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IEVADS

Sis kartgjais, nu jau péc skaita sestais, koledzas Zinatnisko rakstu krajums nak klaja
laika, kad turpinas Latvijas izglitibas sisteémas pilnveidosana. 2022. gada Izglitibas un zinatnes
ministrija apstiprinata Rigas Tehniskas universitates Olaines Tehnologiju koledzas (turpmak —
RTU OTK) Attistibas un investiciju stratégija 2021. — 2027. gadam.

Stratégija definéta RTU OTK misija ir sagatavot profesionalus, augstas raudzes
specialistus Latvijas kimijas, farmacijas, biotehnologijas, vides, partikas un to saskarnozar€s
ilgtsp&jiga un kvalitativa izglitibas procesa modernu tehnologiju vidé izglitibas programmas ar
augstu pievienoto vertibu. RTU OTK galvenas vértibas ir izcila kvalitate, merktieciga
izaugsme, profesionala atbildiba, savstarpgja uzticésanas un patikama darba vide.

Labus prieksnosacijumus akadémiskajam personalam un studentiem radoSam un
kvalitativam studiju un pétniecibas darbam viennozimigi ir radijusas par ERAF projekta
lidzekliem uzbtvétas un aprikotas 11 laboratorijas. Iespgjams, ka arT kopuma nelabvéliga
COVID pandémijas ietekme, Soreiz ir nosp€l&jusi arT kadu pozitivaku lomu — macibu spekiem
un audzekniem ir bijis vairak laika pieversties tiesi zinatniski p&tnieciskajam darbam.

Rakstu krajuma apkopoti RTU OTK macibspeku praktiskie pétijumi un to veiksanas
laika radusas atzinas. Jaatzimé, ka jau otro reizi péc kartas, rakstu krajuma ievietoti raksti anglu
valoda. Tapat nozimigs ir fakts, ka praktiskos p&tTjumus veikusi un savus rakstus ievietojusi arl
vairaki koledzu absolvgjusie studenti, kuriem biis lieliska iespgja tikt pie savas pirmas
publikacijas.

Ar So konferenci un rakstu krajumu ir noslégusies kartgjie divi zinatniskas p&tniecibas
gadi, kas gan iesniegto rakstu skaita, gan to kvalitates un apjoma zina ir bijusi daudzkart
produktivaki par iepriek3gjiem diviem. Sis fakts ir pieradijis RTU OTK akadémiska personila
pedagogisko kompetenci un prasmi neapstaties pic paveikta. Lai pietick spéka, izturibas,
zinaSanu un prasmju rezultativi darboties ar1 turpmak, lai sagatavotu kvalificétus specialistus
un tadgjadi veicinatu Latvijas ekonomisko izaugsmi un sabiedribas labklajibu!

Konferences organizacijas komiteja




VIRTUALO LABORATORIJAS DARBU LIETOSANA FIZIKALA UN VISPARIGA
KIMIJA, AR DARBU PARAUGIEM

USING OF VIRTUAL LABORATORY WORKS IN PHYSICAL AND GENERAL
CHEMISTRY WITH WORKS EXAMPLES

Mg. kim., Anastasija JEgermane, Mag.sci.edu, mag. paed. Kaspars Kiris

VR darbi, PhET simulacija, OLabs macibu platforma, virtuala laboratorijas darba apraksts
"pH pamati", Virtuala laboratorijas darba apraksts "Galvaniskais elements", Virtuala
laboratorijas darba apraksts "Tindala efekts.

IEVADS
Virtualais darbs ir viena no efektivajam macibu metodem. Sadi darbi lauj audzekniem apgiit
lielaku materiala daudzumu, izmantojot interaktivu pieeju un maksimalu informacijas tehnologiju
izmantoSanu macibu procesa.
Svariga ir virtualo darbu pieejamiba latviesu valoda.
Ir jabut iespgjai veikt laboratorijas darbus bez laboratorijas izmantojot informacijas
tehnologijas.
Audzeknis var veikt virtualo darbu, izmantojot klépjdatoru, planSetdatoru vai talruni, sézot
majas vai parka.
Virtualo laboratorijas darbu prieksrocibas:
1. var simulét jebkurus procesus;
2. nav nepiecie$ams laboratorijas aprikojums un iekartas;
3. vizualie un interaktivie.
Teémas aktualitate: Krasi palielinas materiala izmantoSanas un apgiiSanas iespgja, izmantojot
informacijas tehnologijas. Interaktivas un virtualas laboratorijas lauj veikt talmacibu biologija,

fizika un kimija. Tas paplasina izglitibas iegtiSanas un kvalifikacijas celSanas iespgjas.

Darba meérkis: uzrakstit tris virtualus laboratorijas darbu aprakstus, kurus varés lietot izmantojot

datoru, telefonu un planseti.
Darba uzdevumi:

1. Uzrakstit tris virtualo laboratorijas darbu aprakstus izmantojot (PAET) simulaciju un
OLabs macibu platformu:
1. vienu vispariga kimija un divus fizikala ktmija.
2. Uzrakstitus virtualus laboratorijas darbus nostradat ar audzekniem virtuali izmantojot
datorus un telefonus un reali veicot laboratorijas darbus klatiené.
3. Veikt audzeknu aptauju "Virtualo laboratorijas darbu lietoSana fizikala un vispariga

kimija".
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TEORETISKA DALA
Virtualie laboratorijas darbi

Virtualie laboratorijas darbi jeb virtuala laboratorija - ekrana simulators vai kalkulators, kas
palidz parbaudit idejas un novérot rezultatus. Audzekni izmanto modernas tehnologijas, lai veiktu
virkni eksperimentu, kas dod precizus rezultatus [1].

Miisdienu izglttibas process kliist efektivaks, izmantojot interakttvus, ar multimediju bagatus
izglitibas resursus, kas nodrosina aktivas macibu metodes. Izglitibas resursi un virtualas realitates
sistémas vislabak atbilst §Tm prasibam. Sadu elektronisko resursu piemérs ir virtualas laboratorijas,
kas var simul@t realas pasaules objektu uzvedibu datora izglitibas vide un palidz&t audzekniem
ieglit jaunas zinasanas un prasmes tadas zinatniskas un dabas disciplinas ka kimija, fizika,

datorzinatnes u.c [2.], [5.].
Virtualo laboratorijas darbu nozime

Skola 2030 un attalinatais macibu process stimulé kimijas, fizikas p&tfjumus veikt izmantojot
virtualus laboratorijas darbus, jo Sie macibu priekSmeti nav iespgjamie bez praktiskiem
laboratorijas darbiem [2.].

Virtualas laboratorijas veicina paaugstinatu redzamibu, interaktivitati, ka arT studentu izzinas un
radosas aktivitates veidoSanos.

Virtualas laboratorijas lauj simulét apkartgjas pasaules objektus un procesus, organizét piekluvi

realai laboratorijas iekartai [2].
Virtualo laboratorijas darbu lietoSana Latvija

Virtualo laboratorijas darbu lietojums Latvija palielinas lidz ar jauno macibu standartu ievieSanu
2020 gada.
Audzekni:

e Aktivi macas — jauta, risina un analize problémas, argument€ un diskutg;

e Darbojas ka pétnieki - novero, prognoze, eksperiment€, izverte, secina;

e Sadarbojas, attistot komunikativas un socialas prasmes;

e Izmanto musdienu tehnologiju piedavatas iesp&jas (skatit /. attélu).
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1. attels Musdienigs macibu process
Avots. https://www.yumpu.com/Iv/document/read/4 1884044/rokasgramata-dabaszinatnu-un-matematikas-skolotajam/7

Miisdienigs — uz audz€kna virzits macibu process [3.]

Viens no virtualo laboratoriju veidoSanas mérkiem ir tiekties péc visaptveroSas izpétito
procesu vizualizacija, un viens no galvenajiem uzdevumiem ir nodrosinat iesp&u sagatavot
studentu vispilnigakajai savas biitibas uztverei un izpratnei.

Jaunais macibu saturs veidots atbilstosi pasaules tendencém, lai audzgknis darbotos ka
pétnieks, macibu procesa izmantojot informaciju tehnologiju progresa raditas iesp&jas. Macibu
procesa ienak metodes, kuras palidz attistit prasmes un sekmé audzeknu macibu motivaciju [2.].
Virtualo laboratorijas darbu lietoSana arvalstis
1.1. Virtualo laboratorijas darbu lietoSana Amerika

Amerikanu pedagogs Edgars Deils daudzu gadu pasniedzgja pieredzes laika uzzinaja, ka
lekciju klausiSands un lasiSana ir vismazak efektivi materidla apgtisanas veidi, savukart realu

darbibu simulacija un imitacija lauj pilniba apgit informaciju (skatit 2. atzélu)[4.].
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2. att€ls Macibu materiala apgtsanas pakape
Avots https://rb.ru/longread/VR-education/

Realas darbibas imitacija — simulacijas laboratorijas darbi. Lekcija, lasisana, audio un video
skatiSana, demonstracija, ka arT grupas diskusija ir tradicionalas macibu metodes.

Macibu materiala apgiisanas pakape, kuras pamata ir profesora Edgara Deila un vina
sekotaju petijumi, parada, kura virziena virzities [4].

1.2. Virtualo laboratorijas darbu lietoSana Kina

Kinas pétfjuma tika parbaudita virtualas realitates (talak teksta VR) metozu ietekme uz
akadémisko sekmibu, maciSanas efektivitati un studentu ilgtermina atminu. Tika izveidotas Cetras
grupas pa 10 cilveékiem katra. Pirmas divas grupas studéja materialu, izmantojot VR tehnologijas,
otra - izmantojot tradicionalas metodes.

Pamatojoties uz pétijuma rezultatiem, kas veikti uzreiz péc apmacibam, "VR-studentu"
grupa paradija atzimes, kas bija par 27 % augstakas neka grupa, kas tradicionali apguva macibu
materialu.

Atkartoti petfjuma rezultati bija arT par labu VR: izrad1jas, ka virtuala realitate veicina ne
tikai materiala simulaciju, bet arT zinaSanu saglabaSanu. "VR-studentu" raditaji par 32 %
parsniedza kontroles grupas raditajus.

Veicot studentu subjektivo novertejumu par piedavatajam macibu metodém, 80 % atzimgja,
ka VR metodes viniem loti patik, 20 % - ka drizak patik, neka nepatik, 95 % zinoja, ka
salidzinajuma ar tradicionalajam VR apmacibam tas ir vairak "ieklaujoss" un interaktivaks, 85 %
atzimgja, ka virtuala realitate uzlabo zinasanu saglabasanu, 70 % pamanija, ka saka labak izprast
materialu, 50 % pievérsa uzmanibu koncentracijas picaugumam, 45 % - akadeémisko raditaju

pieaugumam [4.].




1.3. Virtualo laboratorijas darbu lietoSana Krievija

2015. gada Petrozavodskas Valsts universitate tika veikts interesants pétijums, kura laika
tika pétita virtualas realitdtes izmantoSanas efektivitate maciSanai pusaudziem un pieaugusiem.
Zinatnieki salidzinaja veiksmigo macibu materiala apgtiSanu, izmantojot tradicionalas un VR
metodes.

Bija izveidotas piecas macibu programmas biologija un geometrija. Materials tika pielagots
demonstrésanai, izmantojot VR Z800 brilles un Oculus Rift Development Kit 2. P&tijuma piedalijas
vidusskolas audzgkni, ka arT pieaugusie un seniori. Slikti studgjosie no "VR grupas" p&c t€mas
apglsanas, izmantojot virtualo realitati, sniedza par 40 — 50 % pareizakas atbildes, un izcilie

studenti uzradija 100 % rezultatus [4.].
EMPIRISKA DALA

Lai novértétu virtudlo laboratorijas darbu nozimi, ka arl iesp&amas problémas veicot
virtualo laboratorijas darba izpildi, veikts pétijjums. P&fijjuma piedalijas Rigas Tehniskas
universitates Olaines Tehnologiju koledzas 2, 3 un 4 kursa audzekni (40 audz&kni kopa:
Biotehnologijas programmas un Analitiskas kimijas tehniki).

Pétijuma laika uzrakstiti Cetri virtudlo laboratorijas darbu paraugi/apraksti (1. pielikums),
kuri nostradati ar pétijuma iesaistitiem dalibniekiem gan virtuali, gan klatieng veicot identisko
realo laboratorijas darbu.

P&c virtuala laboratorijas darba izpildes visi pétijuma dalibnieki aizpildija anketu (2.
pielikums).

Anketas izvérteSana

Anketas dalibniekiem bija iesp&ja atbildét uz jautajumu "Kuru no laboratorijas darba

variantiem veiktu labak?” (skatit 3. att€lu):
40 atbildes
® vinualo laboratorjas darbu

@ realo laboratorijas darbu
© teorétisko laboratorijas darbu

87.5%

3. attels Laboratorijas darbu veidi
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laboratorijas darbu, 7,5 % virtualo un 5 % teorétisko. Tas nozimg, ka ja ir iesp&ja istenot macibu
procesu klatieng, jaizvelas realus laboratorijas darbus, virtualus laboratorijas darbus labak un
efektivak izmantot te€mas nostiprinasanai, pirms parbaudes darba veiksanas.
Respondentiem bija iesp&ja arT pamatot savu atbildi Seit ir dazi no tiem:
1. "Jo kvalifikdcijas eksamenu més kartosim klatiene, pieredzes un prasmes no realiem
laboratorijas darbiem krietni vairak",
2. "Veicot laboratorijas darbu realitaté var macities no savam kliudam, kas pielautas darba
gaita, pieméram, nepreciza Skidumu pagatavosana utt.";
3. "Virtudlie darbi ir laba iespéja, bet tomér tikai realie darbi dod praktiskas zinasanas un
pieredzi, ka stradat laboratorija";
4. "Var labak saprast tému, nevis virtualo, bet ja nav iespéjas stradat reala laboratorija, ir labi

aizvietot ar virtualiem laboratorijas darbiem".

Vai Jus véletos veikt virtualos laboratorijas darbus ari turpmak?
40 atbildes

@
®ne

4. attels Vai lietot VR arT turpmak?

No 4. attéla var redz&t, ka lielaka dala no respondentiem veiktu virtualus laboratorijas darbus
arl turpmak (fizikala, vispariga un neorganiskaja kimija), protams neaizstajot pilniba realus
laboratorijas darbus.

Pamatojumi no respondentiem:
1. "Tas biitu interesantak mdctbu procesa, jo stundu dazadiba";
2. "Jo tas attista manas dator prasmes";
3. "Velétos, bet tikai, ja nav pieejama reala laboratorija. Ja ir, tad noteikti labak veiktu darbu
klatiene",

4. "Labak uz vietas, ja biis arkartas gadijums, tad virtualo",




5. "Dazreiz gribas kaut ko jaunu, ta ir ar virtualo laboratorijas darbu ir interesantak stradat
ne tikai pie galda laboratorija, bet art pie datora majas vai koledza",
6. "Tadel, ka tas ir labak neka teorétisko laboratorijas darbu, jo paskaidro vairak un mums
visticamak biis javeic darbi attalinati”.
Laboratorijas darbu salidzinajums, lai noskaidrotu kuru no laboratorijas darbiem jauniesiem
ir vieglak izprast un izpildit (skattt 5. attélu).

Veikt virtualo laboratorijas darbu salidzinot ar redlo laboratorijas darbu Jums bija
40 atbildes

@ vieglak
@ gritak

5. attéls. VR vai reals laboratorijas darbs ir vieglaks?

Neskatoties uz ieprieksgja jautdjuma sniegtajam atbildeém, lielakai dalai no jaunieSiem bija
vieglak izpildit virtualo laboratorijas darbu salidzindjuma ar realo laboratorijas darbu.
Skaidrojums

1. "Jo darbs bija loti elementars, bet realo laboratorijas darbu veicot ir iespéja pagatavot
Skidumus, veikt aprékinus utt.";
"Atrdk un ir visi paskaidrojumi",
"Es labak saprotu darbu, kad rakstu uz papira";

"Virtualais darbs bija loti viegli izprotams. Reala laboratorijas darba ir vairak jadoma”,

DA

"Realaja laboratorijas darba jadoma ne tikai par darba veiksanu, bet art par pareizo trauku
izveli, Skidumu pagatavosanu. Virtuala laboratorijas darba viss jau ir dots";
6. "Jo laboratorijas darba klatiené darbs sastav no daziem posmiem, lai tiktu pie gala

rezultatiem dazreiz ir jagatavo Skidumi, kuri virtuali programma jau ir gatavi un pareizi".

Veicot audzeknu aptauju, noskaidroju arT galvenas problémas ar kuriem saskaras jauniesi

veicot virtualo laboratorijas darbu (skatit 6. attglu).

12
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Veicot virtualo laboratorijas darbu vai Jums bija kadda no probléemam?
25 atbildes

virtuala darba izpratne 6 (24%)

interneta savienojuma 3 (12%)

IKT prasmes 6 (24%)

tehnikas problémas (dators,

L —9 (36%
lietojumpro... (36%)

video/skanas

procedira/darba apraksts’ 3 (12%)

svesdvalodas 8 (32%)

6. attéls. Galvenas problémas veicot VR darbu
No 6. attéla var secinat ka lielakai dalai no respondentiem bija tris galvenas problémas:

1. Deviniem respondentiem bija "tehnikas problémas (dators, lietojumprogrammas u.c.)";
2. Astoniem sve§valodas problémas;

3. IKT prasmes un pasa virtuala darba izpratne.

SECINAJUMI

1. Veicot literatiiras pétisanu, noskaidrots, ka virtualie laboratorijas darbi ir nepiecieSami, jo

nodrosina efektivo vielas apguvi;

2. IKT lietoSana Latvijas macibu iestades kliist arvien popularaka, virtualie laboratorijas darbi

dod iesp&ju apglit macibu materialu efektivi, interesanti jebkura laika un vieta izmantojot

telefonus, plansetes vai datorus;
Uzrakstiti trTs virtualo laboratorijas darbu apraksti;

4. Laboratorijas darbi nostradati ar audzekniem virtuali un praktiski (reali/klatieng);

5. Anketas rezultati liecina, ka jauniesi labprat veiktu virtualos laboratorijas darbu attalinata

macibu procesa Istenos$ana;
6. Virtualie laboratorijas darbi ir efektivs 11ks macibu materiala nostiprinasanai;

7. Virtualie laboratorijas darbi nevar aizvietot realus laboratorijas darbus.

13
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PRIEKSLIKUMI

L.

Lai turpinatu lietot virtualos laboratorijas darbus jaunieSiem jaapgiist svesvaloda un IKT
prasmes;

Janodrosina audzeknus ar stabilu un drosu tehniku;

Izmantot virtualus laboratorijas darbus attalinata macibu procesa un macibu vielu

nostiprinasanai.
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PhET simulacija ""Skabes, bazes Skidumi”. Pieejams interneta [skatits 19.09.2020.]:
https://phet.colorado.edu/sims/html/acid-base-solutions/latest/acid-base-
solutions_en.html.

OLabs simulacija "Tindala efekts”. Piecjams interneta [skatits 19.09.2020.]:
Distinguishing Between Solutions (Simulator) : Class 9 : Chemistry : Amrita Online Lab

(olabs.edu.in).

—
—
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8. Interactive simulation "Electrochemical Cells”. By Gary L. Bertrand University of

Missouri-Roll. Pieejams interneta [skatits 19.09.2020.]: Electrochemical Cells (mst.edu).

—
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1. PIELIKUMS
Virtuala laboratorijas darba apraksts "pH pamati" (kimija)

pH pamati virtuals laboratorijas darbs, tiek lietots, ka pamats, lai parbauditu audzeknu
zinasanas par t€mu pH. P&c kuras izpildes var secinat, kas zinasanos, kas buitu japapildina.
Merki:
v’ leparzities ar vides pH.
v’ lepazities ar pH dazadiem $kidumiem;

v Noteikt pH ar pH metru un indikatorpapiru dazadiem $kidumiem.

Darba piederumi

Darbs tiek veikts, izmantojot simulaciju, kas pieejama vietng:

https://phet.colorado.edu/sims/html/acid-base-solutions/latest/acid-base-solutions _en.html

Acid-Base Solutions

Introduction

Avots https://phet.colorado.edu/sims/html/acid-base-solutions/latest/acid-base-solutions_en.html

Jaizvelas ‘Introduction’

Simulatora iespgjams noteikt vides pH ar pH metru (1) un pH indikatora papirs (2) (aidenim, stiprai
skabei, vajai skabeli, stiprai bazei un vajai bazei).

Avots https://phet.colorado.edu/sims/html/acid-base-solutions/latest/acid-base-solutions_en.html



Galvenie lietojamie riki simulatora:

pH metrs;

pH skala;

paraugi (stipra skabe, vaja skabe, stipra baze un vaja baze);
Varglaze/trauks.

Situacija Nr.1
Riku izvéle:

1) Lai nolasttu pH vértibu ar pH metru jaizvélas -> pH metrs;
2) Tad jaizvelas paraugs, kuram noteikt pH

3 Solution
)
—— @ waer110) )
' (O Strong Acid (HA) 4@

O WeakAcid (H4) D

O Strong Base (MoH) 9P

I
(&)

() Weak Base (8) @

-1 Views

— O Molecuies O

. [ON=CH N
o © Hidoviews |_[

1 Tools
55 4 @

2H,0 === H,0* + OH" 1

Avots https://phet.colorado.edu/sims/html/acid-base-solutions/latest/acid-base-solutions_en.html

pH nolasiSana:

1. pH metrs jaievieto izvEletaja parauga

17
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Avots https://phet.colorado.edu/sims/html/acid-base-solutions/latest/acid-base-solutions_en.html

1. Uzdevumi:

58 <9 @

2H,0 === H,0* + OH

Solution
@ Water (H:0) )
Q strong Acid (HA) 4@
O WeakAcid (HA) 9@
O strong Base (MoH) 9@

O WeakBase (8) @

Views

O Molecules Q)
O solve

O Graph Iy

@© Hide Views |_[

a) Noteikt pH skaitlisko vertibu stiprai skabei, vajai skabei, stiprai bazei un vajai bazei ar pH

metra palidzibu;

Screenshot:

Hipoteze:

Lielumi:
v Fiksctais

v Atkarigais
v’ Neatkarigais

Secinajumi

pH noteiksana dazadam vielam

Nr. p. k.

Vielas

pH skaitliska vértiba

—

1.

tabula

A



Situacija Nr.2
Galvenie lietojamie riki simulatora:
e pH skala;
e pH indikatora papirs;
e paraugi (stipra skabe, vaja skabe, stipra baze un vija baze);
e Varglaze/trauks.

Riku izvéle:

1) Lai nolasttu pH vertibu ar pH indikatora papiru jaizvélas -> pH indikatora papirs;
2) Tad jaizvelas paraugs, kuram noteikt pH
3) Un pH metrs, lai veiktu m&rijums;

) A

] ] nEEm olten

PH Color Key ® Weter (10)

O strong Acid (HA) 4@

L O Weak Acid (H4) 4@

O strong 8ase (ot) 9@

O Weak Base (8) @

Views

O wotocuios O

O Graph [j[,)]
® widoviows |_[

Tools

55 9 o m

2H,0 === H,0" + OH" g

Avots https://phet.colorado.edu/sims/html/acid-base-solutions/latest/acid-base-solutions_en.html
pH nolasisana:
I.  pH indikatora papirs jaievieto izveletaja parauga

0123456 7 8 0101121314
Solution

pH Color Key @® Water (H,0) }}
:l Q strong Acid (HA) 9@
1L — O WeakAcid (HA) 9@
O Strong Base (MoH) 9@
i QO Weak Base (8) @
B Views
—] O Molecules Q)
- O solvent
B O Graph 1y
— @ Hide Views |_[

-1 Tools

55 4 o

2H,0 ===H,0" + OH"

Avots https://phet.colorado.edu/sims/html/acid-base-solutions/latest/acid-base-solutions_en.html
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II.  salidzina pH indikatora papirs krasu pH skalu un nosaka pH skaitlisko vertibu

01234567

pH Color Key

0 10 1112 13 14

55 9 @

2H,0 === H,0* + OH"

Solution
® Water (H,0) J)
Q strong Acid (HA) 4@
QO WeakAcid (HA) 9@
O strong Base (MoH) PP
O WeakBase (8) @
Views

O Molecuies Q

O
O Graph [y
® Hide views |_|[

Tools

Avots https://phet.colorado.edu/sims/html/acid-base-solutions/latest/acid-base-solutions_en.html

2. Uzdevums

a) Noteikt pH skaitlisko veértibu stiprai skabei, vajai skabei, stiprai bazei un vajai bazei ar pH

indikatora papirs palidzibu;

Screenshot:

Secinajumi [6.].

pH noteikSana dazadam vielam

Nr. p. k.

Vielas

pH skaitliska vertiba
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Simulacijas darbs "Tindala efekts”’ (fizikala kimija)
Virtuala laboratorijas darba apraksts. Dod iesp&ju audzekniem apgiit zinasanas par t€mu

"Gaismas izkliede dispersajas sistémas”.

Izmantojot simulacijas programmu: https://amrita.olabs.edu.in/?sub=73&brch=2&sim=288&cnt=4.

Novérot Tindala efektu.

Programmas apraksts

Select the property:
Tyndall effect

Select the solution to be

Suspensions
e

ES

Colloids

Reset

ed by Amrita Umwemty der research qram from

Develops
Department bf Electronics & Information Technl

Avots https://amrita.olabs.edu.in/?sub=73&brch=2&sim=28&cnt=4
Tatad, ka redziet apraksta:
1) Izmantojot "Select the property” — izveléties ‘Tindal effect’
2) Klikskinot uz m&genu stativiem ar $kidumiem: (‘True solutions’, ‘Suspension’ un
‘Colloids’) var izvéleties, petamus Skidumus, kurus parbaudisiet uz Tindala efektu.

Piemérs

1. Izmantojot "Select the property” — izveléties ‘Tindal effect’;

Between Solutions

Sy e
oo |\

Amrita University Under research grant from
ngpamm?’msmomsummmx %gy

Avots https://amrita.olabs.edu.in/?sub=73&brch=2&sim=28&cnt=4

—
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e Ka varat redzet izvéloties Tindala efekts automatiski paradas ‘True solutions’ (Istie
Skidumi) tiTs varianti (A, B un C), katrai m&genei ir japarbauda paradiba (Tindala
efekts).

o Ir stativs, kur var ievietot mégeni (A, B un C), katru atseviski.

e Apgaismojums (lampa) var bidit tuvak zemak, augstak.

e Ja gadijuma viss iekrasojas zils -> klikskiniet arpus programmas uz balta fona. Vai
‘Reset’.

Izvelos suspensijas un mégeni ‘A’: (Ar peles palidzibu, paradas roka, tad var bitit):

Select the property:
Tyndall effect v

Select the solution to be
tested:

True Suspensions
solutions

True solutions

Colloids

I Reset I

Avots https://amrita.olabs.edu.in/?sub=73&brch=2&sim=28&cnt=4

Ievietoju stativa tieSi gredzena:

Select the property:

Tyndall effect v

Select the solution to be
tested:

True Suspensions
solutions

Colloids

I Reset I

Avots https://amrita.olabs.edu.in/?sub=73&brch=2&sim=28&cnt=4

—
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Pietuvinu lampu:

Select the property:
Tyndall effect v

Select the solution to be
tested:

True Suspensions
solutions

i
- i

True solutions

| Reset I

Avots https://amrita.olabs.edu.in/?sub=73&brch=2&sim=28&cnt=4

Tad var redz&t (secinajums), ka apgaismojot mégeni ‘A’, Tindala efekts nav novérojam. (Skaidrojums

notiek absorbcija), tapec ar Tindala efekta palidzibu stus §kidumus var atskirt no koloidaliem.

Avots https://amrita.olabs.edu.in/?sub=73&brch=2&sim=28&cnt=4

Izvélos citu mégeni ‘X’ (piemers, lai Jums biitu ko veikt paSiem)

Tad var redz&t (secinajums), ka apgaismojot mégeni ‘X’, Tindala efekts ir novérojams (speciali

palielinaju, lai Jus to var€tu saskatit un saprast, ka izskatas pareiza atbilde).

DARBA UZDEVUMI

1. Apgit simulacijas programmu:
https://amrita.olabs.edu.in/?sub=73&brch=2&sim=28&cnt=4;

2. Nosakiet, kuriem $kidumiem/suspensijam ir novérojams Tindala efekts;

—
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3. Novérot Tindala efektu (janovéro, jo parbaudot tris pozicijas (‘True solutions’,

‘Suspension’ un ‘Colloids’), Tindala efekts ir novérojams);
Nr.1
Select the property:
Tyndall effect v
Select the solution to be
tested:
Somgﬂg Suspensions ﬁ ﬁ L
Colloids

Reset

I True solutions

Avots https://amrita.olabs.edu.in/?sub=73&brch=2&sim=28&cnt=4

Select the property:

Tyndall effect ~ +

Select the solution to be
ested:

True  Suspensions
solutions

Colloids

| Reset I

Avots https://amrita.olabs.edu.in/?sub=73&brch=2&sim=28&cnt=4

Select the property:

Tyndall effect v
Select the solution to be
tested:

True Suspensions
solutions.

Colloids

I Reset I

Avots https://amrita.olabs.edu.in/?sub=73&brch=2&sim=28&cnt=4

4. Uzrakstit simulacijas darba protokolu (pielikuma).

5. Uzrakstit secinajumus, kuram variantam (Nr. 1; Nr. 2 vai Nr.3 ) un kuras m&gengs ar

burtiem, bija novérojams Tindala efekts [7.].

—
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Simulacijas programma " ELECTROCHEMICAL CELLS (Elektrokimiska $iina)"”’

ELECTROCHEMICAL CELLS

Standard Potentials: @i e
University of Missouri-Rolla

Background

Select Electrode on Left:

Electrodes: v

Select Solution on Left:

Solutions: v .

Concentration (moles/liter):
0.0001 to 2.00

[1.00

Measure Cell Voltage
Solution in Salt Bridge is
2.00 M Sodium Nitrate

Avots https://web.mst.edu/~gbert/Electro/Electrochem.html

Izmantojot izvélni ‘Select Electrode on Left’ - izveleties ‘Cadmium’
‘Select Solution on Left’” — izveleties ‘Cadmium Nitrate’
‘Concentration (moles/liter)’ — ievadit 1.00

* ** Komatu nelikt tikai punktu*®**

Péc tam

Izmantojot izvélni ‘Select Electrode on Right’ - izveléties ‘Copper’
‘Select Solution on Right” — izveléties ‘Copper(1l) Nitrate’
‘Concentration (moles/liter)’ —ievadit 0.1

Tad janoklikskina uz ‘Measure Cell Voltage’

Rezultats: 0.713 V

Un uz iekartas paradas Galvaniska elementa EDS noteikSanas rezultats, [V]:

About this Simulation

Select Electrode on Right:

Electrodes: v

Select Solution on Right:

Solutions: ¥

Concentration (moles/liter):
0.0001 to 2.00

[1.00
New Problem

Level [0v

—
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Standard Potentials:

Select Electrode on Left:

Cadmium v

Select Solution on Left:

Cadmium Nitrate Y,

Concentration (moles/liter):

0.0001 to 2.00

100 |

Measure Cell Voltage

ELECTROCHEMICAL CELLS
Gary L. Bertrand
University of Missouri-Rolla

Background

Solution in Salt Bridge is
2.00 M Sodium Nitrate

Avots https://web.mst.edu/~gbert/Electro/Electrochem.html

Izlasiet: Darba mérki un teor&tisko pamatojumu:

Darba mérkis

GALVANISKAIS ELEMENTS

Iepazities ar galvaniska elementa uzbiivi un darbibu.

Teorétiskais pamatojums

About this Simulation

Select Electrode on Right:

| Copper v

Select Solution on Right:
Copper(ll) Nitrate v
Concentration (moles/liter):
0.0001 to 2.00

0.1

New Problem

Level [0v|

Galvaniska elementa anods ir cinka plaksnite, kas iegremdgta cinka sulfata §kiduma, bet

katods - vara plaksnite, kas iegremd@ta vara sulfata §kiduma. Galvaniska elements paradits 1.

attela.

Voltmeter + 1.10 ¥

076V

Salt bridge
2 Na* 50,2

Cu™* 42 e™—= Culs) +0.34 V Zn(s) —= 2™t +267 + 076V

Cu* + Znfs) —» Zn?* + Cu(s)

Avots https://www.online-sciences.com/chemistry/electrochemistry-electrochemical-cells-galvanic-cell-or-voltaic-cell-

importance-structure/

1. attéls. Galvaniska elementa uzbiive

26
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Elektrodu potencialus un galvaniska elementa elektrodzingjspeku (EDS) aprékina

pec vienadojumiem (1) un (2), ka arT (3):

o 0,059

EZn2+/Zn = E2n2+/2n + > . lOg(Zn2+) (1)
o 0,059

Ecyztjcu = ECuZ+/Cu + - log(Cu?*) (2)

kur

E ;n2+ Jzn " Cinka elektroda standartpotencials, (V);

log(Zn?*) - Cinka elektrolita molara koncentracija, (mol/L).
EDS=Ex—-Ea 3)

DARBA UZDEVUMI:
1. Izmantojot simulacijas programmu pieejams:
http://web.mst.edu/~gbert/Electro/Electrochem.html

2. Nosakiet galvaniska elementa EDS:

Nr.1

Izmantojot izvélni ‘Select Electrode on Left’ - izveléties Zinc’
‘Select Solution on Lefi’ — izveleties Zinc Nitrate’

‘Concentration (moles/liter)’ — ievadit 1.00.

Péc tam

Izmantojot izvélni ‘Select Electrode on Right’ - izveléties ‘Copper’
‘Select Solution on Right’ — izvéleties ‘Copper(Il) Nitrate’
‘Concentration (moles/liter)” — ievadit 0. /.

* ** Komatu nelikt tikai punktu®**

Tad janoklikskina uz ‘Measure Cell Voltage’

Rezultats: A%
Nr.2

—
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Izmantojot izvélni ‘Select Electrode on Left’ - izveleties Zinc’
‘Select Solution on Lefi’ — izveleties Zinc Nitrate’

‘Concentration (moles/liter)’ — ievadit 0.5.

Péc tam

Izmantojot izv€lni ‘Select Electrode on Right’ - izveléties ‘Copper’
‘Select Solution on Right’ — izveleties ‘Copper(1l) Nitrate’
‘Concentration (moles/liter)” — ievadit 1.00.

* ** Komatu nelikt, tikai punktu***

Tad janoklikskina uz ‘Measure Cell Voltage’

Rezultats: A%

Nr.3

Izmantojot izvélni ‘Select Electrode on Left’ - izveléties “Silver’
‘Select Solution on Left’ — izvéléties ‘Silver Nitrate’
‘Concentration (moles/liter)’ —ievadit 1.00.

Péc tam

Izmantojot izvelni ‘Select Electrode on Right’ - izveléties ‘Silver’
‘Select Solution on Right’ — izvéléties ‘Silver Nitrate’
‘Concentration (moles/liter)’ — ievadit 1.00.

* ** Komatu nelikt, tikai punktu*®**

Tad janoklikskina uz ‘Measure Cell Voltage’

Rezultats: v

Nr.4

Izmantojot izvélni ‘Select Electrode on Left’ - izveléties ‘Silver’
‘Select Solution on Lefi’ — izveleties ‘Silver Nitrate’
‘Concentration (moles/liter)” — ievadit 0. 1.

Péc tam

Izmantojot izvelni ‘Select Electrode on Right’ - izvelgties ‘Silver’
‘Select Solution on Right’ — izv&leties ‘Silver Nitrate’
‘Concentration (moles/liter)” — ievadit 0.5.

* ** Komatu nelikt, tikai punktu***

Tad janoklikskina uz ‘Measure Cell Voltage’

Rezultats: V[8.].

—
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2. PIELIKUMS

Aptauja "Virtualo laboratorijas darbu lietoSana fizikala un vispariga

Kimija”

1. Vai Jums patika veikt virtualo laboratorijas darbu?

o i
O né
Kapac?

2. Veicot virtualo laboratorijas darbu vai Jums bija kada no problémam?

virtuala darba izpratne
interneta savienojuma

IKT prasmes

video/skanas

procediira/darba apraksts

O o0oo0odoogao

sveSvalodas

tehnikas problémas (dators, lietojumprogrammas u.c.)

3. Veikt virtualo laboratorijas darbu salidzinot ar realo laboratorijas darbu Jums bija

O vieglak
O grutak
Kapec?

4. Ja, Jums butu izvéle, Jus labak veiktu

O virtualo laboratorijas darbu
O realo laboratorijas darbu

O teorétisko laboratorijas darbu
Kapac?

—
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5. Vai Jus véletos veikt virtualos laboratorijas darbus arT turpmak?

@) ja
@) né
Kapec?

6. Kuros modulos/macibu prieksmetos skolotaji izmanto IT (datorus, plansetes, telefonus)?

7. Kuros modulos/macibu prieksmetos Jiis izmantojat IT (datorus, plansetes, telefonus)?

Saite uz elektronisko aptauju: https://docs.google.com/forms/d/e/1FAIpQLScVWHd-
hrwewAoTqVKSxpMOIlAe76VcgbFOa-Jv8nzqi-dDD9Q/viewform

—
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MUZIZGLITIBA KA VERTIBA MUSDIENAS
Lifelong learning as a value

Mg. eoc. Lasma Balceraite
Prof, Dr.paed. Velta Lubkina
Dr.paed. Svetlana Usca

Abstract. Due to changes in the labour market over the last thirty years adult education
has developed significantly. Adult education is becoming an integral part of every
person&#39;s life and advancement towards certain goals. Many adults attempt to learn
independently, by using information technology. During the Covid-19 pandemic,
educational processes could only continue in e-environment, using e-platforms (Zoom,
Microsoft Team, etc.) or blended learning (a mix of face-to-face lessons and lessons on
e-platforms).

The study was carried out within the framework of the Master's Thesis “Transformation
of Educational Values in Lifelong Learning”. Aim of the research: to seek the views of
the Latvian population on the current educational values in lifelong learning in order to
compare them in the period before and after the Covid-19 pandemic.

The paper analyses scientific literature and research; analytical reasoning is based on
the results of the questionnaire.

Keywords: adult learning, lifelong learning, motivation, values in education.

Tevads
Introduction

21.gs gan pasaulg, gan Latvija notiek straujas parmainas gan socialaja un politiskaja, gan
ekonomiskaja joma, tas rada vajadzibu péc izmainam izglitiba (Izglitibas attistibas
pamatnostadnes 2021.-2027.gadam “Nakotnes prasmes nakotnes sabiedribai”, 2020). Izglitiba
pamatoti tiek uzskatita par to cilvéces darbibas jomu, kas visciesak ietekmé cilveku dzives
kvalitati un labklajibu. Izglitibas sistémas uzdevums ir reagét uz laika izaicindjumiem.

Misdienu izglitibas sistéma tiek veidots pamats cilvéka personibas veidoSanai, tiek
sekots izglitibas procesa mainas tendencém.

P&dgjo trisdesmit gadu laika sabiedribas izglitoSana ir piedzivojusi lielas parmainas.
Katras nakamas izmainas ir bijusi atbilde uz mainigajiem socialajiem un tehnologiskajiem
apstakliem. Sobrid izglitiba piedzivo jaunas reformas, kuras pasteidzinaja gan Latvija, gan
pasauleé Covid-19 pandémija. Tas, savukart, radija nepiecieSamibu transformét izglitibas
sistému, ievie$ot macibu procesa informacijas tehnologijas, lai pieaugus$o izglitiba butu
pieejama visa Latvijas teritorija.

Pétnieku grupa apkopojusi ieguvumus no attalinatajam macibam t.i. informacijas
tehnologiju attistibu, darba resursu ekonomija, plasaka izglitibas pieejamiba (Oliveira, Penedo,
Pereira, 2018).

Pétijums veikts magistra darba “Izglitibas vertibu transformacija muzizglitiba” ietvaros
ar mérki: noskaidrot Latvijas iedzivotaju viedokli par eso$am izglitibas veértibam muzizglitiba,
to salidzinasanai pirms Covid-19 pandémijas un pécpandémijas posma.

Raksta ir veikta zinatniskas literatiiras un petijumu analize, analitiskie spriedumi balsttti
uz anketas iegiitajiem rezultatiem.
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Izglitibas vértibas pieauguso izglitiba
Educational values in adult education

Misdienas cilvéka zinaSanas klast par valsts strat€gisko bagatibu un par galveno
ekonomiskas izaugsmes resursu. Pieaugoso izglitiba ir nepiecieSama dazadu aspektu del, jo ir
notikuSas demografiska izmainas Eiropa, darba tirgli, un strauja tehnologiju attistiba, kur
nepiecieSamas zinasanas, lai ar tam stradatu (Castafio Mufioz, Redekers, Vuorikari, & Pendija,
2013). Katrs no Siem aspektiem ir tiesa veida saistits ar muzizglitibas nepiecieSamibu 21.gs. un
tas attistibu. Zinasanas nodrosina individam personigo izaugsmi un lielakas iesp&jas darba
tirgli. Mazizglitibas attistiba ir svarigs ekonomiskas attistibas lidzeklis visos Latvijas regionos.

Zinasanas ir gan vertiba, gan lidzeklis savas labklajibas paaugstinasana un ekonomiskas
veicinasanai gan Latvija, gan pasaul€. Zinasanas ir konkurétsp&jas Iidzeklis, tikai gudra un
izglitota sabiedriba sp&j pareizi izmantot tehnologijas un nodro$inat to ilgtsp&ju sava laba.
Izglitiba kopuma, visdazadakas nozar€s ir Latvijas tagadnes un nakotnes vértiba (Austruma,
2009). Pétijuma ietvaros veikta saistoSo terminu un izglitibas vértibu definiciju izp&te (skat.
1.tab.).

1. tabula. Izglitibas un vertibu definejumi
Table 1 Definitions of education and values
Termini Terminu skaidrojumi
Kas ir vertibas? Vertibas ir individa uzskati, tas attiecas uz vélamajiem merkiem.
Vertibas kalpo ka standarti vai kriteriji. Vertibu mijiedarbiba veido
individa ricibu un Iémumus (Schwartz, S.H., 2017).

Motivacija cilveka uzvedibas virzitajspeks, kas mudina un uztur mérka
sasniegsanu (Bostrom, E., & Palm, T., 2020).

Vertibas Latvijas ST likuma mérkis ir nodroginat katram Latvijas iedzivotajam iespé&ju

Republikas Izglitibas | attistit savu garigo un fizisko potencialu, lai veidotos par

likuma patstavigu un attistitu personibu, demokratiskas Latvijas valsts
un sabiedribas locekli (Izglitibas likums, 1998).

Vertiizglitiba Personas pamatvertibu - gariguma, morales, kulttiras, gara un

fiziskas stajas - izkop$ana, gimenes veértibu un nacionalas identitates
apzinaSanas; personas pasapzinas, pasvertibas apzinas,
pasrefleksijas, valodspgjas un rado$uma izkop$ana; iecietibas,
izligumspgjas, lidzjutibas u.c. visparcilvécisko spgju attistiSana;
ievirze, motivacija un sagatavoSana veiksmigai profesionalajai
karjerai (Izglitibas attistibas pamatnostadnes 2021.-2027.gadam
“Nakotnes prasmes nakotnes sabiedribai”, 2020)

Muzizglitiba ir izglitibas process cilveka dzives garuma, kas balstas uz mainigam
vajadzibam iegiit zinasanas, prasmes, pieredzi, lai paaugstinatu vai
mainitu savu kvalifikaciju atbilstosi darba tirgus prasibam, savam
interes€m un vajadzibam (Pieauguso izglitiba, 2020).

Pieauguso izglittba | daudzveidigs macibu process, kas nodrosina pilngadigas personas
attistibu un konkurétsp&ju darba tirgh (Izglitibas likums, 1998).

Izglitibas un zinatnes ministrijas sagatavotaja dokumenta “Izglitibas attistibas
pamatnostadnes 2021.-2027.gadam “Nakotnes prasmes nakotnes sabiedribai” tiek noradits
izglitibas attistibas virsmérkis — “nodrosinat kvalitativas izglitibas iesp&jas visiem Latvijas

( 1
{ 32 )



iedzivotajiem, lai veicinatu vinu potenciala attisttbu un IstenoSanu visa miiza garuma, un lai
veidotu vinu spgjas mainities un atbildigi vadit pastavigas parmainas sabiedriba un
tautsaimnieciba” (2020).

Pétnieces Lazarides un Raufelder (2021) norada, ka Sobrid macisanas nav tikai jaunu
zinasanu iegliSana, bet svarigas ir arT giitas emocijas procesa laika, pieméram, prieks par
paveikto un sasniegto, vai tiesi pret&ji neapmierinatiba un garlaiciba macibu laika.

PEétTjuma ietvaros, veicot publikaciju izp&ti un novérosanu pedagogiskaja darba, varam
secinat, ka pedgjo divdesmit gadu laika ir notikusi spéciga izglitibas transformacija, kas
saskatams taja, ka agrak cilveki tiecas uz aroda un diploma iegiisanu, tad Sobrid sp&cigu lomu
spele izglitojama motivacija un emocijas procesa laika. Zinatnieku pétijumi (Phan, H.P., Ngu,
B.H., Lins, R.-Y., Wang, H.-W. & Shi, S., 2019) norada uz to, ka skolotdja uzdevums ir riip&ties
par katra izglitojama labsajttu, lai tas raisitu pozitivas emocijas, pieméram, atlaide macibam
vai stipendija, kas ir svarigs faktors mizizglitiba.
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Miizizglitibas un pieauguso izglitibas transformacija
Transforming Perspectives in Lifelong Learning and Adult Education

Picauguso izglitiba ir neatnemama miizizglitibas dala. lesaistei pieauguso izglitiba nav
noteikts vecumposms, bet ir iesp€ja atgriezties izglitibas procesa péc pamatskolas, vidusskolas
pabeigsanas, vai partraukSanas, vai arT péc augstakas izglitibas ieguves, lai ieglitu jaunas
zinasanas, prasmes, kompetences vai pilnveidotu jau esosas.

Mizizglitiba ietver formalo, neformalo un ikdienas maciSanos, ta ir orienteta uz
pieaugusajiem un nodrosina personibas attistibu un konkurétsp&ju darba tirgt cilvéka miiza
garuma. Zinatnieku grupa (Castalo Mufloz, Redekers, Vuorikari, & Pendija, 2013) norada, ka
mizizglitiba ietver visas maciSanas darbibas péc pamatizglitibas apguves, paverot iesp&jas
personai pilnvertigi pasrealizéties dazadas jomas vai, piemeram, parkvalificties vai celt savu
kvalifikaciju.

Sobrid pasaules kopienas strada pie ta, lai miizizglitiba biitu pieejama gan kvalificgtam,
gan mazak kvalificétam darba spékam, gan ari, lai tas veidotu taisnigaku un saliedétaku
sabiedribu (Lifelong learning in transformation: promising practices in Southeast Asia, 2017).

Latvijai Sobrid nav skaidras un vienotas sistémas par miizizglitibas attistibu, $ada sistéma
ir nepiecieSama, lai sabiedribai dotu iesp&ju pieméroties jaunajiem darba tirgus apstakliem,
kada no intervijam bija noradijis Saeimas deputats M.Luksa (2020). Sobrid valstij ir ievérojami
vairak javer§ uzmaniba uz pieauguso izglitibas veicinasanu, lai valsts un katrs individs varétu
atkopties péc sekam, ko izraisija Covid-19 pandémija. Tapat valsts uzdevums ir iesaistit darba
tirgt darbiniekus, kuri zaudgja darbu pandémijas dél, tadel ir jabat izstradatai stratégijai, lai
efektivi izmantotu cilvéku prasmes darba vietas.

Katram izglitojamajam ir savs motivs, kadel velas paplasinat esosas prasmes vai iegit
jaunas. Pétfjuma “Nodarbinato pieauguso ar zemu kvalifikaciju efektivakas iesaistes macibas
izvertgjums” (2020) tiek uzsverts, ka galvenie ieguvumi no macibam ir jaunas darba vietas
atraSana, paaugstingjums amata, lielaka darba samaksa un jauni darba pienakumi. Dalai
pieauguso izglitosanas sniedz iesp&ju labak izpildit savus darba pienakumus, personigie
ieguvumi, uzlabojums ikdienas dzIve un jaunas iesp€jas personiga biznesa veidosana. Savukart,
dalai pieauguso motivaciju macities rada darba dev€ja uzslava vai atzinibas izteiksana.

Dala pieauguso izglitoties izvelas, lai attistitu un pilnveidotu savu personibu. Tomér
daudzos gadijumos izglitojamie apgilist jaunas prasmes, lai turpinatu savu karjeru vai nezaudétu
esoSo darbu.

Lai partrauktu Covid-19 pandemijas izplatibu, daudzas valsts iestades, uzn€mumos un
izglitibas vietas tika ieviesta jauna politika, proti, stradat no majam- attalinati. Vairakos
petijumos tika atklats, ka Covid-19 pandémija bitiski ir ietekm&jusi izglitibas nozari (Efriana,
2021). Par galveno macibu metodi tika izmantota tie$saistes macisanas pieeja. L. Efriana (2021)
norada, ka Covid-19 pandémijas apstaklos §T metode var€ja biit risinajums, lai macibu process
varétu turpinaties. Pandémijas laiks pieradija, ka arvien vairak ikdienas darbus, tai skaita
apmacibas var veikt attalinati.

Neskatoties uz to, ka ne vienm@r ir sarezgiti veicamie uzdevumi, tomer izmantojot jaunas
tehnologijas, cilvekiem ir jabut atbilsto§am prasmém, lai ar tam rikotos. P&tfjuma “Launch of
the 2019 Skills Outlook: Thriving in a Digital World” Eiropa tikai Belgija, Danija, Somija,
Niderlande, Jaunzglande, Norvégija un Zviedrija apsteidz citas valstis digitalizacijas joma. Te
iedzivotajiem ir labas prasmes un labs atbalsts muzizglitibas sisteémai, kas lauj viniem
maksimali izmantot visas prieksrocibas, ko dod digitalizacija. Savukart, Italija, Lietuva,
Slovakija cilvekiem biezi trikst pamatprasmes, lai varétu darboties digitali (2019). Latvija,
salidzinot ar citam OECD valstim, picauguso digitalas prasmes ir vertéjamas ka zemas
(Picauguso digitalas, tehnologiju, un valodu prasmes: to attistiSanas iesp&jas un izaicindjumi
Latvija”, 2021), ko apliecina arT Zinojums par Latvijas produktivitati (2020), ka Latvija ir viens
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no augstakajiem iedzivotaju Ipatsvariem dazadu vecumu grupas, kuriem ir zems vispargjo
digitalo prasmju Iimenis.

Lai Latvijas darba tirgus spétu attistities, ir nepiecieSami specialisti, kas gatavi visu laiku
pilnveidot savas prasmes un apgit jaunas. lepriek§ minétaja zinojuma noradits, ka vairak ka
tresdala picauguso nepiedalas un arT nakotné neplano piedalities pieauguso izglitibas aktivitates
(2021). No pieauguso izglitibas jabit ekonomiskam pienesumam Latvijas darba tirgii. Sobrid
nav veikti pétijumi cik liels biitu IKP, ja visas personas, kas ir ar zemu kvalifikaciju vai bez tas
pilnveidotu vai apgiitu jaunas un tas pielietotu darba tirgt.

Latvijas Republikas Saeimas izdotaja zinojuma “Pieauguso digitalas, tehnologiju, un
valodu prasmes: to attistiSanas iesp&jas un izaicinajumi Latvija” (2021) tiek secinats, ka veiktie
pasdakumi palielinat pieauguso dalibu izglitiba Latvija ir zemi, tas nozimé, ka pieaugusie nav
bijusi gatavi mainit savus paradumus, lai apgitu jaunas prasmes. M. Luksa norada, ka
iedzivotaju motivaciju macities iesp&jams varétu paaugstinat, veidojot individualu pieeju
katram, t.i. personiski uzrunajot mazkvalificétus darbiniekus vai darba mekletajus, ka art
sniedzot atbalstu karjeras atfistiba (2020). P&tjjuma “Nodarbinato pieaugu$o ar zemu
kvalifikaciju efektivakas iesaistes macibas izvertgjums” (2020) tick secinats pieaugusajiem ir
nepiecieSama konsultacija, lai noskaidrotu piemérotako macibu programmu un, otrkart, ir
nepiecieSams nozimigs atbalsts no darba dev&jiem macibam un tadu macibu norises
organizacija.
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Pétijuma metodologija
Research methodology

Pétijuma dalibnieki

Petijuma piedalijas respondenti vecuma no 25 Iidz 70 gadiem, vid&jais vecums 40 gadi.
Vecuma posma no 25 lidz 34 gadiem piedalijas 40 % no kopgja respondentu skaita, no 35 lidz
44 gadi — 34 %, no 45 lidz 64 gadi — 25 % un no 65 gadi lidz 70 — 1 %.

Kopgjais respondentu skaits 389, no kuriem 70,4 % ir sievietes un 29,6 % viriesi, pec
tauttba 91 % ir latviesi, 7,2 % krievi un 1,8 % cita. Veiktaja p&tjjuma tika aptverta visa Latvijas
Republika, t.i. no galvaspilsétas aptauja piedalijas 29 % respondenti, no Rigas regiona 18,8 %,
no Vidzemes 13,1 %, no Kurzemes 12,9 %, no Zemgales 12,9 % un Latgales 13,4 %.

No kopgja respondentu skaita augstaka izglitiba ir 68,1 %, profesionala vidgja izglitiba
17,5 %, vid&ja izglitiba 12,6 %, pamatizglitiba 1,3 % un sakumskola vai nepabeigta pamatskola
0,5 %.

Esosaja darba vieta strada Iidz vienam gadam 7,2 % no kopgja respondentu skaita, no
viens I1dz divi gadi 8,7 %, no diviem Iidz pieciem gadiem 22,1 %, no pieciem lidz 10 gadiem
21,1 %, vairak ka 10 gadi 35,5 %, savukart, Sobrid nav darba attiecibas 5,4 %.

Instrumentarijs

Anketa tika izveidota no 25 jautajumiem, kas tika sadaliti divos blokos. Pirmaja bloka
tika uzdoti jautajumi, kas saistiti ar attiecksmi pret eso$am izglitibas vertibam, to salidzinasanai
pirms Covid-19 pandémijas un p&c Covid-19. Otraja bloka respondenta demografiskie dati,
izglitibu, darbibas jomu un nodarbinatibu.

Pétijuma ierobeZojumi

Aptauja tika izveidota interneta aptaujas vietné Google Forms, un interneta saite uz $o
aptauju tika publicéta dazados socialajos tiklos laika posma no 2021. gada aprila Iidz janijam.
Sada pieeja lauj aptvert plasu respondentu loku, tomér janem veéra, ka piedalas tie, kuri ir aktivi
socialajos tiklos. Mazaktivo respondentu grupa netiek aptverta. leglitic rezultati iezimé
tendences.

Pétijuma rezultati
Research results

P&tijuma ietvaros tika veikta anketés$ana, kas p&c biitibas ir subjektiva datu ieguves forma,
tom@r ar So metodi ir iespgjams apzinat sabiedribas dalas viedokli. Aptaujas mérkis bija
noskaidrot Latvijas iedzivotaju viedokli par esosam izglitibas verttbam muzizglitiba, to
salidzinasanai pirms Covid-19 pandémijas un p&cpandémijas posma. Aptauja iegitie dati
sniedz atbildes uz pétijuma mérki izvirzitajiem uzdevumiem par mizizglitibas vertibam.

Biitisks faktors pieauguso izglitibas apguvei ir dzives vieta, jo nokliSana Iidz macibu
vietai ir izSkiroSa tam vai izglitojamais bls gatavs laika resursa zina un finansiala sakt un
pabeigt izveleto macibu programmu. Veiktaja aptaujas tika noskaidrots, ka no kopgja
respondentu skaita pilséta dzivo 72,5 %, ciema — 18,8 % un vienséta — 8,7 %.

Petfjums paradija, ka pieaugusie izvélas macities dazadu motivu vaditi. Respondentiem
tika uzdots jautajums “Kadi ir ieguvumi no izglitibas?”

—
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1.attels. Ieguvumi no izglitibas (gadijumu skaits, aptaujas dati)
Figure 1 Advantages of education (number of cases, survey data)

Iegttie aptaujas dati lauj secinat, ka 86,9 % respondenti uzskata, ka, iegiistot izglitibu,
pastav lielakas iesp&jas darba tirgi, 59,1 % ir noradijusi, ka pastav liclaka iesp€ja ienakumu
gisanai un 50,1 % noradija, ka tiek paaugstinata sava labklajiba. Kopuma var secinat, ka
lielakoties pieaugusies izvélas macities, lai iegiitds prasmes varétu pielietot darba tirgid, kas
nodro$inatu augstaku atalgojumu.

No anketesanas rezultatiem tika noskaidrots, ka mazak ka puse, t.i., 39,8 % no visiem
respondentiem, strada darbibas joma, kura ir ieglita izglitiba, vairak ka ceturtdala no kopgja
respondentu skaita ir noradijusi, ka nestrada joma, kura tika ieglta izglitiba, savukart, 5,4 %
nav iegiita profesija. Savukart uz uzdoto jautajumu “Vai Jiisu eso$as prasmes atbilst darba tirgus
prasibam?” apstiprinosi atbildja 42,4 %, savukart, “drizak ja” noradija 51,2 % un drizak
neatbilst un neatbilst — 6,4 % respondentu. Tas dod iesp&ju secinat, ka ne visi, kas ieguvusi
arodizglitibu, vid€jo profesionalo vai augstako profesionalo izglitibu, strada attiecigaja joma.

Saeimas zinojuma par “Picauguso digitalas, tehnologiju, un valodu prasmes: to
attistiSanas iesp&jas un izaicinajumi Latvija” (2021) tika noradits, ka viena tresa dala pieauguso
nekad nav izglitojusies p&c pamatizglitibas vai vidusskolas iegliSanas un to neplano darit
tuvakaja laika. Lai noskaidrotu respondentu aktivitati par iesaisti pieauguso macibas, tika
uzdots jautajums, vai lidz Covid-19 pandémijai un pandémijas laika to ir darfjusi. No ieglitajiem
datiem var secinat, ka 60,4 % ir iesaistfjuSies apmacibas, 29,5 % respondentu nebija tada
iesp&ja, savukart, 11,1 % respondentu noradija, ka to nevelgjas.

Lai celtu darba razigumu darba vieta, darbiniekiem nepartraukti ir japaaugstina savas
kompetences, tadel ne tikai darbiniekam, bet arT darba dev&jam jamekl€ iesp&jas un risinajumi,
ka to efektivak izdarit. Daudzi respondenti, kas bija darba attiecibas stradajot klatieng vai
attalinati Covid-19 pandémijas laika c€la un pilnveidoja savas prasmes un kompetences dazadas
jomas (informaciju un telekomunikacijas joma — 34,2 %, svesvalodas — 18,3 %, sava profesija
— 45,2 %, jauna profesija — 15,4 %, personigas prasmes un socialds kompetences — 33,2 %,
paplasinaja savu redzes loku — 41,9 %). Vairak ka puse respondentu izvélgjas pilnveidot
prasmes vai iegilit jaunas p&c pasa iniciativas, savukart, 26,5 % to darja gan p&c savas un darba
devgja iniciativas, 5,1 % iesaistfjas macibas, pec darba devgjs iniciativas, savukart 16,5 %
noradija, ka netika pilnveidotas prasmes vai iegiitas jaunas Covid-19 arkartgjas situacijas laika.
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skaits, aptaujas dati)
Figure 2 Reasons that discouraged adult learning during Covid 19 (number of cases, survey
data)

legiitie dati norada, ka prasmju pilnveidoSanai un jaunu iegfiSanai galvenais Skérslis bija
laika trikums, ko noradija vairak ka piektdala, t.i. 20,3 % no visiem respondentiem, un
motivacijas trikums 17,2 %. Lai iesaistTtos pieauguso izglitiba ir jablit motivacijai to dart, ta
var izpausties ka ieksg€ja (pasvertéjuma celSana, atziniba) vai/un argja (amata paaugstinajums,
algas paaugstinajums). Autori D. Mallows un J. Litser (2016) sava p&tijuma ir noradijusi, ka
viens no veidiem, ka panakt plasaku iesaisti picauguso izglitiba, ir ciesi sasaistit piedavajumu
ar motivaciju.

Respondenti norada apgiit jaunas prasmes un iemanas galvenokart motive tas, ka var iegiit
vairak zinasanu par to, kas interes€ 72,5 %, ir vélme iegiit ikdiena noderigas zinasanas un
prasmes 57,3 %, sevis pilnveidosana ka personibu 58,1 % un celt savu pasvertejumu 45,8 %.
Pétfjumos norada, ka pieauguSos vairak motivé pasizaugsmes iespgjas, intereses un vélme
macities (Mirke & Cakula, 2019), kas anket&$ana arT apstiprindjas.

Dalai respondentu ir svarigi macibu laika veidot jaunus kontaktus 36,8 % un uzturét
komunikaciju 32,1 %. Nedaudz mazak ka puse, t.i. 47,3 %, noradija, ka svarigi ir iegit
dokumentalu apliecinajumu par apmekl&tajiem kursiem vai seminariem. 37,5 % respondentu
noradija, ka c€la savu kvalifikaciju, lai labak veiktu savus darbu pienakumus, aptuveni tresdala
vélas palielinat iesp&ju dabiit jaunu darbu, savukart, 14,7 % samazinat riskus zaudg@t to. Vairak
ka piektdala noradija, ka jaunas vai papildus zinaSanas un prasmes ir nepiecie$amas, lai uzsaktu
savu biznesu.

Covid-19 pandémijas laika darba un izglitibas process lielakoties tika organizéts
attalinati. Tie$saistes macibas ir tiea veida verstas uz interneta tehnologiju izmanto$anu, kas ir
loti atkarigas no to pieejamibas (Efriana, 2021). Centralas statistikas parvaldes dati liecina, ka
majsaimniecibas interneta pieejamiba katru gadu turpina pieaugt. 2019. gada 85,4 %
majsaimniecibas bija pieejams internets (Turpina pieaugt interneta izmantoSana
majsaimniecibas, 2019). Tade| var uzskatit, ka Latvijas infrastruktiira ir pietiekami labi attistita,
lai apmacibas sekmigi vartu norisinaties attalinati. ArT anketas dati norada personas, kuras
izmanto interneta pakalpojumus vairak ka 70 % dzivo pilséta, kur ir labaks interneta
parklajums.
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Figure 3 Learning organization form up to Covid-19 and during the pandemic (number of
cases, survey data)

Anketgsana tika noskaidrots, ka lidz Covid-19 pandémijai macibu organizacijas forma
“klatiene” bija ertaka un pieejamaka 65,8 % respondentu, savukart, pandeémijas laika vai pec
pandémijas vairs tikai $adu apmacibas formu izvéletos 34,4 %, no 3.att€la redzams, ka puse
izglitojamo prieksroku turpmak dos kadai citai macibu organizésanas formai, kas, galvenokart,
skaidrojams ar resursu ekonomiju, nemacoties klatieng, t.i. naudas un laika resurss, kas tiek
pateréts dodoties uz macibu vietu.

TieSsaistes macibas ir tdlmacibas dala, kas apvieno elektroniskas tehnologijas vai
interneta balstitas tehnologijas. TieSsaistes macibas ir macibu stundu organizéana, lai
sasniegtu lielas izglitojamo grupas (Efriana, 2021). No iegiitajiem datiem anketé$ana redzams,
ka lidz Covid — 19 pandémijai izmantojot e-platformas (pieméram, Zoom, Microsoft Team u.c.)
izvelgjas videji 26,7 %, savukart tagad tie biitu gandriz 53,2 % no kopgja respondentu skaita.
Tapat verojams, ka kombingtas macibas (dala nodarbibu klatieng, dala e-platformas) bus
pieprasitakas neka Itdz Covid-19 pand@mijai. Butiski izmainas nav v@rojamas macibu
organizg$anas formai, ko turpmak izveléties respondenti, t.i. neklatiene un pasizglitiba, ko
vidgji atziméja no 25 — 30 % no kopg&ja respondentu skaita. No aptaujas datiem var secinat, ka
nakotné klatienes macibu forma ar vien samazinasies, ja valsts politika uz to biis versta.
Veiktaja petljuma “Izvertgjums par attalinata darba ietekmi uz produktivitati ilgtermina un
priekslikumu sagatavosana produktivitates paaugstinasanai attalinata darba apstaklos” (2021)
aprékini norada, ka aptuveni 38 % no nodarbinatajiem potenciali var stradat attalinati, savukart,
izglitiba 68 %.

Pareja no tradicionalajam macibu metodém prasa jaunas vai papildus prasmes
digitalajas tehnologijas (Howard, Boettcher, Justice,&Schenk, 2010). Vairak ka 83,5 %
respondentu bija noradijusi, ka Sobrid digitalas zinasanas netrauc€ apgit jaunas prasmes,
savukart dalgji trauc€ vai trauc€ bija noradijusi 15,9 %, kas ir vert€jams ka labs rezultats, lai
nakotné macibu procesu var€tu virzit uz dalgji attalinatu izmantojot e-apmacibu platformas.

Tada veida veiktais pétfjums noradija uz izglitibas vértibu transformacijas
nepiecieSamibu, kas jau uzsakta pandémijas apstaklos un ir iegiita biitiska pieredze macibu
procesa organizgSanai muzizglitiba pécpandémijas posma.
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Secinajumi

P&tijums veikts magistra darba “Izglitibas vértibu transformacija muzizglitiba” ietvaros
ar mérki: noskaidrot Latvijas iedzivotaju viedokli par esosam izglitibas vertibam muzizglitiba,
to salidzinasanai pirms Covid-19 pandémijas un pécpandémijas posma.

Veikta pétijuma rezultata varam izdart vairakus secinajumus:

1. Veicot publikaciju izp&ti un novérosanu pedagogiskaja darba, varam secinat, ka
pedgjo divdesmit gadu laika ir notikusi spéciga izglitibas transformacija, kas
saskatams taja, ka agrak cilveki tiecas uz aroda un diploma iegtisanu, tad Sobrid
speécigu lomu spélé izglitojama motivacija un emocijas procesa laika. Zinatnieku
pétijumi (Phan, H.P., Ngu, B.H., Lins, R.-Y., Wang, H.-W. & Shi, S., 2019) norada
uz to, ka skolotaja uzdevums ir riipéties par katra izglitojama labsajtu, lai tas raisitu
pozitivas emocijas, kas ir svarigs faktors muzizglitiba.

2. Petijuma ietvaros veikta anket€Sana, kas sastav no 25 jautajumiem, kas tika sadaltti
divos blokos: jautajumi, kas saistiti ar atticksmi pret eso§am izglitibas vertibam, to
salidzinasanai pirms Covid-19 pandémijas un péc Covid-19 un respondentu
demografiskie dati, izglitiba, darbibas joma un nodarbinatiba.

3. Veikta datu analize saistiba ar:

- leguvumiem no izglttibas;

- lemesliem, kas attur&ja no iesaistes pieauguso macibas Covid 19 laika;

- Macibu organizacijas formam lidz Covid-19 un pandémijas laika, noradija uz
izglitibas veértibu transformacijas nepiecieSamibu, kas jau uzsakta pandémijas
apstaklos un ir ieglita biitiska pieredze macibu procesa organiz&Sanai muzizglitiba
pecpandémijas posma.

Summary

Adult education is becoming an integral part of every person's life and advancement
towards certain goals. Many adults attempt to learn independently, by using information
technology.

As a result of the study we can draw several conclusions:

1. By researching publications and observing pedagogical work, we can conclude that
a powerful transformation of education has taken place over the last twenty years, which is
evidenced by the fact that previously people sought to acquire a profession and a diploma, but
nowadays a strong role is played by the motivation of learners and their emotions during the
process. Studies by researchers (Phan, H.P., Ngu, B.H., Lins, R.- Y., Wang, H.-W. &amp; Shi,
S., 2019) suggest that it is the teacher’s task to take care of the well-being of each learner, by
evoking positive emotions, which is an important factor in lifelong learning.

2. The study included a questionnaire of 25 questions that was divided into two blocks:
questions related to the attitude towards current educational values in order to make a
comparison between the period before and after the Covid-19 pandemic, and the demographics,
education, scope of activity and employment of the respondents.

3. The data analysis performed in relation to:

- Benefits of education;

- Reasons for not willing to participate in adult education during Covid-19;

- Forms of learning organization before Covid-19 and during the pandemic, pointed out
the need for transformation of educational values, which has already begun during the pandemic
conditions and has provided significant experience for the organization of learning process in
lifelong learning after the pandemic.
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PARAZITU SUGU NOTEIKSANA IZMANTOJOT SANGERA
SEKVENESANAS METODI

Detection of parasite species using the Sanger sequencing method.

Rita Gailuma
IEVADS

Helmintozu izraistto problému aktualitate ir saistita ar to plaso izplatibu un negativo
ietekmi gan uz dzivniekiem, gan uz cilvéku organismu. Galvenais patogénu avots ir savvalas
dzivnieki, kuri parngsa dazadus virusus, vienSlnus un parazitiskos tarpus. Savvalas
dzivniekiem parvietojoties, tie talak izplata dazadus virusus, vienstinus, ka arT parazitus. Izp&tot
dzivnieku helmintofaunu var iegtit informaciju par dzivnieku veselibas stavokli [1.,63-68.1pp.].

Ir noskaidrots, ka dazas plés€ju sugas var kalpot par helmintozu izplatitajiem ari starp
majdzivniekiem un cilvékiem. Cilvékiem, nonakot saskarsmé ar nomeditajiem dzivniekiem un
lietojot tos uztura, ka arT nepieversot pastiprinatu uzmanibu personigajai higiénai, cilveki tiek
paklauti lielakam helmintozu inficé$anas riskam. Tapat arT infic€Sanas risks pastav starp
dzivnieku un cilveku savstarpgjiem kontaktiem (Bagrade 2008).

Ta ka daudziem helmintiem ir vaji izteiktas, ka arT lidzigas morfologiskas pazimes
miusdienas sugu noteikSanai papildus izmanto molekularas metodes. Lidz §im Latvija ir veikti
helmintu pé&tijumi plésgju populacijas, bet sugas lielakoties ir noteiktas péc morfologiskajam
pazimeém.

St darba mérkis ir, izmantojot molekularas metodes, noteikt vilka paraugos sastopamas
lentenu sugas, kuras iepriek§ péc morfologiskajam pazimém tika noteiktas ka Taenia gints
paraziti. Sads p&tijums nakotné varétu biit noderigs, pétot talak ne tikai vilku, bet ar citu plesgju
sugu, tadu ka l@isu, lapsu un jenotsunu helmintofaunu.

Dota mérka sasniegSanai izvirziti sekojosi darba uzdevumi:

1. Izdalit DNS no parazitiem, kuri atrasti 2019./2020/ gada medibu sezona nomeditajos
vilkos.

2. Amplificét parazitu citohtoma c oksidazes subvienibas [ (COI) un NADH

dehidrogenazes subvienibas 1 (ND1) génu rajonus .

3. Nosekvenét un noskaidrot biezak sastopamakas helmintu sugas vilka populacija
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EKSPERIMENTALA DALA

DNS koncentracijas noteik§ana

No 13 vilku muskulaudu paraugiem izdaliti 17 lentenu DNS paraugi, no kuriem tikai

11 paraugiem izdevas noteikt koncentracijas (13. tabula). 6 paraugiem koncentracijas

neizdevas noteikt (tabula koncentracijas atzimétas ar

@ =

zimi). Savukart, tikai 4 — 6 paraugiem

koncentracijas bija pietickoSas PCR veiksanai. Ideala gadijuma DNS koncentracijai jabiit no

50 — 100 ng uz 50 pl uz reakcijas maistjuma kopgjo tilpumu jeb 10 — 50 ng uz 10 pul reakcijas

maisijuma kopgjo tilpumu.

13.tabula
Izdalito lentenu DNS koncentracijas
N.p.k. | Vilka Lentena Koncentracija | Vienibas | A260 | A280 | 260/280 | 260/230
parauga DNS
registr.nr. | izdaliSanas
nr.
1 Vi-3 Len-11 2,902 ng/ul 0,058 | 0,024 | 242 0,08
2 Vi-4 Len-12 0,968 ng/ul 0,019 | 0,021 | 0,90 0,09
3 Vi-5 Len-13 9,496 ng/ul 0,190 | -0,115 | 1,64 3,11
4 Vi-6 (1) Len-14 0,910 ng/ul 0,018 |0,017 | 1,06 0,04
5 Vi-6 (2) 15 15,720 ng/ul 0,314 | 0,131 | 2,40 0,72
6 Vi-7 (1) 16 1,340 ng/ul 0,027 |0,018 | 1,48 0,11
7 Vi-7 (2) 17 0,039 ng/ul 0,001 0,003 | 0,27 0,01
8 Vi-8 18 -1,351 ng/ul -0,027 | -0,029 | 0,94 -0,29
9 Vi-12 19 0,631 ng/ul 20,013 | -0,016 | 0,80 0,22
10 Vi-13 20 1,685 ng/ul 0,034 |0,025 | 1,33 0,18
11 Vi-14 (1) 21 -8,903 ng/ul -0,178 | -0,106 | 1,68 1,53
12 Vi-14 (2) 22 8,451 ng/ul 0,169 | 0,093 1,81 0,58
13 Vi-15 23 24,98 ng/ul 0,500 | 0,221 | 2,26 1,40
14 Vi-1309 24 -0,492 ng/ul -0,010 | -0,006 | 1,70 -0,09
15 Vi-11310 | 25 24,630 ng/ul 0,494 | 0,001 |-54,87 |251
16 Vi-1312 (1) | 26 3,163 ng/ul 0,063 | 0,015 | 4,26 1,53
17 Vi-1312(2) | 27 -2,523 ng/ul -0,050 | -0,053 | 0,95 0,78
Nakamaja diena DNS paraugiem (N.p.k. 2, 3,4, 7, 8, 9, 11, 14, 17.) veica atkartotu

DNS koncentraciju noteikSanu (tabula). Pieciem paraugiem (N.p.k. 2, 3, 4, 7, 8) DNS

—

44

A



koncentracija palielinajas, 1idz ar to, var secinat, ka dalai paraugos DNS bija slikti iz8kidis vai
arT DNS netika precizi uznests uz spektrofotometra, kas ietekmé&ja koncentracijas un tiribas

nolasiSanu. Arf tiriba Cetros gadijumus bija novérojama laba.

14. tabula.
Izdaltto DNS paraugu atkartota koncentracijas noteikSana

N.p.k. | Vilka Lentena Koncentracija | Vientba | A260 | A280 | 260/280 | 260/230

biomateriala | DNS s

parauga izdaliSanas

registr. nr. nr.

1 2 3 4 5 6 7 8 9

2 Vi-4 Len-12 0,982 ng/ul 0,020 | 0,015 1,32 0,04
3 Vi-5 Len-13 -0,220 ng/ul -0,004 | -0,009 | 0,47 -0,01
4 Vi-6 (1) Len-14 0,894 ng/ul 0,018 0,014 1,30 0,04
7 Vi-7 (2) Len-17 0,397 ng/ul 0,008 | -0,002 | -3,58 0,03
8 Vi- 8 Len-18 0,898 ng/ul 0,018 0.009 1,94 0,07
9 Vi-12 Len-19 -2,438 ng/ul -0,049 | -0,039 | 1,27 -0,61
11 Vi-14 (1) Len-21 -1,750 ng/ul -0,035 | -0,035 | 0,99 -1,86
14 Vi-1309 Len-24 -2,881 ng/ul -0,058 | -0,048 | 1,20 0,98
2 atk Vi-4 Len-12 7,632 ng/ul 0,153 0,082 1,85 0,05
3 atk Vi-5 Len-13 2,372 ng/ul 0,047 | 0,012 | 3,80 0,03
4 atk Vi-6 (1) Len-14 5,318 ng/ul 0,106 0,060 1,79 0,06
7 atk Vi-7 (2) Len-17 2,869 ng/ul 0,057 | 0,022 | 2,55 0,04
8 atk Vi- 8 Len-18 3,948 ng/ul 0,079 0,026 3,09 0,07
9 atk Vi-12 Len-19 -0,3938 ng/ul -0,008 | -0,014 | 0,55 -0,01
11atk | Vi-14 (1) Len-21 -0,2834 ng/ul -0,006 | -0,018 | 0,32 -0,01
14 atk | Vi-1309 Len-24 -1,618 ng/ul -0,032 | -0,049 | 0,66 -0,04
17 atk | Vi-1312 (2) | Len-27 -1,617 ng/ul -0,032 | -0,017 | 1,90 -3,24
17 atk | Vi-1312(2) | Len-27 -1,223 ng/ul -0,024 | -0,015 | 1,67 -0,33

3.2. Agarozes gela elektroforeze

Ta ka DNS koncentracijas loti varigja, tika nolemts veikt PCR ar visiem 17 izdalttajiem
DNS paraugiem.

Veicot PCR produktiem agarozes g€la elektroforézi, novéroja, ka ,~500 bp garus ND1
génu saturoSus PCR produktus (izmantojot praimerus JB11 un JB12) veiksmigi izdevies

amplificét 7 paraugiem no 17 (skat. 10. att.). Savukart, ~450 bp garus COI génu saturosus PCR
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produktus (izmantojot praimerus JB3 un JB4,5) veiksmigi izdevies amplificét 14 no 17
paraugiem. Neviena gadijuma negativaja kontrolé nav novérojama kontaminacija (negativa

kontroleir tira), ka arT nav novérojamas nespecifisku PCR produktu amplifikacijas.

1t

e

10. attels. A. Amplificétie ~500 bp gari PCR produkti, izmantojot mitohondrialos ND1 génu
rajona praimerus JB11 un JB12. M — 50 bp markieris, 1-17 — iegiitie PCR produkti, NK —
negativa kontrole. B Amplificgtie ~450 bp gari PCR produkti, izmantojot mitohondrialos

NADH dehidrogenazes 1 subvienibas génu rajona praimerus JB3 un JB4.5. M — 50 bp
markieris, 1-17 — iegtitie PCR produkti, NK — negativa kontrole

3.3. Parazitu sugu noteik§ana

Kops zinams, ka mitohondriju DNS ir atraks evoliicijas atrums neka kodola DNS,
mitohondriju géniem, tadiem ka, citohroma ¢ oksidazes I un II apaksvienibas (COI un COII
jeb COX1 un COX2) géni, tiku$i izmantoti, lai p&titu filogen&tiskas attiecibas starp
radniecigiem organismiem[11].

P&tot lentenus (Bowles et al. 1992) nosekvencgja dalu no COI géna 56 Echinococcus
izolatiem, ieskaitot 4 Echinococcus sugas un klasificgja tos 11 dazados genotipos. (Bowles un
McManus, 1994). Izmantoja COI sekvences, lai raksturotu devinas Taenia sugas, savukart §is

un citas sekvences (Okamoto et al., 1995) tika izmantotas, lai secinatu par Taenia gints
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filogenétiskajam attiecibam (Queiroz un Alkire, 1998). Analiz&jot 17 lentenu paraugus no 13
vilku biomaterialiem, konstat&tas nelielas nukleotidu nomainas, pieméram, 14., 18.,21.,22. un
27. paraugam péc paraugu apvienosanas, sekvences 140. pozicija, sekvengjot ar abiem COI
praimeriem (JB3 un JB4.5) novérojama nukleotida C nomaina uz T. Tapat arT 18. un 22.
paraugam 239. pozicija novérojama A nukleotida nomaina uz T, savukart 24. paraugam — 172.
pozicija T nukleotida nomaina uz C, bet 20. paraugam — 281. pozicija C nukleotida nomaina
uz T (1.pielikums). Tapat arT 21. paraugam, sekvengjot ar abiem COI praimeriem, JB 11 un
JB12, p&c paraugu apvienosanas, sekvences 199. pozicija novérojama nukleotida A nomaina
uz G, 248. pozicija novérojama T nukleotida nomaina uz C, bet 326. pozicija — G uz A
(2.pielikums). Tacu visas iegitas sekvences uzradija sakritibu ar Taenia krabbei gan
izmantojot COI (15. tabula), gan ND1 (16. tabula) praimerus.

15. tabula

Ar COI praimeriem iegiito sekvencu sakritiba ar NCBI datubaze atrodamajam sekvencém

Sekvences nr. ar

Parauga Parklajums kuru sakrit NCBI

N Praimeris Noteikta suga (%] Idenitate [%] datubizs

(accession)
1 2 3 4 5 6

11 JB3 Taenia krabbei | 96 98.5 MT227288,1
11 JB4.5 Taenia krabbei 91 99.74 MT227288,1
12 JB3 Taenia krabbei | 94 96.19 MT227288,1
12 JB4.5 Taenia krabbei | 96 98.26 MT227288,1
13 JB3 Taenia krabbei 97 98.28 MT227288,1
13 JB4.5 Taenia krabbei 96 97.79 MT227288,1
14 JB3 Taenia krabbei 96 98.76 MT227284,1
14 JB4.5 Taenia krabbei 95 99.75 MT227288,1
15 JB3 Taenia krabbei 96 98.76 MT227288,1
15 JB4.5 Taenia krabbei 96 99.00 MT227288,1
16 JB3 Taenia krabbei | 96 98.76 MT227288,1
16 JB4.5 Tanenia krabbei | 96 99.25 MT227288,1
18 JB3 Taenia krabbei 96 98.73 MT227284,1
18 IB4.5 Taenia krabbei 96 98.99 MT227288,1
20 JB3 Taenia krabbei 97 98.25 MT227288,1

—
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15.tabulas turpinajums

10 JB4.5 Taenia krabbei 96 99.25 MT227288,1
21 JB3 Taenia krabbei | 95 98.75 MT227284,1
21 JB4.5 Taenia krabbei 93 99.49 MT227284,1

22 JB3 Taenia krabbei | 96 98.25 MT227288,1
22 JB4.5 Taenia krabbei | 95 99.24 MT227284,1
23 JB3 Taniea krabbei | 95 99.25 MT227288,1
23 JB4.5 Taenia krabbei 94 97.78 MT227288,1
24 IB3 Taenia krabbei 96 98.75 MT227288,1
24 IB4.5 Taenia krabbei 96 99.26 MT227288,1
26 JB3 Taenia krabbei 100 97.62 KX962474,1
26 JB4.5 Taenia krabbei 92 98.99 MT227288,1
27 JB3 Taenia krabbei 211 99.15 KX962434,1
27 JB4.5 Taenia krabbei 702 98.50 MT227284,1

Salidzinot iegltos rezultatus ar 2003. un 2008. gada ievakto vilku biomaterialu, kuri
izvertéti péc morfologiskajam pazimém, konstattas 17 dazadas helmintu sugas, no kuram 7
bija Taenia - Taenia crassiceps (8.8%), Taenia hydatigena (41.2%), Taenia (ovis) krabbei
(8.8%), Taenia multiceps (47.1%), Taenia pisiformis (20.6%), Taenia polyacantha (11.8%),
Taenia spp. (8.8%). Lidzigas lentenu sugas bija sagaidamas arT 2019./2020.gada nomedito
vilku paraugos. lesp&jams, §Ts atskiribas starp noteiktajam sugam ir novérojamas paraugu
ievakSanas un uzglabasanas dgl, jo, ka ieprieks tika minéts, paraugi biezi vien sairst, ja tos
atkartoti sasalde un atkaus€ vai ilgstosi uzglaba spirta un tas loti apgriti sugu noteikSanu pec

morfologiskajiem parametriem.

Ar ND1 praimeriem iegiito sekvencu sakritiba ar NCBI datubazg atrodamajam sek\lzgﬁ::aétr)rlll.la
Sekvences
Parauga Kopgjais punktu Kopgja nr. ar kuru
Praimeris Noteikta suga skaitsParklajums | atbilstibaldenitate | sakrit NCBI
N [%] [%] datubaze
(accession)
1 2 3 4 5 6
18 JB11 Taenia krabbei 95 99.1 EU544625,1
(=)




18 JB12 Taenia krabbei 95 99.16 16.tabulas turpinajums
20 JBI11 Taenia krabbei 93 99.36 EU544625,1
20 IB12 Taenia krabbei 93 99.57 EU544625,1
21 JBI11 Taenia krabbei 93 99.15 EU544625,1
21 IB12 Taenia krabbei 94 98.94 EU544625,1
22 JBI11 Taenia krabbei 95 99.15 EU544625,1
22 JBI12 Taenia krabbei 95 99.57 EU544625,1
24 JB11 Taenia krabbei 93 98.11 EU544625,1
24 IB12 Taenia krabbei 93 99.57 EU544625,1
26 JB11 Taenia krabbei 94 98.55 EU544625,1
26 IB12 Taenia krabbei 80 94.07 EU544625,1
27 JBI11 Taenia krabbei 92 98.85 EU544625,1
27 JB12 Taenia krabbei 91 99.78 EU544625,1

legtitos rezultatus var€ja ietekmé@t ar tas, ka sugu noteikSanai ar molekularajam
metodém tika izmantots parak mazs paraugu (lentenu) skaits, nemot no katra vilka biomateriala
(no 2019./2020.gada nomeditajiem vilkiem) analizei 1 lenteni (4 gadijumus no viena vilka
panemti 2 lenteni), bet morfologiskajai noteiksanai — 34 vilku biomateriali (no 2003.un
2008.gada nomeditajiem vilkiem). Tapat ar iesp&jams, ka, lentenus morfologiski vertgjot,
argjas pazimes starp sugam bija loti lidzigas, ka tas tika noverots arT Lavikainen et al., 2008,
ka ar 2010 pétijuma. Mitohondriju DNS dati, kas iegiiti ieprieksgjos petijumos, atklaja divas
genétiski atSkirigas sugas (7. krabbei un T.ovis), kas péc morfologiskajam pazimém lidzinas
T. krabbei un morfologiski ir gandriz neatSkiramas.

Pastav arT iesp&jamiba, ka nosekvenétie fragmenti, izmantojot Sos praimerus, nav ar tik
lielu iz8kirtsp&ju un tadel, bitu nepieciesami papildus praimeri, lai parliecinatos par iegiitu
rezultatu precizitati.

Savukart, Lavikainen et al., 2011 konstatgja, ka Somija 7. hydatigena izplatiba vilku
helmintofauna bija aptuveni 10%, bet 7. krabbei - 40%.Tas pasas divas sugas tika atrastas arT
10 Zviedrijas vilkos, kur no 49 identificétajiem lenteniem astoni parstavéja 7. hydatigena un
41 - T. krabbei. Tadas pasas sugas tika identificétas arT Anderson, 2010 vilku helmintofaunas
Ppetjuma, dalgji izmantojot to pasu materialu. Kamér Igaunija izplatitakas bija 7" multiceps, T.
ovis, T. hydatigena un T. pisiformis (Moks et al., 2006), bet Latvija — ieprieks nosauktas T.
multiceps, T.hydatigena, T. pisiformis, T. polyacantha, T.crassiceps, T. ovis krabbei.

Lavikainen et al., 2011 §is atskiribas helmintu fauna starp vilku populacijam, izskaidroja, ar
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atskirigu uzturu. Somija un Zviedrija briezu dzimtas dzivnieki (galvenokart Eirazijas alni) ir
galvenais vilku baribas avots, un parasti citas sugas vinu uzturu sastata tikai nelielu dalu. T.
multiceps augstaka sastopamiba abas Baltijas valstls norada uz aitu, ka arT zakveidigo un
grauzgju nozimi vilku uztura, jo konstatéti T. pisiformis, T. polyacantha un T. crassiceps. No
otras puses, 7. pisiformis trikums Somijas un Zviedrijas vilkiem var atspogulot parazita
geografisko izplatibu. Apskatot, ikgad&jo parskatu par MAAF finanséto pétijumu “Lielo
plésgju populaciju stavokla izmainas medibu ietekm&”, var noverot nelielas izmainas starp
vilku barosanas paradumiem. Iesp&jams, §1s nelielas izmainas barosanas paradumos, ar1 vargja

ietekm@t sagaidamos rezultatus.

SECINAJUMI UN PRIEKSLIKUMI

1. No divus gadus veciem lentenu paraugiem, turétus 70 % spirta, ir iesp&jams izdalit
DNS.

2. Gan ar COI, gan ND1 praimerus ir iesp&jams izmantot vilku helmintofauna atrodamas
Taenia gints parazitu noteikSanai.

3. Visos 17 DNS paraugos konstatéta tikai viena lentenu suga - Taenia krabbei.

4. Starp iegiitajam lentenu sekvencem ir novérojamas nukleotidu nomainas.

5. Turpmakajam analizém Taenia gints parazitu noteik$anai nepiecieSams izmantot vairak

lentenu paraugu, ka arT papildus specifiskos praimerus.
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FIZIKALAS KIMIJAS APGUVES VEICINASANA ATTALINATAJAS
STUDIJAS

PROMOTING THE ACQUISITION OF PHYSICAL CHEMISTRY IN
DISTANCE LEARNING

Mg. kim., A.Jégermane, Dr.paed., asoc.prof., leva Margevic¢a-Grinberga

Ievads

Kops Covid-19 pandémijas sakuma, daudzas pasaules valstls studiju process tick
organizets attalinati. Covid-19 izraisito globalo skolu sleégSanas konteksta izglitibas
sistemas visa pasaulé censas nodrosinat studentiem taisnigu talmacibu. Toméer loti maz ir

zinams par dazadu risinajumu izmantoSanu vai to efektivitati.

Rezultata izglitiba ir krasi mainfjusies, ievérojami palielinoties e-macibam, kur studijas

notiek attalinati un digitalas platformas.

Attalinatas studijas daudziem studentiem ir jau pierasts maciSanas veids, tatu daudzi
studenti ar attalinato maciSanas saskaras pirmo reizi. Attalinataja studiju procesa ir daudzi
loti pozitivi faktori, piem&ram, studgt var sev ertaka laika, nav jaiet uz augstskolu, bet var
studét sava istabd, sev €rtos un patikamos apstaklos, izmantojot dazadas tieSsaistes
platformas, var t€rz&t un apmainities viedokliem, ieglit informaciju no saviem studiju
biedriem un docétajiem. Tacu vairaki tieSsaistes stud@Sanas aspekti ir arT diezgan
izaicinoSi- studentam paSam jaorganizé savs darba laiks, jaseko lidzi visiem uzdotajiem
darbiem, dazreiz japarvar tehniski $kérsli, ka ari, stradajot vienatng, dazreiz nakas arT
parvarét vientulibas sajiitu, ja attalinata komunikacija ne vienmer aizstaj sarunu klatiené

draugu un kursabiedru barina [1. by Daina Ezertéva] [1.]

Divus gadus studijas notikusas attalinati un joprojam dala no studiju kursiem notiek
attalinati. Piem&ram visi praktiskie darbi profesijai nepiecieSamas prasmes tiek apgitas

klatieng, bet lekcijas/teorijas notiek tieSsaiste izmantojot Zoom vai MS Teams platformas.

Izvertgjot vienu studiju gadu var teikt, ka dazi studenti tikusi gala ar studijam loti labi, bet

vairaki studenti saskarusies ar studiju kursa apguves gritibam.

Griti bija tikt gala ar lekciju materialu apjomu dazam lekcijam slaidu un informaciju

apjoms bija loti liels. Bija daudz patstavigo darbu, kurus vajadzeja nodot 1sa laika posma.

—
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Vislielakas problémas bija ar to ka lekcijas netika vaditas tieSsaiste, bet uzdevumu veik$ana

un darbs ar lekciju materialiem.

Petfjumi liecina, ka tieSsaistes maciSanas palielina informacijas saglabasanu un prasa
mazak laika, kas nozimé, ka koronavirusa izraisitas izmainas var saglabaties (Cathy Li,
2020) .

Batiski ir veikt p&tijumu par Covid-19 laikmeta iegtito izglitibas kvalitati.
Temas aktualitate

ASV lIzglitibas departamenta veiktais petijums (2009) par studentu maciSanos attalinati
liecina, ka studenti, kas macijusies tieSsaisté, vid€ji guvusi labakus rezultatus neka
klatienes studenti. Labakie sasniegumi bija kursos, kuros tika izmantotas sadarboSanas
metodes vai pasniedzgjs sniedzis tieSus noradijumus. Vajaki rezultati ir darbiem, kas veikti

individuali (Dalbina, 2020.).

Temas aktualitate rosinaja meklet atbildi uz jautajumu, ka kvalitativi veicinat studiju kursa
"Fizikala kimija"” apguvi attalinati?

Darba meérkis uzdevumi

Merkis

izpetit ar kadam grutibas saskarusies studenti, apgistot studiju kursu "Fizikala kimija"

attalinati un izstradat priekslikumus efektivai §1 kursa apguves veicinasanai attalinati.

Uzdevumi

1. Analiz&t zinatnisko un metodisko literatiiru par attalinato studiju procesu;

2. Anketét studentus par attalinata procesa norisi studiju kursa "Fizikala ktmija";

3. Analiz&t un apkopot iegiitus datus;

4. lzstradat priekslikumus studiju kursam "Fizikala kimija", to efektiva apguve
attalinataja studiju laika.

Pétniecibas metodes un baze

Metodes
e Zinatniskas literatiiras analize

« AnketéSana
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« Datu apkopo$ana un izvértésana
Baze
Koledzas 15 studenti no 20 lidz 55 gadiem.
1. TEORETISKA DALA
Efektivas e-macibas

Efektivai e-macibu programmai no pasniedzgjiem tiek sagaidits atbilstoss atbalsts, lai vini
varétu izstradat e-macibu kursus, veidot studentu aktivitates ta, lai e-macibas neietvertu
tikai satura piegadi un vél svarigak ir tas, ka pasniedzgjiem jaiemacas atvieglot e-macibu
vidi, kurai ir atSkirigas iezimes un izaicinajumi neka macibam tradicionalaja universitates
talmacibas vidé (Eyitayo un Ginnini, 2004).

E-macibas veidi

Ir divi galvenie e-macibas veidi:
o asinhrona
e sinhrona
Asinhrona e-maciba lauj studentam piedalities, pamatojoties uz laiku un grafiku, bez tiesas
mijiedarbibas ar pasniedz&ju.
Sinhrona e-maciba ietver mijiedarbibu ar pasniedz&ju timeklt reallaika (Mehlenbacher B

et al 2000) [3.].
Izglitibas efektivitate

Izglitibas efektivitate attiecas uz to, vai konkréts resursu kopums pozitivi ietekmé
sniegumu, un ja, ja, tad cik liela méra.
Efektiva izglitiba nav obligati visefektivaka, jo efektivitati nevar tiesi salidzinat ar resursu

izmantoSanu vai izmaksam (The effectiveness of E-learning, n.d.).
Klatienes un tieSsaistes macibu efektivitate

P&tijumi par klatienes un tieSsaistes macibam apstiprina tas efektivitati izglitibas joma.
Pielietojot e-macibas, studenti sp&ja asimilét informaciju tikpat labi vai pat labak neka

studenti, kas studé tradicionala veida, un ka tieSsaistes studijas izradijas efektivas, Tpasi
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kautrigu, viegli iebiedgjamu gadijumu gadijuma, un I&ni stud€ studenti, kuriem parasti nav

drosmes runat un izteikties auditorija (Coman et al, 2020).
E-apmacibu efektivitates elementi

Saskana ar Chickering un Gamson (1991) un Chickering un Ehrmann (1996), pozitiva
tiessaistes studiju vide ietver septinus labas studiju prakses principus.
Tie ietver:

« studentu un macibspeku kontaktu veicinasana;

o studentu sadarbibas veicinasana;

« veicinat aktivu studésanu;

« sniegt tulitgju atgriezenisko saiti;

o laika uzsvars uz uzdevumu;

o paust lielas ceribas;

« cienit dazadus talantus un studiju veidus [6.].
SunTze reiz teica: "Pazisti savu ienaidnieku, ka pazisti sevi.”
Runajot par tieSsaistes studijam, "ienaidnieks” nav persona vai prickSmets, bet gan faktori,
kas izraisa neveiksmes izglitiba. Panakumi tieSsaistes studijas rodas, apvienojot vismaz tris
batiskus faktorus, proti, tehnologijas, iestadi (ieskaitot administraciju un macibspékus) un
studentus. Izprotot faktorus, kas veicina studijas tieSsaistg, studiju mérki, visticamak, tiks
sasniegti (Werner, 2002.).
Iestade - pedagogi, kuri zina ka:

« izmantot rikus, lai uzlabotu macisanos;

« mijiedarboties ar studentiem;

o radit ertu macibu vidi;

o rado$i tuvinat studentus un piesaistit vinu uzmanibu;

« ieklaut ikvienu studentu;

o izmantot tehnologijas (Coman et al, 2020).
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Studiju vide tieSsaiste

Studiju
desie
sInMoEac tie§saiste

7

1. attéls. Studiju vide tieSsaisté (Werner, 2002)
Izmantojot 1. att€lu, tieSsaistes studiju vide liek lielu uzsvaru uz Siem trim faktoriem.
Neefektivitate neviena no $iem faktoriem nelabvéligi ietekmés studiju sekmigu norisi. So
faktoru apvienoSana ir liels izaicinajums iestadém, kas vada tieSsaistes kursus (Jon M.

Werner. 2002.) [7.].
34 faktori, kas ietekmeé macibu efektivitati (Noesgaard & Qrngreen, 2013)
E-maciSanas risinajumi

Individualie (subjekts) Konteksta inscengjums

un process (artefakts) (konteksts + objekts)
Aktiva maciSanas Vecums Macibu vide
Piem@rojams praksei Teejas raditaji Atbalsts
Lidzsvars starp asinhronam Pieredze profesija Lietotajam pieejamie tehnologiskie
un sinhronam darbibam Valoda (otra valoda) resursi
Kognitiva slodze Studenta Tpasibas Pieejamais laiks macibam
Sadarbiba Kontroles kodols
Komunikacija Motivacija
Datora rotaligums Paredzama darba slodze
Dizains Macisanas uztvere
Macibu sastatnes Ieprieksgja pieredze e-apmaciba
Mijiedarbiba (students - Teprieksgja apmaciba
pasniedzgjs un vienaudzi) Ieprieksgja tiessaistes pieredze
Skolénu kontrole
Model&sana
Uz problémam balstitas
studijas
Prakse (gadijumu izpéte, uz
gadijumiem balstita
maciSanas un simulacijas)
Struktiira
Tehnologiskie ierobezojumi
Lietojamiba
()



Literattiras pétijuma apskatitie raksti skaidri nosaka prioritati faktoriem, kas saistiti ar e-
apmacibas risinajumu un procesu, lai gan kontekstualie faktori var but kritiskaki e-

apmacibas efektivitatei (Noesgaard S. S. and @rngreen R. 2013.) [8.].
Galvenie faktori, kas ietekme efektivitati

P&c autoru (Signe Schack Noesgaard and Rikke @Orngreen 2013.) domam $is modelis (skattt
2. attelu) parada galveno efektivitati ietekmgjoso faktoru savstarpgjo saistibu, tacu tas
nevar pastavét atseviski, jo Saja abstrakcija, tapat ka daudzos literatiiras parskata
dokumentos, nav nemta véra definiciju liela dazadiba. Tom@r tas ir labs lidzeklis, lai saktu

diskusijas par efektivitati.
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2. artels. Efektivitates ietekméjosie faktori (Noesgaard & @rngreen, 2013)
Izpratne par faktoriem, kas tiek uzskatiti par izskirosiem efektivai e-apmacibai pieauguso
izglitibas konteksta, var laut studiju specialistiem pardomat savas prioritates attieciba uz
studiju dizainu. Modeli un faktoru sarakstu var izmantot kd kontrolsarakstu un
sakumpunktu, lai apspriestu, ka nodrosinat, lai tiktu nemti véra faktori, kas attiecas uz
konkrétiem e-apmacibas dalibniekiem, kontekstiem un risinajumiem (Signe Schack

Noesgaard and Rikke @rngreen 2013.).
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Autori iesaka topoSajiem pétniekiem un dizaineriem izstradajot efektivo e-apmacibu,
kritiski apsveriet noteiktas definicijas, pasakumus un faktorus (Signe Schack Noesgaard

and Rikke @rngreen 2013.) [8.].
2. EMPIRISKA DALA

Lai novertétu attalinata procesa norisi un to efektivitati studiju kursa "Fizikala kimija”,
veikts petijums.

P&tijuma piedalijas izglitibas iestades 2 kursa studenti (kopa 11 respondenti).

P&tfjuma laika veikta studentu anket€Sana un to izvertesana, lai izstradatu priekslikumus
un veiktu uzlabojumus studiju kursam "Fizikala kimija”, to efektiva apguve attalinataja
studiju laika.

P&tijuma piedalijas izglitibas iestades 2 kursa studenti (kopa 15 respondenti).
Biotehnologijas studiju programmas studenti (grupa studé 9 studenti). Partikas produktu
kvalitates kontroles studenti (grupa studé 6 studenti). No 15 studentiem tika sniegtas

atbildes no 11 studentiem.
Aptaujas rezultati

Aptaujas rezultati apkopoti 1. tabula

1. tabula
1. TieSsaistes lekcijas laika ("Fizikala kimija") bija Teorija | Prakse | 50 % teorija 50 % prakse
vairak teorijas vai praktisko darbu? 4 1 6
Labi Izcili Pietiekami
2. Ka Jus varétu novertét tiessaistes lekciju materialu?
3 6 2
Ne Ja Neatskiras no klatienes
3. Vai tie$saistes kursu materials ir pietieckama apjoma?
0 10 1
4. TieSsaistes kursa laika "Fizikala kimija” Jiis gribstu Teorija Prakse
vairak teorijas vai praktisku darbu? 5 6
5. Vai Jis gribétu, lai testi un uzdevumi biitu veidoti Ja Ne Nezinu | Vienalga
Moodle? 3 6 1 1
6.* Kas bitu, tas ko vajadzétu uzlabot studiju kursa 1. Ar profesiju saistitus laboratorijas darbus;
"Fizikala kimija"? 2. Novérosanas laboratorijas darbus
BKops attalinatam macibam, vai Jums ir pieejamas - g Negzmm
individualas konsultacijas? 5 0 6
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1. tabulas turpinajums

Tehniskas | Nebija Zl{l]asanu Interneta
8. Kadas bija griitibas, ar kuram Jiis saskaraties tie$saiste? S
4 2 3 2
Reti Nemaz | Nebiezi Nereti
9. Vai bija griitibas tiessaistes lekcija?
6 3 1 1
Tehniskas | Nebija Zl{l]asanu Interneta
10. Ar kadam citam gratibam Jis saskaraties lekcija? S
4 2 3 2
o P - 5 Ja Ne
11. Vai Jiis vispar esat apmierinats ar tie$saistes nodarbibam
un attalinato studiju procesu? 1 0
s 50 % attalinati un tikai
AAlindt |56 o, Katiens Klatiens
12. Ja Jums biitu izvéle, tad Jiis labak studétu: © klatiene atiene
3 6 2
Zoom Google Skype TMS
13. Kada platforma Jums notiek tiessaistes lekcijas kopuma? cams
7 1 1 2

Ar profesiju saistitie laboratorijas darbi — ir divas studiju grupas: 1. studiju grupa "Partikas
produktu kvalitates kontrole” un 2. studiju grupa "Biotehnologija”. Lidz arto turpmak baitu
javeido praktiskie laboratorijas darbi, kurus varétu sasaistit ar divam $im profesijam.
Jaievies skaidrojumi, kur izvélétaja profesija varétu biit noderiga (ar lietota) konkréta no
studiju kursa "Fizikala kTmija” programmas téma.

Noverosanas laboratorijas darbi — nozimé, ka klatieng noris praktiskais laboratorijas darbs
1:1 un citi studenti tieSsaiste véro So laboratorijas darbu, vai ari jauzfilmé praktisko
laboratorijas darbu un tad o video janosiita studentiem ka uzdevuma variants (studenti
piedava $o variantu, jo 2019./2020. macibu gada stradaju ar studentiem un vidusskoléniem
izmantojot variantu praktiskais laboratorijas darbs 1:1 un citi studenti tieSsaiste v&ro
tieSsaiste.).

Veicot aptauju atklajas loti svarigs minuss attalinataja studiju procesa organizésana — ka
lielaka dala respondentu 54,5 % nezin vai ir vispar sniegtas individualas konsultacijas.

Rezultata visi studenti, atkartoti inform&ti par individualo konsultacijas grafiku.

—
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Docétajiem un lektoriem atkartoti javeic studentu informé$ana par konsultaciju norisi
attalinataja studiju procesa.

Aptaujas 8. un 9. jautajums liecina, par to ka studentiem tieSsaistes nodarbibas ir tehniskas
un interneta griitibas. Tas ir vispopularakas attalinato macibu procesa problémas. So
problému var atrisinat dal&ji pirms nodarbibas parbaudot tehnikas gatavibu darbam
(atjauninajumi, mikrofona pieslégSana, skanas, video parbaude). Interneta problémas
noverst gandriz nav iesp&jams, jo interneta stabilitate un signala stiprums ir atkarigs no
daudziem faktoriem.

Vel ir jaatzimé, ka studentiem ir zindasanu trikums, kas trauc€ vielu/materialu pilnigai
apgiliSanai. Nodarbibas $is problémas tiek risinatas ar vairakiem skaidrojumiem un
piemériem. Dazreiz tiek ieteikta papildus literatiira, kas varétu palidzet.

Kopuma 11 no 15 studentiem (4 nesniedza atbildi) ir apmierinati ar studiju procesa norisi
un ar tieSsaistes nodarbibam.

Nakotné koledzai blitu japadoma par iesp&ju piedavat studijas 50 % attalinati un 50 %
klatieng. Protams teorija varétu notikt un tick vadita tieSsaiste, bet praktiskiem darbiem ir
janotiek tikai klatieng!

SECINAJUMI 1

o vairaki institucionalie faktori ir atbildigie par veiksmigu e-macibu ievieSanu
augstakaja izglitiba;

e pedagogu zinasanas un prieksstati par I'T izmantoSanu un interneta pieejamibu ir vieni
no kritiskajiem faktoriem efektivam e-macibam;

o e-macibas ir spécigs instruments, kas uzlabo izglitibas kvalitati un zina$anu apmainu;

e e-macibu strukttira — no ta cik labi strukturéta lekcija (kas nodrosina mijiedarbibu starp
lektoru un studentiem, sniedz iesp&ju praktizet tieSsaistes materialu, imitaciju vai
realas dzives situacijas) veicina e-macibu efektivitati;

o Attalinatas studijas ir IT integracija studijas un studé$ana, dod iesp&ju studentiem
stud@t efektivi, bet lektoriem, doc@tajiem ir javeic savs darbs un japilda uzdevumi, lai

studiju process noritétu efektivi.
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SECINAJUMI II

1. Studiju kurs "Fizikala kimija" neskatoties uz studentu slodzi e-macibas noris diezgan
efektivi;

2. Studenti ir apmierinati ar lekciju apjomu, struktiiru, studiju procesa organizésanu;

3. Saja aptauja no studentiem nav atgriezeniskas saites par nepiecie$amiem
uzlabojumiem, kas biitu javeic, lai studiju process noritetu vél efektivak. Domaju, ka
tas ir saistits ar to ka studentiem ir liela slodze un ari varbiit negrib, lai biitu veiktas
izmainas, jo nevar prognozg&t kadas biis izmainas un rezultati.

4. Petijums rada, ka ir nepieciesamas individualas konsultacijas, lai apgutu lekciju
materialu.

PRIEKSLIKUMI

1. Atstat un lietot novérosanas laboratorijas darbus (Zoom platforma);

2. Ar profesiju saistitie laboratorijas darbi — sava studiju kursa sasaistit laboratorijas
darbus ar partiku un biotehnologiju;

3. Veikt izmainas studiju kursa "Fizikala kimija", lai palielinatu laboratorijas darbu
skaitu;

4. Strukturet lekcijas péc 9G vai 5E, jo tas palidz€s noverst petijuma atklatas problémas
un griitibas.

5. Informét studentus par studiju procesa organizeéSanu attalinati (lekciju, konsultaciju un
praktisko darbu norisg);

6. ArIT specialistu ciesak sadarboties lai noverstu tehniskas problémas.
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EXTRACTION TECHNOLOGIES ON PHYSICOCHEMICAL
PROPERTIES OF PECTIN OBTAINED FROM PUMPKIN (Cucurbita
moschata) BY-PRODUCTS
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Applied Chemistry, Riga Technical University, P. Valdena str. 3, Riga, LV-1048, Latvia+371 29131746
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Abstract

Pumpkin (Cucurbita spp.) — a tropical fruit in the family Cucurbitaceae is widely grown
worldwide — Northern Europe region, too. During pumpkin processing, for example, juice
extraction, by-products — pumpkin pulp and peel remain, still containing antioxidant activities.
Pumpkin by-products are source for pectin which has a unique chemical structure and physical
properties. The plant source and extraction method are important factors determining pectin
properties. Ultrasonic (US), microwave (MW), conventional hot water/acid (HW) and
combined extractions (CE) (combined HW, MW and US treatment) were used to determine the
most efficient pectin extraction method for obtaining highest yields.

Pectin yield (PY) calculated on a dry matter (DM) basis reached 3.8% — 16.2 % in
pumpkin by-product samples. Extraction with hot water gave 5.4 — 6.2% PY, extraction with
MW resulted 7.8% — 16.2% PY, US assisted extraction resulted 9.8 — 11.7% PY, CE resulted
to PY 3.3% — 4.2%. High-methoxylated pectin (degree of esterification (DE) > 50%) was
isolated from pumpkin by-products; galacturonic acid (GalA) content was 74.20 — 81.01%,
methoxyl (ME) content was 7.67 — 9.55%, equivalent weight — 685 — 745 mg/mL, moisture
content < 10%, ash of extracted pectin < 10%. The results demonstrate that extraction with hot
water, microwaves and ultrasound also can be effectively used as environmentally friendly
methods for isolation of high-methoxylated pectin from by-products in pumpkin processing and
further used for food and cosmetics industries as thickener, gelling agent, cation-binding agent
in innovative products.

Keywords extraction, microwave, pectin, pumpkin by-products, ultrasound, waste

Introduction

The food loss and reducing food waste is attracting an increasing focus on the part of
society. Food waste in primary food production is about 9.1+1.5 MT, and 16.9+£2.7 MT in
processing [1]. During food primary production from vegetables by-products occur — peel,
pomace, about 18 — 21% of the fruit is discarded in the form of peel or seeds, still rich in
biologically active substances such as fibres, vitamins, carotenes, organic acids, micro and
macronutrients that play an important role in human health; it has been found out that the
concentration of bioactive compounds in by-products is higher than in the edible part of the
fruit [2].

Pumpkin (Cucurbita spp.) by-products are promising sources of pectin, which can be
further used in food as E440a (pectin) and E440b (amidated pectin), cosmetics and non-food
industries as thickener and gelling agent, cation-binding agent, as well as sources of
antioxidants as polysaccharides from pumpkins have such chemical structure that provides anti-
diabetic, immunomodulating, antitussive, astringent biological properties [3, 4].

Pectin is acid-rich polysaccharide from plant cell walls - multifunctional and versatile
hydrocolloid [5-7].
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The global pectin market was valued at USD about 887.67 million in 2020 and projected
to reach growth of 7.27% during the period from 2021 to 2026.!

Commercially pectin is extracted from citric fruits and apples, sugar beets, though
several scientific reports have investigated pectin extraction from various plants: sunflower
residues, lemon, passion fruit, pomegranate, melon peel, pistachio green hull, pomelo peel,
cacao pod husks [5 — 12].

The composition and yield of pectin depend on the plant source, harvest time, extraction
technique and conditions employed during pectin isolation and purification [13 — 15]. Research
of different extraction methods and results of pectin yield have been studied: conventional
heating in acid, enzymatic extraction, microwave, ultrasound, combined methods
electromagnetic, autoclaving [14, 16 — 19].

Extraction of pectin with conventional method is performed with hot acidified water with
inorganic (sulfuric, nitric, hydrochloric) or organic acids (tartaric, citric),(temperature above
60° C; pH range of 1.5 — 3; time for 0.5 — 6 h) [11]. Usage of these methods is considered to
rise the degradation of obtained pectin and is considered as time consuming. Pectins, generally
located in the middle lamella of the cell walls, can be easily extracted with water [12].
Therefore, the aim of research was to elaborate the most effective and environmentally friendly
methods and materials for utilizing peel and flesh of pumpkin - waste products obtained in food
processing.

Materials and Methods

Pumpkin’s (Cucurbita moshata) by-products were used for extraction of pectin. By-
products: peel and pomace after primary pre-treatment of making purees. For extraction of
pectin’s fresh (dry weight (DW) 11+2%) by-products were used and conventionally dried
(5042°C, 18 — 24 h, to constant moisture content 3 — 4%) by-products. After drying materials
were grinded and sifted through 1.2 mm sieve, collected and kept in plastic bags in dark place
+20°C+2°C.

Distilled water, ethanol — C2HsOH and citric acid — C¢HsO7 were used for extraction
process.

The study of pectin from pumpkin (Cucurbita moschata) by-products with different
extraction methods (MW — microwave, HW — hot water extraction; US — Ultrasound, CE —
combined extraction methods) were evaluated to obtain the highest yield. All samples were
prepared and analysed in triplicate (n=3).

Sample preparation
1. 20 g of dried pumpkin by-product sample was dissolved in a) distilled water (1:15,
w/v), pH= 4 — 4.5 and b) with 0.1M citric acid (1:15w/v), pH values pH=2.2 — 2.7
respectively.

2. Pumpkin by-products (fresh) were dissolved in a) distilled water (1:6 (w/v), pH=3 —

3.5 and b) with 0.1M citric acid (1:6(w/v), pH=2 — 3.5).
Hot water extraction (HW)

Conventional hot water extraction was done according to Citric acid method (CA-HP)
with some modifications [13].

The resulting solutions, prepared samples were heated at 80°C for 60 min, centrifuged
(Sigma 4-16KS) at 7000 rpm for 30 min. Collected supernatants were treated with three volumes
(v/v) of absolute ethanol at +4+1°C for 14 — 16h. The pectin precipitates were collected by re-
centrifugation, and then were washed twice with 70% (v/v), 80% (v/v), and 90% (v/v) ethanol,
respectively. Finally, the pectin was dispersed in distilled water and dried (DW< 9%).
Microwave (MW)

! https://www.mordorintelligence.com/industry-reports/pectin-market) visited 28.10.2021
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Microwave heating extraction is an alternative extraction technique, where
electromagnetic radiation is involved in the microwave frequency range in the sample to rotate
and produce energy in solvent [6]. The samples were treated in a microwave oven with constant
temperature heating with power 1000 W (MW1), 800W (MW2) 600W (MW3) for 10 min.
Ultrasound extraction (US)

Ultrasound extraction was performed in ultrasonic processor UP200S Hielscher
Ultrasound Technology.

The extraction was performed by continuous ultrasound waves at a frequency of 40 kHz
temperature of US bath t = +80°C; time — 30 min.

Combined extraction (US and HW; US and MW)

CE extractions were performed without citric acid addition, 20 min US, 20 min HW
extraction [14, 21, 23, 24].

After MW, US and CE treatment samples were cooled to +2242°C and procedure was
done as described for HW extraction.

Determination of pectin yield (PY)

The pectin yield was computed:

PY (%) = Weight of dried pectin (g)/ Weight of pumpkin by-product (g)* 100
Equivalent Weight

Pectin (0.5 g), ethanol (5 mL), sodium chloride (1.0 g), distilled water (100 mL), and few
drops of phenol red indicator were dissolved and titrated against standard 0.1 M NaOH until
the colour of indicator changed (pH 7.5) to pink and persisted for at least 30 seconds.

Equivalent weight = Weight of alkali (g)* 100 / Normality of alkali*Volume of alkali
(mL) [16].

Ash content

Ash content in extracted pectin samples was determined according to AOAC 942.05
method [17].

Galacturonic acid (Gal A) content measurement

The Gal A content of pectin was determined by the m-hydroxy diphenyl method [13].

0.1 mg/mL extracted pectin sample solution (1 mL) and 0.0125 mol/L borax sulfuric acid
solution (5 mL) were evenly blended and cooled. After that the mixture was placed at 80°C
water bath for 6 min and cooled down to room temperature. Next, 0.15% (w/v) of m-hydroxy
biphenyl solution (100 pL) was mixed with above mixture. Afterwards, the absorbance was
measured at 530 nm after 20 min. D-(+) Gal A (Sigma-Aldrich, Merc KGaA) was used as a
standard (0 — 200 pg/mL).

Degree of esterification (DE)

The degree of esterification was determined using the titration method. 10 mL of
extracted pectin sample solution (5 mg/mL) was mixed with phenolphthalein indicator (35
drops). The solution was titrated with NaOH (0.1 mol/L) until the colour of sample solution
turned to pink and the dosage of NaOH solution was recorded (V1). Afterwards the mixture
and 2 mL of NaOH solution (0.5 mol/L) were mixed uniformly and shaken vigorously for 15
min. Then the HCI solution (0.5 mol/L) was added when stirring until pink colour of indicator
just disappeared. Then phenolphthalein indicator (3—5 drops) was added to the mixture and the
solution was titrated with NaOH solution (0.1 mol/L) until the colour of sample solution turned
to pink again. The dosage of NaOH solution was recorded (V2).

The calculation formula of DE value was as following:

DE (%) = (V2/ (V1+V2))* 100 [19, 27, 28].

Methoxyl content

The neutral solution of equivalent weight determination was collected, treated with 25
mL of 0.25N NaOH solution, mixture was stirred at room temperature for 30 minutes, 25 mL
of 0.25N HCl was added and the solution was titrated with 0.1N NaOH until the endpoint [20].
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Methoxyl content = (Volume of alkali(mL)*Normality of alkali*3.1) / Weight of sample
(2
Galacturonic acid (GalA) content
Galacturonic acid content was ascertained in the light of carbazole-sulfuric acid colorimetric
titration with some modifications.
1 mL of pectin solution was fully reacted with 5 mL concentrated sulfuric acid and hydrolysed
for about 20 min in a water bath at 75°C. Afterwards, alcohol-based carbazole solution (200
uL, 0.15 %, w/v) was added to the cooled reaction mixture and it was left to colour in a dark
environment for about 2 h. The absorbance was recorded at 530 nm. The GlaA content was
calculated by a standard curve of D-(+)-Galacturonic acid (0 — 200 pg/mL) [21].

Results and Discussion
The yield of pectin

The yield of pectin (PY) in samples (Fig.1) from fresh by-products varied from 3.8 %
to 16.2 % depending on extraction type — the highest yield was obtained with using MW (1000
W), pectin yield in samples from dried pumpkin by-products was 3.3% — 14.8 %, the most
effective method for extraction was MW — 14.8 % followed by extraction with US — 9.8 % for
fresh by-products and 11.7 % for dried by-products. Studies of pectin extraction from sisal
waste with ultrasound extraction showed that the optimal conditions are: ultrasonic power of
61 W; temperature of 50 ° C; time of 26 min and solid/ liquid ratio of 1:28 g / ml, increase in
the yield with the increase of ultrasonic power (up to 65 W) was observed and then decreased
[7]. The highest yield of pectin (PY=7.1 %) with MW from unutilised pumpkin after seed
collection for oil extraction was observed at t = 102.2° C, T = 10 min [22]. The increase in the
pectin yield was a result of microwave heating, though the time and energy should be controlled
to avoid the burning or overheating of the materials [9]. Pectin’s yield with MW from pumpkin
cup and skin increased (to 24.21 % in pumpkin skin) by increasing the temperature to 90°C and
by increasing the extraction time to 30 minutes, though the microwave energy was very low
(20 W). Microwave heating over conventional systems have advantages: a rapid energy
transfer, selective heating, faster throughputs, fast on and off switching, clean environment at
the point of use and compact equipment [22]. Therefore, the extraction by MW power > 800W
resulted in higher PY. Microwaves generate an internal heating of the sample that leads to a
better material disruption and a higher diffusion of components out [9].
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Fig.1 Pectin yield (PY) from pumpkin by-products obtained using different extraction methods
MWI1 — MW3- microwave assisted extractions; HW- hot water assisted extraction; US- ultrasound assisted
extraction; CEl-extraction (MW= US); CE2 (HW+US); data are presented as mean values (n=3)

Moisture content of pectin from pumpkin by-products varied from 5.17 % to 8.64 %.
Commercially produced pectin from apple has moisture content < 10%, therefore it can be
considered that the moisture content in extracted pectin doesn’t enhance the growth of micro-
organisms and production of pectinase enzymes and cannot further affect the pectin quality
[23].
Ash content

Ash content (Table 1) in extracted pectin samples ranged from 1.42+0.06% to 3.22+0.21
%, pectin from apple Sigma-Aldrich CAS Nr. 9000-69-5 (residue <7%). For good quality gel
formation from pectin the maximum limit for ash content is 10%. There is a strong negative
correlation (r=—0.8; r=—0.89) between pectin yield and ash content in samples; ash content
increases while PY decreases. The ash content in research indicated the purity of pectin from
pumpkin by-products.

Tablel
Properties of pectin obtained from pumpkin by-products
Pectin from dried pumpkin by-products Pectin from fresh pumpkin by-products
MW HW Us CE1 CE2 MW HW us CE1 CE2

Moisture 5.240.1 | 60:0.1 64401 | 7402 | 62401 | 8402 | 72402 | 6501 | 72401 | 8.6+0.2
content, %

Ash, % 2.1120. | 3.22+0. | 2.14+ | 2.88+ | 2,65+ | 1.72+ | 1.94+ | 142+ | 224+ | 2.68+
24 21 0.08 0.14 0.18 0.08 0.05 0.06 0.08 0.02

Methoxyl 8.58+ 9.55+ 7.82+ | 8.44+ | 8.42+ | 834+ | 925+ | 7.67+ | 8.05+ | 9.22+

content, % | 0.05 0.05 0.02 0.05 0.02 0.04 0.04 0.03 0.02 0.07

MW - microwave assisted extraction, HW - hot water assisted extraction,; US - ultrasound assisted extraction;
CE1 — combined extraction (MW+ US); CE2 — combined extraction (HW+US); Mean + SD; the data are presented
as mean values (n=3)

Methoxyl content

The methoxyl content (Tablel) is an important factor in controlling the setting time of
pectin’s and the ability of the pectin to form gels[2]. Methoxy content in pumpkin by-product
pectin samples ranged from 7.67% to 9.55%, the higher content in samples prepared using hot
water/ acid (HW) extraction, while lower in samples obtained by US extraction.

Degree of esterification and Galacturonic acid content

Degree of esterification (DE) (Fig. 2) varied from 69.81 % to 74.60 %. It can be
classified as of high degree of esterification (DE), for commercial Apple pectin DE is 50 — 75%,
extracted pectin from pumpkin by-products with combined extractions without citric acid
showed lower DE. The esterification degree of pectin could also affect the viscosity of pectin
solutions in further usage [24].

Pectin is a complex polysaccharide containing multiple different monosaccharide
residues but particularly rich in galacturonic acid (GalA), the amount of galacturonic acid
residues in pectin is an important parameter in the quantitative and structural analysis[2]. The
content of GalA in pectin from pumpkin by-product samples ranged from 76.20% to 81.09%,
comparing with commercial pectin from apples ~50%. Sedigheh (2021) found the amount of
galacturonic acid in pumpkin skin and cap 38.04% and 46.6% [25]. Low value of GalA means
that the extracted pectin might have a high amount of protein, therefore can be predicted that
pectin from pumpkin by-products has low content of protein[26].
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Equivalent weight

Equivalent weight (Fig. 3) in extracted pectin samples ranged from 635 + 45 t0745 +
87, compared with apple pectin (833 to 1666.30), lemon pomace pectin from 368 + 3 to 1632
+ 137, it is lower [3, 35]. The increased or decreased equivalent weight probably might depend
from the amount of free acids, the lower equivalent weight could be of partial degradation of

pectin [15].
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MW - microwave assisted extraction; HW - hot water assisted extraction; US - ultrasound assisted extraction; CE1
— combined extraction (MW+ US); CE2 - combined extraction (HW+US); the data are presented as mean values
(n=3)

Conclusions

The reduce of waste products in food primary production from pumpkins (Cuccurbita
spp.) can be solved by promoting value added products. Pumpkin by-products are good source
of pectin with high degree of esterification, low ash content and can be further used as gelling
or binding agent in food industry. Ultrasound assisted and microwave extractions could be used
as an alternative method to extract pectin from pumpkin by-products with the advantages of
lower extraction temperatures, shorter extraction time, reduce of energy consumption and
without application of acids for extraction.
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SACCHAROMYCES CEREVISIAE AUGSANAS UN VAIROSANAS (INOKULACIJAS)
PROCESA IZPETE

ANALYSIS OF GROWTH AND PROPAGATION PROCESS (INOCULATION) OF
SACCHAROMYCES CEREVISIAE

Jelena Pisarjonoka

Saccharomyces cerevisiae, aug$ana, inokulacija, avots

Literatiiras apraksts

Saccharomyces cerevisiae (turpmak Sacch.cerevisiae) ir vienstinas mikroorganisms, kas
pieder pie mikroskopiskajam séném. Rauga Stinu pirmo reizi aprakstija Antonijs fon L&venhuks,
skat. 1.attélu.

1.att. Antonija van Lévenhuka (1632-1723) portrets'

Raugu Stinas var biit apalas, ovalas, dazreiz iegarenas vai sferiskas, taisnstirveida (no
hantelu formas I1dz pat tristiirveida formai). Tas ir lielakas par bakt€rijam, vairojas pumpurojoties,
bet nelabvéligos vairo$anas apstaklos vairojas arT ar sporam (Stewart, 2014).

Rauga izmérs svarstas no 2 lidz 8 pm diametra un 3 lidz 15 pm garuma. Dazreiz tie var
izaugt Iidz pat 40 um. Siinas ir bezkrasainas, bet kolonijas izskatas baltas, krémkrasa vai gaisi
briinas. Stinas satur protoplastu, ko ieskauj noteikts $finapvalks. Raugs satur ari citoplazmas
membranu vai plazmas membranu §inas, sienas ickiEja pusé. ST plazmas membrina ieskauj
citoplazmu un kodolu, skat. 2. att€lu.

Dazados literatiiras avotos aprakstito Saccharomyces gints sugu kopskaits parsniedz 200.
Daudzas no tam vairs nav saglabajusas tirkultliras, dazas vispar nekad nav izol&tas tirkultiiras.

! https://en.wikipedia.org/wiki/Antonie_van_Leeuwenhoek, skatits 15.09.2022
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O e
Klase — Saccharomycetes 9 ""90
Gints — Saccharomyces 6’
Dzimta — Saccharomycataceae ~
2. att. Rauga $iina? 3. att. Stina mikroskopa®

Sacch. cerevisiae ar saviem fermentiem ierosina spirta riigsanu un parraudzg cukurus
etilspirtd un oglskabaja gaze. So ipasibu del raugu sugas — Sacch. cerevisiae - kultiiras loti sen
lieto spirta un partikas rupnieciba. Tas pasas sugas dabas raugi atrodami augsné un vairojas uz
saldiem augliem un ziedu nektara (Stewart, 2014).

Sacch. cerevisiae ir plasi pazistams ar savu lomu partikas biotehnologijas razo$ana. Ta ir
izskiroSa sastavdala fermentacijas procesa, kas parvers cukuru spirta, kas ir alus, vina un destil&to
dzerienu sastavdala. To izmanto arT cepSanas procesa ka biologisko irdinataju.

Sacch. cerevisiae ir fakultativs anaerobs, jo tas spgj augt skabekla deficita apstaklos. Sa
vides stavokla laika glikoze tiek parveidota par dazadiem starpproduktiem, piem&ram, etanolu,
CO2 un glicerinu.

Sacch. cerevisiae aug$anai un attistibai nav nepiecieSama saules gaisma, tie izmanto
organiskos savienojumus ka energijas avotu. Lielakoties ka oglekla avotus izmanto monosaharidus
jeb cukurus, ka arT var izmantot disaharidus, ka, piemé&ram, saharozi un maltozi.

Visi raugi, kas parraudzg glikozi spgj arT parraudzet fruktozi un mannozi. Sacch. cerevisiae
Skidras barotnés parraudzé glikozi, fruktozi, saharozi, 1/, rafinozes, maltozi un vienkarSos
dekstrinus [3].

Sacch. cerevisiae vairojas péc pumpuroSanas metodes, tas nozime, ka uz mates Siinas
virsmas veidojas pumpurs jeb izaugums. VairoSanas procesa pumpurs sak palielinaties un tad sak
pakapeniski atdalities. ST procesa laika sakas mitohondriju un vienas meitas kodola migracija no
mates Slinas uz pumpuru. Starp pumpuru un mates stinu veidojas Skersstarpsiena, ka rezultata
pumpurs atdalas no mates Stinas. Lidz ar to atdalitais pumpurs izveido jaunu meitas Stnu.
Atdaloties, pumpurs atstaj pumpuru rétu. Biezi vien pumpuri netiek atdaliti no mates $iinas, tapéc
tie veido vairak pumpuru, ka rezultata veidojas sazarotas vai nesazarotas kédes, kas izskatas ka 1sa
hifa, skat. 4. attéla.

2 https://microbiologynote.com/saccharomyces-life-cycle-morphology-economic-importance/, skatits 15.09.2022
3 https://wineserver.ucdavis.edu/industry-info/enology/wine-microbiology/yeast-mold/saccharomyces-cerevisiae,
skatits 15.09.2022
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A B c D E
Fig. 4.37 : Saccharomyces cerevisiae : A-D. Stages of budding

Fia. 4.38 : Pseudomycelium of S. cerevisiae

2

4.att. Saccharomyces cerevisiae pumpurosanas process

Laboratorija un petfjumos raugu Stinu skaitu noteikSanai var izmantot gan kvalitativo, gan
kvantitativo metodi. Kvalitativa metodé izmanto spektrofotometru, merot optiska blivuma
izmainas, ka rezultata ir iesp&jams izveidot grafiski rauga augsanas likni un salidzinat ar teorétisko
mikroorganismu augSanas likni. Pielietojot kvalitativo, raugu Stnu skaitu var noteikt
mikroskopgjot, izolgjot un nosakot koloniju veidojoso vienibu skaitu uz agariz&tam vai skidrajam
barotném.

Pettjuma meérkis izpetit Saccharomyces cerevisia augSanas procesu Skidrajas barotn@s, mainot
galveno oglekla komponentu.

Izvirzitic darba uzdevumi:

Pagatavot un steriliz&t $kidro barotni;

Pagatavot starta kulttiru;

Pagatavot (inokulatu) un kultivét 30 °C temperatiira;

Noteikt, noteiktaja laika intervala, $inu masu p&c spektrofotometriskas metodes pie vilnu
garuma — 620 nm;

Mikroskopét sakuma, vidus un beigu Saccharomyces cerevisiae $unas skidraja barotng;
Pamatojoties uz iegiitajiem datiem, konstrugt augSanas likni un identific8t augSanas fazes;
7. lzvertet ieglitos datus, nosakot pie kura oglekla avota notiek intensivaka Saccharomyces
cerevisia augsana.

S

SN

EKSPERIMENTALA DALA
Reagenti, paliglidzekli un iekartas:

e Barotnes komponentes (rauga ekstrakts, peptons, glikoze, fruktoze un saharoze)
o Attirts/destilets tidens

o Partikas raugs (maizes, sausais raugs) — Saccharomyces cerevisiae

e pH metrs

e Magnétiskais maisitajs ar ampulu

e Laboratorijas svari ar precizitati +0,01 g
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e Koniska kolba, V=300 mL

e Svérsanas lapstinas

e Meércilindrs, V=100 mL

e Vates aizbazni

e Autoklavésanas papirs un gumijas

e UV laminars

e Automatiska pipete, 1 mL

e Spirta lampina

e 1 mol/L HCI skidums (pH korekcijai)
e Sterilizacijas indikatorlente

e Vertikalais autoklavs

e UV/VIS Spektrofotometrs ar kiveti

e Inkubators-kratitajs

e Mikroskops

e PriekSmetstiklini

e Pastera pipetes un mégenes (paraugu nemsanai)
e Sterilizacijai — 70 % etilspirta skidums

Skidro barotnu pagatavosana:

e Pagatavo barotnes uz 150 mL, Saccharomyces cerevisiae inokulacijai, p&c 1. tabulas dotas

informacijas.
1. tabula
Saccharomyces cerevisiae barotnes komponentes
Veids Kompleksa
Nosaukums YPD (rauga ekstrakta-peptona-glikozes barotne)
Komponenti 1,5 g rauga ekstrakta 1,5 g rauga ekstrakta 1,5 g rauga ekstrakta
3 g peptons 3 g peptons 3 g peptons
3 g glikoze 3 g fruktoze 3 g saharoze
C avots Glikoze Fruktoze Saharoze
pH 5,5 5,5 5,5

e Izmeéra $kidro barotnu pH, p&c nepiecieSamibas korigé pH ar 1 mol/L HCI.
e Sterilizé pagatavotas barotnes autoklava pie 121°C temperatiiras 15 minites.

Starta kultiiras pagatavoSana (aseptiskos apstaklos):

A
Starta kulttra . &S

B
Inokulats ! 8—5

e Pagatavo 10 mL YPD barotni un sagatavo sterilizacijai, 121°C 15 miniites.
e Pagatavo starta kultiru péc zemak noraditas informacijas (aseptiskos apstaklos UV
laminara).
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o Tevieto starta kultiiru inkubatora-kratitaja uz 12 stundam 30 °C temperatiira.

Organisms
Nosaukums A starta kultiira
Apraksts Sacch.cerevisiae inokulats audzgets inkubatora-kratitaja
Organisms Saccharomyces cervisiae (maizes raugs)
Izcelsme No lielveikala (sausais raugs) ievieto 0,02 g barotné.
Inokulacijas 10 mL YPD barotnes 100 mL koniskaja kolba
tilpums

Kultivésanas parametri

Apgriezienu 300 apgr./min
skaits

Temperatiira 30°C

Laiks min. 12 h

Inokulata pagatavosana (aseptiskos apstiklos):

e UV laminara parnes 10 mL starta kultiiras, aseptiskos apstaklos, 150 mL Skidrajas
barotngs.

e Panem suspensijas daudzumu (apméram 3 — 5 mL) no inokulata, ievérojot aseptiku, uz
mikroskopisko analizi un optiska blivuma noteikSanu, 0 stunda.

e Pagatavoto inokulatu ievieto inkubatora-kratitaja 30 °C temperatiira uz 72 stundam.

Organisms
Nosaukums B inokulats (séjmateriala kultivéSana)
Apraksts S.cerevisiae inokulats audzets inkubatora-kratitaja, lai iegtitu
inokulatu
Organisms Saccharomyces cervisiae (maizes raugs)
Izcelsme 10 mL no A kulttras (starta kultiira)
Inokulacijas 5 mL A kulttiras parnest svaiga, sterila 150 mL YPD barotné
tilpums
Biomasas 6-8 g/L
iznakums

Kultivésanas parametri

Apgriezienu 300 apgr./min
skaits

Temperatiira 30°C

Laiks 72 h

—

74

A



e Saccharomyces cerevisia inokulacijas procesa laika nonem paraugus noteiktaja laika
posma, optiska bltvuma noteiksanai.

Rezultati un to izvertejums

Analiz€jot Saccharomyces cerevisiae inokulacijas procesa norisi 72 stundu laika, tika
iegliti pamatdati pie vilpu garuma 620 nm ($tinu biomasa) un 540 nm (glikozes saturs), skat. 2.
tabulu.

2. tabula
Saccharomyces cervisiae optiska blivuma dati 72 stundu laika
Vilnu garums, nm
Inokulacijas laiks, h 540 nm 620 nm 620 nm
0 0,2758 0,1713 0,1560
1 0,2759 0,1714 0,1565
3 0,3880 0,2740 0,2566
16 1,9109 1,7464 1,6239
20 1,9388 1,7734 1,6661
23 2,0675 1,7906 1,6728
24 1,9457 1,7822 1,6791
26 1,9845 1,8218 1,7145
39 2,0498 1,8965 1,8032
40 2,0526 1,9000 1,8113
43 2,2166 1,9372 1,8317
46 2,0899 1,9370 1,8504
65 2,0741 1,9208 1,8211
69 1,8025 1,6545 1,6387
72 1,1344 1,4208 1,4361
Galvenais C avots Fruktoze Glikoze

Galvenais uzdevums bija izpétit pie kura oglekla avota rauga augsana un attistiba ir labaka,
11dz ar to Stnu biomasas dati tika apkopoti grafiska veida, skat. 5. att€lu.
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Saccharomyces cerevisiae augsanas likne glikozes un
fruktozes barotné

o »
n o [

Mikroorganismu §inu biomasa, nm
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Inokulacijas laiks, h

—@—Fruktoze —@— Glikoze

5. att. Saccharomycese cerevisiae augSanas un attistibas likne

P&c grafika datiem var secinat, ka Saccharomyces cerevisiae attistiba ir labaka pie C avota
— fruktozes, kas arT apstiprinas teor&tiski, jo rags labak patré auglu cukuru — fruktozi.

No 0— 1 stundai, p&c grafika datiem, var secinat, ka ir lag faze, kad raugs sintéze konkrétaja
barotng fermentus un $aja laika nenotiek $tinu augSana. Log faze jeb eksponenciala faze noritgja
no 3 — 16 stundai, $aja laika rauga $tinu atrums pakapeniski palielindjas un §inas auga ar patstavigu
atrumu. Sakot no 16 stundas lidz 65 stundai iestajas stacionara faze, kura $tinas vairs neaug
(augSana apstajas) un tad iestdjas atmirSanas faze, jo barotng vairs nav baribas vielas un raugu stinu
aktivitate apstajas.

Inokulacijas procesa laika tika veikta arT Stiinu mikroskop&sana 0 stunda, 20 stunda un 72
stunda, skat. 6. att€lu, lai izp&titu rauga §tnu skaitu un sekot 1idzi, lai Saccharomyces cerevisiae
augSanas un attistibas procesa laika, paraugu nemsanas procesa, nenotiktu inficéSanas ar citu
mikroorganismu kultGiru.

6. att. Saccharomyces cerevisiae mikroskopéSanas dati 72 stundu laika (C avots — fruktoze)
Secinajumi

1. Tika identificétas Saccharomyces cerevisiae augSanas fazes, pamatojoties uz grafika
datiem.
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2. Lag faze noritgja no 0 stundas lidz 1 stundai, log faze noritgja no 3 stundas Iidz 16 stundai,
stacionara faze norit€ja no 16 stundas Iidz 65 stundai, sakot no 65 stundas rauga $tinas
zaud@ja savu aktivitati un iestdjas atmirSanas faze.

3. Saccharomyces cerevisiae aug$ana un attistiba norit labak barotng, kura galvenais oglekla
avots ir fruktoze.

4. AtmirSanas faze fruktozes un glikozes barotng iestdjas praktiski vienlaicigi, 69 stunda.

5. Precizaku rezultatu iegliSanai vEélams veikt inokulacijas procesu bioreaktora skabekla
klatbiitng.
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RECYCLED POLYPROPYLENE BASED BLENDS WITH ETHYLENE-
OCTENE COPOLYMER AND NANOCOMPOSITES WITH ZINC OXIDE
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Post-consumer polymer, nanocomposite, mechanical and thermal properties

I. INTRODUCTION

Amount of solid waste is known to increase in global level. When looking
forward, global waste is expected to grow to 3.40 billion tonnes by 2050, more
than double population growth over the same period. Overall, there is a positive
correlation between waste generation and income level. Worldwide, waste
generated per person per day averages 0.74 kilogram. It is estimated that 1%
increase in national income creates a 0.69% increase in municipal solid waste
amount [1], clearly demonstrating that great attention should be paid to effective
waste management. An important part of effective waste management system is
well developed collection system of end-of-life products. 60% of plastic products
and parts have a use phase between 1 and 50 years, or even more. Nowadays
considerable part of annually collected end-of-life products is attributed to
thermoplastic polymers due to it wide use and internationally recognized
identification-code system. In spite of the fact in average up to 60% of
thermoplastic polymer materials are recovered nowadays in EU, from which 2/5
are recycled while remaining 3/5 are thermally recovered [2]. Thus there is a great
field to expand plastic recycling rates. An important stimulus to reach this aim is
increment of added value of the materials based on secondary polymers. This can
be achieved by modifying polymers with nanostructured additives. For an
example, ZnO can be used to improve weathering, thermal and mechanical
characteristics. Development of nanocomposites on the bases of post-consumer
polymers is attractive, however, greatly challenging issue, due to possible
impairment of structure and exploitation properties during life cycle of the
materials.
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II. MATERIALS AND METHODS

Following polymer matrices were used: commercial polypropylene PP (Moplen
HP456J) and recycled polypropylene RPP (kindly supplied by SIA Nordic Plast).
Ethylene-1-octene copolymer EOC (Engage 8200) was used as impact modifier
of PP and RPP. The amount of EOC in the blend was varied in the range from 0
to 30 wt. %.

Plasma synthesized tetrapod-shaped zinc oxide ZnO nanoparticles (arm length of
70-100 nm and diameter of 10 nm) were synthesized in the RTU Institute of
Inorganic Chemistry by plasma torch. The amount of ZnO in the investigated
systems was 1 and 2 wt. %.

Nanocomposites with ZnO have been obtained by using two-roll mills LRM-S-
110/3E (Labtech Engineering Company). Dumbbell type specimens for tensile
properties testing have been punched from the compression molded plates,
obtained by using hydraulic laboratory press LP-S-50/S.ASTM (Labtech
Engineering Company). Rectangular bar type specimens for impact properties
have been manufactured by injection molding by using Mini-Jector Model 55
machine (Miniature Plastic Molding).

Chemical composition has been determined by using Thermo Fischer Nicolet
6700 FT-IR analyzer. Melt mass flow rate (MFR) at 190°C and 2,16 kg has been
determined by using NPT — AM melt indexer. Density has been determined by
hydrostatic weighting. Shore hardness has been determined by Shore-D
durometer. Room temperature tensile properties have been determined by using
Zwick/Roell universal testing machine BDO-FB020TN at the rate of the upper
moving crosshead of 50 mm/min. Room temperature impact properties have been
determined by using Zwick 5102 Charpy impact tester with load capacity of 4J.
Thermal properties in exidative environment have been determined by using
Mettler Toledo TGA1/DSC thermogravimetric analyzer.

III.RESULTS AND DISCUSSION

Component structures of following polymer matrices are demonstrated in Fig.1.
Ethylene-1-octene copolymer EOC (Engage 8200) spectrum conforms to primary
non-destructive polymer spectrum. As expected the structure recycled polymer
has been destructed during the life cycle of the primary product, as the result the
RPP is characterized by appearance of the signals at carbonyl absorption region
and higher melt mass flow rate values. Ethylene-1-octene copolymer EOC as
additive is characterized with low impurity value (purity — 97%)
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¢)

Fig. 1. FTIR spectra of RPP (a), EOC38 (b) as well as XRD spectra (¢) and TEM
micrograph (d) of plasma synthesized ZnO

By considering characteristic properties of PP, RPP, EOC and ZnO, modification
of PP or RPP matrix with EOC leads to the decrement of the values of density,
whereas melt mass flow rate values are increased. Modification of either PP/EOC
based matrix with ZnO leads to increment of both melt mass flow rate and density.
Comparatively, the composites with RPP are characterized with higher melt mass
flow rate values (Fig2a) and higher density values (Fig.2b) in comparison to
virgin PP. Higher density values of RPP may denote to the presence of innorganic
additives or impurities. Despite this, experimental density values of PP and RPP
composites do not differ much from theroretically calculated values according to
the rule of mixtures.
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22 00,900
g
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0 10 30 50 0 10 20 30
EOC38 mas. % EOC38 m%

. Virgin PP D Recycled PP
Fig. 2. Melt mass flow rate (a) and density (b) values of neat PP, RPP and its
composites with EOC in comparison to the primary polymer based systems

Shore-D hardness values of the investigated composites are demonstrated in Fig.
3a. As one can see there is no discrenable difference between Shore-D hardness
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values of PP and RPP based compositions with EOC38. Bulk mechanical
properties in quasistatic tensile and impact loadings are demonstrated in Fig. 3b.
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Fig.3. Shore-D hardness (a) of PP/EOC38 and RPP/EOC compositions as well as
bulk mechanical characteristics of RPP (1), RPP+1%ZnO (2), RPP+20%EOC (3)
and RPP+20%EOC+1%Zn0O (4): modulus (E), stress at break (oB), relative
deformation at break (es) and impact strength (A).

It has been determined that addition of EOC content up to 30 wt.% in the
polypropylene matrix, allows relative elongation at break increment by ca 64%
and 12% for RPP and PP based systems, respectively. At the same EOC content
impact strength of RPP and PP based systems grows 4-forld and 5-fold
respectively. By increasing the content of ZnO in the polymer matrix, in general
allows increase tensile modules of the compositions, in average by 10% at the
nanofiller content of 1%. In Fig. 3. the effects of 20wt.% of EOC and 1wt.% of
ZnO on the main stress-strain characteristics of RPP based composites are shown
as an example.

By increasing the contents of ZnO and EOC allows also increase thermal stability
of the investigated systems as it is clearly demonstrated in Fig. 4, depicting
thermogravimetric curves of the selected systems of investigation. The effect of
ZnO addition proportionally greater is in the case of RPP as matrix, evidently
because of the fact that thermal resistance of RPP+20%EOC blend is greater than
that of RPP. Improvement of thermal resistance of the investigated compositions,
along with EOC addition, evidently is explianed by smaller amount of tertiary
carbon atoms (at which thermal cleavage of the macromolecular chain is usually
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initiated) in the elastomer macromolecule in comparison to that of PP.
Improvement of thermal resistance of the investigated compositions, along with
growing ZnO content, is evidently explainded with improved thermal
conductivity of the material, leading to enhanched distribution of the heat in bulk
of the test specimen. Simulteneously, in the presence of impermeable inorganic
nanofiller particles in the polymer marix gas exchange (oxygen supply and
emmision of inert incombustible gases) in the vicinity of burning zone is
inhibited, thus leading to retardation of destruction processes.

120
100
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% 60 RPP
=
eeeeees RPP+1%ZNO
40
— — RPP+20%EOC
20 — . = RPP+20%EOC+1%Zn0O
0
30 130 230 330 430 530

T,°C

Fig. 4. Thermogravimetric curves of RPP, RPP+1%Zn0O, RPP+1%Zn0O, RPP+20%EOC and
RPP+20%EOC+1%Zn0O

IV.CONCLUSIONS

As a result of investigation comprehensive data base about mechanical and
thermal properties of polypropylene nanocomposites with ZnO have been
developed. It has been also demonstrated that post-consumer polypropylene can
be successfully used for development of polymer nanocomposites with
considerably improved exploitation properties, being an important prerequisite
for promotion of polymer recycling.
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Kokins A., Bochkov 1., Zicans J., Merijs Meri R., Ivanova T., Grabis J., Reznika T.
RECYCLED POLYPROPYLENE BASED BLENDS WITH ETHYLENE-
OCTENE COPOLYMER AND NANOCOMPOSITES WITH ZINC OXIDE

In the current research applicability of post-consumer polypropylene for development of polymer
nanocomposites is evaluated. Nanocomposites have been based on polypropylene (post-PP) and
its blend with ethylene-octene copolymer (EOC). Plasma synthesized nanosctructured zinc oxide
(ZnO) has been used as nanofiller. It has been demonstrated that addition of nanostructured ZnO
allows improve mechanical and thermal properties of polymer nanocomposites. It has been also
demonstrated that post-PP can be successfully used for full or partial substation of the primary
polymer in the nanocomposite with ZnO, without losing of its performance.

Piedavataja pétijuma tiek novértéta otrreizéja polipropiléna izmantoSana polimeru
nanokompozitu iegusanai. Tika iegiti nanokompoziti uz otrreizéja polipropilena (post-PP) un
otrreizéja polipropilena un etilen-okténa kopoliméra (EOC) maisijumu bazes. Ka nanofilleru
izmantoja nanostrukturétu cinka oksidu (ZnO), kuru sintezéja plazmas vidé. Paradits, ka
nanostrukturéta ZnO pildviela dod iespéju uzlabot poliméru nanokompozitu mehaniskas un
termiskas ipasibas. Ari tiek demonstrets, ka post-PP var veiksmigi izmantot, pilnigi vai daléji
aizvietojot primaro poliméru nanokompozicijas ar ZnO, nepasliktinot to ipasibas.
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SAISINAJUMI

KSP — ir skabekla daudzums (mg/L), kas nepiecie$sama, lai oksid&tu organiskas vielas viena
litra Gdens. Tas ir lielums, ko izmanto, lai raksturotu tidenu piesarnojuma pakapi ar
organiskam vielam.

BSP — skabekla daudzums (mg O2/L), kas nepieciesams mikroorganismiem organisko vielu
sadali$anai aerobos biokimiskos procesos.

SVAV —sintétiskas virsmas aktivas vielas.

IAL — individualie aizsardzibas I1dzekli.

Hach Lange LCK — ieprieks dozgti reagenti noslégtas kivetes.

MBBR tehnologoja (moving bed biofilm reactor) — kustiga (Skidruma) biofiltra izmanto$ana

ar akivajam dopam.

—
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IEPLUDES NOTEKUDENU RAKSTUROSANA PEC TO BIODEGRADACIJAS
SPEJAS UN IZTVAIKOSANAS PAKAPES

Val@rija Smirnova

Notekiideni, bioreaktors, biologiska atfiriSana, mikroorganismi

Lielakaja dala Eiropas valstu jau Sobrid ir noteikti normativi, pie kadiem pilsétu
notektidenu attiriSanas ietaises drikst pienemt attmrisanai no citiem notekidenu raditajiem vai
arT vispar nedrikst pienemt, tada gadijuma notekiidenu attiriSanu javeic uz vietas notekiidenu
raSanas vieta, taja skaita farmacijas uznémuminiem. Faktiski notekideni, kas izplist no
farmaceitiskam uznpémumam, atSkiras pec to satura un koncentracijas.

Pedgjo desmit gadu laika membranu bioreaktoru izmantoSana farmaceitisko
notekiidenu attiriSana ir ieguvusi lielu uzmanibu, jo ta ir tehniski un ekonomiski labaka
alternativa notekiidenu attirisanai. Membranu bioreaktoru mikroorganismu koncentracija var
sasniegt 1idz 20 mg/L, kas palielina organisko molekulu noardiSanas sp&ju [9.].

Darba mérkis: izpétit notekiidenu biodegradacijas sp&ju un iztvaikosanas pakapi.

Darba uzdevumi:

e Aplukot un izpétit notekuidenu biologisko attirisanu;

e Apliikot un izpétit notekiidenu testéSanas metodes;

e Aplikot un izpétit notekiidenu iztvaiko$anas pakapi;

e Notekudenu fizikali-kimiska un mikrobiologiska testésana;

e Testesanas datu apkopojums.

Notekiidenu biologiska attiriSana

Notekadenu biologiskas attirisanas mérkis ir noardit notekidenT eso$os suspend&tos un
iz8kiduSos organiskos piemaisijumus, izmantojot mikroorganismu metabolismu un ar to
saistitos biokimiskos procesus. Biologiskas notekiidenu attiriSanas princips ir balstits uz

mikroorganismu sp&ju sadalit organiskos savienojumus vienkarsas vielas — Gideni, metana,
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sérudenradi, oglekla dioksidu. Lielaka dala notekiidenu attiriSanas iekartu ir paredz€tas, lai
atdalttu ne tikai oglekli saturosas organiskas vielas, bet arT, pieméram, slapekli un fosforu.

Maz piesarnotu un vidgji piesarnotu notekiidenu attiriSanai izmanto aerobos
panémienus, bet, kad piesarnojums ar organiskam vielam péc BSP parsniedz 1,5-2,0 g/L,
notekiidenus izdevigi attirit ar fermentacijas panémieniem anaerobos apstaklos. Efektivakai
darbibai un labakai slapekla un fosfora samazinaSanai var kombinét aerobos un anaerobos
biologiskas attiriSanas panémienus.

Visas notekiidenu biologiskas ietaises var iedalit ietais€s, kur@s organisko vielu
noardiSanu veic mikroorganismi, kas atrodas tideni piejauktu dalinu veida (aktivo dinu
ietaises), un otra ietaiSu grupa, kura mikroorganismi ir fikséti virsmai; - ka biologiska plévite
(biologiskie filtri, MMBR process). Tresa grupa var iedalit dazadas ietaises, kurds ir

kombingtas abas §is metodes [1.,114.-115.1pp., 9.].

Biologiskas notekiidenu attiriSanas tehnologijas

Biologiskas tehnologijas galvenokart pamatojas uz mikroorganismu darbibu noteiktos
maksligi raditos apstaklos. Organismu kimisko savienojumu biologiskas destrukcijas procesi
visbiezak saistiti ar jaunu organismu rasanos, kurus savukart izmanto par baribas ke&di.
Notekiidenu attiriSanas iekartas visu aktivo diinu organismiem piemit heterotrofa barosanas,
kur baribai izmanto gatavus organiskos savienojumus. Sie savienojumi ir to eksistencei
nepiecieSamais energijas avots, ka arT kalpo par specifisko atomu un molekulu avotu $tnu
struktiiras uzturéSanai, atjaunoSanai un protoplazmas veidosanai aug$anas procesa.

Vairums tauku, olbaltumvielu un oglhidratu ir lielu molekulu veida, kuras
mikroorganismi caur savam membranam nevar uzsikt $Gna. Lai metabolizEtu §is lielas
molekulas, mikroorganismi spiesti producgt atbilstoSus fermentus. Visizplatitaka
mikroorganismu grupa ir bakterijas, kuru eksofermenti saskel organisko vielu molekulas
mazakas dalas, kuras p&c tam mikroorganismi asimil€ savas $inas.

Gandriz jebkuras notekaidenu biologiskajas attiriSanas iekartas lidztekus bakt€rijam
attistas arT augstakie mikroorganismi, kas barojas ar bakterijam. Jo garaka baribas k&de, jo

vairak energijas ziid biomasas veido$anai.

Notektudenu dinas, kas rodas notekiidenu biologiskas attiriSanas rezultata, sastav no
organiskas izcelsmes materiala un tajas ir daudz biogéno elementu (slapeklis, fosfors). Tas var
izmantot ka m&slojumu un piedevu komposta gatavosanai. AS “Grindeks” notekiidenu diinas

centrifugé, lai sanemt atbilstoSu mitruma saturu, un nodot ligumorganizacijai. Dinu
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izmantoSana augsnes mé&slosanai ir pielaujama tikai p&c to apstrades, kuras mérkis ir samazinat
dinu masas mitrumu, ka arT patogéno mikroorganismu saturu. Notekiidenu diinas un to
kompostu var izmantot augsnes m&sloSanai lauksaimniecibas zemg&s, teritoriju apzalumosanai,
ka arT mezsaimniecibai. Normativajos aktos ir noteiktas kvalitates prasibas notekiidenu dinam
un to kompostam, ka arT ir noteikta diinu kvalitates, kvantitates un izmantoSanas uzskaites

kartiba. [1., 114.-115.1pp., ]
Aerobas, anaerobas un fakultativi anaerobas bakterijas

Bakt@rijas ir vienstinu organismi — saprofiti, kas barojas ar notekidenu izskidusajam
organiskajam vielam, veicinot to sadaliSanos un mineraliz&Sanos. Tie ir galvenie notekiidenu
attiriSanas iekartu biocenozes organisko vielu patérétaji un oksidétaji. Bakt@rijas noarda
organiskas vielas, parversot tas nekaitigos skistosos neorganiskos savienojumos. Notekiidenu
attirisanas procesa izplatitakie aerobie mikroorganismi ir Pseudomonas, Alcaligenes,
Comomonas, Brevibacterium, Azothobacter, Baccillus Sphaerotilus natans u.c.

Aerobas bakterijas oksidé organiskas vielas, iz§kidusa skabekla klatbitng, lai iegiitu

energiju, kura nepiecieSama baktériju augsanai.

Organiskas vielas + O2 2 CO2 + H20 + energija

Kimiskie elementi, no kuriem sastav organiskas vielas, oksidgjas, veidojot
savienojumus, kuru molekulas ir lielakais iesp&jamais skabekla atomu daudzums. Organiskais
slapeklis oksidgjoties veido nitratus, sérs — sulfatus, fosfors — fosfatus, ogleklis — oglekla
dioksidu un tidenradis — tideni.

Anaerobas baktérijas oksidé (sadala) organiskas vielas bez briva, iz§kidusa skabekla
klatbtitnes, izmantojos skabekli, kur$ atrodas citos savienojumos, piem&ram, nitratos un
sulfatos.

Fakultativi anaerobas baktérijas izmanto gan gaisa, gan kimiski saistito skabekli.

Autotrofas baktérijas oksidé neorganiskos savienojumus, lai iegiitu energiju un
izmantotu oglekla diokstdu COz ka oglekla avotu. Tas ir nitrificgjosas un séra bakterijas, kuras
aktivi darbojas notektidenu nitrifikacijas procesa. Nitrifikacijas bakterijas oksidé amonjaku
nitrata. Oksidésana notiek divas fazes:

1.faze NH3 +O2 = NO2 + energija
2.faze NO2 + 02 > NO; + energija
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Sera bakterijas oksidé séridenradi par s€rskabi:

HzS + 02> Ha2SO0s4 + energija [1., 117.-119.1pp., 7.]

Notekudenu diinas

Notekiidenu diipas ir cietais atlikums un mikroorganismu biomasa, kas rodas
notekiidenu biologiskas attiriSanas rezultata. Notektidenu dinu masa sastav no organiskas
izcelsmes materiala un tajas ir daudz biogéno elementu (slapeklis, fosfors), tos var izmantot ka
méslojumu vai piedevu komposta gatavoSanai. Diinu izmantoSana augsnes méslosanai ir
pielaujama tikai péc to apstrades, kuras mérkis ir samazinat diinu masas mitrumu, ka art

patoge€no mikroorganismu saturu [2.].

— =

Notekiidenu attirisanas reglamentéjosie normativie akti

Atsaucoties uz Rigas pilsétas centralizétas tdensapgades un kanalizacijas sistémas
ekspluatacijas, lietoSanas un aizsardzibas noteikumiem, kuri stajas speka 29.12.2017.,

centralizetaja kanalizacijas sisteéma aizliegts novadit notektidenus:

e  kas satur Gidens videi Tpasi bistamas vai bistamas vielas atbilsto$i normativajam
aktam par piesarnojoso vielu emisiju tideni, iznemot minétas vielas koncentracija, kas
neparsniedz tabula (skat.l.tab.) min&tos raditajus, ja sabiedrisko fidenssaimniecibas
pakalpojumu Iiguma ir noteikta cita maksimali pielaujama vielu koncentracija;

e  kuru temperatiira parsniedz 40 °C;

e kas satur degoSus piemaisjjumus un izskidinatas gazveida vielas, kuras veicina
uzliesmojoSu maisTjumu rasanos centraliz&taja kanalizacijas sistema;

e  kas satur biologiski nedegradéjamas sintetiskas virsmas aktivas vielas ;

e kas satur skabes un citas vielas, kuras var izraisit cilvéka veselibai bistamu gazu
(s€ridenraza, oglekla oksida, zilskabes, séroglekla u.c.) izdaliSanos;

e kas satur radioaktivas vielas;

e  kas satur cietus priekSmetus, biivniecibas materialus, tekstilizstradajumus, smiltis

un taukvielas;

e  kas satur partikas un razos$anas atkritumus.
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1.tabula

Rigas pilsétas centralizétaja kanalizacijas sisttma novadamo notekiidenu sastavs

Maksimali pielaujama piesarnojosas vielas
Piesarnojosa viela
koncentracija, mg/l

Suspendgétas vielas 450,00

Kimiskais skabekla paterins 700,00
Kop¢gjais slapeklis 46,00
Kopgjais fosfors 9,00

Faktori, kas kave notekiidenu attirisanu

Viens no nozimigakajiem faktoriem, kas kavé biologisko notekiidenu attirisanu —
baribas vielu trikums mikroorganismiem. AS “Grindeks” notekiidenu attiriSanas iekartas ka
baribas viela tiek izmantota fosforskabe, kuru padod 1. reaktora. Fosforskabes padeve notiek
proporcionali laboratorija nom&rita notekiidenu KSP vertibai bufertvertné.

Apkartgjas vides temperatiiras nosaka mikroorganismu attistibas iesp&jas un intensitati.
Ikviens mikroorganisms attistas noteiktas temperatiiras robezas. Optimala temperatiira, kura
attistas mikroorganismi, notekiidenu attiriSanai ir no 25 lidz 37°C , ka rezultata var secinat, ka
tie ir mezofilie mikroorganismi.

Katram mikroorganismam ir savi noteikti pH vienibu minimumi, maksimumi un
optimumi, kuros tie var attistities. Vairums mikroorganismiem optimals pH ir no 6,5 lidz 7,5,
ka arT faktori, kas var negativi ietekmét notekiidenu attirisanu:

e nepietickama biopléves nesgju pildijuma pakape MBBR procesa;
e neatbilstosa oglekla avota padeve denitrifikacijas procesa;

e svarstiga notekiidenu pliisma, hidrauliskais aiztures laiks;

o nepictickama iz§kidusa skabekla koncentracija;

e maza mikroorganismu daudzveidiba;

e zema biomasas koncentracija [6., 25.-27.1pp.].

90

—
| —



Notekiidenu testéSanas metodes
Kimisko parametru testéSana

Kimiskai kontrolei tiek veiktas sekojosie testi:
e POs— P un kopgja fosfora satura noteiksana;
e Kimiska skabekla patérina noteikSana;
e Bioktmiska skabekla patérina noteiksana;
e Kopgja slapekla noteiksana;
e NH4 — N noteikSana;
e NO:2 — N noteikSana;
e NOs— N noteiksana;

e Fenola satura noteikSana.

Parsvara kimiskai kontrolei izmanto Hach Lange LCK kivesu testus, kuri tiek defin&ti ka atrie

ekspresstesti, skat. 1.attelu [4.].

l.attéls. Hach Lange LCK kivesu tests (LCK 346 — Fenola satura noteik$ana)

Parametru raksturojums

Kopgjais fosfors (Py,,) labi raksturo antropogéno ietekmi uz Gdenu kvalitati. Maz
ietekmetiem tdeniem Pkop<0,05 mg/L.

KSP ir skabekla daudzums (mg O2/L), kas nepiecieSams pilnigai organisko vielu
oksid&sanai kimiskos procesos ar kalija bihromatu. KSP ir lielaks par BSP, jo tiek oksidétas

visas organiskas vielas. Tiriem virszemes tdeniem KSP lielums var&tu bit ap 8 — 12 mg/L, bet

( 1
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farmacijas razo$anas notekiidenos var sasniegt 5000-6000 mg/L. Augstas KSP vértibas parada

piesarnojuma Itmeni, arT dabiskas izcelsmes piesarnojumu, skat. 2. attelu.

2. attels. Kimiska skabekla patérina noteikSana

BSP ir skabekla daudzums (mg O2/L), kas nepiecieSsams mikroorganismiem organisko
vielu sadaliSanai aerobos biokimiskos procesos. Jo Sis raditajs ir lielaks, jo lielaks organisko
vielu daudzums Gident. Prakse biezi lieto BSP5, kad skabekla patérins tiek noteikts pec 5 dienu
ilga oksid&sanas procesa. Razosanas notekiideniem tas var sasniegt 750-10800 mg/L. Saja
gadijuma raditajs ir par 60 — 70 % mazaks neka pilnais BSP, ko parasti nosaka ka BSP2(
(procesa ilgums 20 dienas). Tiek lietots arT raditajs BSP7 (procesa ilgums 7 dienas).

Par @idenu piesarnojumu ar biogéniem elementiem liecina:

o slapekla savienojumu klatbiitne, kuru raksturo ar kopgjo slapekli (Nkop), nitratu
slapekli (N-NO3), nitritu slapekli (N-NO:z) un amonija slapekli (N-NHa);

o fosfora savienojumu klatblitne, kuru raksturo ar kopgjo fosforu (Pkop. ),
ortofosfatu (POa).

Slapekla savienojumi @idenos ir nestabili un nepartraukti notiek to transformacijas
procesi. Norisinas slapekla savienojumu asimilacija (N, seviski N-NO3; uznem augi),
amonifikacija (noardoties organiskam vielam), nitrifikacija (amonija oksidéSana par nitratiem
un nitritiem), denitrifikacija (nitratu reducéSana par N2) un N fiksacija.

Amonija slapeklis (N-NH,) ir augu baribas elements, tacu toksisks daudziem tdens
organismiem. Amonija slapeklis var kalpot ka indikators fidens piesarnojumam ar organiskam
vielam (notekiideni, lauksaimniecibas nopliides). Tiros fidenos N-NH, parasti ir mazak par 0,1

mg/L. Razosanos notekiidenos lielums var sasnigt 260 mg/L. (sk.3.att.)

—
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3. att€ls. Amonija slapekla noteikSana

Nitritu slapeklis (N-NO2) ir nestabils, veidojas anaerobos apstaklos noardoties
organiskam vielam. N-NO? koncentracija lielaka par 0,15 mg/L ir toksiska zivim. Dabiskos
apstaklos N-NO2 koncentracija ir loti zema (<0,015 mg/l), to paaugstina, pieméram,
notekiidenu piesarnojums.

Nitratu slapeklis (N-NO3) ir svarigs un atri uznemams augu baribas elements, tacu
dzeramaja tident klist par potencidlu riska faktoru veselibai (nitrati ietekm& hemoglobina
saturu asinis). Paaugstindtu N-NO3 koncentraciju izsauc noteklidenu piesarnojums,
lauksaimniecibas nopliides (punktveida un diftizais piesarnojums), nopliides no izgaztuvem,

augu un dzivnieku atlieku sadaliSanas Gdeni. (sk. 4.att.)

B
M

:l?ll:::;;:e Test SRS SRS R
Nitrat-

4.att€ls. Nitratu un nitritu noteikSanas testa strémeles

Kopgjais slapeklis (Ny,,) raksturo kopgjo neorganiska (N-NOz, N-NOs, N-NHa4) un

organiska slapekla savienojumu saturu fidenos. Tiros Gidenos Ny, svarstas ap 0,1 - 0,5 mg/1.
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Koncentracija augstaka par 1 mg/L norada uz antropogéno piesarnojumu. Loti svarigs raditajs

ir N un P attieciba. [5.,8.]

Notekiidenu biodegradacijas spéja un iztvaikoSanas pakape

AS “Grindeks” notekiidenu attiriSanas reaktoros tipiska gadijuma temperatiira svarstas

30-35 °C robezas. Pie paaugstinatas temperatliras un intensivas aeracijas, dala fideni eso$o

gaisto$o savienojumu var iztvaikot. Halogeng&tie un aromatiskie savienojumi ar lielako tieksmi

iztvaikojas, tomér skabekla saturoSie organiskie savienojumi (acetons, spirti) — vieglak

biodegradgjas. AS “Grindeks” razo$anas procesos izmanto dazadus gaistoSos organiskos

savienojumus (8kidinatajus), kuru uzskaitijums un raksturojums péc to fizikali kimiskajam

Ipasibam dots 2.tabula.

2.tabula
Gaistosie organiskie savienojumi
Henr1 Oktanola Virsanas
Savienojumu Vielas $kidiba konstante, udens temperatiira, [°C]|
nosaukums udeni [Pa.m?/mo | koeficients,
1] log Kow
Metiletilketons(2- | 290g/L pie 20 'C | Nav atrasts 0,29 79-80 °C
butanons)
Etilspirts >1,000 g/L pie 20 | Nav atrasts -0,35 78°C
‘C
Acetons Sajaucas visas 2,929 pie -0,23 56,05 °C
porcijas 25°C
Izopropilspirts Pilniba sajaucas ar 0,05 82,5°C
tdeni Nav atrasts
Metilenhlorids 20 g/L pie 20 °'C 0,002 pie 1,25 40°C
24,8 °C
Metanols sajaucas visas -0,77 65°C
proporcijas Nav atrasts
Toluols 573 mg/L pie 25 °C 485 2,73 110,6 °C
1-dioksans 1,000 g/L pie 20 °C | 0,486 pie -0,42 100,8-101,5°C
pie 25 °C
( ]
L %)



Tert- 42 g/Lpie 20 °'C | Nav atrasts 1,06 553°C
butilmetil&teris
Dimetilformamids sajaucas visas -1,01 153°C
. Nav atrasts
proporcijas
Tetrahidrofurans sajaucas visas 0,45 65°C
. Nav atrasts
proporcijas
Heksametildisilaz spontana Nav atrasts 2,62 125°C
ans sadaliSanas
Piridins 1,000g/L pie 20 ‘C | Nav atrasts 0,64 115,2°C
Acetonitrils 1,000 g/L pie 25°C 3,5 pie -0,34 81,65 °C
20 °C
Dimetilsulfoksids sajaucas visas 0,001 pie -1,35 189 °C
proporcijas 21°C

Balstoties uz literatiras analizi var secinat, ka:
e jo lielaka Henrija konstante, jo lielaka iztvaikoSanas pakape;
e jo mazaks ir oktanola tidens koeficients, jo gaistosiem savienojumiem ir mazaka ticksme

sorbéties aktivas dunas.

Eksperimentala dala

Eksperimentalas dalas mérkis ir noteikt kada dala no AS “Grindeks” razoSanas
notekiidenu piesarnojuma iztvaiko un kada un kada dala iesaistas biodegradacijas procesa.
MerTjumi veikti paraugu kopu sadalot 2 dalas — viena paraugu dala tiek inkubgta sterila vidg,
bez mikroorganismu pievieno$anas un otra parauga dala inkub&ta analogos vides apstaklos
pievienojot aktivas dunas. Eksperimentiem sekots 1idzi konkrétos laika intervalos nonemot
paraugus un veicot parametru kimisko testéSanu, ka arT mikrobiologiskas analizes, lai sekotu
lidzi biomasas pieaugumam paraugos ar aktivajam dinam un sterilas vides saglabasanai

kontroles paraugos bez mikroorganismiem.

Izmantojamas vielas un aparatiira

Eksperimentalas dalas izmantojamas vielas un trauki:
e 6 kolbas;

e sterili pipeSu uzgali( 1 mL, SmL );

—
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sterili mercilindri (50mL, 500mL)
automatiska pipete (1mL, SmL)
varglaze;

Slircu filtri (0,22 um un 1,6 pm);
biopléves nesgji (5 gabali)

Pagatavotie $kidumi un barotnes:

Fosfatu buferskidums (pH =7);
Barotnes Sabouraud agar (sénisSu audzesanai) un Tryptone Soya Extract Agar
(bakteriju audzesanai),

3% serskabes skidums.

Izmantojama aparatiira un testi:

Hach Lange LCK kivesu testi;
Spektrofotometrs UV/VIS

Eksperimentu metodika

)]
2)
3)
4)
5)

6)

7

Tika panemts 2 litri notektidenu bufertvertnes parauga un pH noreguléts Iidz 7,5 ar 3 %
serskabes skidumu.

Nofiltréts ar vakuumfiltraciju (sk.5.att.)

Nofiltréts ar §lircu filtriem ( 0,22 um) (sk.6.att.)

Katra kolba tika ieliets 180 mL bufertvertnes parauga un 20 mL fosfatu bufera. 4.-6.
kolbam pievienotas 5 biopléves nesgji. (sk.7.att.).

Kolbas tika ievietotas kratitaja - inkubatora pie 35 'C temperatiiras. (sk.8.att.).

Paraugi tika testéti 0.,1.,3.,7., un 8. dienas. Tika parbaudits KSP, kopgjais slapeklis,
amonija, nitritu/nitratu un fenola saturs. Ka ari veikta mikrobiologiska testéSana
(mikroorganismu daudzums parauga). (sk.9. un 10.attela)

Eksperiments veikts 3 atkartojumos.
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6. attéls. Slircu filtrs (0,22 pm)

7. attéls. Biopléves nesgji

97

Nyt

—




8. attéls. Sagatavotie paraugi ievietoti inkubatora — kratitaja

9. attéls. Kimiska skabekla paterina testéSana parauga

10. att€ls. Parauga uzsésanas rezultati




Fosfatu satura noteiks$anas princips
Fosfatu joni reagé ar mollibdata un antimona joniem skaba vidé, veidojot antimona
fosfatmolibdata kompleksu, kas pec tam ar askorbinskabi tiek reducéts lidz fosfomolibdéna

zilajam.
Darba gaita:

1) LCK kivetei nonemt aizsargfoliju un noskravet vacinu.

2) Pievienot LCK testam ar pipeti 0,5 mL analiz€jama parauga.
3) LCK kiveti aizskravet ar vacinu.

4) LCK testa esoso skidrumu stipri sakrata.

5) Termostata karsét 15 miniites pie 170 'C.

6) Atdzisusai kivetei (18-20 ‘C) pievienot reagentu B — 0,2 mL.
7) Aizskravet ar vacinu (ar reagentu)

8) LCK testa esoSo Skidrumu stipri sakrata.

9) Péc 10 minGtém testa kiveti 1 reizi sakrata un veic mérfjumu spektrofotometriski pie
535 nm.

10) LCK kiveti nodod utilizacijai.

Kimiska skabekla patérina noteikSana

TesteSanas parauga dalu karse dzivsudraba sulfata klatbiitng (hloridu maskesanai) kopa
ar noteiktu daudzumu kalija dihromata un sudraba sulfata (katalizators) klatbtitng koncentrétas

sérskabes vide. Saja laika oksidgjamas vielas reducé dihromatu saskana ar vienadojumu:
Cr207% - 6¢” +14H" -> 2 Cr3+ + TH20

Spektofotometriski tick mérits radusais Cr*" jonu zalais krasojums.

Darba gaita:

1) LCK kiveti kartigi sakrata, lai sajaukt kiveté esoso skidumu.

2) Atskravet vacinu un ar pipeti LCK testam pievienot analiz&jamo paraugu
(daudzums ir atkarigs no testa robezam).

3) Vacinu aizskravet un rapigi noslaucit LCK kiveti.

4) LCK testa esoSo skidumu sakrata.

5) Ielikt termostata uz 15 mintitém karsgties (170 “C).
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6) Pe&c karsésanas, LCK testu kartigi sakratit.
7) Atdzesét lidz 18-20 °C.
8) Spektrofotometriski noteikt rezultatu.

9) LCK kiveti nodod utilizacijai.

Saja metodg ir traucgjosie faktori, ta ir izmantojama tidens paraugiem ar hloridjonu

koncentraciju lidz 1500 mg/L. Augstaka hloridu koncentracija dod paaugstinatus rezultatus.
Datu apstrade

1.eksperimenta testéSanas rezultati tiek aprakstiti no 3. 1idz 7. tabulas. 1.pielikuma tiek
pievienots testéSanas rezultatu grafiskais atspogulojums.
Analizgjot 0. dienas iegiitos test€Sanas rezultatus (skat. 3. tabulu), var secinat, ka visiem

paraugiem, gan ar biopléves nesgjiem, gan bez, test€Sanas rezultati ir loti I1dzigi.

3.tabula
TestéSanas rezultati 0.diena
Parauga Nr. KSP, | Nip, | NHe-N Ngf Ngf Fenols,

mg/L mg/L mg/L mg/L mg/L mg/L

1. 453500 | 107,00 | 3,73 0,00 0,00 13,00

2. 452500 | 10560 | 3.82 0,00 0,00 13.20

3 4674,00 | 119,40 | 3.80 0,00 0,00 13,00

Vid.(bez biopleves | 50 00 | 11067 | 3.78 0,00 0,00 13,07
nesgjiem)

4. 4650,00 | 11840 | 3,83 0,00 0,00 13,10

5, 452500 | 108,00 | 3,83 0,00 0,00 12,80

6. 4640,00 | 10920 | 3,74 0,00 0,00 13,00

Vid (ar biopleves | 505 50 | 11187 | 380 | o000 | 000 12,97
nesgjiem)

Veicot mérjjumus péc 24 stundam, skat. 4. tabulu, var secinat, ka paraugiem ar
biopléves nesgjiem fenola koncentracija, kopgja slapekla un KSP testésanas rezultati samazinas
straujak, neka kontrolparaugos, kas liecina par notiekoSo biodegradaciju sakumu paraugos ar

biopléves nesgjiem.

4. tabula
Test&sanas rezultati 1.diena
Parauga Nr. KSP, Nkop., NHs-N, | NOs—N, | NO2—N, Fenols,
mg/L mg/L mg/L mg/L mg/L mg/L
1. 4015,00 100,40 0,10 0,00 0,00 12,80
2. 3939,00 103,20 0,07 0,00 0,00 12,70
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3. 4045,00 | 107,40 0,03 0,00 0,00 12,80

Vid.(bez biopléves | 3999,67 | 103,70 0,07 0,00 0,00 12,77
nesgjiem)

4. 3500,00 77,70 0,45 0,00 0,00 8,38

S. 3386,00 87,40 0,42 0,00 0,00 7,05

6. 3558,00 83,80 0,43 0,00 0,00 7,25

Vid (ar biopléves | 3481,33 82,90 0,43 0,00 0,00 7,56
nesgjiem)

Analiz&jot 3. dienas iegiitos testeSanas rezultatus (skat. 5. tabulu), var secinat, ka visiem
paraugiem KSP turpina samazinaties. Paraugiem ar nesgjiem fenola koncentracija turpina
strauji samazinaties, tomer amoniju jonu saturs sak palielinaties, kas liecina, ka

kontrolparaugos sak iztvaikoties gaistoSie savienojumi, bet paraugos ar biopléves nesgjiem

turpinas bidegradacija.
S.tabula
TesteSanas rezultati 3.diena
Parauga Nr. KSP, Nkop., NHs-N, | NO3—N, | NO2—-N, Fenols,

mg/L mg/L mg/L mg/L mg/L mg/L

1. 2537,00 103,60 0,16 0,00 0,00 13,10

2. 2559,00 103,40 0,15 0,00 0,00 13,00

3. 2607,00 100,80 0,19 0,00 0,00 13,00

Vid.(bez | 2567,67 102,60 0,17 0,00 0,00 13,03
biopléves
nesgjiem)

4. 1214,00 79,20 4,02 0,00 0,00 0,60

S. 1235,00 78,60 6,81 0,00 0,00 0,60

6. 1236,00 80,80 5,21 0,00 0,00 0,70

Vid (ar 1228,33 79,53 5,31 0,00 0,00 0,63
biopléves
nesgjiem)

Analizgjot 7. dienas iegiitos testé3anas rezultatus (skat. 6. tabulu), var secinat, ka KSP
un fenola koncentracija visiem paraugiem samazinas, bet loti l&ni. Salidzinot amonija jonu
test€Sanas rezultatus, paraugiem ar biopléves nesgjiem, koncentracija loti strauji palielinajas.
Visiem paraugiem kopgja slapekla saturs palielinds, kas liecina, ka, paraugiem, ar biopléves

nesgjiem turpinas biodegradacija, bet ne tik strauji, kontolparaugos turpinas iztvaikoSana.
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Test&sanas rezultati 7.diena

6.tabula

Parauga KSP, Nkop., NHs4-N, | NO3—N, | NO2—-N, Fenols,

Nr. mg/L mg/L mg/L mg/L mg/L mg/L

1. 2388,00 99,00 0,40 0,00 0,00 12,30

2. 2213,00 116,00 0,50 0,00 0,00 13,00

3. 2271,00 107,00 0,20 0,00 0,00 12,60

Vid.(bez 2290,67 107,33 0,37 0,00 0,00 12,63
biopléves
nesgjiem)

4. 1132,00 103,00 93,40 0,00 0,00 0,30

5. 1158,00 110,00 97,10 0,00 0,00 0,40

6. 1136,00 110,50 94,00 0,00 0,00 0,30

Vid (ar 1142,00 107,83 94,83 0,00 0,00 0,33
biopléves
nesgjiem)

Analizgjot 8. dienas iegiitos testéSanas rezultatus (skat. 7. tabulu), var secinat, ka KSP,

kopgja slapekla, amonija jonu testé$anas rezultati visiem paraugiem samazinas. Bet fenola

koncentracija palielinas, kas liecina, ka biodegradacija sp&a un iztvaikoSana pakape sak

samazinaties.
7.tabula
Test&Sanas rezultati 8.diena
Parauga KSP, Nkop., NHs -N, NOs;—N, | NO2—-N, Fenols,

Nr. mg/L mg/L mg/L mg/L mg/L mg/L
1 2 3 4 5 6 7
1. 2281,00 110,80 0,22 0,00 0,00 12,90
2. 2124,00 110,60 0,31 0,00 0,00 13,10
3 2108,00 103,60 0,35 0,00 0,00 12,90
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7.tabulas turpinajums

1 2 3 4 5 6 7
Vid.(bez 2171,00 108,33 0,29 0,00 0,00 12,97
biopléves
nesgjiem)

4. 1004,00 105,80 36,40 0,00 0,00 0,90

5. 1009,00 104,20 37,00 0,00 0,00 0,90

6. 1007,00 103,40 33,80 0,00 0,00 0,80

Vid. (ar 1006,67 104,47 35,73 0,00 0,00 0,87
biopléves
nesgjiem)

Kopuma, 1.eksperementa rezultata, paraugiem bez biopléves nesgjiem KSP
samazindjas par 43%, bet ar biopléves nes&jiem par — 88%, kas liecina, ka 43% piesarnojuma
ir gaistoSie savienojumi, kas izgaist bez mikroorganismu klatbiitns. Visa eksperimenta
garuma, paraugiem bez biopléves nesgjiem fenola saturs samazinajies uz 1%, tomér ar
biopléves nesgjiem samazinajies par 93%, kas liecina ka fenols pamata tiek biodegradéts.
Tomér amonija jonu koncentracija paraugiem bez biopléves nesgjiem samazinajas par 92%.
Paraugiem ar biopléves nes€jiem amonija jonu satura rezultati palielinajas 9 reiz€s, kas liecina,
ka aktivo dunu klatbttné notika organisko slapekla savienojumu biodegradacija — pareja
amonija forma.

Ka ari 8.diena tika veikta mikrobiologiska test€Sana. Pirmos tris kontrolparaugos nebija
konstat&ta mikroorganismu klatbiitne, kas liecina, ka sterila vide bija nodro$inata eksperimenta
laika, ceturtaja parauga — 10,3 * 10° KVV/mL, picktaja — 7,5 *10° KVV/mL un sestaja —
2,410 KVV/mL.

2.eksperimenta testéSanas rezultati tiek aprakstiti no 8. lidz /2. tabulas. 2.pielikuma tiek
pievienots grafikiskais testu rezultatu atspogulojums.

Analizgjot 0. dienas iegiitos test€Sanas rezultatus (skat. 8. tabulu), var secinat, ka visiem

paraugiem, gan ar biopl&ves nesgjiem, gan bez, test€Sanas rezultati ir loti IT1dzigi.

8.tabula
Testésanas rezultati 0.diena
Parauga Nr. KSP, Nikop, | NH4-N, Ngf Ngf Fenols,
mg/L mg/L mg/L mg/L mg/L mg/L
1 2 3 4 5 6 7
1. 5097,00 156,60 4,00 0,00 0,00 8,93
2. 5775,00 154,80 4,06 0,00 0,00 8,87
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8.tabulas turpinajums

2 3 4 5 6 7

3, 5280,00 | 15420 | 3,84 0,00 0,00 8,97

Vid.(bez biopleves | 530/ 50 | 15520 | 3.97 0,00 0,00 8,92
nesgjiem)

4, 525500 | 142,00 | 3,90 0,00 0,00 8,75

5. 4868,00 | 144,80 | 3,90 0,00 0,00 8,77

6. 5302,00 | 152,60 | 3,99 0,00 0,00 8,87

Vid (arbiopleves | g4y o7 | 14647 | 393 | 000 | 000 8,80
neséjiem)

Veicot mérfjumus péc 24 stundam, (skat. 9. tabulu), var secinat, ka paraugiem ar

biopléves nesgjiem fenola saturs, amonija jonu, kopgja slapekla un KSP testéSanas rezultati

samazinas straujak, neka bez biopléves nesgjiem, kas liecina par notiekosSo biodegradaciju

sakumu paraugos ar biopléves nesgjiem.

9.tabula
Testesanas rezultati 1.diena
KSP, Niop, | NHs-N, | NO3 = | NO2= 4 s,
Parauga Nr. N, N,
mg/L mg/L mg/L mg/L mg/L mg/L
1. 4708,00 154,40 3,70 0,00 0,00 8,98
2. 4756,00 151,80 3,48 0,00 0,00 8,67
. 4624,00 155,20 3,87 0,00 0,00 8,98
Vid.(bez biopleves | 459600 | 15380 | 3,68 0,00 0,00 8,88
nesgjiem)
4. 3875,00 113,80 0,10 0,00 0,00 0,25
5. 3871,00 111,90 0,16 0,00 0,00 0,36
6. 3839,00 112,10 0,10 0,00 0,00 0,32
Vid (ar biopleves | 3951 67 | 11260 | 002 | o000 | 000 0,31
nesgjiem)

Analizgjot 3. dienas iegiitos test€Sanas rezultatus (skat. 10. tabulu), var secinat, ka

visiem paraugiem KSP turpina samazinaties. Paraugiem ar nes€jiem amoniju jonu saturs sak

palielinaties, bet kopgja slapekla koncentracija samazinas, kas liecina, ka kontrolparaugos sak

iztvaikoties gaistosie savienojumi, bet paraugos ar biopléves nesgjiem turpinas bidegradacija.
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Test&sanas rezultati 3.diena

10.tabula

Parauga N. KSP, Nkop, | NHa-N, Ngf - N% ~ | Fenols,

mg/L mg/L mg/L mg/L mg/L mg/L

1. 3022,00 | 164,60 | 041 0,00 0,00 8,08

2, 3092,00 | 164,60 | 035 0,00 0,00 8,67

3, 3180,00 | 167,00 | 042 0,00 0,00 8,08

Vid.(bez biopleves | 3096 00 | 16540 | 039 | 000 | 000 8,88
nesgjiem)

4. 1356,00 | 100,10 | 5,65 0,00 0,00 0,39

5. 1251,00 | 95,90 6,66 0,00 0,00 0,28

6. 1307,00 | 99,90 5,87 0,00 0,00 0,33

Vid (ar biopleves 301 07 | 95,63 6,06 0,00 0,00 0,33
nesgjiem)

Analizgjot 7. dienas iegiitos test€Sanas rezultatus (skat. 11. tabulu), var secinat, ka KSP

un fenola saturs visiem paraugiem samazinas, bet 1éndak. Amonija jonu koncentracija

paraugiem ar biopléves nes&jiem loti strauji palielindjas. Paraugiem ar biopléves nesgjiem

kopgja slapekla saturs palielinds, bet kontrolparaugiem samazinas.

11.tabula
Test&Sanas rezultati 7.diena
KSP, | Nip, |NHi-N, | N = | NO2= g,
Parauga Nr. N, N,

mg/L mg/L mg/L mg/L mg/L mg/L

1. 2807,00 110,05 0,39 0,00 0,00 8,09

2. 2803,00 108,90 0,45 0,00 0,00 8,15

3. 2860,00 105,90 0,37 0,00 0,00 8,13

Vid.(bez biopleves | 053 33 | o508 0,40 0,00 0,00 8,12
nesgjiem)

4, 1200,00 105,05 33,80 0,00 0,00 0,39

5. 1204,00 104,25 37,50 0,00 0,00 0,35

6. 1206,00 102,95 35,80 0,00 0,00 0,34

Vid (ar biopleves | 150333 | o408 | 357 | o000 | 000 0,36
nesgjiem)

Analizgjot 8. dienas iegiitos testéSanas rezultatus (skat. 12. tabulu), var secinat, ka

amonija jonu koncentracija un fenola saturs, paraugiem ar biopléves nesg€jiem, palielinas.
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Tomér KSP samazinas. Paraugiem bez biopléves nesgjiem fenola koncentracija sak

palielinaties, kas liecina, ka biodegradacijs beigsanu. Visiem paraugiem kopgja slapekla saturs

palielinajas.
12.tabula
TestéSanas rezultati 8.diena
KSP, Niop, | NHaoN, | NO3 = | NO2= 1 oo,
: N, N,
Parauga Nr.
mg/L mg/L mg/L mg/L mg/L mg/L
. 2837,00 | 174,20 0,39 0,00 0,00 9,01
2. 2865,00 173,80 0,45 0,00 0,00 8,92
3. 2779,00 | 176,40 0,36 0,00 0,00 9,08
Vid.(bez biopleves | »¢)7 00 | 17480 | 0.40 0,00 0,00 9,00
neséjiem)
4. 1208,00 | 145,60 | 39,20 0,00 0,00 0,80
5, 1223,00 | 146,80 | 40,20 0,00 0,00 0,76
6. 1233,00 | 152,60 | 38.80 0,00 0,00 0,81
Vid (ar biopleves |55 33 | 14833 394 0,00 0,00 0,79
nes¢jiem)

2.eksperimenta rezultata, paraugiem bez biopléves nesgjiem KSP samazinajies par
47%, bet ar biopléves nesgjiem par — 88%, kas liecina, ka 47% piesarnojuma sastada gaistosie
savienojumi, kas izgaist bez mikroorganismu klatbGtnés. Visa eksperimenta garuma,
paraugiem bez biopléves nesgjiem fenola saturs samazinajies par 1%, tomer ar biopléves
nesg€jiem - par 93%, kas liecina ka fenols pamata tieck biodegradéts. Tom&r amonija jonu saturs
paraugiem bez biopléves nesgjiem samazinajies par 90%. Paraugiem ar biopleves nesgjiem
amonija jonu koncentracija palielinajas 10 reiz€s. Rezultati ir lidzigi 1.eksperimenta
rezultatiem.

8.diena tika veikta mikrobiologiska testéSana. Pirmos tris kontrolparaugos nebija
konstat&tas mikroorganismu klatbiitne, ceturtaja parauga — 14,4 *10° KVV/mL, piektaja — 3,2
*10° KVV/mL un sestaja — 8,7¥10° KVV/mL.

3. eksperimenta testéSanas rezultati tick aprakstiti no /3. 1idz 17 .tabulas. 3.pielikuma

tiek grafiski atspoguloti test€Sanas rezultati.
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Analiz&jot 0. dienas iegfitos testéSanas rezultatus (skat. 13. tabulu), var secinat, ka

visiem paraugiem, gan ar biopléves nesgjiem, gan bez, testéSanas rezultati ir loti [1dzigi.

13.tabula
Test&sanas rezultati 0.diena
KSP, Nkop., NHs4 -N, NOs - NO: - Fenols,
Parauga Nr. N, N,

mg/L mg/L mg/L mg/L mg/L mg/L

1. 5745,00 122,00 32,80 0,00 0,00 12,50

2. 6052,00 120,40 31,20 0,00 0,00 12,60

3. 5999,00 119,60 31,10 0,00 0,00 12,70

Vid.(bez biopleves | 5o35 09 | 12067 | 3170 | 0,00 0,00 12,60
nesgjiem)

4. 6007,00 114,60 30,10 0,00 0,00 12,70

5. 5827,00 117,50 31,60 0,00 0,00 12,50

6. 6009,00 115,30 31,50 0,00 0,00 12,30

Vid @ar biopleves | 5047 67 | 11580 | 3107 | 000 | 000 12,50
nesgjiem)

Veicot merjjumus peéc 24 stundam, (skat. 14. tabulu), var secinat, ka paraugiem ar
biopléves nesgjiem fenola, kopgja slapekla un KSP testeéSanas rezultati samazinajas straujak,
neka bez biopléves nesgjiem. Paraugiem ar biopléves nesgjiem amonija jonu saturs samazinajas

1idz 0,0 mg/L, kas liecina par notiekos$o strauju biodegradaciju sakumu paraugos ar biopléves

nesgjiem.
14.tabula
Testesanas rezultati 1.diena
KSP, Niop, | NHe-N | NO = | NO2= 4 o,
Parauga Nr. N, N,
mg/L mg/L mg/L, mg/L mg/L mg/L
1 2 3 4 5 6 7
1. 5188,00 107,40 20,30 0,00 0,00 12,50
2. 5169,00 107,80 20,50 0,00 0,00 12,60
3. 5265,00 109,20 21,10 0,00 0,00 12,60
Vid(bez biopleves | 50733 | 108,13 | 2080 | 0,00 0,00 12,57
nesgjiem)
4. 4423,00 94,80 0,00 0,00 0,00 0,76
5. 4437,00 95,20 0,00 0,00 0,00 0,99
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14.tabulas turpinajums

! 2 3 4 5 6 7

6. 440500 | 9560 | 000 | 000 | 0,00 0.95

Vid (ar biopleves |15y 67 1 9520 | 000 | 000 | 0.00 0,90
nesgjiem)

Analizgjot 3. dienas iegiitos test€Sanas rezultatus (skat. 15. tabulu), var secinat, ka
visiem paraugiem KSP turpina samazinaties. Paraugiem ar nesgjiem amoniju jonu
koncentracija sak palielinaties, bet kopgja slapekla un fenola saturs samazinas. Paraugiem bez
biopléves nesgjiem amonija jonu saturs samazindjas lidz 0,0 mg/L, kas var liecinat par

bidegradacijas sakumu, mikrobiologisko piesarnojumu dgl.

15.tabula
Test&Sanas rezultati 3.diena
— RSP, | N, | NHGN, | NPT NR Fenols
mg/L mg/L mg/L mg/L mg/L mg/L
1. 2736,00 102,20 0,00 0,00 0,00 13,00
. 2743,00 106,60 0,00 0,00 0,00 12,90
3. 2810,00 119,40 0,00 0,00 0,00 13,10
Vid.(bez biopleves | 565 00 | 10040 | 000 | 000 | 000 13,00
nesgjiem)
4, 1910,00 | 91,60 0,18 0,00 0,00 0,62
5. 1886,00 95,00 0,22 0,00 0,00 0,62
6. 1807,00 98,40 0,24 0,00 0,00 0,67
Vid. (arbiopleves | ya57 67 | 9500 | 021 | o000 | 000 0,64
nesgjiem)

Analizgjot 7. dienas iegiitos testéSanas rezultatus (skat. 16. tabulu), var secinat, ka KSP
visiem paraugiem turpina samazinaties. Paraugiem ar biopléves nesgjiem kopgja slapekla un
amoniju jonu saturs palielinas. Paraugiem bez nesgjiem loti strauji samazinas fenola
koncentracija, tome@r palielindjies amonija jonu testéSanas saturs, kas liecina par iesp&jamu
mikrobiologisko kontaminaciju kontroles paraugos. Par to vizuali liecindja ari testa $kiduma

sadulkosanas.
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16.tabula
Test&sanas rezultati 7.diena

Parauga N. KSP, Niop, | NH4-N, Ngf - Ngf ~ | Fenols,
mg/L mg/L mg/L mg/L mg/L mg/L
1. 1907,00 | 111,40 1,78 0,00 0,00 2,90
2, 1885,00 | 107,60 1,67 0,00 0,00 3,10
3, 1890,00 | 110,70 1,92 0,00 0,00 2,70
V‘d'(:::é}’i’;ﬁleves 1894,00 | 109,90 1,79 0,00 0,00 2,90
4. 1321,00 | 107,40 | 25,80 0,00 0,00 0,43
5. 1406,00 | 10490 | 26,10 0,00 0,00 0,42
6. 1498,00 | 104,70 | 25,80 0,00 0,00 0,48
V‘dé:;;ﬁgﬁll)eves 140833 | 106,67 | 2500 | o000 | 000 0,44

Analizgjot 8. dienas iegiitos test€Sanas rezultatus (skat. 17. tabulu), var secinat, ka
visiem paraugiem KSP un fenola koncentracija turpina samazinaties. Paraugiem gan ar, gan

bez nesgjiem amonija jonu un kopgja slapekla saturs palielinas.

17.tabula
TestéSanas rezultati 8.diena
Parauga Nr. KSP, Niop, | NHa-N, N% - Ngi ~ | Fenols,

mg/L mg/L mg/L mg/L mg/L mg/L

1. 1886,00 | 117,80 2,95 0,00 0,00 133

2. 1839,00 | 118,00 2,90 0,00 0,00 1,10

3. 1895,00 | 117,20 2,97 0,00 0,00 121
V‘d'(rll’eeszé}’i{:rflleves 187333 | 117,67 2,94 0,00 0,00 121
4. 1349,00 | 119,80 | 29,10 0,00 0,00 0,50

5. 1367,00 | 120,20 | 29,60 0,00 0,00 0,46

6. 1339,00 | 119,90 | 28,80 0,00 0,00 0,49

Vid ;f:sé?i‘e"lfll)eves 1351,67 | 119,97 | 29,17 0,00 0,00 0,48

3.eksperimenta rezultata: paraugiem bez biopléves nes€jiem KSP testéSanas rezultati
samazinajas par 72 %, bet ar biopléves nesgjiem par — 78 %. Visa eksperimenta garuma,
paraugiem bez biopléves nesgjiem fenola saturs samazinajas par 91 %, tomér ar biopléves

nesgjiem samazinajas par 96%. Amonija jonu koncentracija paraugos bez biopléves nesgjiem
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samazinajas par 91 %. Paraugiem ar biopléves nes€jiem amonija jonu koncentracija
samazinajas par 7 %. 3.eksperimenta rezultati atSkiras ar 1. un 2. eksperimenta rezultatiem.
KSP un fenola saturs visiem paraugiem 3.eksperimenta, samazinajas I1dzigi, kas var secinas
par mikrobiologisko piesarnojumu kontrolparaugos. Mikrobiologiskais piesarnojums varétu
veidoties dazadu iemeslu d€], pieméram, paraugu nemsanas laika. Nemot v&ra novéroto

sadulkojumu kontroles paraugos, netika veikta papildus mikrobiologiska testésana.
Secinajumi

Mikroorganismu populacijas augsme ir tieSi atkariga no pieejama substrata kvalitates un
daudzuma. Ja baribas vielas nav limit&josais faktors, mikroorganismu populacija aug loti atri.
1. eksperimenta paraugiem ar biopléves nesgjiem kimiska skabekla patérin$ samazinajas par
88%, bet kontrolparaugiem samazinajas par 43%, kas liecina, ka 43% piesarnojuma sastada
gaistoSie savienojumi, kas izgaist bez mikroorganismu klatbGitnes. Fenola saturs,
kontrolparaugiem, samazinajas par 1%, bet ar mikroorganismiem fenola test€Sanas rezultati
samazinajas par 93%.

2. eksperimenta paraugiem ar biopléves nesgjiem kimiska skabekla paterin$ samazinajas par
88%, bet kontrolparaugiem samazinajas par 47% , kas liecina, ka 47% piesarnojuma sastada
gaistosie savienojumi, kas izgaist bez mikroorganismu klatbtitnes. Kop&ja slapekla testeésanas
rezultati visiem paraugiem palielinajas par 41%. Fenola saturs kontrolparaugiem samazinajas
par 1%, bet ar mikroorganismiem fenola koncentracija samazinajas par 93%.

1.un 2. eksperimentu rezultatu liecina ka fenols pamata tick biodegradéts. Amonija jonu saturs
paraugiem bez aktivam diinam samazinajas uz 90% un vairak, tom@r paraugiem ar biopléves
nesgjiem pieaug 9-10 reizes, kas liecina, ka aktivo dinu klatbtitné notika organisko slapekla
savienojumu biodegradacija — pareja amonija forma.

3. eksperimenta paraugiem ar biopléves nesgjiem kimiska skabekla patérin$ samazinajas par
78%, bet kontrolparaugiem samazinajas par 72%. Fenola saturs kontrolparaugiem samazinajas
par 91%, bet ar mikroorganismiem fenola testéSanas rezultati samazinajas par 96%. Amonija
jonu saturs paraugiem bez aktivam diinam samazinajas par 91%, tomer paraugiem ar biopleves
nesgjiem samazinajas par 7% . 3.eksperimenta test€$anas rezultati butiski atskiras no 1. un 2.
eksperimentie, kas liecina par iesp&amu mikrobiologisko kontaminaciju kontroles paraugos.
Par to vizuali liecina arT testa §kiduma sadulkoSanas.

Mikrobiologiskais piesarnojums varétu veidoties dazadu iemeslu dél, piem&ram, paraugu

nemsanas laika.
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e Kimiska skabekla paterina samazinaSanas rezultata, paraugiem ar biopléves nesgjiem, strauji
palielinas amonija saturs.

e Paraugiem ar biopléves nesgjiem butiski samazinas fenola daudzums jau pirmaja diena.

e Biologiska notekiidenu attiriSana ir svarigakais vides aizsardzibas pasakums, jo tas nodroSina,
ka izpludes notekudeni no farmacijas uzn@muma, nav bistami videi, cilveéka veseliba un atbilst

reglamentgjoSiem normativiem aktiem.
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Paraugu amonija jonu rezultati ar un bez biopléves neséjiem
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BENEFICIAL ROLE OF MICROBIAL BIOFILM IN BIODEGRADATION
PROCESSES

Mg.biol. Laura Zoria

Biofilm, formaldehyde, benzalkonium chloride, bioplastics, biodegradati
Introduction

When researching the activity and control possibilities of one species or multi-species
consortium of microorganisms, it is important not only to be aware about the potential of these
microorganisms for biodegradation process but also to consider potential resistance of a particular
compound. At the same time, it must not be forgotten that it is always important to carry out a risk
assessment, as many disinfectants widely used in industry can not only promote resistance for a
particular disinfectant to microorganisms, but also stimulate antibiotic resistance, which is
definitely one of the biggest challenges we are facing now [1].

In my research, I have worked with microorganisms of various origins, such as landfill
infiltrate, wastewater sludge, bacterial consortia with isolates-degraders, pure cultures and natural
microbiome from hydroponically grown plant's rhyzosphere. Various methods are used to study
the activity of microorganisms and the main tasks and findings [ am focusing on are: 1) to measure
the removal of pollutant by physiologically active biofilm, non-active biofilm and carrier; 2) to
test the structural and functional shift of planktonic and immobilized microbial community upon
treatment and 3) to optimize the conditions for biofilm formation and maintaining for
biodegradation.

Microbial biofilms

Biofilms are the aggregation of microbial cells, which are associated with the surface in
almost an irreversible manner. They are attached with a biotic or abiotic surface integrated into the
matrix that they have produced. A biofilm can consist of a single microbial species or a
combination of different species of bacteria, protozoa, archaea, algae, filamentous fungi, and yeast
that strongly attach to each other and to biotic or abiotic surfaces. However, mixed species biofilms
form the majority in most of the environments and single species biofilms host the surface of
medical implants and hence being the reason of infections [1, 2].

Bacterial biofilm formation is a complex process and can be described in five main phases.
The first one is attachment. Conditioning layer is formed which have a loose collection of
carbohydrates and proteins which gets unite with minerals in hard water [1]. The second one is
irreversible attachment. As soon as conditioning layer formed, electrical charge accumulates on
the surface which attracts the bacteria having opposite charge that result in irreversible attachment
of microbial cells. The charges are sufficiently weak that microorganisms could be easily removed
by the mild cleanser and sanitizers [1, 2]. In proliferation phase, bacteria get attached to the surface
as well as with each other by secreting exopolysaccharides that entraps the cells. The fourth one is
maturation. The biofilm environment consists of the nutrient-rich layer which supports the rapid
growth of microorganisms. And the last one is dispersion. It is the process of dispersal of biofilm
in which actively growing cells gradually sheds daughter cells [1].
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Several factors play an important role in microbial attachment: substratum effects,
hydrodynamics, characteristics of the aqueous medium, properties of the cells and environmental
factors, including availability of certain nutrients, presence of oxygen, environmental pH and
temperature 2, 3].

Unlike the planktonic bacteria, biofilms are not effectively eliminated by ordinary cleaning,
washing and disinfection methods. In a biofilm, rendering biofilm becomes ten to thousand times
less prone to several antimicrobial agents than the same planktonic culture grown bacterium. As
compared to planktonic form, bacteria in biofilms shows a discrete physiology like reduced
metabolic rate and enhanced cell to cell communication which helps in developing resistance to
antibiotics or reduce their effects [2; 4].

The ability of bacteria to colonize surfaces and to establish biofilms are considered serious
issues and has been associated with detrimental consequences in many branches related to food,
water, pharmacy and healthcare [3]. In view of the serious impact of biofilms on human health and
other aspects, researchers have long focused on prevention and control of the harmful biofilms. In
an effort to get rid of harmful biofilms, various techniques and approaches have been developed
which were mostly concerned with interference against bacterial attachment and quorum sensing
as well as biofilm matrix destruction [1, 5]. However, bacterial biofilms can also affect the
environments beyond risk. There are numerous beneficial applications of bacterial biofilms.
Biofilm-associated bacteria play essential roles in the transformation of hazardous pollutants to
harmless substances, the protection of plants against phytopathogens, the plant growth promotion,
as well as the removal of excess nutrients from wastewater [3].

Role of microbial biofilms in biodegradation of formaldehyde

Biofilms often plays an important role in different ecosystems and one such positive example
is biofilms formed by microorganisms on expanded clay pellets, which are widely used as a
substrate for growing various plants in hydroponics. On the one hand, plants are known to play an
important role in the purification of air from various pollutants, especially volatile organic
compounds, but it is important to be aware of whether and to what extent biofilm microorganisms
are involved in the biodegradation of volatile compounds. Knowing this, it is possible to look for
different solutions to stimulate the activity of the biofilm [6; 7].

Volatile organic compounds (VOCs) such as formaldehyde, acetone, ethyl acetate, benzene,
chloroform are common indoor pollutants [8]. Some VOCs are carcinogenic, damage the nervous
and circulatory system [9] and cause allergies, skin irritation and respiratory diseases [10].

Various techniques are used to ensure indoor air circulation and purification from these
pollutants. One of the most innovative solutions is the Green Wall System (GWS), which provides
indoor air biofiltration. The GWS consists of tanks filled with a substrate, different plant species,
as well as irrigation and ventilation systems that provide water circulation in the GWS and allow
air to flow. Among the substrates used for air biofiltration systems, polyurethane [11], husk-based
substrates with activated carbon [12], mixture of compost-scoria-sugarcane bagasse [13],
expanded clay pellets with different amendments[14, 15, 16] and other compositions were
reported.

An efficiency of air biofiltration in the GWS is highly dependent on the plant species [6].
The formaldehyde dehydrogenase (FADH) activity in plants was recently suggested for the
assessment of the plant remediation efficiency of FA in air at lower concentrations [17]. Plants are
capable of absorbing and metabolizing volatile compounds, including formaldehyde. Once they
are absorbed through the stomata or cuticle, volatile compounds can be used as a carbon source
via the Calvin cycle [18]. The concentration of formaldehyde in the air is an important factor that
can affect its removal efficiency [19].

121

—
| —



Formaldehyde can be transported from the air to the rhizosphere by plants via foliar uptake
and subsequent movement to the root zone [20; 21]. There, formaldehyde can be degraded by
microorganisms present in the soil or other substrate [22]. Another aspect of the efficient
functioning of the GWS is related to the microbial activity, which is strongly dependent on plant
species, substrate, operating conditions and air chemical composition. As FA is highly soluble in
water, it is believed that air flow brings FA to the liquid phase of a hydroponic system, where FA
can be subjected to microbial biodegradation. In turn, a metabolic activity of microbial
communities is highly variable. For example, FA can be produced inside a biofilter as a secondary
emission, being one of the first metabolic intermediates in the consumption of methanol in
methylotrophic microorganisms [7]. Yet, FA is a subproduct in the metabolism of histidine,
choline and a number of plantderived methoxylated aromatic chemicals such as vanillate, veratrate
and caffeate by certain microorganisms [23]. Optimization of operating conditions towards
efficient FA removal can notably influence the microbial abundance and activity. Thus, the
addition of ozone was shown to stimulate the removal of FA in a biofiltration system. At the same
time, ozone inhibited the production of the exopolymeric substances inbiofilm without affecting
cell viability [24]. Among FA degrading bacteria, different proteobacteria have been detected, e.g.,
Pseudomonas, Methyloversatilis, Methylophilus and Methylobacterium [25].

Benzalkonium chloride

It has already been mentioned that microorganisms in biofilms are more efficient in
providing biodegradation processes and this approach is often used in wastewater treatment plants.
One of my research directions is to study the biodegradability of benzalkonium chloride using
microbial biofilms.

Benzalkonium chloride is one of the most common quaternary ammonium compound found
in wastewaters. Quaternary ammonium compounds or QACs are cationic surfactants used in the
manufacture of detergents, disinfectants and many personal care products. The widespread use of
quaternary ammonium compounds in industrial production has led to large amounts of these
compounds entering wastewater [26]. Approximately 75% of QACs end up in wastewater
treatment systems each year, with the rest going directly to the environment. It is the most common
quaternary ammonium compound used in the pharmaceutical and cosmetics industries, in the
production of disinfectants, and in the food industry as a preservative [27].

The widespread use of quaternary ammonium compounds in disinfectants has led to the
development of bacterial resistance to these agents [8,27]. Interestingly, long-term exposure of
bacteria to QACs has not only contributed to the development of resistance of microorganisms to
these compounds, but has also contributed to the development of antibiotic resistance in bacteria
[28].

Role of microbial biofilms in biodegradation of bioplastics

Another positive example of using microbial consortia for biodegradation is use of landfill
leachate for biodegradation of plastics.

Plastics play a critical role by satisfying the daily needs of people and ensuring the
functioning of the industry [29]. Global production and use of plastics is increasing every year
leading to raised global concerns of increasing CO2 emissions and accumulation of primary
plastics and their transformed forms in the environment, including soil and aquatic ecosystems.
This in turn can not only negatively affect the functioning of ecosystems, but also create potential
health risks to humans [30; 31]. It takes a minimum of 50 years for mainstream plastics to break
down in nature, whereas biodegradable plastic can be broken down 10 to 20 times quicker [31;32]
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Biodegradable plastic products can serve as a good alternative to conventional
petroleumbased non-biodegradable plastics. It is believed that in the future the bioplastics industry
will develop and expand its production volume in the global market. Biodegradable plastics
derived from starch (e.g., cassava (CAS)) are ecologically friendly, abundant, and low cost. The
efficiency of the plastic degradation process is dependent on environmental conditions [29].

Studies have shown that humidity, soil enrichment in microorganisms promotes the
biodegradability of bioplastics [29]. It was shown that some types of biodegradable plastics
“disappeared” after three months in the sea, but still persisted in other environments after 27
months [33]. Therefore, further research on stimulation of biodegradability of different types of
plastics is vitally necessary.

Landfill leachates are biologically active, heterogeneous due to the substrate complexity and
are a rich source of different microorganisms. Due to these properties, landfill leachates could be
applied in different types of biodegradation processes. Recent studies of Indian scientists
demonstrated the presence of potential genes in landfill leachates that is associated with the
biodegradation of different types of plastics such as polyethylene (PE), polyethyleneterephthalate
(PET), and polystyrene (PS). These studies have also shown the presence of enzymatic groups and
pathways involved in biodegradation of xenobiotics [34]. In this respect, application of landfill
leachates could considerably promote the biodegradation of different types of plastics.
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Annotation

There are a big number of articles in the scientific databases about how to get rid of or how
to prevent the formation of a harmful biofilm, but far fewer articles focuses on how to stimulate
the action of a beneficial biofilm. Biofilms formed by different microorganisms play an important
role in ecosystems and human’s daily life. This article fuceses on several practical examples of
how biofilms formed by microorganisms are used for biodegradation of various toxic compounds
and environmental bioremediation.
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