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Abstract. Agriculture is the main source of global ammonia emissions. It generates about 75% of
global ammonia emissions into the atmosphere and soil fertilization accounts for half of
agricultural emissions. Fresh air is a basic human need for both health and the immune system. Air
pollution can be defined as a moment when concentration of gases in the air reaches such a large
amount that plants, animals and ecosystems are directly or indirectly affected. Ammonia emissions
have a negative impact on ecosystems and human health, as they accumulate both as solid particles
and as an ingredient of acid rain. Measures of ammonia emissions mitigation can be divided into
three large groups: the first group refers to measures of ammonia emission mitigation in animal
housing, the second group refers to ammonia emission mitigation measures during the storage of
manure and the third group is ammonia emission mitigation measures for fertilizer application.
One of mitigation measures is acidification of pig slyrry digestate in the field. Measurements of
ammonia emissions were made in Jaunbérze parish on 30 April and 1 May, 2018. Sulphate (NS
21:24) and pig manure digestate were used for fertilization. The Picarro G2508 used to conduct
the study allows real-time measurements of ammonia concentrations at 1 second intervals, with
measuring time of 400 seconds. The volume of the measurement chamber is 60 | connected to the
Picarro G2508 using a 10 m long Teflon tube. When measuring ammonia emissions, 3 iterations
were performed for each measurement, the reference error was less than 5%. Emissions after
digestate application were measured at different time intervals: the first measurement session was
immediately after the digestate application, the second measurement session was measured after 2
hours, the third measurement session was measured after 4 hours and the fourth was the
measurement after 24 hours. The highest emission immediately after digestate dispersal of 4500 g
h™ ha® was detected on the plot without vegetation. The increased ammonia emission is explained
by the high pH 7.9 digestate. The lowest ammonia emission at 710 g h™ ha™® was detected in the
sample plot where acidified digetate was dispersed and where there was winter rape plantation
which could be explained by reduced pH 6.4 and the ability of winter rapeseed to absorb ammonia.
The result of ammonia emissions in the digestate without vegetation was about twice as high as in
the digestate with vegetation. Acidified digestate with vegetation showed three times higher
reduction of ammonia emissions in comparison with acidified digestate without vegetation.
Ammonia emissions without digestion after 24 hours was 13 kg ha™, acidified digestate without
vegetation 8.5 kg ha, but acidified digestate with vegetation within 24 hours reached 2.5 kg h ™
ammonia emissions, which was five times lower than digestate without vegetation.

Key words: Picarro G2508, action to reduce GHG.
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Lauksaimnieciba rada 75% no globalajam amonjaka emisijam atmosféra, tad&jadi ta ir
galvenais amonjaka emisiju avots (Amann et al., 2013). Puse no lauksaimniecibas emisijam rodas
augsnu méslosanas rezultata (Beusen et al., 2008). Amonjaka emisijas negativi ietekmé
ekosistemas un cilvéku veselibu, jo tas sp& uzkraties gan ka cietas dalinas, gan ka skabo lietu
sastavdala (Stokstad, 2014). Amonjaka emisiju samazinoSos pasakumus var iedalit 3 lielas grupas:
1. grupa — amonjaka samazinosSie pasakumi dzivnieku mitn€s; 2. grupa — amonjaka samazinosie
pasakumi ktitsmeslu uzglabasanas laika; 3. grupa — amonjaka samazinoSie pasakumi méslojuma
iestrades laika, pie kuras pieder skabinasanas pasakumi.

Augsne ir tikai viens no amonjaka emisiju avotiem, jo emisijas no tas izdalas tikai tad, ja ir
veikta slapekla méslojuma pievienosana augsnei. Ir vairaki faktori, kas var ietekm& NHj
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iztvaiko$anu no augsnes. Udens iztvaikoSanas laika, kas atrodas augsng, tidens tvaiki sev Iidzi nes
arT NHs+ un HCOs- jonus, kas palielina NH3 gazu koncentraciju augsnes virsgja slani. Augsnei
drengjoties, tidens parvietojas uz augsnes zemakajiem slaniem, NHy+, un HCOs- joni tiek ienesti
dzilak augsnes profila zemakajos slanos (Kirk, Nye, 1991). Latvijas geomorfologiskajos un
klimatiskajos apstaklos nav testéta skabinaSanas pasakumu ietekme uz amonjaka emisijam. Darba
izvirzita hipotéze, ka skabinasanas pasakumi un vegetacija samazina amonjaka emisijas.

Petijuma merkis bija noskaidrot, vai un ka mainas amonjaka emisijas, ja ciku mé&slu digestats
ir paskabinats, un — vai emisijas mainas atkariba no vegetacijas esamibas vai neesamibas.

Materiali un metodes

Merfjumi tika veikti ziemas rapSa s€jumos, kas atrodas Jaunbérzes pagasta. Tie notika
2018. gada 30. aprili un 1. maija. Mérfjumi veikti ar iekartu ,,Picarro G2508”, kas savienota ar 60
litru tilpuma me&rfjumu kameru (skat. 1. att.), izmantojot teflona caurulites.

Iekartas ,,Picarro” razotaji ir izstradajusi augstas rezollicijas zinatniskas iekartas gazu
koncentraciju noteiksanai. ,,Picarro G2508” vienlaikus var noteikt piecas gazes — dislapekla oksidu
(N20), metanu (CHa), oglskabo gazi (CO), amonjaku (NH3) un tideni (H,0) tvaika forma. Udens
tvaika meérijums nodrosina N2O, CO, un CH4 gazu sauso molekularo koncentraciju noteikSanu
(Fleck et al., 2013). Tehnologijas pamatu veido fakts, ka jebkurai mazas molekulas gazei ir unikals
infrasarkanas gaismas absorbcijas spektrs pie spiediena, kas zemaks neka atmosféra. Sados
apstaklos gaismas absorbcijas spektrs sastav no rindas tuvu izkartotu, labi identific€jamu, asu
Iiniju, kur Katrai ir savs raksturigs vilna garums. Tas ir prick$noteikums §is metodikas attistibai, jo
p&c absorbcijas stipruma, respektivi, mérot konkr&tu absorbcijas maksimumu, var noteikt jebkuras
gazes koncentraciju. Tradicionalo infrasarkano spektrometru nepilniba ir tada, ka nav iesp&ams
noteikt gazu koncentracijas gazu zema absorbcijas [imena d€l, un mérinstruments ir spgjigs noteikt
gazu tilpuma miljonas dalas koncentracijas gaisa (ppm). CRDS (Cavity Ring-Down Spectroscopy)
tehnologija, ko izstradaja ,,Picarro Ltd.”, samazina minimalo nosakamo koncentraciju lidz miljonai
dalai (ppb), efektivi izmantojot lazera gaismas staru, kura cel$ var sasniegt pat daudzu kilometru
garumu instrumenta merjjuma kamera ar merjjumu biezumu pat vairakas reizes sekunde (Picarro,
2019). Staru kali no vienas frekvences lazerdiodes pa instrumenta mérjjumu kameru virza 3
spoguli, tada veida nodrosinot nepartrauktu cirkulgjoso lazera kustibu. Fotodetektors fiks€é gaismas
daudzumu, kas izpliist caur vienu no spoguliem, kas ir proporcionala intensitatei mérjjumu kamera.
Momenta, kad fotodetektora signals sasniedz sliek$na Iimeni (dazu desmitu mikrosekunzu laika),
nepartrauktais lazera stars peksni tiek izsleégts. Gaismas stari, kas jau ir instrumenta meérjjuma
kamera, turpina atstaroties pret spoguliem (aptuveni 100 000 reizes). Ta ka spoguliem atstaro$anas
sp&ja ir zemaka par 100% (99.99%), gaismas intensitate m&rfjjuma kamera pakapeniski saruk un
eksponenciali samazinas 1idz 0. So l&cienu uz leju laika vieniba fiksé fotometrs (Picarro, 2019).

Iepriek$ tika aprakstita situacija tuksa instrumenta mérjjumu kamera, tacu bridi, kad tiek
ievadits gazu maisTjums, kura koncentracijas ir janosaka, gaze instrumenta mé&rfjjumu kamera
paatrina lazera stara nodzesanas laiku p&c lazera diodes darbibas partraukSanas. Atbilstosi lazera
dzgsanas laikam ,,Piccaro” ir izstradajis aprékinu algoritmu koncentraciju noteikSanai konkrétam
gazém (Picarro, 2019).

Amonjaka mérijumi ar $o multispektometru kopa ar tidens tvaika mérjjumiem ir sarezgitak
interpretéjami neka CO2, NHs un NO. Amonjaks NHs var nogulsnéties gan caurulités, gan uz
citam instrumenta virsmam (Fleck et al., 2013).
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1. att. Amnj aka mérijumi ar ,,Piaro G2508” un 60 1 éijumu kameru.
Fig. 1. Ammonia measurements with Picarro G2508 and 60 | chamber.
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Skabinasanai tiek izmantots traktors ar piemont&tu viena kubikmetra tilpuma konteineru, kas
pildits ar sérskabi (skat. 2. att.). ST sistéma ir pieslégta pie digestata cisternas, uz kuras atrodas
skabes iestrades maisitajs, kas iestrada skabi digestata. Iekartai ir sensors, kas nepartraukti meéra pH
Iimeni, to automatiski uzturot 6.4 pH Ilimeni. Seérskabe kopa ar digestatu tiek novadita uz
méslojamas platibas ar izkliedeétaju, kuram ir nokarenas caurules.

e
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2. att. Skidrm@slu izkliede ar nokarenajam caurulem.

Fig. 2. Dispersion of slurry with hanging hoses.
Rezultati un diskusijas

Veicot amonjaka emisiju mérijjumus, katrai tehnologijai tika veikti koncentraciju mérjjumi 3
atkartojumos, standartklida ir mazaka par 5%. Amonjaka emisijas pie dazadam iestrades
tehnologijam uzreiz péc digestata izkliedes ir atspogulotas 3. attéla. Visaugstaka emisija
4500 g h! ha' tika konstatéta parauglaukuma bez vegetacijas. Paaugstinatas amonjaka emisijas
izskaidrojamas ar augsto 7.9 pH Iimeni digestata. Zemaka amonjaka emisija 710 g h™' ha® tika
konstatéta parauglaukuma, kur tika izkliedets skabinats digestats un bija ziemas rapsa stadfjumi,
kas izskaidrojams ar pazeminato 6.4 pH limeni un ziemas rapSu sp&ju absorb&ét amonjaku. Bez
vegetacijas digestats uzradija aptuveni divas reizes augstaku amonjaka emisiju neka digestats ar
vegetaciju. Skabinats digestats ar vegetaciju uzrada triskar§u amonjaka emisiju samazinajumu pret
skabinatu digestatu bez vegetacijas.
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3. att. Amonjaka emisijas péc digestata izkliedes g h™ ha pie dazadam iestrades
tehnologijam.
Fig. 3. Ammonia emissions after digestate dispersion g h™ ha™ with different incorporation
technologies.

Amonjaka emisijas pie dazadam iestrades tehnologijam divas stundas péc digestata izkliedes
ir paraditas 4. attgla. Visaugstaka emisija 3160 g h' ha?! tika konstatéta parauglaukuma bez
vegetacijas. Zemaka amonjaka emisija 718 g h™ ha® tika konstatéta parauglaukuma, kur tika
izkliedéts skabinats digestats un bija ziemas rapSa s€jumi. Bez vegetacijas digestats uzradija
aptuveni pusotru reizi augstakas amonjaka emisijas neka digestats ar vegetaciju. Skabinats digestats
ar vegetaciju uzrada divkarSu amonjaka emisijas samazinagjumu pret skabinatu digestatu bez
vegetacijas. Salidzinot ar emisiju apjomu talin péc digestata iestrades, skabinats digestats uzrada
tadu pasu emisiju apjomu. Cetras stundas péc digestata iestrades amonjaka emisiju apjoms ir
samazindjies visas tehnologijas (skat. 4. att.), tomér saglabajas biitiskas atskiribas starp iestrades
tehnologijam (skat. 5. att.). Divdesmit Cetru stundu laika (skat. 6. att.) amonjaka emisijas bija par
30 reiz€m samazinajusas, tacu So faktu var izskaidrot ar spécigu lietu nakts laika starp meérjjumiem.
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4. att. Amonjaka emisijas divas stundas péc digestata izkliedes g h™ ha pie dazadam
iestrades tehnologijam.
Fig. 4. Ammonia emissions two hours after digestate dispersion g h™ ha* with different
incorporation technologies.
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5. att. Amonjaka emisijas Cetras stundas péc digestata izkliedes g h™ ha® pie dazadam
iestrades tehnologijam.
Fig. 5. Ammonia emissions four hours after digestate dispersion g h™* ha™ with different
incorporation technologies.
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6. att. Amonjaka emisijas divdesmit &etras stundas péc digestata izkliedes g h™* ha pie
dazadam iestrades tehnologijam.

Fig. 6. Ammonia emissions twenty-four hours after digestate dispersion g h™ ha™ with different

incorporation technologies.

Kumulativa amonjaka emisija pa stundam ir atspogulota 7. att€la, kur redzams, ka amonjaka
emisijas digestatam bez vegetacijas raditaji 24 stundu laika sasniedz 13 kg ha?, skabinatam
digestatam bez vegetacijas tie veido 8.5 kg ha !, savukart skabinats digestats ar vegetaciju 24
stundu laika sasniedz 2.5 kg ha "' amonjaka emisiju, kas ir piecas reizes zemaka neka digestatam

bez vegetacijas.
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7. att. Amonjaka kumulativas emisijas divdesmit ¢etru stundu laika péc digestata
izkliedes kg ha! pie dazadam iestrades tehnologijam.
Fig. 7. Cumulative emissions of ammonia within twenty-four hours after digestate
dispersion in kg ha* with different incorporation technologies.
Secinajumi
Amonjaka emisiju m&rfjumiem ir iesp&ams izmantot iekartu ,Picarro G2508” — ar

nosacijumu, ka mérjjumu kameras radiusa un augstuma attieciba ir vismaz 1:20.

SkabinaSanas pasakumi sniedz biitisku amonjaka emisiju samazinajumu no 40-90% atkariba
no méslojuma veida (digestats u.c.), audzetas kultiiras, klimatiskajiem un augsnes agrokimiskajiem
apstakliem.

Lai noskaidrotu skabinasanas tehnologijas ietekmi uz amonjaka emisiju samazindjumu,
nepiecieSams veikt papildu pétijumus, kuros tiek testétas dazadas augsnes un dazadas skabinasanas
tehnologijas.

Pateiciba 5

P&tijums 1istenots ar ,Interreg” projekta ,,Skidro katsméslu paskabinasana Baltijas jras
regiona”, SIA ,Latvijas Lauku konsultaciju un izglitibas centrs” un SIA ,,Lauku Agro” finansialu
atbalstu.
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