYYIl & A bian (teguiadrselSefspexidneintide ajal)

=4 =4 -4 -8 48 -8 -8 -9

[ A&l 1&a Ypp RS Asei@SASy ISANRdEal (aSdbiSdzagragieteidd £ G 2NNB YA & A

T KHI (kord kuus kalakasvatuse perioodil)
1 BHT (kord kuus kalakasvatuse perioodil)
1 Heljum (kord kuus kalakasvatuse perioodil)

Proovid] SSYAt A&GS FyltNNaARS GS2adlvyaasla 123dzir 2N

2018 2019 2020 Vee erikasutusluba
Sissevool Kalamahuti (T 0) Kalanmahuti (T 0) Sissevool (INLET)
Kalamahuti (T 0) 1.2;2.2;3.2;4.2 1.3;2.3;3.3;4.3 t NN ad 2NY
Mahuti 1 1.4;2.4;3%;4.4 1.5;2.5; 3.5; 4.5 +Nf a2l g22f
Mahuti 2 1.8;2.8;3.8;4.8 1.9,2.9;3.9;4.9

Mahuti 3 1.12; 2.123.12; 4.12 1.15; 2.15; 3.15; 4.15

Mahuti 4 1.16; 2.16, 3.16; 4.16

Lisaks teostati perioodiliseltka €0p p G YA & A Yy A Adusteg RiiRn#tzddtsiodninahutites. 2

YSSYAftAASR Fylft NNaAaAR (S2adGlF dA ¢ Nlakannafboris2 2t A 9 S 3
mis on EAK poolt akrediteeritud katselabor registreerimisnumbriga L179 (13.12.2025)

16
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Joonisl7® +SS LI NI YSSUNRGS VYpgstanfalsyS / ¢5 a2y RAIL HAMG

17
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Joonisl8. Automaatsete algus ja temperatuuriogerite paigaldamine mahutitesse (2028asta
esimene eksperiment, 08.06.2020).

= el daads G RS
o s £l
i

Joonislo. SSN' M90 soﬁd, mida kasutatidimisliku vetikakoosluse keskkonnatingimuste
kirjeldamiseks ja inkubeerimismahutite eri parad@ NA G S 2Nt 3AYA &Sl ao®

¥8¥02902:N/S

s @B B DD
LOSZXW ‘N/d
10880 1a _OHOH

s ) uscin oo O
605008'8 SN 'ON 1e18d 195U0

=

R )

!

Joonis20d 91 & LISNA YSY RA  hutbhadrdseckadrkaldydr fvasakil)gadztd logerdziR

(paremal).
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Ydzt GAPSSNAYAAS1E 420A 0 ki@&ilinist: | t AAIA O € Al dzf € NKI

1 Liik peab olema kohalik ja kohastunud kasvama riimvees;

T [AA]l @pAila 2ttt (12KFaddzydzR G f dzYtr @pA &22&AY]
T [AA]l LISI 0 2Kasvafa kadiprtunta sulystBaadile;

1 Liik peab olema suhteliselt kiire ssauga;

T [AALA LISFH1a 2tSYl @pAYlFIfA]l adzKiStAaStad fAKGaA
9 Liik peab olema vastupidav fragmenteerumisele;

T [AA]l @pAila 2ttt Gl 1 yRdzAtA]dA G (FadzitGF @ Ydz2l |

[ NKOdRRSE 622RdZR  { NAGSSNARdzYA (1Sad G1 1 G Wikatestt No A i
YEINROSGALIFE AALARSEG 2l | #aBiprikilidevakendatdbidebid = YA R

Liigid mida kaaluti katsesse kaasamisdksg I YA & G S| { dzfe eibdgitkd® dza 6§ St {1 1a$

t p A & (FiRINESsiculos)s on laialt levinudiik, kohastunud elama madalas rannikumeres, esineb
kalahtiselkuj G 1 € 2y (1 | yRdzif A Kaizespe efisdbintid¥kigaeglaneIRasvS y G & A |
(kirjanduse andmetes ja varasemateoprdz] G & A 2 2 y koMageht dnjuurdeka8v maksimaalselt
10-15%biomassi aastas), lik on pigem madalate toitainete kontsentratsioonide eelistaja.

Agarik (Furcellaria lumbricaljsq¢ a F YdziA € F ALt 040 fS@AYydzR tAA]1 X @DpAc
kinnitamaa, paljuneb vegetatiivselt ja taluF NI 3YSyYy i SSNHzYAadx 2YIFo6 Gl 1 yF
kasutust ka Eestis. Katsesse ei sobinud kunaaeglane juurdekasv (kuni 100% aastas

ARSI GAY3IAYdaGSa0S tAA] 2y 12KL adldzy deivahftites Y & N3

L, A A 4 oA A

kultiveeimisel vajavad$ 3 dz2f SSNA YA A0G>X SA (Gl fdz {pNBESAR @SSiGSYLIS

Ceramum tenuicorngf A £ G f S@GAYydzR yAAG2F GFffdzasS3al tAA]Z
1F fFKGAASE G adoaGNI FRAES 1 AaySy/EAf &zt pid tedzsy | it 5% % B
raske koguda katse jaoks vajalikus koguses.

Pilayella littoralisgt I A+ £ G f S@AYydzZR yAAG2lr GFffdzaS3alF  LINHzdzy @S i

kasvada ka lahtiselt substraadile kinnitumata. Katsesse ei sodirid £ S Gp G iddzZz Sdi &aSR
koguda katse jaoks piisavas koguses.

Merihein (Zostera marinp-f I AL £ G f S@GAYydzZR 9SadGA NIYyyAldzySNBas
kasutusekE 2y 2f SYl & 123SYdza NYOSNARAaGdziI YARSS HA S SaMA
GrEAYFGE SSEPHAESS 10 RSy RBAS Gpdlidd [AA] OF el o
kasutatud katse teostus s@lli f | KSy Rdzad SA @pAYIl f RIYydR®

Liigid mis valiti katsesse:

Cladophora glomeratdUlva intestinaliga Ceratophyllum deersum
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Tegema 0 2y ON3IIL € F AL GQdos2Kpy dzR ISWESHI AR T tYRAI A 1A C
az22ftlasSa NAAYZSSad 9SadGA NI YyYA]dzySNBE gmaxssfliseh SS A A
esineb suve alguge® | Af 2SY SaAySo 123dz S3ASGFGAA22YALISNR
p A0 a fyaSesinemistih dz@S 2221 adzZ © [AA] 2y @GN3IL 1AANB 11 :
aktivsusega.Y 2 K a G dzydzR (I f dzyltr € dzALINA]1Sad 2lvees] pNEHSY!
Looduslikult kasvab madalas vees, kinnitub nii vabale substraadile kui ka teistedddbe. Substraadi
INf2aSald I KAGIA NBoAGdAZ ¢ DyRAzatrRPBdzA GBRRBRAE I WEGS T RYXI
nanotselluloosi toorainena.

Joonis21. RohevetikaliikCladophora glomeratanikroskoobis.

Ulva intestinalis

¢SASYAAlt RYIAANITIKA(GdzaSAF NRKS@GSGA(FEAAITAILIT YAa
Qoonis 22p [ AA]l 2y Ft3aSt 0 LINMRR a1SING{ & NSk hadB EA | B Y
soolsuse juurest Ny I LINS@Ff | adzadl 6 aS$S kiddsbdkeahigediiki asinebS NB & A R
LIN} 1 GAEAASEG FEHatl tNOAS NBKLSY Sk kdaebMiéeRE |8
EpLIVE Gdzf G {dzyA (GSYildza 8l fyppcild ©F gk ®0 18 BOF RE 1 b
kinnitumist substraadileLiik on@ N3 (AANB {1 a@dz3l = SiRitkdsdtalakse G2 A G|
AYAYG2ARdzla ON3II fIFAFERFASEO Ydz2l f YITAfYlad hy
dSargArfaeStdzaSa 21 &l YdziA 2y yNAGSARI {dza aSRI f A

Joonis22. Rohevetikaliildlva intestinalis
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Ceratophyllum demersum

w N¥akdhein Ceratophyllum demersuyron veesisene taim kardheinaliste sugukonnast kardheina

PSNB {1 2y Yyl ail oRa@eif dnkosmopaliitbe lavikugakgeveetaim.,

Oyl YlFLaaa 1+Fagdro Gt G2AGSHAYSGSNATIFaGSa asSragri
temperatuuriga 150 n ¢/ X (1 AYYA(GdzRSa YdzRIaSt$S LlpKidtest S =+
veekogudes. Taime vars kasvaiB In pikkuseks. Varrel dddzf 3+ € A aSt G0 { Nf 3@padzaAR
AdSYRA &dzdzNB1a Llppal | de@drimipiskSlelked ondgma a A 1 &zpJ L YINY i/ S R
[ SKSR 2y GSNI @F aSNBI3Ir KFYYFraaS3ars 2NAILIR 21 KI

MTAY 2y NKS{122ltAyS 2 pA i ae8 ambesi2deim pikad, kréoBl&didd Y 6 NA y
y @pA NRBK]1SY 2F& ySSR 2y NRBKS{I| &LINHRH A§YIRap X $ R €
WNY Ak NRKSAYIl (lFaglraralr1asS akx$t dSISEdI NN BRSARIARE I |
LAS3IA Af Yl 2ldxdyNASHIdZR D plA10oD UM NRYdzY A Llp K2 @pA 1 DI |
w N¥akdheina kasutatakse veekogude puhastamiseks, sest nad eritavad aineid, mis takistavad
GaNlFy20F1{GSNRGS | NSy 3Adzi @

Jooni3®  wkirghginCeratophyllum demersum

Katsednkubeerimiseks sobiva liigi valikuks

YIGASR a20A@F tAAIA @lLtAldz1a 1FEF1Fagdl imdstaS @SS L
suve perioodil Katsed olid korraldatud selliselt, etldry a NA G SSY K2 A (G AlI2NIf 13& RB&I G d
nii taimede seisundit kui vee parameetrid. Perioodiliselt hinnati taimede seisqraitleks teostati

YAA @Aradz It ASR @I Gt dzaSR 1 dzA {imaappduisdHinA G+ A YSRS
aktiivsuse mdamise kaudu.

91aLISNAYSY(dARS S StpikaypetHokijodksuphbida inkupderfay vefikibimhass

elus ja leida vetikabiomassi kultiveerimiseks sobivaimad keskkonnatingimused.

YpA1lARS Sdpla2ISINAKRBNEA & NaldSS wanakarbiga. S¥da hiréeddades, a1 | R
SO abranRdkabiy Fadza Gl 0dzZR YI KdziAR (2AYAQGFIR {(dzA Savyly
S 1 RFZ NIyYyyYyl1lFNL 2aLINNFGOA A@S/SSa T2 SIS SRNG 2@ dzy A 21
tl | { nRdBgaanika ingi taimedele paremini omastatavasse vormi.

21



. EMKF

ll TARTU ULIKOOL BARSID S cromun

Eurcopa Merendus- ja Kalandusfond

Katseperioa 26.0503.07.2019¢ Mytilus trossulust+ Cladophora glomerata

EsimaS {1+ G&4SLISNA22RAIF FtdaAdGFGA Y AL dzdClddgphdeza | dzA
glomeratad { | | RI @ NJI y Y I jibk delldksAjbks ligikdbzaegs ®arbiddisati esimestesse
mahutitesse 24.04.2019). N& 6 SSY (11 GFa GNKaltds @¢88822¢tdz | AAN

91aLISNAYSylG 2fA NfSa SKAGI G dBuubdsSfgisdsseSimesesreaSa 1 |
mahuttessed { | | R @ NI yy Il 1F NL) | adzdl (igasse35 a¢fasta®alt | 2t Y I
mahutid 1.2 ja 1.3; 2.2 ja 2.3; 3.2 ja 3.3). Vetikémdophora glomeratasustati viienda ja kuuenda

rea mahutitessegasse 6 kg M NH | K1I5fadz&; 2.5 ja 8, 3.5 ja 3.6).

91 ALISNAYSyY RAemudi BA 1] 2 8 iEds@Hpiniesdi
SaAYSaidSt yNRmpetatiiud dlla 15)krdadi.sAla@sS S
04.06 on aga ilmastikutingimused muutunud ja vee temperatuur

hakkab mahutites kiireltkasvama. Samuti oli probleemiks
SaaySast YNREF € GSGALIFYlFraar K2A
KFE11la 1224 ©@SS@22ftdzal fAA{dzYlF Y
2f AR YNN]JAYAAONNNERSRO®

/ £ F R2LIK2N}F KF{1Fra € 3dzy$Ylp N&@dzagl |
olev foto mahutistl.5 on tehtud 05.06) Mahutites kerkis surnud vetikamass pinnale ja hakkas
roiskuma. Kuni juuni keskpaigani oli mahutites pindmise surnud vetikamassi all ka elusat materijali.

91 ALISNAYSYRA fplizla 2ftA SylyYdza [/t R2LK2NI YI &ais

Ka toitainete kontselt NI G & A 2 2 Y A | yt kohe\pBiade VdRkaty jd fadinkkarpide Asussamist
ANAGSSYA KE11+Fa OA2Yl AAAAG 4B A WYNR YIRWEH 2 yISH Rdzd I
rannakeN1J LA Rl & S1ALISNRYSYRA |2 @ Nikspehmedtii A O aidz 21

Katseperiood 2207-26.082019¢ Mytilus trossulust Ulva intestinaligparalleelselt Ceratophyllum
demersum

¢SAaS (FGaSLISNRA22RA SSavYNN)] 2ftA (FdaSidlRF GSAadi
sadama juurest piisav kogudlva intestinalste I a1 | RI QUIAID® N IYIlyRIN @ NNI yy I 1 F NS
teise, kolmanda ja neljanda rea mahutitesse (vastavalt mdhu®, 1.3 ja 1.4; 2.2, 2.3 ja 2.4; 3.2, 3.3

2l odn0d L3IAF&aa&sS YIKdziAaasS LI AFdzit GA dzyoSa w {3
mahutitesse (1.5; 2.5;.8). Mahutitejadade viimastes mahtestoimuska paraleeleksperimentv Ny A
kardheinaga

ERILISNAYSYRA 1 NA] 2 Uvd grfla$ Vadea olSlisell @afericizdiy e@mises
eksperimendis olnud Cladophora. Oli samuti probleeme vetikamassi hoidmisega
inkubatsioonimahuti® Y dzA 3A @SS (SYLISNI GdzdzNA R 1 S Nj| AR 2 dzdzt
Stfdzd {NAaGSSY (24 YAQAIY SRR2 A BISYA S (i I WBINGIBIS BIXYRIA § N
f NOA @2 2 eedaldatakseddisnid (LISA 2 josed 56).

ParalS St A8t (0 NONYAA Al R AT | $AyAdiERlfadesmaterjgk NOA 8 SaAYSas |
YNRFf | ¢OBYINRdAABSE G SA LARFYdzZR GFAYSR @Faiddz 1 pNE.
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=Temp. “C
== Intensity, Lux

§

= Temg. °C flemg}
= Interisity, Lux (light)
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1632
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Joonis 23. Valguse ja temperatuuri logeri salvestusise teksperimendi ajal (loger 20611227
mahuti 1.1; loger 2061123Qmahuti 1.4; loger 2061229¢ mahuti 1.15).

Katseperiood 27.08.8.102019¢ Mytilus trossulus+ Ulva intestinalis+ Vikerforell

Y2fYlIYRI 1FGaSLISNR22RA S SlagvaghiEsk pkibeedirhigeks lisadgsi NB f A
eksperimenti ka kalakomponendErinevuseks eelmise perioodiga on ka veevooluhtmanis
ddzdzZNBSYyRFGA GNAAGpAYaAdzaS LISIHESed {11 RIFF NryylFl1FN
mabhutitesse (vastavalt mahutid 1.2, 1a31.4; 2.2, 2.3 ja 2.4; 3.2, 3.3 ja 3.4). Igasse mahutisse paigutati
dzyoSa W 13 allRFEGLFG NIXYYyYyF1FENLA® ! £ 3F LI AIdzidF GA ¢
HOCcT odp 2 odcvd | f@F (123dza 2fA dzvoSa o 13 YNNE
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Euroopa Merendus- Ja Kalandusfond

Eksperimg RA |1 NA ] 21 { d¢eeSevhgeiatu® larigesekspatheidifsuloluliselt. Kui
eksperimendi algusperioodil oli veetemperatuur +20 kraadi juuged A & S ALISNAYSYyRA f
temperatuur langenud +11 kraadi juurde. Eksperimendi jooksul dlia Wblukord stabiilne,
GSGALFOA2YlF&8A (1 3dySYAasS YNNLS LR ydRO

Katset 1 dzZR @SGA Tl t AATARS LINAYI I NLINPRdzZl GaA22y A Yppidy

YPAlA 12td®R {UIraaxSdWAlA  KAYYFGA T2024aNa0 ¢
t NAYFF NLINERdZl GaA22YA Y peeRddsi Hatseridtetjayf KihdtzYafh JabBs®R A £ A
1FGaSLIdzRStAa 2F NBIAAGNBSNARSA KILWYALdz 2906 &Sy G N

A

<

all o KAYY LGl GFLAYS dFRNEA2f{ 22823 NAWS SaSAzadzy RAGE
t

keskkonnatingimused optimhtaf 8 SR® { I YdziA yYyNAGFO0 &SS LIpKAYpUOGSE A
ja aitab ka kaudselt hinnata biomassi juurdekasvu potentsiaali.
T&KGdzR YppliYAASR YyNAGIAARZ S 1 YvadiSstinalikoaNS2g.l | 1 G A A

Tehtud katsetdJp K2 t @It AGA 2NNHYA BNadhiestinalisl 6 aSiS1a a2o0AJ|

1 See liik oli tunduvalt vastupidavam avamaal lahtistes mahutites ixstimiseks
T {SS tAA]l YNAGI&A GdzyRdz@I f (0 &dzdzNBYlF G F2G32aNydS:

Jooni24 Ly 1 dzo SSNRAGEF GF GS fAATARS LINAYLF | NLINBRdzl GaAz22y;

= 16
>
o~ 14
(@]
o
£ 12
S
23 10
v
x 8
E]
S 6 -2
[=1
[ ]
o 4 n=6

2 -

0

Ulva intestinalis Cladophora glomerata Cheratophyllum demersum

Jooni25.L y{ dz6 SSNAR G @1 G S

fAALARS TN&a&A2E223ATA4S aSA&cC
F1GAADadza yNREFE LINNI &

ol tgobtalzal keringval &2 y A | f A3dzA G app
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I
Vetikakasatus kalakasvatuse lheee toitainete eemaldajana

Y23dz LINP2S{GA LIPPKASSAYNNHAlA 2y RSY2YaUiNBSNARIF VY
LJdzK I adl YAaAGkt AATaSGS G2A01FrAySaGS SSYIfRFYAGQD 1
OA2FAE GSNENAGSSYAO®

Slleks teostati rida eksperimente, kus inkubeeniterest kogutud vetikamaterjali selleks koostatud
eksperimentaalkompleksis.

Y23dz aNAGSSYA (2ydGaSLi]iarzz2y i 1 daSdlaviara SKAaf ABAGANE
Eksperimentaalkompleks  kaoss siis  kalamahigts LJzYo I 4G X ja2 MafaStF A £ G N 3
inkubatsioonimahutist (Joonis 7). Inkubatsioonimahutisse paigudatill.2018igasse kuni 2 kg

all RF@FG NI yyUvd Intstidgalist(@obnis @5)9113a LISNA YSy i (2A Ydza KA f
temperatuur oli 1815 kraadi vahel.

yFE NNAAR2VAABYANBGBA22YARS YNNNI YAaS1a OpSdr 1
12NN} f yNAGFAAR FyFtNNAAR {pNBSYFAR G2AGFAYSGS
ANAGSSYA ahaablizs E&ry PSS ONNEA RS & iBNduliselty NA G | &
YERFEFYFAR 12yGadSydNI Gair2ampss:] dt RANYTS VA | a4 AHA
304Q@: Nf RT 2 & T 2 NJG; andiawitl diSA 1 TaDIRYEAMA S S | y I £ NNsialaRS & SSH
(838YAad {FGas NEfSaLlkysSldalr {FGasadvalagimaisedR |+ K2
Gdzt SYSoF GNASYREGE (2AGIAYSGS @$223Ld ¢SAYS Iyl
f NO A @2 gebthoitainétdieengaldajana.

Joonis 25.Ulva intestinalisnkubatsioonimahutis 09.11.2018.
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Nitrite [umol N/I] Nitrate Nitrite [umol N/I]
0 29/11/2018 09/12/2018 L 29/11/2018 08/12/2018
0.80 5.00
4.00
0.60 200
040 2.00
0.20 1.00
0.00 —. 0.00 -
a.‘\ '.>
\(\\L < \ R < J 'l\
& & ¢ PO 3 4 r
@\’e‘ & 3 3 oS 3 S N F p 5
@‘_& T BS k\e
OrthoPhosphate [umol P/I] Total N [umol N/I]
o 29/11/2018 09/12/2018 o 29/11/201 09/12/2018

35.00

1.20
100 30.00

25.00
0.80

20,00
0.60 15.00
0.40 10.00
0.20 5.00
0.00 n 0.00

W"\ \§\ = 7}\ (\‘\
S & o
3 5 %) &

Total P [umol P/I]

1.60

0 29/11/20 09/12/2018
1.20

1.00

0.80

0.60

0.40

0.20 I I
0.00

a‘ (\o & &

& &
& &
o

\)
&
& > &

A 7 z ~ z 7 A -

Jooni26d® HAamy Fladlrf GS2ail GdzRetulBmuse® G111 &S @SS{TSSYA

z

{StAAGEFYIFI1a OSGALFGSE LI KAYSDhastafARFM f GBINBE NaAGSSYA
eksperimentide seeriat:

(0p))
QX

26.0525.06¢ | G @dza on LINSOI

A

0]
QX

21.0712.08¢ | G @dza wH LINSOI

04.0901.10c1 Sa i @dza HT LINSGI

91aLISNAYSYGARS SSaYNNBAl& 2fA 2Nt 3IARF ({FEIF 11

muutust bioff { S NJ il 558II8kS Moguti veekeemia prév { pAIAald yStalkad YI Kd
kalakasvatusmahutistLisaks teostati ka kord kuus vee erikasutusb& NH & S dza S YNNI G A
fA&F LI N YSSGNBAR aAraaSidzZ SOFald @SSaixaidSAME & dedl:
veestEksperimend] NA 3dza 2Nf IAGA | YI KdziaAdGdSa 2t S@F @SS ¢
registreeriti automaatlogeritega ka pH ja hapnikusisaldust nii kontrolljadas kui vetikatega asustatud
YIEKdzAGSad 91 &aLISNA WHRWRZA (At Jdza Y XKeiE A% SHigRB SOt 38|
2fA QGpAYFEtAl KAYYlLGFr @SOGATlFYlFA&A 2dzdzNRS1 | &@dzd Y
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(asustati 30 kg YI £ F RS adzNBYdza 2¢ A ColiRaldd Kady sBréhimeSali s LIS NR Y &
5 %.

+88P22¢ K2spdihentt® AIMARBAzZZS 1Y 1 aAYl FfySs alYla S&aAy$s

al KdziAR @SGATIFGS3IlF 2ft AR | SNBSNAGdzR & dzNHzp Kdz] 2 Y LINE
jooksul igas tunnis.

¢l 1 1{NA]l 2F Gdzt SYdzaSR®

Veetemperatuur mahutite jadades matusa p £ G dz@ £ G A Y, vedtembdratalirifeshaviisy dza ( S &
SarvysSaasS et GAAYFAGS YIKdziAGS @ SO @D pYApENH S A ¥ I
veetemperatuurid ulatusid juunikuus 25 kraadini. Valgya temperatuurilogeri salvestuses
registreeritiY {1 aA Yl I £ yS @SS Sisd§i N6 kiadztANdores B@amas nienpvedz
soobdza LIN&aAa {(23dz STALISNAYSYRA LISNRA22RA 2221 adzZ o1

L, A A 4 oA

YpNHBS OSSGSYLISNI (dzdzNJ LINNR A 6 @S GuplubduseSvetikamasai2 f 2 2 3 A
Meie eksp®&A YSY RA  LJdzK dzf 2 f ddzdgNWK | LIN\INGENIERSD | (i S Yvegifeede () t O

STALISNAYSYRA fplLldzZlad 6Hcdncyv 2fA Syl Ydza YI KdziA{S:
LINNEAAD Ypadz 0A2FAEf GSNANAGSSYA (2aste¥XAYAAaStS | O fF
t NEof SSYS S{11Aa 1F GSA&aS S{TAaLISNAYSYRA {NATdzasz |
NA{11S Gplidz 9SS@22t YAlGYS{a LINS@GFH{ad {SS I SItRI
juurdekasvule.

YpAIAS pyySaildzydzyl | & kdad LEINAINMSNIRK§ Al ¢ a{dBitdd S 1 NA i

AAAAA

C2AGFAYSIS NNI &G YIANGSA O A RIdR A9 ALIBNRSSSylieh RS 1 NA
teatud soodsatel tingimustehitraali A RS 21 YAGNRAGAGS &ARdZYAYS @p NNEB
nitraatide puhul a2 p 22 YAOGNARGARS LJzKdzZ oOW22yA&SR om 2 o
saanud statistilisel2 f dzf A 4G SNAyYyS@dzad {2y 0 NP feridifepuul. Sathdsi A 1 I Y|

123dz aNaGSSYA G2AGFAYSGS N NIcaitaatidejangrititd gulsul kink A @& dza

60 %, fosfaadi puhul 603 el Nf RF2&F 2 NR f LMK Kaflz( Aoani FAEt GSNENA
kontsentratsioonist (Joonisegll-35).

Vee erilasutusloaseiretulemss R Y NAGF aAR &l YdziAx SG 123dz aNaidSSy
araasSadZ SO @SS aralfRdzaGS3aII ONKSySa aNadSSyaadi
123dza® +pNNBf RSA |t IOWI RN S8/ NIBAKSY Sa N BNBA S BN
2fdzf AaSt G Nf RENYYFadAldz 2F NfRF2aF2NR (1 2ydaSydNd
1.

Vetikabiomassi juurdekase SUGA {1 F 0 A2 Yl &aA 2dzdzZNRS{ | a0dz YNNNJI YA &€
biomas nig/yS (dzA LINNI} ad STALISNAYSY(GAd® +SOA{lIO0A2YIl aa
S1TALISNAYSYRA LlzK dz el LRAaAGAAQDGYS 12ftYFyRI S1 &Ll
juurdekasv mahutites 1.4 ja 1Kus see ulatus kurizd 2 dzdzNR $viad (Gosisda6) LSNur eravus

erinevate mahutijadade vahel on tingitud tehnilistest probleemidest (veevoolu muutus, vetikamassi

kaod, veevoolu umistused jne.).

a
a
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255
25
24.5
24
235
23
225
22
215
21

1 2 3 4 5 6 7 8 9 10 11

Temperatuur 14.06.20

e —

i1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

o Rl 2 s Ricla 3

Temperatuur 18.06.20

12 13 14 15 16

e Rida 2 === Rida 3

Temperatuur 22.06.20

—

I~

i1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

o Ri]3 2 e Ricla 3

Temperatuur 25.06.20

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

o Rila 2 s Ridla 3

7.5

6.5

5.5

45

75

6.5

5.5

4.5

75

6.5

5.5

4.5

7.5

6.5

55

45

EMKF
RAKENDUSKAVA s
2014-2020 Eurcops Merendus J Kolanhstond

Soolsus 14.06.20

3 4 5 6 7 8 9 10 11 12 13 14 15

e Rida 2 e====Rida 3

Soolsus 18.06.20

16

3 4 5 6 7 8 9 10 11 12 13 14 15

emmmRida 2 e—Rida 3

Soolsus 22.06.20

16

3 4 5 6 7 8 9 10 11 12 13 14 15

e Rila 2 e Rida 3

Soolsus 25.06.20

16

3 4 5 6 7 8 9 10 11 12 13 14 15

e Rl 2 e Rida 3

Joonis27. Soolsus ja temperatuur mahutites 202@sta esimeselasperimendi ajal (xteljel
mahutite numbrid, seeriagtastavalt mahutite Rida 2 ja Rida 3).
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Joonis28. Soolsus ja temperatuur mahutites 202@sta teise eksperimendi ajal{teljel mahutite
numbrid, seeriad vastalt mahutite Rila 2 ja Rida 3).
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Joonis29. Soolsus ja temperatuur mahutites 202@sta kolmanda eksperimendi ajal- teljel
mabhutite numbrid, seeriad vastavalt mahutite Rida 2 ja Rida 3).
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Sol YdAlI @gF1a abl @dzilYlI1a {{pA3aS 2LWAYFIEASYlFAR
Lyl1dzolGaA22yAYIlI KdziAR LISt @I R Z@p@lYi X &Rd ded G SN o6 A
aNadG@snolainS FTA{aSSNARI GFolfd Kpfadwd SSGALlLF YI 3
2020 aasta eksperimentide puhul vetikamassi fikseerimiseks suure silmaia@ p NJ dz®
Suurimaks probleemiks oli meie eksperimendi pubil Kdzi SAR NKSyRI @F (S
ummistused vetikah & &8 A 3+ & Ydzyl LINRP2S{1GA&a SaAalf3asta 1t
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produktsioonigac G 2 A G Ay SGS AARdzYAa@pAYS3Al dsrdadild | LIS |
kinnitamata. Liik peaks olema pika vegetatsioenipodigac @p A Y £ RF YI 0A2FAf (S
kasutamist p A YI £ A | dzf G LJIA Wdie péoR RasugtudUladniedtidiatise yp OGN I |
perspektiivne liikk kultiveerimiseks just kalakasvatuse heitveest toitainete eemaldajana.
Kultiveerimise alustamiseks vajalikvetikakoguse hankiine ¢ oluliseks probleemiks
kifSf RI 1 dzZR & dzdzNBSGA1 L (St Llp KAY S@I FAE GSNENAGGS
GSGATFOA2YIF&a&A KIFY1AYAYS o nduslies mahtGdedoetallaSeil { St S/
ESadAra S3l 1 FAATANMKABIAAING 2 PHEH A Ay dzo busdi 2 NA 1
G22NXIFGSNBFEA 123dzYAyS t22RdzaSad SNItf RA 1 2NN
saab kasutada varasemal perioodil genereeritud biomassi, samas tulebbietilcesi ka

dzdzSY Rl RI @ & NISMRE $] 1A & 6t NKA | geniuit &i &Rinusl.] 4 LIS NR Y S
Vetikainkubaatori suurus¢c @SGA 1 F Ay 1dzolF F G2 NR  &dzdzNHza apf G dzo
1dzf GAGSSNRAGE G 1FfF (23dzaSaildxs @SS@22ftdz KdzZ 3
soovitud kultiveeritud vetikabiomassi suurusest jne. Elatksperimentide puhul oli kogu
ANAGSSY OSARA NOSEROERYaXARNISENREdARE |t RS {2
WNYSaSiisS S@XNEEtRIR2YMxIyYyS 2y {FtFYFKdzZiAad Gdz €
sdtest enne vetikainkubaatorisse suunamigt dzy | eBeNsaftGd@s kultiveeritava vetika

Kdzf { I ONKSYRIFI 0 @DSGA1lI0A2YLl aavohainigel t AGSSGA 2 |
Keskkonnaparameetrite pidev_seire NNNXA &St G 2fdZ AyS 2y 2Nt 3
keskkonnapeameetreid, et operatiivselt reageerida tekkivateléukordadele. Meie projekti
123SYdza yNAGlI&aEX SG AaS3ax LINSOlLYyS KAfAYSYAYS
seiskumise ja inkubeeritava vetikabiomassi hukkumise.

Reqgulaarne vetikabiomassi eemaldamigguhul, kui vetikabiomass kasvab optimaalsetes

tingh Ydza i1Sa 2y GSYI fA&alyRdzYAaS {AANYzZ ON3II &dzd
koguse reguleerimine mahutites.
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nglish summary

The current project was designed to assess the feasibility of using macroalgae as a biological filtration
system br the removal of dissolved nutrients found in seawater based fish farm effluent/waste water.
To test this, an experimental fish farm wasasished on the northern coast of Saaremaa island, West
Estonian archipelago. The experimental fish farm setupsisted of a6 n® fish tank stocked with
finfish, a water pump station, aeration devices and mechanical filter units connected to a series of
0,8m? tanks used for the incubation of macroalgae.

The study was conducted in several phasdsstly, suitable maroalgae candidates were selected
from species found to grow naturally within the local coastal region. Independent experiments were
conductedin 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 algadJlva intestinalisin the second phasene vegetative season (2020) was dedicated to
testing the effitency of nutrient removal by a filter system inhiibd by Ulva intestinalis In total,

three, 45 week experiments were conducted in which fish farm waste water outflow was monitored
in termsof 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 @aged to obtain a 145 % reduction in waste water
nutrient concentrations (primarily nitrogenous compounds) farka inhabited by algae compared to

that of control tanks. As a whole, the system experienced an average 60% reduction in nitrogen and
phosphous concentrations in waste water outflow compared to concentrations present within the
fish tank. Additionally, tb subsequent biomass gain of the incubated macroalgae spébies
intestinalisis reported to be 4% per day at its maximum rate.

Overall, theresults 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 maffeo both economic and
environmental benefits for existing and future finfish aquaculture operations.
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Tabell. 20181 I a1 @SSTSSYAL FylFt NNAaARS GdzZ SYdzaSRo
t N22@JA GNKt NB2 @) Nitrite | OrthoPhosphate| Nitrate | Total P | Total N

kuupNS @ | ok Y2 ok Y2f t KNitrite |OKY2 QK Y2
N/ WX Y 2| P/ N/I]
N/I]

YSalyaYY$ {2911/2018]0.72 0.85 4.73 0.92 29.50
YSal1ypYYS |2911/2018 | 0.79 0.79 4.86 0.96 32.65
YSalypYYS |29/11/2018 | 0.84 0.77 4.66 0.81 29.07
YSalypYYS |2911/2018 | 0.69 0.69 5.41 0.76 26.07
YSalypYYS |29/11/2018 | 0.65 0.72 5.10 0.74 25.04
YSalypYYS |2911/2018 | 0.75 0.70 4.27 0.78 21.26
YSalypYYS |29/11/2018 | 0.60 0.88 3.26 0.88 25.05
YS&lypwWvlS |29/11/2018| 0.87 1.03 4.88 1.10 33.01
YSalypYYS |29/11/2018 | 0.88 1.06 4.83 1.18 34.63
YSalypYYS |2911/2018 | 0.69 1.27 3.55 1.32 35.93
YS&alypYYS |29/11/2018| 0.79 1.31 4.98 1.38 36.77
YSalypYYS |2911/2018 | 0.76 1.44 4.69 1.43 50.25
YSalypVYYS |2911/2018 | 1.01 1.44 4.87 1.58 45.14
YSalypYYS |29/11/2018 | 0.80 1.34 4.91 1.43 36.41
YSalypYYS |29/11/2018 | 0.90 1.42 4.83 1.48 38.25
YSalypYYS |2911/2018 | 0.79 1.03 4.69 1.08 34.41
YSalypVYYS |29/11/2018 | 0.87 1.02 4.83 1.06 32.03
YSalypYYS |2911/2018 | 0.59 1.08 4.36 1.14 32.38
YSal1ypYYS |09/12/2018 | 0.94 0.77 6.40 0.82 28.40
YSa1ypVYYS |09/12/2018 | 1.01 0.72 6.61 0.71 28.18
YSa1ypYYS |09/12/2018 | 1.01 0.75 6.49 0.75 30.62
Kesk p YYS Y S 09/12/2018 | 1.00 0.96 6.67 0.96 31.21
YSalypYYS |09/12/2018 | 1.00 0.96 6.54 1.01 33.20
YSa1ypYYS |09/12/2018 | 0.77 0.80 4.82 0.81 24.25
YSalypYYS |09/12/2018| 0.99 0.80 6.42 0.84 30.82
YSalypVYYS |09/12/2018 | 0.98 0.76 6.38 0.81 29.06
YSalypVYYS |09/12/2018| 0.83 0.76 6.36 0.73 30.02
YSalypVYYS |0912/2018] 1.01 0.77 6.53 0.69 30.43
YSalypVYYS |0912/2018] 1.01 0.76 6.38 0.79 29.35
YSalypVYYS |09/12/2018| 0.45 0.59 5.07 0.61 22.56
YSalypVYYS |09/12/2018| 0.96 0.74 6.68 0.77 28.79
YSalypVYYS |09/12/2018] 0.61 0.60 4.39 0.66 20.76
YSalypVYYS |09/12/2018| 0.98 0.76 6.45 0.80 28.87
YSalypVYYS |09/12/2018 | 0.95 0.76 6.34 0.75 28.78
YSalypVYYS |09/12/2018| 0.96 0.71 6.44 0.76 28.82
YSaly® YUy | 09/12/2018 | 0.97 0.73 6.28 0.78 28.67
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Tabel2. 2019+ | A G+ @SS1 Sé&tMdmused y I f NNaAR
t NB 2 JA[t NB 2 @} Nitrite OrthoPhosphate| Nitrate Total P | Total N

1 dzdzLINd Ok Y2{OxkY2f tKbAGNRG|lOKY2|OKY2f
N/ N/ P/ N/I]

TO 25/04/2019 | 0.72 0.85 4.73 0.92 29.50
TO 25/04/2019 | 0.79 0.79 4.86 0.96 32.65
TO 25/04/2019 | 0.84 0.77 4.66 0.81 29.07
T1.2 25/04/2019 | 0.69 0.69 541 0.76 26.07
T1.4 25/04/2019 | 0.65 0.72 5.10 0.74 25.04
T1.7 25/04/2019 | 0.75 0.70 4.27 0.78 21.26
T1.12 25/04/2019 | 0.60 0.88 3.26 0.88 25.05
T1.16 25/04/2019 | 0.87 1.03 4.88 1.10 33.01
T22 25/04/2019 | 0.88 1.06 4.83 1.18 34.63
T24 25/04/2019 | 0.69 1.27 3.55 1.32 35.93
T2.7 25/04/2019 | 0.79 1.31 4.98 1.38 36.77
T212 25/04/2019 | 0.76 1.44 4.69 1.43 50.25
T2.16 25/04/2019 | 1.01 1.44 4.87 1.58 45.14
T3.2 25/04/2019 | 0.80 1.34 491 1.43 36.41
T34 25/04/2019 | 0.90 1.42 4.83 1.48 38.25
T3.7 25/04/2019 | 0.79 1.03 4.69 1.08 34.41
T3.12 25/04/2019 | 0.87 1.02 4.83 1.06 32.03
T3.16 25/04/2019 | 0.59 1.08 4.36 1.14 32.38
T4.2 25/04/2019 | 0.94 0.77 6.40 0.82 28.40
T4.4 25/04/2019 | 1.01 0.72 6.61 0.71 28.18
T4.7 25/04/2019 | 1.01 0.75 6.49 0.75 30.62
T4.12 25/04/2019 | 1.00 0.96 6.67 0.96 31.21
T4.16 25/04/2019 | 1.00 0.96 6.54 1.01 33.20
TO 02/05/2019 | 0.77 0.80 4.82 0.81 24.25
TO 02/05/2019 | 0.99 0.80 6.42 0.84 30.82
TO 02/05/2019 | 0.98 0.76 6.38 0.81 29.06
T1.2 02/05/2019 | 0.83 0.76 6.36 0.73 30.02
T1.4 02/05/2019 | 1.01 0.77 6.53 0.69 30.43
T1.8 02/05/2019 | 1.01 0.76 6.38 0.79 29.35
T1.12 02/05/2019 | 0.45 0.59 5.07 0.61 22.56
T1.16 02/05/2019 | 0.96 0.74 6.68 0.77 28.79
T2.2 02/05/2019 | 0.61 0.60 4.39 0.66 20.76
T24 02/05/2019 | 0.98 0.76 6.45 0.80 28.87
T2.8 02/05/2019 | 0.95 0.76 6.34 0.75 28.78
T212 02/05/2019 | 0.96 0.71 6.44 0.76 28.82
T2.16 02/05/2019 | 0.97 0.73 6.28 0.78 28.67
T3.2 02/05/2019 | 0.04 0.12 0.47 0.41 27.05
T34 02/05/2019 | 0.02 0.12 0.33 0.48 25.63
T3.8 02/05/2019 | 0.01 0.12 0.30 0.42 21.25
T3.12 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
T4.2 02/05/2019 | 0.02 0.21 0.30 0.50 21.57
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il TARTU ULIKOOL 7 .
t NB 2 JA[t NB 2 @} Nitrite OrthoPhosphate| Nitrate Total P | Total N

1 dzdzLINd Ok Y2{OxkY2f tKbAGNRG|lOKY2|OKY2f
N/ N/ P/ N/I]

T4.4 02/05/2019 | 0.02 0.16 0.26 0.45 17.56
T4.8 02/05/2019 | 0.02 0.16 0.30 0.47 21.10
T4.12 02/05/2019 | 0.02 0.16 0.34 0.39 14.54
T4.16 02/05/2019 | 0.02 0.13 0.30 0.48 24.02
TO 17/05/2019 | 0.02 0.18 0.30 0.53 22.58
TO 17/05/2019 | 0.02 0.20 0.27 0.48 19.44
TO 17/05/2019 | 0.02 0.16 0.26 0.48 16.60
T1.2 17/05/2019 | 0.02 0.21 0.31 0.51 20.61
T14 17/05/2019 | 0.03 0.17 0.55 0.44 18.94
T1.8 17/05/2019 | 0.04 0.18 0.30 0.49 19.61
T1.12 17/05/2019 | 0.02 0.21 0.28 0.53 21.11
T1.16 17/05/2019 | 0.02 0.18 0.38 0.53 20.33
T22 17/05/2019 | 0.02 0.19 0.42 0.52 19.23
T24 17/05/2019 | 0.02 0.20 0.25 0.54 19.92
T2.8 17/05/2019 | 0.01 0.16 0.20 0.48 16.09
T212 17/05/2019 | 0.02 0.13 0.16 0.43 15.27
T2.16 17/05/2019 | 0.01 0.16 0.15 0.50 16.70
T3.2 17/05/2019 | 0.05 0.36 0.69 1.42 23.35
T34 17/05/2019 | 0.03 0.33 0.67 1.40 22.04
T3.8 17/05/2019 | 0.03 0.32 0.63 1.37 22.50
T3.12 17/05/2019 | 0.02 0.30 0.52 0.86 17.47
T3.16 17/05/2019 | 0.03 0.35 0.49 1.05 19.90
T4.2 17/05/2019 | 0.03 0.35 0.57 1.27 21.10
T4.4 17/05/2019 | 0.03 0.27 0.55 1.00 19.00
T4.8 17/05/2019 | 0.02 0.26 0.41 1.12 19.80
T4.12 17/05/2019 | 0.03 0.35 0.64 1.34 22.20
T4.16 17/05/2019 | 0.04 0.40 0.63 1.42 22.31
TO 25/05/2019 | 0.04 0.40 0.57 1.48 22.86
TO 25/05/2019 | 0.04 0.34 0.63 1.45 22.86
TO 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
T32 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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TARTU ULIKOOL

EMKF

RAKENDUSKAVA

2014-2020

Euroopa Lift
Euroopa Merendus- ja Kalandusfond

t NB 2 JA[t NB 2 @} Nitrite OrthoPhosphate| Nitrate Total P | Total N
1 dzdzLINd Ok Y2{OxkY2f tKbAGNRG|lOKY2|OKY2f
N/ N/ P/ N/I]
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
TO 04/06/2019 | 0.02 0.19 0.24 0.61 22.17
TO 04/06/2019 | 0.02 0.19 0.17 0.63 19.68
TO 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.A
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
TO 18/06/2019 | 0.03 0.24 0.50 0.66 24.10
TO 18/06/2019 | 0.02 0.16 0.22 0.50 21.40
TO 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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TARTU ULIKOOL

EMKF

RAKENDUSKAVA

2014-2020

Euroopa Lift
Euroopa Merendus- ja Kalandusfond

t NB 2 JA[t NB 2 @} Nitrite OrthoPhosphate| Nitrate Total P | Total N
1 dzdzLINd Ok Y2{OxkY2f tKbAGNRG|lOKY2|OKY2f
N/ N/ P/ N/I]
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
TO 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
TO 08/08/2019 | 0.10 0.41 0.40 1.65 27.36
TO 08/08/2019 | 0.08 0.43 0.38 1.52 28.33
TO 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
T32 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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TARTU ULIKOOL

EMKF

RAKENDUSKAVA

2014-2020

Euroopa Lift
Euroopa Merendus- ja Kalandusfond

t NB 2 JA[t NB 2 @} Nitrite OrthoPhosphate| Nitrate Total P | Total N
1 dzdzLINd Ok Y2{OxkY2f tKbAGNRG|lOKY2|OKY2f
N/ N/ P/ N/I]
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
TO 26/08/2019 | 0.06 0.21 0.29 1.75 35.72
TO 26/08/2019 | 0.05 0.19 0.24 1.66 32.71
TO 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.%4
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
TO 25/09/2019 | 0.03 0.14 0.17 1.64 29.95
TO 25/09/2019 | 0.03 0.15 0.16 1.38 27.45
TO 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
TO 18/10/2019 | 0.10 0.30 0.84 1.66 25.96
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il TARTU ULIKOOL 7 .
t NB 2 JA[t NB 2 @} Nitrite OrthoPhosphate| Nitrate Total P | Total N

1 dzdzLINd Ok Y2{OxkY2f tKbAGNRG|lOKY2|OKY2f
N/ N/ P/ N/

TO 18/10/2019 | 0.09 0.30 0.79 1.49 24.29
TO 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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il TARTU ULIKOOL P00 e e
1632
Tabel3. 2020t I aGl SaAvySasS S{TAaLISNAYSYRA @GSSTSSYALF Lyl N
Proov | Pr ooV i | NOx PO., Niot, O P, O] NO2,
kuupg0Og N/|Og P/|NI/ P/l Og N/
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
13 08/06/2020 3.51 9.18 250.5 34.01 0.50
15 08/06/2020 3.13 9.38 263.1 28.27 0.22
19 08/06/2020 3.06 8.93 275.4 31.63 0.30
112 08/06/2020 3.13 8.68 210.0 34.61 0.25
115 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
25 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
33 08/06/2020 3.01 6.87 111.0 24.22 0.46
35 08/06/2020 2.71 7.68 164.9 29.60 0.46
39 08/06/2020 2.75 7.10 143.7 25.86 0.32
312 08/06/2020 3.20 7.05 129.7 28.82 0.25
315 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
45 08/06/2020 2.74 5.01 53.2 16.53 0.29
49 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
415 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
13 11/06/2020 2.83 9.13 313.8 12.76 0.47
15 11/06/2020 2.98 10.06 252.1 11.02 0.40
19 11/06/2020 2.60 10.07 270.4 11.98 0.38
112 11/06/2020 1.94 9.76 231.8 13.50 0.37
115 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
33 11/06/2020 2.52 8.53 215.0 12.3 0.30
35 11/06/2020 3.04 10.10 289.0 19.8 0.36
39 11/06/2020 2.30 7.84 217.7 14.6 0.28
312 11/06/2020 3.20 9.84 255.2 17.4 0.33
315 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
45 11/06/2020 1.92 7.22 115.6 5.4 0.19
49 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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EMKF
TARTU ULIKOOL PIA00 s s
Proov | Pr ooV i | NOx PO., Niot, O P, O] NO2,
kuupg0Og N/|Og P/|NI/I P/l Og N/
0 14/06/2020 1.96 12.75 242.2 16.1 0.34
3 14/06/2020 2.21 11.43 287.6 17.3 0.46
5 14/06/2020 2.68 8.78 210.4 14.1 0.35
9 14/06/2020 2.81 9.06 195.8 9.7 0.38
12 14/06/2020 1.92 9.20 203.6 9.4 0.38
15 14/06/2020 1.88 8.24 196.5 9.3 0.30
'3 14/06/2020 2.24 11.91 255.3 19.5 0.50
5 14/06/2020 2.12 10.89 263.5 18.7 0.40
9 14/06/2020 2.57 8.96 262.1 17.4 0.38
12 14/06/2020 2.00 8.23 182.3 19.8 0.37
15 14/06/2020 1.72 8.82 273.3 14.0 0.37
3 14/06/2020 2.05 11.12 270.1 16.6 0.44
5 14/06/2020 2.49 7.44 377.1 16.4 0.39
9 14/06/2020 2.74 7.52 289.2 14.6 0.34
12 14/06/2020 2.10 7.86 251.8 11.0 0.28
15 14/06/2020 1.89 7.76 240.7 15.6 0.28
3 14/06/2020 2.03 12.45 274.2 21.63 0.40
5 14/06/2020 1.94 12.06 258.8 16.58 0.40
9 14/06/2020 3.04 9.61 187.0 13.94 0.31
12 14/06/2020 1.98 9.30 227.7 10.31 0.33
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
3 18/06/2020 2.52 8.62 251.0 15.93 0.45
5 18/06/2020 3.03 9.65 256.5 12.65 0.57
_9 18/06/2020 1.83 7.45 169.4 8.54 0.31
12 18/06/2020 2.26 9.78 305.7 13.22 0.39
15 18/06/2020 1.95 8.85 233.9 10.36 0.39
3 18/06/2020 1.95 8.95 253.2 11.25 0.42
5 18/06/2020 1.95 7.95 270.4 15.64 0.35
9 18/06/2020 2.05 8.77 235.2 16.57 0.41
12 18/06/2020 2.07 8.74 186.1 12.79 0.31
15 18/06/2020 2.04 10.28 279.3 15.17 0.44
3 18/06/2020 1.89 10.06 288.6 12.51 0.35
5 18/06/2020 1.96 6.72 225.4 4.34 0.31
_9 18/06/2020 2.60 7.83 148.9 2.75 0.24
12 18/06/2020 2.16 9.02 253.2 9.60 0.32
15 18/06/2020 2.61 9.07 292.7 9.15 0.31
3 18/06/2020 2.29 11.19 249.9 8.71 0.38
5 18/06/2020 2.62 8.54 181.2 7.54 0.29
9 18/06/2020 3.11 8.89 245.9 11.55 0.31
12 18/06/2020 1.65 8.20 223.5 14.34 0.39
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
3 22/06/2020 2.10 9.36 206.0 8.73 0.43
9 22/06/2020 1.93 8.50 274.9 7.91 0.44
12 22/06/2020 2.01 8.36 303.5 10.94 0.48
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i .. EMKF
I TARTU ULIKOOL i
Proov | Pr ooV i | NOx PO., Niot, O P, O] NO2,

kuupg0Og N/|Og P/|NI/I P/l Og N/

115 22/06/2020 | 2.16 8.69 262.3 8.46 0.49
23 22/06/2020 | 2.46 10.71 305.8 18.33 0.72
25 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
215 22/06/2020 | 2.53 8.15 257.5 9.32 0.50
33 22/06/2020 | 2.54 10.85 304.3 18.12 0.57
35 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
312 22/06/2020 1.96 8.50 293.1 10.49 0.47
315 22/06/2020 | 2.17 6.91 247.7 4.50 0.46
43 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
49 22/06/2020 | 2.44 9.30 265.1 17.75 0.59
415 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
13 25/06/2020 | 2.71 5.91 121.7 21.60 0.52
15 25/06/2020 | 2.7 5.74 136.2 24.21 0.44
19 25/06/2020 | 2.75 5.26 169.9 21.49 0.39
112 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
25 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
215 25/06/2020 | 2.76 5.40 242.1 29.95 0.40
33 25/06/2020 | 2.74 7.22 195.3 31.30 0.52
35 25/06/2020 | 2.36 4.40 247.3 26.41 0.44
39 25/06/2020 | 2.41 5.48 205.5 24.98 0.43
312 25/06/2020 | 2.48 4.87 173.4 21.39 0.34
315 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
412 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
15 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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il TARTU ULIKOOL R0 e s
TabeW. 2020 F 4G+ (S8A4S S{ALISNAYSYRA OSS1SSYAL Lyl NNa
Proov Pr oov i-l)lox, ISO4, I}Imt (UV), F:mt (Uv), I}IOZ,
kuup20Og N/ Og P/ ©Og N/ ©Og P/ |Og N/
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
13 23/07/2020 3.30 5.85 214.2 18.52 0.32
15 23/07/2020 2.75 5.55 124.9 18.97 0.35
19 23/07/2020 2.38 4.73 143.9 15.14 0.32
112 23/07/2020 3.58 4.74 115.8 13.97 0.31
115 23/07/2020 2.76 4.75 162.3 14.93 0.27
23 23/07/2020 3.86 5.78 161.3 17.59 0.40
25 23/07/2020 3.22 5.85 112.1 17.88 0.34
29 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
33 23/07/2020 3.63 5.08 112.7 15.48 0.50
35 23/07/2020 3.69 4.97 132.1 16.13 0.24
39 23/07/2020 2.20 4.30 86.2 11.74 0.29
312 |23/07/2020 2.76 4.75 77.9 11.52 0.22
3_15 |23/07/2020 2.04 414 103.2 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
49 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
13 27/07/2020 1.70 7.17 180.6 26.17 0.31
15 27/07/2020 2.42 5.29 176.8 23.32 0.40
19 27/07/2020 2.34 5.41 240.4 20.66 0.26
112 27/07/2020 2.43 5.05 184.7 23.62 0.24
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Euroopa Liit
Eurcopa Merendus- ja Kalandusfond

i .. EMKF
il TARTU ULIKOOL 0142020
]GB;Droov Proov i-l)lox, ISO4, I}Imt (UV), F:mt (Uv), I}IOZ,
kuup20Og N/ Og P/ ©Og N/ ©Og P/ |Og N/
115 27/07/2020 1.63 4.46 197.3 23.44 0.31
23 27/07/2020 2.24 6.11 194.5 26.45 0.39
25 27/07/2020 1.88 7.56 228.9 33.08 0.40
29 27/07/2020 1.76 5.87 192.1 25.70 0.32
212 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
33 27/07/2020 251 7.29 197.8 28.88 0.41
35 27/07/2020 1.92 7.17 157.6 33.53 0.33
39 27/07/2020 1.83 5.47 164.9 25.90 0.35
312 27/07/2020 2.52 571 170.5 26.24 0.31
3 .15 27/07/2020 2.26 531 189.0 24.44 0.33
4 3 27/07/2020 1.92 7.39 216.6 29.32 0.40
45 27/07/2020 2.40 7.28 187.8 30.50 0.38
49 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
13 30/07/2020 2.68 4.95 200.6 27.27 0.15
15 30/07/2020 3.58 4.30 185.1 25.89 0.19
19 30/07/2020 2.08 2.12 178.3 23.49 0.20
112 |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
23 30/07/2020 2.10 4.97 171.8 25.97 0.21
25 30/07/2020 2.03 2.33 194.3 27.33 0.16
29 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
33 30/07/2020 2.06 6.51 224.1 29.18 0.17
35 30/07/2020 2.01 3.78 186.6 25.56 0.20
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Euroopa Liit
Eurcopa Merendus- ja Kalandusfond

i .. EMKF
il TARTU ULIKOOL 0142020
]GB;Droov Proov i-l)lox, ISO4, I}Imt (UV), F:mt (Uv), I}IOZ,
kuup20Og N/ Og P/ ©Og N/ ©Og P/ |Og N/
39 30/07/2020 1.97 2.72 194.0 21.68 0.20
312 30/07/2020 1.85 243 192.9 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
45 30/07/2020 1.81 2.95 186.9 22.28 0.01
49 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
13 03/08/2020 2.83 11.01 224.0 40.60 0.42
15 03/08/2020 1.93 8.84 183.7 32.26 0.37
19 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
115 |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
25 03/08/2020 2.06 11.07 237.7 42.71 0.56
29 03/08/2020 1.90 7.39 253.6 41.53 0.49
212 |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
33 03/08/2020 2.55 14.72 324.0 42.00 0.51
35 03/08/2020 2.07 10.21 294.3 4411 0.33
39 03/08/2020 1.96 9.51 317.2 43.02 0.29
312 |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
45 03/08/2020 2.24 10.73 2114 46.87 0.52
49 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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Eurcopa Merendus- ja Kalandusfond

i .. EMKF
il TARTU ULIKOOL 0142020
]GB;Droov Proov i-l)lox, ISO4, I}Imt (UV), F:mt (Uv), I}IOZ,
kuup20Og N/ Og P/ ©Og N/ ©Og P/ |Og N/
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
13 06/08/2020 1.54 8.75 153.6 33.85 0.26
15 06/08/2020 1.55 12.31 227.0 45.61 0.31
19 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
25 06/08/2020 1.67 8.20 175.0 36.66 0.38
29 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
33 06/08/2020 1.77 13.29 173.7 48.66 0.31
35 06/08/2020 1.69 11.89 125.1 36.11 0.23
39 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
45 06/08/2020 1.72 14.24 209.1 42.94 0.36
49 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
13 10/08/2020 1.57 9.44 165.4 37.30 0.43
15 10/08/2020 1.57 6.49 188.0 37.83 0.40
19 10/08/2020 1.63 5.84 185.0 38.48 0.50
112 10/08/2020 1.54 7.20 201.6 44.82 0.52
115 10/08/2020 1.58 3.45 95.7 27.08 0.32
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Eurcopa Merendus- ja Kalandusfond

i .. EMKF
il TARTU ULIKOOL 0142020
]GB;Droov Proov i-I}IOx, F~>O4, I}Imt (UV), F:mt (Uv), I§I02,
kuup20Og N/ Og P/ ©Og N/ ©Og P/ |Og N/
2.3 10/08/2020 1.62 9.28 207.0 39.85 0.57
25 10/08/2020 1.81 7.96 254.8 43.51 0.53
29 10/08/2020 1.58 6.19 258.0 35.72 0.51
212 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
33 10/08/2020 1.66 6.78 250.5 37.62 0.46
35 10/08/2020 1.63 7.51 259.2 40.38 0.41
39 10/08/2020 1.74 6.98 267.9 41.46 0.40
312 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
45 10/08/2020 1.75 4.85 273.6 36.26 0.35
49 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 2145 36.75 0.45

55



i .. EMKF
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1632
Tabel5. 20201 | a G | 12tYI-yI§I- éléLJéNJ\YSyR’A (ZSS“[SSYAI- Fy I €
Proov Proovi ryox, EO4, Ntot Piot l§|02,
kuup2¢gOg N/Og P/H(UV), (UV), Og NI/
N/I P/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
13 04/09/2020 34.98 24.98 541.9 68.83 4.66
15 04/09/2020 35.02 22.84 418.2 50.39 4.31
19 04/09/2020 32.52 20.27 476.7 44.89 4.19
112 04/09/2020 35.47 22.18 456.8 64.66 4.49
115 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
25 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
33 04/09/2020 35.20 26.12 542.5 66.92 4.19
35 04/09/2020 31.26 18.67 506.7 56.55 3.82
39 04/09/2020 31.46 17.04 479.7 55.64 3.64
312 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
45 04/09/2020 29.44 14.66 514.8 57.95 4.18
49 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
13 07/09/2020 5.61 10.13 364.4 35.40 1.32
15 07/09/2020 3.22 20.03 402.0 48.36 0.57
19 07/09/2020 3.04 8.63 339.2 31.91 0.35
112 07/09/2020 2.88 8.05 323.6 31.26 0.27
115 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
25 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
33 07/09/2020 3.97 8.15 336.3 34.82 0.96
35 07/09/2020 3.06 6.67 330.5 31.56 0.26
39 07/09/2020 2.11 5.33 275.8 27.57 0.13
312 07/09/2020 2.32 5.09 246.9 24.01 0.14
315 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
45 07/09/2020 2.38 7.76 335.7 31.49 0.28
49 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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i .. EMKF
il TARTU ULIKOOL 20142020
1632
Proov Proovi- ryox, EO4, Niot Piot l§|02,
kuupaqbg N/ Og P/H(UV), (UV), Og NI/
N/I P/
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
13 11/09/2020 11.10 6.29 407.2 25.23 1.13
15 11/09/2020 8.44 6.32 386.5 23.31 0.88
19 11/09/2020 5.87 4.53 330.1 22.44 0.78
112 11/09/2020 4.92 3.53 332.1 21.54 0.67
115 11/09/2020 4.05 3.30 333.5 23.63 0.96
23 11/09/2020 11.64 7.03 386.8 26.69 1.46
25 11/09/2020 9.50 5.33 235.7 22.12 1.09
29 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
33 11/09/2020 11.42 4.71 228.6 22.24 1.15
35 11/09/2020 7.99 3.59 233.3 23.34 0.97
39 11/09/2020 5.11 2.33 222.1 17.70 0.35
312 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
45 11/09/2020 10.04 4.62 2175 17.10 1.08
49 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
13 14/09/2020 571 27.28 357.9 91.00 1.00
15 14/09/2020 8.43 2.96 226.7 19.28 1.28
19 14/09/2020 5.18 1.87 233.1 19.45 0.93
112 14/09/2020 2.41 2.26 218.2 18.11 0.59
115 14/09/2020 1.53 1.44 229.6 22.01 0.38
23 14/09/2020 16.52 4.17 258.8 24.02 1.73
25 14/09/2020 9.72 2.48 237.8 19.16 1.30
29 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
33 14/09/2020 15.69 3.18 291.1 20.57 1.75
35 14/09/2020 6.61 3.48 246.6 21.07 0.99
39 14/09/2020 2.97 1.94 228.8 17.45 0.70
312 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
45 14/09/2020 13.53 2.59 239.1 20.27 1.45
49 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
13 17/09/2020 7.17 2.14 251.2 17.16 1.23
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Proov Proovi- ryox, EO4, Niot Piot l§|02,
kuup2qOg N/ Og P//(UV),(UV),Og N/
N/I P/l
15 17/09/2020 3.11 1.43 214.1 16.97 0.72
19 17/09/2020 2.28 1.96 2425 19.11 0.60
112 17/09/2020 1.84 0.95 240.0 15.17 0.47
115 17/09/2020 1.33 1.16 251.7 17.13 0.37
23 17/09/2020 7.10 4.15 271.5 21.38 1.15
25 17/09/2020 4.00 2.46 231.7 18.32 0.78
29 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
33 17/09/2020 6.56 3.44 206.7 23.56 1.12
35 17/09/2020 3.10 2.69 180.9 17.58 0.57
39 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
45 17/09/2020 5.37 2.26 188.9 23.39 1.37
49 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
13 21/09/2020 5.67 6.54 340.0 41.89 1.42
15 21/09/2020 1.61 4.15 307.8 51.36 0.61
19 21/09/2020 1.23 3.28 229.3 34.38 0.44
112 21/09/2020 1.22 2.85 219.5 33.17 0.32
115 21/09/2020 1.25 2.53 297.6 36.84 0.35
23 21/09/2020 6.84 8.12 324.6 38.92 1.46
25 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
33 21/09/2020 1.59 4.48 134.9 33.62 0.61
35 21/09/2020 1.05 3.63 143.4 28.62 0.18
39 21/09/2020 1.08 3.72 172.1 32.15 0.18
312 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
45 21/09/2020 2.02 3.37 129.7 24.91 0.68
49 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
13 24/09/2020 16.05 19.63 312.3 34.56 2.03
15 24/09/2020 11.34 15.81 273.6 30.20 0.84
19 24/09/2020 8.71 9.62 221.2 19.95 0.98
112 24/09/2020 7.59 10.05 228.7 22.72 0.89
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Proov Proovi ryox, EO4, Ntot Piot l§|02,
kuup2¢Obg N/|[Og P/(UV), (UV), Og NI/
N/I P/l
5 24/09/2020 5.96 8.09 242.6 20.94 0.79
3 24/09/2020 14.45 17.24 276.1 30.68 1.19
5 24/09/2020 8.75 10.91 189.3 22.53 0.92
9 24/09/2020 8.07 8.91 169.3 18.79 0.83
2 24/09/2020 8.86 9.98 252.9 20.78 1.09
5 24/09/2020 6.57 8.25 244.6 19.15 0.84
3 24/09/2020 19.15 21.72 361.5 38.12 2.77
5 24/09/2020 10.42 14.11 263.0 28.55 1.36
9 24/09/2020 7.58 8.27 219.4 20.01 0.61
2 24/09/2020 7.48 11.08 286.9 24.38 1.09
5 24/09/2020 5.01 8.31 253.5 19.40 0.66
3 24/09/2020 13.85 19.26 276.9 34.14 1.53
5 24/09/2020 16.20 18.01 301.6 31.65 1.84
9 24/09/2020 10.14 10.39 224.1 21.41 1.26
2 24/09/2020 9.07 8.95 254.0 20.58 1.12
5 24/09/2020 6.29 7.05 225.5 20.64 0.82
28/09/2020 10.91 28.16 247.9 70.33 2.42
28/09/2020 10.41 25.74 223.8 60.25 2.39
28/09/2020 9.45 25.29 236.4 61.88 2.52
13 28/09/2020 5.84 13.69 245.3 53.37 1.91
15 28/09/2020 4.22 9.21 187.6 46.12 1.29
19 28/09/2020 1.77 11.56 183.7 38.76 0.69
2 28/09/2020 1.57 9.34 213.1 37.61 0.57
5 28/09/2020 1.24 7.10 183.1 37.43 0.53
3 28/09/2020 4.98 13.21 185.5 54.99 1.31
5 28/09/2020 3.76 10.82 204.7 40.01 1.27
9 28/09/2020 1.33 10.19 177.1 48.59 0.82
2 28/09/2020 1.41 9.56 176.4 40.65 0.71
5 28/09/2020 1.32 6.10 257.1 37.03 0.67
3 28/09/2020 5.28 13.53 260.9 53.89 1.54
5 28/09/2020 3.08 9.66 219.2 48.87 1.11
9 28/09/2020 1.65 7.10 198.8 41.58 0.60
2 28/09/2020 1.39 5.60 202.0 42.96 0.50
5 28/09/2020 1.12 5.96 179.2 35.19 0.33
3 28/09/2020 6.04 13.40 220.2 51.77 1.82
5 28/09/2020 3.88 13.08 230.3 48.18 1.26
9 28/09/2020 2.69 8.40 207.8 46.97 0.80
2 28/09/2020 1.63 7.34 212.5 37.01 0.61
5 28/09/2020 1.36 5.39 219.6 31.12 0.56
01/10/2020 6.23 6.75 196.7 24.13 0.90
01/10/2020 6.99 7.60 237.4 20.83 0.80
01/10/2020 6.81 7.49 197.5 34.77 0.80
3 01/10/2020 2.71 5.56 225.1 29.94 0.73
5 01/10/2020 2.27 6.46 294.5 30.35 0.64
9 01/10/2020 0.97 5.18 250.6 28.60 0.53
12 01/10/2020 0.81 4.49 240.9 24.87 0.55
5 01/10/2020 0.71 3.25 186.6 28.57 0.42
3 01/10/2020 3.39 7.17 212.5 34.41 0.58
5 01/10/2020 2.42 4.75 208.4 31.74 0.66
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i .. EMKF
il TARTU ULIKOOL 0142020
1632
Proov Proovi |§|Ox, F:O4, Ntot Prot NOZ,
kuup2qOg N/ Og P//(UV),(UV),Og N/
N/ P/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
35 01/10/2020 2.17 3.09 203.1 30.55 0.47
39 01/10/2020 1.19 2.81 210.7 23.45 0.33
312 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
49 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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