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Saisinajumu saraksts

EPR — elektronu paramagnétiska rezonanse;

E/T — eritronikskabes/treonikskabes attieciba;

FS — fulvoskabes;

FTIS — Furjé transformacijas infrasarkanas gaismas spektroskopija;
GSH-MS — gazes—skidrumu hromatografija—masspektrometrija;
HS — huminskabes;

HV — humusvielas;

KMR - kodolu magnétiska rezonanse;

My — masas vid&ja molekulmasa;

M, — vidgja skaitliska molekulmasa;

NBO — nitrobenzola oksidésana;

S/G — lignina siringilvienibu/gvajacilvienibu attieciba;

UV-VIS — ultravioleta un redzama gaisma.



IEVADS

Nepieciesamiba péc ekonomikas, kas balstas uz atjaunojamiem resursiem, liek
arvien vairak pieversties esoso resursu racionalai izmantoSanai. Viens no galvenajiem
vadmotiviem atkritumu apsaimnieko$ana Eiropas Savieniba ir direktiva 1999/31/EK,
kura noteikts, ka biologiski sadalamie atkritumi ir japarstrada, nevis janoglaba
atkritumu poligonos. Saskana ar $o direktivu dalibvalstim ir pienakums 2016. gada
samazinat biologiski sadalamo atkritumu daudzumu izgaztuvés Iidz 35% no
1995.gada noglabata apjoma. Kompostés$ana ir viena no perspektivakajam biologiski
sadalamo atkritumu parstrades metodém, kuru var realiz€t gan neliela piemajas
saimnieciba, gan riipnieciska méroga. Kompostgjot biologiski sadalamos atkritumus,
samazinas to apjoms un var iegtt vertigu galaproduktu — stabilizétu organisko vielu
jeb kompostu, ko var izmantot ka augsnes ielabosanas lidzekli vai ka augsnes
substratu, kas ir aktuali gan lauksaimnieciba, gan darzkopiba.

Plasa neorganisko meslosanas Iidzeklu un pesticidu izmantoSana
lauksaimnieciba ieveérojami palielinaja augu razibu, tacu vienlaikus sekmé augsnes
noplicinaSan0s. Audzgjot graudaugu monokultiras, intensivas lauksaimniecibas
rezultata humusvielu saturs augsné ik gadu samazinas vidgji par 0,5 — 1,0 t/ha
(OpioB, 1992). Lai nodrosinatu ilgtsp&jigu saimniekos$anu, organisko vielu daudzums
augsné regulari japapildina. Kompostu ka tradicionalu augsnes ielabosanas lidzekli
pievieno augsnei in situ, lai saglabatu un uzlabotu tas fizikalas un kimiskas ipasibas
un/vai biologisko aktivitati. EK lémums 2006/799/EK nosaka augsnes iclabosanas
lidzeklu vides drosibas kritérijus, lai noverstu to kaitigo ietekmi uz vidi visa attieciga
produkta aprites cikla laika. Savukart, lai palielinatu lietotaju uzticibu un veicinatu
komposta tirgu, Eiropas Savienibas limeni jadefiné komposta kvalitates standarti, bet
tas Iidz $im ir paveikts tikai atsevisSkas Eiropas Savienibas valstis.

Komposta kvalitati nosaka komposta stabilitate un gataviba. Komposta
stabilitate raksturo komposta mikrobialo aktivitati, kuru nosaka biologiski viegli
noardamo vielu klatbiitne komposta, bet komposta gatavibu nosaka tas, vai komposts
nav toksisks augiem. Tikai stabila un gatava komposta pielietoSana veicinas augsnes
auglibu un laus samazinat neorganisko mésloSanas Iidzeklu daudzumu vai pat pilniba
aizstat tos. Savukart, ja komposts neatbilst STm prasibam, ta lietoSanai var biit pat
pretgjs efekts, pieméram, augu baribas vielu saistiSana un fitotoksiska iedarbiba uz
augiem. Ir piedavatas daudzas Kkimiskas, fizikalkimiskas, biologiskas un
mikrobiologiskas metodes, kas lauj novértét komposta stabilitati un gatavibu. Tomér
vairumam no tam ir ierobeZojumi — zinama méra kompostu lielas daudzveidibas dél.
Komposta stabilitate un gataviba ir saistita ar komposta humusvielu raSanos,
uzkraSanos un transformaciju kompostéSanas procesa. Komposta humusvielu
kimiskais sastavs ir atkarigs no izejvielam, komposta mikroorganismiem,
kompostéSanas apstakliem un citiem faktoriem. Komposta humusvielu transformacija
komposteSanas laika varetu kalpot ka viens no komposta kvalitates kriterijiem.

Humusvielas ir galvena augsnes organisko vielu sastavdala, kas veidojas augu,
mikroorganismu un dzivnieku atlieku sadaliSanas produktu dzilas transformacijas, jeb
humifikacijas rezultata. Kaut arT humusvielas ir pétitas vairak neka 200 gadu, vél
joprojam tas tiek definétas, balstoties uz to izcelsmi un §kidibu sarmos un skabés.
Humusvielas parasti raksturo elementu un funkcionalo grupu sastavs, atseviski
makromolekularie parametri un struktiiras (pieméram, alifatiskais un aromatiskais
ogleklis) komponenti. Tas saistits ar humusvielu stohastisku jeb gadijuma raksturu,
kas nosaka tadas fundamentalas humusvielu pasibas ka sastava nestehiometriskums,
neregularitate, struktiirelementu heterogenitate un polidispersums. Ir piedavati vairaki
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humusvielu molekularie modeli, tom& misdienas arvien plasaku atzinibu gust
viedoklis, ka humusvielas ir salidzino$i zemmolekularo savienojumu supramolekulara
dinamiska asociacija, kas stabilizéta ar hidrofobo mijiedarbibu un tGdenraza sait€ém
(Sutton and Spasito, 2005).

Dabiskos apstaklos galvenais organisko vielu avots augsné ir augu atliekas, kuru
pamatmasu veido lignoceluloze. Izmantojot kompostésanai lignocelulozes atlikumus,
organisko vielu transformacijas procesus var salidzinat ar humusvielu veido$anos
dabigos apstaklos augsné, un tos var raksturot ka biomimétiskus. Lignocelulozes
komposta humusvielu sastava izp&te lauj labak izprast humifikacijas procesus
kompostesanas laika un novertet iegtita komposta kvalitati.

Temas aktualitate

Pasaule un ari Latvija pieaug augsnes degradacijas procesi, kurus izraisa
augsnes paskabinasanas, organisko vielu un augu baribas vielu daudzuma
samazinas$anas augsné un citi faktori, ko veicina organiska méslojuma trikkums. P&c
Latvijas Atkritumu saimniecibas asociacijas datiem, Latvija biologiski sadalamo
atkritumu daudzums novertéts ka 1,2 milj. tonnu gada (LASA, 2006). Lielako dalu no
biologiski sadalamajiem atkritumiem veido partikas riipniecibas, lauksaimniecibas un
mezsaimniecibas atkritumi. Ka atseviska atkritumu grupa nodaliti zalie atkritumi, kas
rodas zalaju laukumu apsaimnieko$ana, darzkopiba un citur. Latvija tick kompostéta
neliela dala biologiski sadalamo atkritumu, pieméram, no lauksaimniecibas
atkritumiem komposte tikai 4% jeb 188 tiukst. tonnu (LASA, 2006). Latvija biologiski
sadalamie atkritumi tiek komposteti nelielos kompostéSanas laukumos pie to
lielakajam rasanas vietam. Lauksaimniecibas, koksnes mehaniskas apstrades un zalos
atkritumus veido augu atliekas, kas sastav no lignocelulozes un ko var sekmigi
izmantot kompostésanai. Savukart, galas, zivju un piena parstrades uznémumi razo
videi nedraudzigus atkritumus, kurus ir aizliegts apglabat atkritumu poligonos. Galas
parstrades atkritumi satur lielu daudzumu $kidro atkritumu taukus un slapekla
savienojumus. Sada veida atkritumus sajaucot kopa ar lignocelulozi saturo$ajiem
atkritumiem, varétu utilizét Skidros galas atkritumu taukus un iegit kvalitativu
kompostu.

Komposts satur ievérojamu daudzumu humusvielu, un to var izmantot, ne tikai
lauksaimnieciba ka organisko augsnes ielabosanas lidzekli, bet ari augsnes sanacija,
lai ierobezotu metalisko jonu migraciju, un ari ka izejvielu, lai ieglitu jaunus augu
augsanas stimulatorus ar lielu pievienoto vértibu. Sada komposta izmanto$ana veicina
komposta raZzoSanu un paplasina komposta tirgu.

Promocijas darba meérkis

Noskaidrot lignocelulozes un lignina transformaciju kompostéSanas laika.

Izveidot zinatnisko pamatojumu skidro galas atkritumu tauku un lignocelulozi
saturoso augu atlieku kompostésanai un kvalitativa komposta ieguvei.

Izpétit komposta humusvielu kimisko sastavu un ta transformaciju
kompostésanas laika, kas potenciali varétu kalpot ka viens no komposta kvalitates
krit€rijiem.

Parbaudit komposta ekologisko un biologisko aktivitati, lai paplasinatu ta
izmantoSanas iesp€jas un ieglitu jaunus kompostu saturosus produktus.



Promocijas darba uzdevumi:

e lzvértet dazadus lignocelulozi saturosus atkritumus ka komposta izejvielas;

e izverteét dazadus skidros galas atkritumu taukus ka komposta izejvielas;

e parbaudit dazadas stiebrzalu zales un lapkoku skaidu komposta kompozicijas,
lai nodroSinatu atkritumu tauku sadaliSanu, izmantojot izvéleto s€jmaterialu;

e parbaudit ieguta zales—skaidu komposta fitotoksiskumu;

e izpétit zales komposta kimiska sastava izmainas kompostésanas laika,

e izdalit un izpétit komposta lignina un humusvielu kimisko sastavu un lignina
biotransformaciju par komposta humusvielam,;

e izdalit un izpéetit zales—skaidu komposta fulvoskabju un huminskabju kimisko
sastavu un ta izmainas kompost€sanas laika, ka ari izvertét iespg&jamo skidro
galas atkritumu tauku ietekmi uz komposta fulvoskabju un huminskabju
ktmisko sastavu;

e parbaudit zales komposta humusvielu sp&ju saistit smago metalu jonus;

e raksturot ar siliciju savienojumiem modificEétu komposta biomasu ka
potencialo augu augSanas un attistibas regulatoru, lai iegiitu jaunu produktu ar
paaugstinatu vertibu.

Darba zinatniska novitate

Noskaidrota komposta humusvielu veidoSanas un transformacija kompostéSanas
laika.

Noteiktas likumsakaribas starp lignina vienibu struktiiras izmainam humusvielu
frakcija un kompostésanas procesu.

Pirmo reizi analizéta komposta humusvielu frakcija ietilpstosa lignina vienibu
starpmolekularo aril-glicerol-étera saiSu degradacija kompostésanas laika, izmantojot
analitisko ozonésanu.

Noverteta iespejama atkritumu tauku ietekme uz komposta humusvielu sastavu.

Iegiitos rezultatus var izmantot, lai novertétu lignocelulozes komposta kvalitati.

Pieradits, ka komposta humusvielas spgj pildit barjerfunkciju lomu metalisko
jonu migracija un samazinat to fitotoksiskumu.

Pieradits, ka lignocelulozes komposts ir perspektiva izejviela siliciju saturoSu
augu stimulatoru iegiiSanai.

Darba praktiska nozimiba

Promocijas darba izstrades rezultata Latvija tika realizéta komposta razosana,
kas lauj vienlaikus parstradat lignocelulozes atkritumus un $kidros galas atkritumu
taukus, Kkurus ir aizliegts apglabat atkritumu poligonos, ka ari iegiits kvalitativs
komposts. Latvijas Valsts Koksnes Kimijas instittita sadarbiba ar SIA ,,Zeltabele” tika
izstradati Skidro lopkautuvju atkritumu tauku komposté€Sanas pagaidu tehniskie
noteikumi un reglaments eksperimentalo komposta partiju sagatavosanai. Laika
posma no 2008. 1idz 2009. gadam Eureka projekta ,,Degrease” ietvaros, izmantojot
Sos pagaidu tehniskos noteikumus, SIA ,,Zeltabele” kompostgja vairak neka 2 tonnas
Skidro lopkautuvju atkritumu tauku. Komposta razoSana péc izstradatajiem pagaidu
tehniskajiem noteikumiem turpinajas ar1 2010. un 2011. gada.
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Iegtito kompostu var izmantot ka izejvielu, lai ieglitu jaunus siliciju saturosus
augu augsanas stimulatorus.

Pétijuma rezultatu aprobacija

Promocijas darba rezultati ir apspriesti un atspoguloti 6 zinatniskajas
publikacijas, 11 starptautiskas zinatniskas konferenc€s un 3 Latvijas mé&roga
konferences.

Promocijas darba p&tijumu rezultati ir izmantoti, vadot trTs bakalaura darbus un
sniedzot konsultacijas tris magistra darba izstradasana.

Publicetie pétijjuma rezultati
Zinatniskas publikacijas

1. Bikovens O., Lepane V., Makardtseva N., Dizhbite T., Telysheva G. 2013.
The complementary use of UV, EPR and SEC to study the structural changes
of humic substances during wood waste composting. In: Functions of Natural
Organic Matter in Changing Environment. Xu J., Wu J., He Y. (eds.).
Springer-Verlag GmbH. p. 63-65.

2. Bikovens O., Roze L., Pranovich A., Reunanen M. and Telysheva G. 2013.
Chemical composition of lipophilic extractives from grey alder (Alnus
incana). BioResources. 8(1): 350-357. (Zurnals ir indekséts §adas zinatnisko
izdevumu datu bazes: Web of Science, SCOPUS.)

3. Bikovens O., Dizhbite T., Telysheva G. 2012. Characterisation of humic
substances formed during co-composting of grass and wood wastes with
animal grease. Environmental Technology. 33(12): 1427-1433. (Zurnals ir
indekséts $adas zinatnisko izdevumu datu bazés: Web of Science, SCOPUS.)

4. Bikovens O., Telysheva G., liyama K. 2010. Comparative studies of grass
compost lignin and lignin component of compost humic substances. Chemistry
and Ecology. 26(Suppl.2): 67-75. (Zurnals ir indekséts $adas zinatnisko
izdevumu datu bazés: Web of Science, SCOPUS.)

5. Telysheva G., Dizhbite T., Evtuguin D., Mironova-Ulmane N., Lebedeva G.,
Andersone A., Bikovens O., Chirkova J., Belkova L. 2009. Design of
siliceous lignins — Novel organic/inorganic hybrid sorbent materials. Scripta
Materialia. 60(8): 687-690. (Zurnals ir indekséts §adas zinatnisko izdevumu
datu bazes: Web of Science, SCOPUS.)

6. Bikovens O., Gravitis J., liyama K. 2004. Biomodification of lignocelluloses
under composting environment and heavy metal binding by compost humic
substances. In book: Environmental Education, Communication and
Sustainability. Vol.15. Integrative Approaches towards Sustainability in the
Baltic Sea Region. W. Leal Filho (ed.). Peter Lang GmbH: Frankfurt am Main.
p. 439-444. (Gramata indekséta — Deutsche Nationalbibliografie.)

Zinojumi starptautiskajas konferencés un publicétas tézes
1. Bikovens O., Lepane V., Makardtseva N., Dizhbite T., Telysheva G. 2012.
The complementary use of UV, EPR and SEC to study the structural changes
of humic substances during wood waste composting. In: Functions of Natural
Organic Matter in Changing Environment. Xu J., Wu J., He Y. (eds.).



Springer-Verlag GmbH. p. 63-65. 16" Meeting of the Interantional Humic
Substances Society. Hangzhou, China.

2. Lebedeva G., Bikovens O., Telysheva G. 2011. Enhancement of compost
properties by treatment with Si-containing compounds. In: Program and
Abstract Book of 13" Interantional Humic Substances Society Nordic-Baltic
Chapter Symposium. Oscarsborg, Norway, 28.

3. Bikovens O., Zarina D., Telysheva G. 2010. Co-composting of animal grease
wastes and lignocellulosic as an approach for bioprocessing of wastes
prohibited for landfilling. In: Proceedings Book of 15" Meeting of the
Interantional Humic Substances Society. Puerto de la Cruz, Tenerife, Spain, 2:
417-418.

4. Bikovens O., Telysheva G. 2009. Structural features of grass compost lignin
and humic substances. In: Program and Abstract Book of 12th Interantional
Humic Substances Society Nordic-Baltic Chapter Symposium. Tallinn,
Estonia, 35.

5. Dizhbite T., Telysheva G., Bikovens O., Mutere O., Andersone A. 2008.
Potentials of technical lignins for application as soil amendments: free radical
scavengers and biological activity. In: Proceedings Book of 14™ Meeting of the
Interantional Humic Substances Society. Moscow-S.Petersburg, Russia, 639-
642.

6. Bikovens O., Muter O., Dizhbite T., Telysheva G. 2008. Antimicrobial and
antioxidant activity of extracts and lignins of sub-boreal forest trees. In:
Proceedings Book of 24" International Conference on Polyphenols.
Salamanca, Spain, 365-367.

7. Bikovens O., Jurkjane V., Dizhbite T., Telysheva G. 2007. Wood wastes as
raw material for biologicaly active polyphenols. In: Proceedings Book of 15™
European Biomass Conference and Exhibition. From Research to Market
Development. Berlin, Germany, 2118-2120.

8. Bikovens O., liyama K., Gravitis J. 2004. Structural studies of lignin in humic
substances of grass compost. In: Proceedings Book of 8" European Workshop
on Lignocellulosics and Pulp. Utilization of lignocelulosics and by-products of
pulping. Riga, Latvia, 555-558.

9. Bikovens O., Gravitis J., liyama K. 2003. Biomodification of lignocelluloses
under composting environment and transformation to humic matter. In:
Program and Abstract Book of International Conference ,,Integrative
approaches towards sustainability. Baltic sea region taking the lead”. Jurmala,
Latvia, 189.

10. Bikovens O., Gravitis J., liyama K. 2002. Structural characteristics of lignin
in humified materials. In: Proceedings Book of 47" Lignin Symposium.
Fukuoka, Japan, 96-99.

11. Bikovens O., Gravitis J., liyama K. 2001. Sorption of Cr (111) and Cu (1I) on
wood and biologically decayed wood. In: Proceedings Book of 46™ Lignin
Symposium. Kyoto, Japan, 63-65.

Zinojumi konferences Latvija un publicetas tezes
1. Bikovens O., Teliseva G. 2011. Ligninu saturo$u atkritumu izmantoSana
augsnes ielaboSanas Iidzeklu iegiiSanai. Referatu tézes. Riga: LU Geografijas
un Zemes zinatnu fakultates 69. Zinatniska konference, 413.-414. Ipp.
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2. Bikovens O. 2010. Galas atkritumu tauku kompostéSana zales skaidu
komposta. Referatu t€zes. Riga: LU Geografijas un Zemes zinatnu fakultates
68. Zinatniska konference.

3. Bikovens O. 2009. Lignina noteikSanas problémas humificéta materiala.
Referatu tézes. Riga: LU Geografijas un Zemes zinatnpu fakultates 67.
Zinatniska konference.

Autora ieguldijums

Promocijas darba autors ir piedalijies komposta paraugu vaksana SIA
,Zeltabele”. Autors sagatavoja komposta paraugus, izdalija komposta ligninu un
humusvielas un veica to kimiskas un instrumentalas analizes, ka arl ar testéjamiem
augiem parbaudija komposta fitotoksiskumu Latvijas Valsts Koksnes Kimijas instittita
un Tokijas Universitates Azijas Vides Zinatnu centra (Tokija, Japana) laboratorijas.
Atseviskas komposta izejvielu analizes veiktas Kaunas Tehniskas Universitates,
Kimijas Tehnologijas Fakultaté, Partikas Tehnologijas Katedras laboratorija (Kauna,
Lietuva) un Abo Akadémija, Koksnes un Papira Kimijas laboratorija (Turku, Somija);
komposta huminskabju un fulvoskabju molekulmasas analizes veiktas Tallinas
Tehniskaja Universitaté, Analitiskas Kimijas Katedras laboratorija (Tallina, Igaunija).

Autors piedalijies $adu projektu TstenoSana, kas saistiti ar promocijas darba
izstradaSanu:

e Valsts pétijumu programmas Nr. 2010.10-4/VVPP-5 “Vietgjo resursu (zemes
dzilu, meZa, partikas un transporta) ilgtsp&jiga izmantosana - jauni produkti un
tehnologijas (NatRes)” Projekts Nr. 2. ,Jauni produkti un inovativas meza
apsaimniekosanas, meza koksnes un nekoksnes produktu razoSanas
tehnologijas, racionali izmantojot meza resursus un bitiski palielinot
produkcijas pievienoto vértibu (MEZS)”;

e Llatvijas Zinatnes Padomes grants ,Videi draudzigo lignocelulozes
funkcionalo produktu un hibridmaterialu iegiiSana, hromoforu grupu
veidoSanas un destrukcija” (1547);

e Valsts pétjumu programmas ,Lapu koku audz€Sanas un racionalas
izmantoSanas pamatojums, jauni produkti un tehnologijas 2005-2009”,
Projekts Nr. 3. ,,Lapu koku izmanto$ana uzlabotu koksnes materialu un jaunu
produktu ieguvei’;

e 7. letvara Programmas projekts ,,Latvijas Valsts Koksnes Kimijas Institiita
pétnieciska potenciala realizésana Eiropas Pétniecibas telpa (WOOD-NET)”,
Tematiska prioritate ,,Jaunu un uzlabotu produktu attistiba, ietverot
lignocelulozes un polifenolu hibrida materialus, kuri iegiiti no augu biomasas
parstades atkritumiem, nolika veicinat ilgtspgjigu lauksaimniecibu un
mezsaimniecibu”;

e EUREKA projekts Degrease E!3726 ,,Optimised complex technology for
grease waste utilisation”;

e 5. letvara Programmas projekts INCO EU Science Technology Fellowship in
Japan (contract number ICB-CT-2000-80002).

Promocijas darba autors ir analizgjis iegtlitos datus, interpret&jis rezultatus un
sagatavojis zinatniskas publikacijas.
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Pateicibas

Promocijas darba autors izsaka pateicibu zinatniskajai vaditajai — Latvijas
Valsts Koksnes Kimijas Institita vadoSajai pétniecei Dr. habil. chem. Galinai
Telisevai, ka ari LU Mikrobiologijas un Biotehnologijas Institiita bijusajai darbiniecei
Dr. biol., emeritus |Dzidrai Zarinai| par sniegtajam konsultacijam un padomiem.

Autors pateicas visiem, kas palidzgjusi sasniegt darba rezultatus, Tipasi
bijusajiem un esoSajiem Tokijas Universitates pasniedz€jiem un darbiniekiem — prof.
Dr. chem. Kendzi lijamam (Kenji liyama), prof. Dr. chem. Judzi Macumoto (Yuji
Matsumoto), Dr. chem. Takuja Akijamam (Takuya Akiyama), Dr. chem. Kjoko
Kacumatai (Kyoko Katsumata), Dr. chem. Bjon-Jop Cunam (Byung-Yeoup Chung),
ka ari Latvijas Valsts Koksnes Kimijas Institita darbiniekiem Dr. habil. chem.
Tatjanai Dizbitei, Dr. chem. Galinai [ebedevai, Dr. habil. chem. Janim Gravitim, Dr.
chem. Arnim Kokorevi¢am, zinatniskajai asistentei Vilhelminei Jurkjanei un SIA
,Zeltabele” vaditajai Irénai JakiiSevai.

Ipasi  sirsnigi  par  atbalstu  autors  pateicas  savai  gimenei.
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1. LITERATURAS APSKATS

Kompostésana jeb kontroleéta mikrobiala organisko atkritumu aeroba sadaliSana
ir viena no perspektivakajam cieto organisko atkritumu apstrades metodém. Cilvéce
par kompostéSanas procesu zina jau kop$ neolita laikmeta, kad blakus pastavigam
cilveku apmetnes vietam saka ierikot atkritumu bedres. Detalizéti kompostéSanas
procesa apraksti atrodami viduslaiku bruninieku kodeksos (Diaz and Bertoldi, 2007),
tomér liela méroga kompostéSanu atkritumu apstradei saka izmantot tikai XX
gadsimta pirmaja pus€. Ka vienu no pirmajiem $aja joma var minét Seru Albertu
Hovardu (Sir Albert Howard), kas 1924.-1931. g. realizgja ta saucamo Bangalora
procesu municipalo atkritumu parstradei Indija (Epstein, 1997). Eliots Epsteins
kompostéSanu sauc par augstako recikléSanas formu un resursu atkartoto izmantoSanu
(Epstein, 1997).

Miisdienas kompostésana ir viena no perspektivakajam biologiski sadalamo
atkritumu parstrades metodém, kas lauj biitiski samazinat atkritumu daudzumu un
iegtt kvalitativu augsnes iclabosanas lidzekli, jeb kompostu. KompostéSanu pasaulé
plasi izmanto lauksaimniecibas un darzkopibas atkritumu, notekiidenu diinu, partikas
ripniecibas, sadzives atkritumu un citu biologiski sadalamo atkritumu parstradei.
KomposteSanu var salidzinosi viegli realizet — ta ir biitiska prieksrociba salidzinajuma
ar citam atkritumu apsaimniekoSanas metodeém, tadam ka atkritumu dedzinaSana vai
anaeroba parstrade, kuras prasa lielakus kapitalieguldijjumus un ir dargakas
ekspluatacija (LASA, 2006). Izmantojot dazadas tehnologijas, kompostésanu var
realiz€t gan piemajas darzina, gan lielos atkritumu poligonos. Izplatitaka zalo
atkritumu parstrades metode ir kompostésana atklatas kaudzes jeb stirpas (Adams et
al., 2008). Kompostesanai izmanto arT rotgjosas tvertnes un slégta tipa bioreaktorus ar
gaisa padevi. Tehnologijas izvéle ir atkariga no atkritumu daudzuma, jo lielu
atkritumu apjomu parstradei ir lietderigi izmantot automatiz&tas tehnologijas, kuras
prasa lielakus kapitalieguldijumus, bet ir Iétakas ekspluatacija (LASA, 2006).

1.1. Komposteésanas process

KompostéSana ir aerobs, eksotermisks process, kura jaukta mikroorganismu
asociacija gaisa skabekla klatbiitné organiskos atkritumus parstrada 1idz humificétam
galaproduktam — kompostam, jaunraditai biomasai un mineralvielam (CO; un
tudenim).

KompostgSanas procesu ietekmé vairaki faktori, dazi no tiem ir bitiski citiem ir
otr§kiriga nozime. Pie svarigakajiem faktoriem, kas ietekmé kompostésanu,
japieskaita skabeklis un mitrums, kas ir nepiecieSami komposta mikroorganismu
darbibai (Epstein, 1997). Lai kompostéSanas process noritétu veiksmigi, ir javeic
komposta kaudzes aeracija, jo gaisa difuzija nenodroSina komposta kaudzi ar
nepiecieSsamo skabekla daudzumu. Komposts, kas sagatavots bez papildu aeracijas,
biezi vien ir nestabils un var but fitotoksisks. Nestabils komposts péc iestradasanas
augsné nonak saskarsmé ar gaisu un turpina sadalities, bet tas var negativi ietekmét
vegetaciju (Lguirati et al., 2005). Komposta mehaniska maisi$ana ievérojami palielina
biomasas degradacijas atrumu un uzlabo komposta kvalitati. Mehaniska sajaukSana
uzlabo komposta kvalitati salidzinajuma ar statisku kompostésanu, tomér uzlabojami
nav tik batiski ka no automatizétas sajauksanas (Illmer and Schinner, 1997).
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Optimalais komposta mitruma saturs ir 50 — 60% (LASA, 2006). Ja mitrums ir
lielaks, komposta kaudzé var veidoties anaerobi apstakli, savukart pie mazaks
samazinas mikroorganismu aktivitate. Udeni satur komposta izejvielas, un tdens
rodas ar1 organisko vielu mineralizacijas laika. KompostéSanas laika tdens iztvaiko,
un intensivas iztvaikoSanas gadijuma komposta kaudzes papildus jasamitrina ar tideni.
Ja Gdens saturs ir nepietiekams, pat vairakus gadus ilga organisko atkritumu glabasana
komposta kaudzg nenodrosina komposta gatavibu (Lguirati et al., 2005).

Temperatiira ir svarigs kompostéSanas procesa parametrs, tacu ta ir atkariga no
mikroorganismu aktivitates un vienlaikus ietekmé mikroorganismu populaciju
komposta vide. Temperatiirai parsniedzot 80 ©°C, var iet boja komposta
mikroorganismi. Lai novérstu komposta parkar$anu, kaudzes ventilé ar aukstu gaisu.
Temperatirai ari ir izskiro$a nozime komposta pasterizacija, jo gatavais komposts
nedrikst saturét patogénos mikroorganismus, helmintu olinas un nezalu séklas.
Palielinoties temperatiirai, samazinas kompostéSanas laiks, kas nepiecieSams
komposta pasterizacijai.

Citi svarigi kompostésanas faktori ir baribas vielas un pH. Optimala baribas
vielu attieciba kompostéSanai dazadam izejvielam ir atSkiriga. Dazadus atkritumus var
veiksmigi kompostét, ja C/N attieciba ir no 12 lidz 40 un pat 50 (Hubbe et al., 2010).
Augu atlieku kompostéSanai par optimalo C/N attiecibu pienem 30 (LASA, 2006). Ja
§T attieciba ir augstaka, komposté$anas process tiek inhibéts, bet, ja ta ir parak zema,
slapeklis izdalas apkartgja vide amonjaka veida. Veiksmigai kompostesanai ir biitisks
ne tikai kompost€jama materiala elementu sastavs un to attiecibas, bet ar1 izejvielu
ktmiskais sastavs. Nodrosinot mikroorganismiem optimalos apstaklus — temperatiiru,
baribas vielas, mitrumu un gaisa piepliidi — organiskie atkritumi sadalas ieveérojami
atrak neka dabiskos apstak]os.

KomposteSanas procesu var iedalit aktivaja faz€ un nogatavinasanas faze, par
pamatu nemot komposta temperatiiras izmainas vai mikroorganismu elposSanu. Aktivo
fazi iedala mezofilaja un termofilaja fazés. Mezofilaja fazé baktérijas un sénites
galvenokart sadala SkistoSos un viegli degradéjamos savienojumus, tadus ka cukuri,
ciete, tauki un olbaltumvielas. Saja faze komposta temperatiira palielinas lidz 40 — 45
°C. Komposta pH var samazinaties lidz 5, kas norada uz organisko skabju rasanos.
Termofilaja fazé dazadas baktérijas, sénites un aktinomicgtes aktivi sadala
hemicelulozes un celulozi. Proteinu sadaliSanas rezultata izdalas amonjaks un
komposta pH picaug lidz 8 — 9. Temperatiras optimums termofilajiem
mikroorganismiem ir 50 — 60 °C, un to aktivitate beidzas 70 — 80 °C temperatiira.
NogatavinaSanas fazes stacionaraja perioda siltuma veidoSanas un atdziSana
lidzsvarojas. Savukart ceturtaja faz€ temperatiiras pakapeniski pazeminas un
termofilos mikroorganismus nomaina mezofilie mikroorganismi, kuri turpina
sadaliSanas procesu. Nogatavinasanas fazé sadalas izturigakie komposta komponenti
lignins un lignocelulozes komplekss.

KompostéSanas procesa piedalas jaukta mikroorganismu asociacija, kas sastav
no mezofilajam un termofilajam bakterijam, aktinomicétém un sénitém. Komposta
izejvielas parasti satur pietiekami daudz mikroorganismu (Epstein, 1997), savukart, ja
kompost&jamais materials ir nabadzigs ar mikrofloru, ieteicams pievienot speciali
adaptétus mikroorganismus, kas var batiski ietekm&t kompostéSanas procesu.
Komerciali ir pieejami dazadi bakteriju un séniSu celmu preparati, kas paredzéti
inhibgjoso savienojumu deaktivéSanai un/vai kompostéSanas procesa paatrinasanai
(Hubbe et al., 2010). Inokul&jot risu salmus, var butiski uzlaboties to kompostésana
(Rashad et al., 2010). Inokul&jot municipalos cietos atkritumus ar lignocelulozi
sadalosam séném (Trichoderma spp. un baltas trupes sénes) vai komplekso
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mikroorganismu asociaciju (Bacilus spp, Lactobacillus spp un Candida
rugopelliculosa), tika paradits, ka komposta humifikacija un nogatavoSanas pieaug
sada seciba: komposts inokuléts ar lignocelulozi sadalosam séném > inokuléts ar
komplekso mikroorganismu asociaciju > kontrole (Wei et al., 2007). Trichoderma
spp. izdala iev@rojamu daudzumu fermentu (hidrolazes, oksidazes), kas sadala
lignocelulozi un to ieklauSana s€jmateriala nodroSina paatrinatu augu atlieku
sadalisanos (Gochev and Krastanov, 2007; Wen et al., 2005). Vienlaikus Trichoderma
Spp. nomac patogéno mikroorganismu attistibu (Kalaiselvi and Panneerselvam, 2011).

1.2. Komposta gatavibas kriteriji

Komposts ir lieltonnazas produkts, kura paterins var sasniegt lidz pat 1000 t/ha
(Yeborapes u ap., 2001), tapéc komposta kvalitatei ir loti licla praktiska nozime.
Eiropas Komisijas [émumus 2006/799/EK par ekomark&uma pieSkirSanu augsnes
iclaboSanas lidzekliem, ieskaitot kompostu, nosaka ekologiskos kritérijus, lai noverstu
komposta potencialo kaitigo ietekmi uz vidi visa komposta aprites cikla laika, bet
nenosaka komposta kvalitates raditajus. Tiek reglamentétas prasibas komposta
sastavam  (nedrikst saturét kanalizacijas nosédumus); metalisko elementu
maksimalajai koncentracija Zn, Cu, Ni, Cd, Pb, Hg, Cr, Mo, ka ari Se, As un F;
sveSkermenu (stikla, metala un plastmasas) saturam galaprodukta; maksimalajam
slapekla saturam (3% Nyop.) un neorganiska slapekla saturam no kopgja slapekla
satura. Komposta sausnas saturam jabtt ne mazakam par 25%, un organisko vielu
saturam sausna jabiit ne mazakam par 20%. Komposts nedrikst samazinat didzibu vai
kaveét augu augSanu un attistibu. Ir reglament&ts ari digtsp&ju saglabajusu nezalu
s€klu, helmintu olinu, Salmonella (negativs) un E.coli baktériju saturs.

Komposta kvalitati nosaka ta stabilitate un gataviba. Stabilitati definé ka
organiskas vielas dekompozicijas pakapi, kas saistita ar komposta biologisko
aktivitati. Gataviba ir komposta organo-kimiskais stavoklis, kas parada, vai komposts
nav toksisks augiem. Komposta stabilitate ir svariga, lai palielinatu organisko vielu
saturu augsné€, nestabils komposts péc iestradaSanas augsné var turpinat sadalities.
Atseviskos gadijumos tomer ir pielaujams izmantot nestabilu kompostu ar maksimalu
slapekla saturu (Levanon and Pluda, 2002). Negatavs komposts var bt fitotoksisks
(Epstein, 1997). Komposta fitotoksiskumu nosaka smago metalu (Paradelo et al.,
2008) un citu neorganisko savienojumu klatbutne, SkistoSie sali un organiskie
savienojumi ar fitotoksisku iedarbibu, pieméram, brivas taukskabes (Wilkinson et al.,
2009) vai mazmolekularie fenolu savienojumi (Hachicha S. et al., 2009).

Komposta gatavibas parametram kompostéSanas laika vajadz€tu pakapeniski
mainities (Iwegbue et al., 2006). Komposta gatavibu var noteikt ar daudzam
metodém, Kkuras nosaciti iedalamas vairakas grupas: kimiskas, biologiskas,
mikrobiologiskas, spektroskopiskas metodes, metodes, kas balstas uz humifikacijas
pakapes noteikSanu, hromatografiskas un fizikalas metodes.

Pie kimiskam metodém japieskaita pH, C/N attiecibas, nitrifikacijas un katjonu
apmainas kapacitates noteikSana. pH ir svarigs komposteéSanas parametrs, tau to
nevar izmantot, lai noteiktu komposta gatavibu, ja tas atri sasniedz savu maksimalo
vertibu un vairs nemainas (Levanon and Pluda, 2002). Nenemot v&ra dazadus
trikumus, C/N attieciba ir viens no parametriem, ko visbiezak izmanto, lai noteiktu
komposta gatavibu. Atseviskas valstis C/N attieciba ir ieklauta komposta standartos,
pieméram, Spanija maksimala C/N attieciba zales kompostiem ir 20 (Ministerio de la
Presedencia, 2005). P&c dazu autoru pétijumiem pienemamas C/N vértibas ir no 12

15



lidz 27 (Tiquia, 2010). Nitrifikdcija ir fermentativa NH," okside$ana Iidz NO,™ un
NOs". Kompostésanas laika NH;" daudzums samazinas un rodas NOjz’, tas liecina par
komposta gatavibu (Epstein, 1997). No katjonu apmainas kapacitates ir atkariga
mikro- un makroelementu migracijas un pieejamiba augiem. Kompostésanas laika
katjonu apmainas kapacitate strauji pieaug. Laba korelacija (r* = 0,990) tika novérota
starp katjonu apmainas kapacitati un komposta gatavibu (Inbar et al., 1990).

Komposta gatavibas noteikSanai ir piedavati vairaki humifikacijas raditaji.
Organisko vielu raksturosanai augsné€ var izmantot ekstrakciju ar NaOH un NasP,07
Skidumu (Schnitzer et al., 1981). Diemzél $adu vienkarSotu pieeju nevar lietot
kompostu raksturo$anai, jo komposta sarmu ekstrakti satur ne tikai fulvoskabes un
huminskabes, bet ievérojamu daudzumu citu vielu, kas nav humusvielas. Sekvi (Sequi
et al., 1986) ieteica raksturot komposta gatavibu, izmantojot humifikacijas indeksu,
kuru izteica ka oglekla attiecibu ne-humusvielu un humusvielu frakcijas
Cnr/(ChstCrs). Kompostésanas laika $1 attieciba samazinas un tuvojas 1, savukart
augsnes organiskajam vielam $1 attieciba ir zem 1. Kompostu humifikacijas indekss
tika noteikts ne tikai sarmu ekstraktiem, bet arT kompostu tidens izvilkumiem. Tomé&r
petijumi paradija (Nobili and Petrusi, 1988), ka tdens izvilkumu humifikacijas
indekss savu minimumu sasniedz ievérojami atrak par sarma ekstraktu humifikacijas
indeksu. Respektivi, iidens ekstrakta humifikacijas indekss nav piemérots komposta
gatavibas noteikSanai.

Literattira ir minéti ari citi humifikacijas raditaji (Saviozzi et al., 1988):
(Chs*Crs)/Chp;
Chs/Crs;
CHS/ Corg.;
(CHS"'CFS)/Corg.,
kur Cups, Crs, Cny ir attiecigi oglekla saturs huminskabju, fulvoskabju, ne-
humusvielu frakcijas un Corg ir kop&jais oglekla saturs.

Analizgjot papira razoSanas notekiidenu dinu, salmu un kiitsméslu kompostu,
tika izmantoti iepriek§ minétie 4 humifikacijas parametri un C/N attieciba. legiitie
rezultati rada, ka (Cust+Crs)/Cnu attieciba jeb humifikacijas indekss (HI) vislabak
raksturo organisko vielu stabilizaciju kompostéSanas procesa (Sequi et al., 1986;
Saviozzi et al., 1988). Jaatzimé, ka zinatniskaja literattira ar humifikacijas indeksu HI
dazreiz apzimé atskirigus lielumus. Ta Fukusima pétijuma (Fukushima et al., 2009)
humifikacijas indekss izteikts ka Cnp/(CustCrs), respektivi, tas ir apgriezts lielums
italu pétnicku (Sequi et al.,, 1986) izmantotajam humifikacijas indeksam HI.
Literatira ir sastopamas ar1 citas humusvielu un ne-humusvielu oglekla attiecibas,
pieméram, (Cpst+Crs)/Crec, kur Crgc ir kopg@jais ar sarmu ekstrah&amais oglekla
daudzums. Humifikacijas raditaju trikums ir to zema selektivitate, kas nelauj atskirt
komposta humusvielas no $kisto$a lignina. Ja izejvielas satur daudz lignina, jau
kompostéSanas sakumstadija humifikacijas indikatori uzrada nepamatoti lielu
humusvielu saturu, kas ierobezo $o raditaju lietosanu (Wichuk and McCartney, 2010).

Lignins ir izturigakais augu S$tninpas makro—komponents, tas lauj izstradat
jaunas kimiskas metodes komposta gatavibas noteikSanai, kas balstas uz lignina
1paSibam. Komposta kimiskas stabilitates noteikSanai ir piedavata modificéta Klasona
procediira, kuru parasti izmanto lignina noteikSanai koksné. KompostéSanas laika
pieaug atlikuma daudzums, kas noteiks péc §is metodes. legitie rezultati liecina, ka
atlikuma pieaugums, kas noteikts péc Klasona metodes, labi sakrit ar komposta
gatavibu un parada bio-degradéjamo komponentu samazinasanos komposta (Lopez et
al., 2010). Metoksilgrupas ir raksturigakas lignina grupas, kuru saturs dazadas
izcelsmes ligninos veido 10-22% (Zakis, 1994). Komposta gatavibas noteikSanai
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piedavats noteikt metoksilgrupu saturu komposta humusvielas. Kompostesanas laika
humusvielu frakcija metoksilgrupu saturs pakapeniski samazinajas no 3,4 lidz 1,8%,
kas labi korel&ja ar komposta gatavibu (Larre-Larrouy and Thuriés, 2006).

Pie hromatografiskam metodém pieskaita komposta humusvielu molekulmasas
sadalfjuma noteikSanu, izmantojot gel-hromatografiju. Kompostésanas laika
samazinas komposta humusvielu zemmolekularas frakcijas daudzums un palielinas
lielmolekularas frakcijas daudzums, kas saistits ar zemmolekularo savienojumu
polimerizaciju vai biodegradaciju. Tomati (Tomati et al., 2000), izmantojot
Sefadeksu® G150, novéroja, ka komposta humusvielas sadalas divas frakcijas ar
molekulmasu 10° kDa un 2*10° kDa un kompostesanas laika frakcijas daudzums ar
lielaku molekulmasu pieaug. Pret€ja tendence ir novérota, analiz&jot lignocelulozes
komposta huminskabju molekulmasas izmainas. Skujkoku skaidu un mizu atkritumu
komposta huminskabju molekulmasa kompostésanas sakumstadija palielinajas, bet
pec tam samazinajas. Maksimala skaidu komposta huminskabju molekulmasa péc 7
kompostésanas dienam bija My, ~63 kDa, bet p&c 365 dienam ~15 kDa, vienlaikus
huminskabju polidispersitate My/M, samazinajas no 8,8 lidz 2,5. Savukart mizas
gadfjuma maksimala molekulmasa M,, péc 83 dienam bija 10,8 kDa, bet péc 365
dienam ~8,7 kDa un polidispersitate My/M, samazinajas, attiecigi no 3,4 lidz 2,8
(Fukushima et al., 2009).

Komposta humifikacijas noteikSanai ir piedavatas dazadas spektroskopiskas
metodes, kas lauj analizét kompostu kopuma vai ta Skistosas frakcijas. Furjé
transformacijas infrasarkana spektroskopija (FTIS) tika izmantota, lai analizétu zalo
atkritumu komposta sastavu. Izmantojot regresijas analizi, tika iegiita laba korelacijas
starp kop€jo organisko vielu, kop&jo oglekla, kop&jo slapekla, lignina un celulozes
saturu (Tandy et al.,, 2010), kas ir svarigi raditaji komposta nogatavoSanas
noteiksanai. FTIS un °C KMR spektroskopija parada funkcionalo grupu izmainas
komposta vai ta frakcijas, tomeér $o metozu plasu lietoSanu rutinu analizém butiski
ietekmé to pieejamiba (Epstein, 1997).

Pie fizikalam metodém var pieskaitit tadus raditajus ka komposta smarza, krasa
un temperatiira. Komposta krasa un smarza ir subjektivi raditaji, tomér tiem ir svariga
nozime, kompostu novértgjot uz vietas. Gatavs komposts parasti ir tumsa krasa ar
zemes/tridu smarzu. Temperatiras mérfjumi sniedz svarigu informaciju par
mikroorganismu aktivitati un organisko vielu sadalisanos. Nogatavojies komposts péc
samitrinaSanas un aeracijas nesasilst, atSkiriba no negatava komposta, kas
mikroorganismu darbibas rezultata sasilst (Dewar test) (Lguirati et al., 2005; Wichuk
and McCartney, 2010).

Mikrobiologiskas metodes ieklauj elpoSanas mérjjumus (CO, mérijumi), ka ari
dazadas fermentu aktivitates mérfjumus. Analiz€jot putnu un liellopu kiitsméslu
kompostu un merot CO, emisiju, ka arT amidazes aktivitati un hidrolitisko aktivitati,
izmantota fluorescina diacetata hidrolize (Levanon and Pluda, 2002). CO,
samazinasana kompostéSanas laika norada uz komposta mikrofloras aktivitates
samazina$anu, kopgjais bakteriju skaits strauji samazinajas termofilas stadijas beigas,
kad mikrobiala populacija nomainijas no baktérijam uz s€ném un aktinomic&tém. C/N
attieciba péc termofilas kompostéSanas beigam bitiski nemainijas, atSkirtba no
fermentu aktivitates m&rijjumiem, kas sniedz vairak informaciju par komposté$anas
procesiem (Levanon and Pluda, 2002).

Pie biologiskam metodém pieskaita dazadas komposta gatavibas parbaudes,
izmantojot augus. Sadi nosaka komposta fitotoksiskumu un gatavibu, bet ne
stabilitati. Biologiskam parbaudém izmanto dazadus augus, piemé&ram, salatus
(Lepidium sativum) (Hachicha S. et al., 2009; Paradelo et al., 2008; Tiquia, 2010),
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miezus (Hordeum vulgare) (Paradelo et al., 2008), kukuriizu (Zea mays) u. c. Pie
biezak izmantotajam metodém japieskaita digSanas tests ar salatu seéklam (Zucconi et
al., 1981). Sis tests lauj Tsa laika iegiit rezultatus par komposta fitotoksiskumu, mérot
saknes garumu un izdiguSo séklu skaitu. Augu augSanas testus Vveic laboratorija vai
lauku apstaklos, $aja gadijuma testu laiks var bt vairakas ned€las vai pat ilgak.
Jaatzimég, ka komposta ietekme uz dazadiem augiem var atskirties (Epstein, 1997).

Komposta gatavibas un stabilitates noteikSanai ieteicams izmantot vairakas
metodes. Itavara (Itdvaara et al., 2010) ir piedavajusi shému, péc kuras vispirms
nosaka komposta stabilitati (elpoSanas merijumi, nitrifikacijas noteikSana) un péc tam
komposta gatavibu, izmantojot testus ar augiem.

1.3. Lignocelulozi saturosie atkritumi un to kompostésana

Augu atliekas ir tradicionalas komposta izejvielas. Visi augstakie augi satur
lignocelulozes kompleksu. Pie lignocelulozi saturoSiem atkritumiem japieskaita
mezizstrades, koksnes mehaniskas parstrades, lauksaimniecibas, darzkopibas un zalie
atkritumi. Zalie atkritumi ir viena no lielakajam kompost&jamo atkritumu plismam.
Lielbritanija aptuveni 80% zalo atkritumu tiek kompostéti atklatas kaudzgs jeb stirpas
(Adams et al., 2008).

Augu atliekas veido galveno augsnes organisko vielu izejvielu (Shevchenko and
Bailey, 1996), tas lauj apskatit to kompostéSanu ka biomimé&tisku procesu humusvielu
veidosanai augsné. Visi vaskularie augi dazados daudzumos satur lignocelulozes
kompleksu, kas sastav no polisaharidiem — celulozes un hemicelulozém, un lignina.

Celuloze ir izplatitakais augu valsts biopolimérs. Celuloze ir linears
polisaharids, kas sastav no PB-D-glikozes atlikumiem, kas savienoti ar B-(1—4)-
glikozidiskajam saitem. Celulozes polimerizacijas pakape augos sasniedz 7000 — 15
000. Ta ka tdenraza saites ir regularas, celulozes molekulas augu Stina ir sakartotas
fibrillas, kuram ir strukttira ar kristaliskam Tpasibam (Fengel and Wegener, 1984).

Hemicelulozes atskiras no celulozes péc monosaharidu sastava, ka art ar isakam
un sazarotam keédém, kuru polimerizacijas pakape vidgji ir 150-200. Augu sieninas
ietilpstosas hemicelulozes parasti sastav no $adiem monosaharidiem: pentozes — D-
ksiloze un L-arabinoze; heksozes — D-glikoze, D-galaktoze un D-mannoze; 6-
dezoksiheksozes — L-ramnoze un L-fukoze; heksuronskabes — D-glikuronskabe, D-
galaktouronskabe un 4-O-metil-D-glikuronskabe (Xu, 2010) (1.1. att.). Biezi vien
hemicelulozes satur acetilétus cukura atlikumus. Hemicelulozes augu $tinas sieninas
ar celulozi saista tdenraza saites, bet ar ligninu — galvenokart o—benzil &tera saites.
Kompostésanas laika hemicelulozes sadalas atrak neka celuloze (Wei et al., 2012).
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1.1. attéls. Biezak sastopamie augu §iinas sieninas monosaharidi
1 - mannoze, 2 — glikoze, 3 — galaktoze, 4 — ksiloze, 5 — arabinoze, 6 — ramnoze

Lignins ir otrs izplatitakais biopolim&rs augu valstt péc celulozes. Ligninu satur
visi vaskularie augi, iesp&jams ari atsevisSki zemakie augi (Martone et al., 2009).
Ligntna makromolekulu veido fenilpropana vienibas, kuras sava starpa savienotas ar
aril-aril, alkil-aril, alkil-alkil un aril-glicerol &teriskajam saittm un C-C saitém.
Dazadu augu lignins atSkiras peéc struktiirvienibu sastava. Atkariba no aizvietotajiem
aromatiskaja gredzena lignina struktirvienibas iedala para-hidroksifenola vieniba,
gvajacilvieniba un siringilvieniba (1.2. att.). Skujkoki satur ligninu, kura ir
galvenokart gvajacilvienibas. Lapu koku lignins satur gvajacilvienibas un
siringilvienibas dazadas attiecibas. Zalaugu lignins satur Visu tris veidu fenilpropana
vienibas: gvajacilvienibas, siringilvienibas un para-hidroksifenola vienibas, ka arT ar
estera un &tera saitém saistito para-hidroksikanglskabi un ferulskabi (Grabber et al.,
2004). Fenilpropana vienibas var biit savienotas ar 20 dazadam saitém. Doming&josa
lignina fenilpropana vienibu saite ir aril-glicerol-&tera 8-0—4 jeb p—0O—4 saite (Xu,

2010) (1.3. att.).
; ; OMe MeO ; OMe
OH OH OH

para-hidroksifenola vieniba  gvajacilvieniba siringilvieniba

1.2. attéls. Lignina makromolekulas galvenas struktiirvienibas

Salidzinajuma ar citiem augu sieninas pamatkomponentiem lignins ir ievérojami
izturigaks pret bionoardisanos. Lignina biologiska sadaliSana aerobos apstaklos notiek
ievérojami atrak neka anaerobos apstaklos (Komilis and Ham, 2003). Lignina
biodegradacija ir atkariga gan no ta satura, gan sastava. Augsné lignina
gvajacilvienibas sadalas 1énak neka siringilvienibas un para-hidroksifenola vienibas
(Bahri et al., 2006). Lapkoku lignins apkart§ja vidé sadalas atrak par skujkoku
ligninu, savukart zalaugu lignins sadalas atrak neka kokaugu lignins (Higuchi, 1985).
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1.3.attéls. Skujkoku lignina modelis (Brunow, 1998)

Palielinats lignina saturS negativi ietekmé biomasas sadaliSanu (Hubbe et al.,
2010). Palielinoties lignina saturam, samazinas polisaharidu biodegradésana
kompostéSanas laika. P&tot papira un celulozes raZoSanas atkritumu kompostéSanu,
tika novérota lineara negativa korelacija starp lignina saturu un polisaharidu
biodegradésanu (Vikman et al., 2002). Savukart nelielos daudzumos (2-5%)
pievienojot ligninu partikas un virtuves atkritumiem, tiek veicinata humusvielu
veidosanas. Izmantojot FTIS un termiskas metodes, tika pieradits, ka pievienotais
lignins integréjas humusvielu kompleksa (Smidt et al., 2008). Dazadiem ligniniem
piemit atSkiriga sp&ja transforméties par humusvielam. Dazi tehniskie lignini, ka ari
zales un lapu lignins transforméjas par humusvielam vieglak neka koksnes lignins.
Kompostésanas laika lignins netiek pilniba mineralizéts un tiek ieklauts komposta
humusvielu kompleksa. Lignina transformacija komposta vidé noteico$a loma ir
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aktinomic&tém un termofilajam séném, kuru optimala darbibas temperatiira ir 40 — 50
°C (Tuomela et al., 2000).

Ekstraktvielas ir skaitliski lielaka augu savienojumu grupa, kas sastav no
zemmolekulariem un lielmolekulariem savienojumiem, kurus no biomasas var izdalit
ar organiskajiem S$kidinatajiem vai tdeni. Pie ekstraktvielam pieder dazadu kimisko
klasu savienojumi, pieméram , lipidi, terpéni, fenoli. Augu fenoli lielos daudzumos
var paléninat augu atlicku biodegradésanu. Palms (Palm et al., 2001) ieteica noteikt
kopgjo lignina un fenolu savienojumu saturu augu atliekas, lai noverteétu to
piemérotibu kompostésanai. Kompostet ieteicams tadas augu atliekas, kas satur
mazak par 2,5% slapekli un kuras kopgjais lignina un polifenolu saturs neparsniedz
15%.

Koksnes mehaniskas parstrades rezultata rodas liels daudzums lignocelulozi
saturoSu atkritumu — koksnes skaidas un miza. Dazadu koku mizu var izmantot ka
mulcu, augsnes substratu pagatavoSanai vai kompostéSanai (CuaaHKOB U 1p., 1976).
Kompostgjot eglu mizu kopa ar slapekli saturoSiem savienojumiem (urinvielu), jau
pe€c pusménesa var iegit kompostu, kas veicina augu (auzu) attistibu. Eglu mizas
komposts augsné saista slapekla mineralméslus un darbojas ka lenas iedarbibas
organiskais mineralméslojums (Ilamuu, 1977). Koksne ir mazak piemérota
kompostesanai zema slapekla savienojumu un liela lignina satura d€]. Kompostgjot
skujkoku skaidas, péc viena gada C/N attieciba samazinajas no ~300 lidz 180
(Fukushima et al., 2009). Tomér koksni un hidrolizes ligninu var veiksmigi kompostét
kopa ar dazadiem slapekla savienojumus saturoSiem atkritumiem, piemé&ram, putnu
vai liellopu mésliem un specialiem s€jmaterialiem (benosexen u ap., 2010). Koksnes
skaidas un Skeldu biezi izmanto ka balasta materialu komposta kaudzu kompozicija ar
slapekli saturoSiem atkritumiem lai nodroSinatu nepiecieSsamo komposta kaudzes
porozitati un mitruma saturu.

1.4. Kompostésanas izmantosana atkritumu tauku parstradeé

Eiropas Savienibas regula 1774/2002 noteikts, ka koncentrétos taukus, ka ari
tauku atkritumus, kas satur lopkautuvju dzivnieku audus, nedrikst apglabat atkritumu
poligonos. DazZadas izcelsmes atkritumu tauki ir potenciali bistami atkritumi, jo to
sadaliSanas apkartgja videé dabiskajos apstaklos nenotiek pietiekoSi atri un tie var
kalpot ka potencials infekcijas pereklis. Sadus galas un partikas atkritumus varétu
parstradat, tos kompostgjot kopa ar lignocelulozi saturoSiem atkritumiem.

Tauki un ellas sastav galvenokart no glicerina un alifatisko nesazaroto
taukskabju esteriem — trigliceridiem, ka ari to hidrolizes produktiem — taukskabém un
dazadiem gliceroliem. Alifatiskas k&des var biit piesatinatas vai nepiesatinatas, un to
garums parasti ir robezas Ci4 — Csp. Piesatinato taukskabju trigliceridi ir cietas vielas,
savukart nepiesatinato taukskabju trigliceridi parasti ir Skidri. Tauki labi §kist dazados
nepolaros organiskajos $kidinatajos, pieméram, heksana, bet neskist iideni.

Koncentrétus tauku atkritumus satur galas un partikas parstrades uzpémumu
atkritumi, piem&ram, lopkautuvju atkritumi, ellas razo$anas uznémumu atkritumi, ka
ari sadzives virtuves un restoranu atkritumi. Daudz notektudenu, kas satur
koncentrétus taukus, rada lopkautuves. Udens patérin$ uz 1 tonnu dzivsvara svarstas
no 1 Iidz 29 m®, atkariba no izmantotas tehnologijas. Vidgji $is lieclums Eiropas valstis
ir 25 — 5 m%t dzivsvara (Johns, 1995). Koncentréti tauki var radit nopietnus
sarezgTjumus notekidenu savaksanas sistéma — aizdambét notekcaurules un izraisit to
koroziju. Atdalitos tauku var kompostét, jo tauku energijas saturs ir divreiz lielaks par
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cukuru vai cietes energijas saturu, un ta ir butiska priekSrociba Sadu atkritumu
kompostésanai. Tauki veicina atru termofilas fazes temperatiras sasniegSanu, kas ir
svarigi komposta pasterizacijai un tauku kusanai, diftzijai un $kidibai — §ie procesi ir
atkarigi no temperatiras.

Tauku sadaliSana sakas ar trigliceridu hidrolizi, ko veic ekstracelularie
hidrolitiskie fermenti (lipaze). Lipaze var biit specifiska konkrétiem taukiem vai
nespecifiska un hidrolizét jebkurus taukus. P&tot dazadu mikroorganismu sp&ju sadalit
atkritumu taukus, konstatéts, ka jauktas mikroorganisma kultiiras, kas izdalitas no
notekidenu diinam un adapt@tas tauku sadaliSanai, ir efektivakas neka tirkultiras,
kuras biezi vien ir neizturigas nesterilas riipnieciskos atkritumu parstrades apstaklos
(Wakelin and Forster, 1997).

Zales—skaidu un vistu mé&slu komposts, kas satur taukus ir fitotoksisks, ta¢u
kompostesanas laika ta toksiskums ievérojami samazinas jau péc 2 ned€lam. P&c 6
nedélam komposts bija netoksisks testos ar redisiem (Raphanus sativa) un medeni
(Lobularia maritima) (Wilkinson et al., 2009).

Kompostgjot maksligos partikas atkritumus (sunu baribu kopa ar zagskaidam)
bioreaktora kopa ar rapSu ellu, tika paradits, ka pat bez ar¢jas sildisanas komposta
temperatiira atri sasniedz ~70 °C un tauku saturs termofilas fazes laika samazinas par
70 — 79% (Lemus and Lau, 2002).

Tauki var inhibét citu komponentu sadaliSanos, parklajot to virsmu ar tauku
kartinu. Kompostgjot bioreaktora ciiku taukus kopa ar sunu baribu, zagskaidam un
specialo inokulumu Alles G™, tika novérots, ka ctiiku tauki (>33,3% koncentracija)
inhibeé pargjo komponentu sadaliSanu. Tauku sadaliSana sakas pec sunu baribas
sadaliSanas peéc 84 h un sasniedza ~30% no sakotn&ja daudzuma (33,3%) péc 192 h
(Nakasaki et al., 2004).

Alburkerke (Alburquerque et al., 2008) kompostéja dzivnieku tauku—proteina
hidrolizes atkritumus kopa ar olivellas razoSanas lignocelulozes atkritumiem un zirgu
mésliem. Tauku sadaliSana komposteSanas laika sasniedza 95%. Tauku—proteina
hidrolizata pievienoSana palielinaja salu koncentraciju komposta tidens ekstrakta un
negativi ietekméja digSanas indeksu, tomér iegiito kompostu var izmantot humusvielu
ekstrakcijai — tas varetu lietot lauksaimnieciba ka skidro méslojumu.

1.5. Komposta humusvielu sastavs un to petiSanas metodes

Humusvielas tiek definétas ka fizikali un kimiski heterogéns maisijums, kas
sastav no dabiski sastopamiem, biogéniem, salidzino$i lielmolekulariem, dzelteniem
lidz tums$i braniem, amorfiem, koloidaliem, alifatiskas un aromatiskas dabas
polidispersiem organiskiem polielektrolitiem un, kas veidojas humifikacijas procesa
sadaloties un transformé&joties mirusu organismu biomolekulam (Senesi and Loffredo,
2001). Humusvielas ietekme augsnes svarigakas 1paSibas — augsnes auglibu, fizikalas
un kTmiskas Tpasibas, baribas vielu apriti un augsnes biologisko aktivitati.

Tradicionali humusvielas iedala atkariba no to Skidibas sarmos un skabes.
Fulvoskabes skist skab&s un sarmos, huminskabes skist sarmos, bet neskist skab&s un
humins neskist ne skabg&s, ne sarmos. Stivensons uzsveéra, ka humusvielu veidoSanas ir
viens no vis—intrig€josakiem un viens no vismazak saprastiem humusvielu kimijas
aspektiem (Stevenson, 1994).
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1.4. attels. Humusvielu veido§anas shema (Stevenson, 1994)

1 — humusvielu veidosanas, cukuriem kondensg&joties ar amino savienojumiem; 2,3 —
humusvielu veido$anas polifenolu vai ligninu izcelsmes hinoniem kondensgjoties ar amino
savienojumiem, 4 — humusvielu veidosanas modificétam ligninam kondensgjoties ar amino

savienojumiem

Augsnes humusvielas var veidoties péc dazadiem mehanismiem. Slapekla
savienojumi augsné var kondens&ties ar oglhidratiem (1.4. att. — 1) vai hinoniem
(polifenolu hipotéze), kas rodas lignina vai polifenolu depolimerizacijas rezultata (1.4.
att. — 2, 3), vai art slapekla savienojumi var kondenséties ar modificétu ligninu (1.4.
att. — 4) (Voksmana lignina hipotéze). Atkariba no apstakliem dominé kads no Siem
humusvielu veidoSanas mehanismiem. Saskana ar polifenolu hipot€zi vispirms rodas
zemmolekularas fulvoskabes un p&c tam huminskabes ar lielaku molekularo masu.
Savukart péc Voksmana hipotézes humifikacijas procesa vispirms rodas
lielmolekularas huminskabes, kuru molekulmasa humifikacijas procesa samazinas, un
péc tam rodas fulvoskabes.

Lidzigas humusvielu veidoSanas hipotézes attistija ari citi vadoSie pasaules
pétnieki. Kononovas un Trusova kondensacijas—polimerizacijas hipotéze (Opmos,
1992) ir Iidziga polifenolu hipotézei, bet Aleksandrova oksidésanas skabju veidosanas
humifikacijas hipotézei (Opnos, 1992) ir daudz kopgja ar klasisko Voksmana lignina
hipotézi.

Ir piedavati daudzi un dazadi augsnes humusvielu uzbiives molekularie modeli.
Biezi vien humusvielas apraksta ka lielmolekularas vielas ar noteiktu strukttru. Ka
piem&ru var minét Sultena un Snicera modeli (Schulten and Schnitzer, 1993), kas
satur 738 atomus - CgpgH335090Ns5 (5547 g/mol). Tomér $adiem modeliem ir vairaki
trakumi. Plasi izplatits ir uzskats, ka humusvielas sastav no salidzinosi
zemmolekulariem savienojumiem, kas veido dinamisku supramolekularu asociaciju,
kas stabilizéta ar hidrofobo mijiedarbibu un tidenraza saitém. So hipotézi apstiprina
KMR, rentgena absorbcijas Sauro lenku spektroskopija, MS un analitiskas pirolizes
rezultati (Sutton and Spasito, 2005). Humusvielas var apskatit ka supramolekularo
asociaciju, kuru atseviSkus parametrus apraksta noteikts sadalijums, nevis diskréti
lielumi. Abam §Tm humusvielu uzblives pieejam ir zinami trilkumi un pasreiz tas var
apskatit tikai ka darba hipotézes (Schaumann and Tiele-Bruhn, 2011).

Kompostésanas procesa rodas humificéts materials, nevis augsnes humusvielas.
Atseviskas publikacijas ir uzsvérta lidziba starp kompostu un augsnes humusvielam
(Slkumenko u ap., 1995), tomér vairums autoru atzimé butiskas atSkiribas starp
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komposta humusvielam un augsnes humusvielam (Gonzalez-Vila and Martin, 1985;
Epstein, 1997; Gonzalez-Vila et al., 2009). Tas Jauj apskatit komposta iestradasanu
augsné nevis ka ilgtermina, bet gan ka stermina vai vidgja termina organisko vielu
palielinasanu augsné (Gonzalez-Vila et al., 2009). Komposta humusvielu sastavs ir
atkarigs no komposta izejvielam, kompostéSanas procesa, granulometriska sastava,
komposta gatavibas U. C. Analiz€ot 11 dazadus kompostus ar BC KMR
spektroskopiju, tika paradits, ka alifatiska oglekla saturs komposta huminskabgs
mainas plasas robezas — no 31 lidz 54%, aromatiska C saturs — no 13 lidz 30% un
oglhidratu C saturs — no 8 Iidz 32% (Tomati et al., 2002).

Humusvielu uzbiives pétijumos plasi izmanto elementu un funkcionalo grupu
analizi, dazadas kimiskas humusvielu degradacijas metodes (hidrolize, reducésana,
oksidésana, trans—esterifikacija), ka ar1 spektroskopiskas metodes (Stevenson, 1994).
Komposta humusvielu sastava izmainu pétiSanai kompostéSanas laika tika izmantotas
ultravioleta, fluorescences, infrasarkana, kodolu magnétiskas rezonanses un elektronu
paramagnétiskas rezonanses spektroskopija, ka ari analitiska pirolize (Gonzalez-Vila
et al., 1999; Pajaczkowska et al., 2005; Tandy et al., 2010; Tomati et al., 2002).

Viena no raksturigagkam humusvielu ipasibam ir monotona UV redzamas
gaismas absorbcija, kas vienmérigi samazinas, palielinoties vilpa garumam.
Humusvielu raksturoS$anai izmanto dazadas UV absorbcijas attiecibas, piemé&ram,
E4/Es (absorbciju pie 465 un 665 nm) lieto, lai noveértétu komposta humifikaciju
(Senesi and Loffredo, 2001). Izmantojot EPR spektroskopiju, tika paradits, ka
notekiidenu dinu komposteésanas procesa humusvielu formésanas laika notiek cukuru
kondensacijas reakcija ar slapekla savienojumiem jeb Mailarda reakcija
(Pajaczkowska et al., 2005). Humusvielu pétijumos biezi vien kombiné vairakas
pétisanas metodes. Analiz&jot sadzives, zalo atkritumu un lauksaimniecibas atkritumu
komposta huminskabes ar FTIS, KMR un termolizi kopa ar GSH-MS, tika paradits,
ka huminskabes satur augu polisaharidus, augu un mikroorganismu
alkilsavienojumus, cikliskos un aromatiskos savienojumus. KMR apstiprinaja, ka
huminskabes satur galvenokart oksidéto ligntnu. Kompost€Sanas laika samazinas
oglhidratu saturs, tacu selektivi tiek saglabati hidrofobie fragmenti, ka arf tiek ieklauti
peptidi (Spaccini and Piccolo, 2009).

Izmantojot FTIS un **C KMR spektroskopiju, tika paradits, ka kompostgjot
koksni un mizu komposta huminskabju frakcija samazinas cukuru, bet pieaug
aromatisko savienojumu un karboksilgrupu saturs. Vienlaikus notiek huminskabju
depolimerizacija un samazinas molekulmasa (Fukushima et al., 2009).

KompostéSanas laika lignina fragmenti tiek ieklauti humusvielu kompleksa.
Tuomela izmantojot radioaktivo Yc dihidrogénpoliméru (sintétisko lignina analogu),
konstatgja, ka p&c 45 dienas ilga kompostésanas eksperimenta komposta humusvielas
satur 12—14% radioaktiva lignina, bet humins — 30-39% lignina (Tuomela et al.,
2001). Lignina makromolekula kompostéSanas laika tiek butiski modificéta. Lignina
demetoksiléSana kompostéSanas laika ir aprakstita jau agrinos Voksmana darbos
(Waksman and Smith, 1934). Izmantojot analitisko pirolizi, tetrametilamonija
hidroksida klatbutné tika paradits, ka notekiidenu diGnu un salmu komposta
humusvielu veidosana nozimiga loma ir lignina alifatiskas k&des oksidésanai (Amir et
al., 2006).

Tauku un ellu ietekme uz humusvielu veidoSanu ir maz pétita. Hacica
kompost€ja olivellas razoSanas atkritumus kopa ar majputnu mésliem. Ellas
sadaliSanas komposta videé sasniedza 95%, un iegtita komposta huminskabes saturgja
1,2% taukskabju (Hachicha R. et al., 2009).
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Jaatzime, ka pétjjumu par lignina transformaciju par humusvielam un tauku
ietekmi uz humusvielam ir salidzinos8i maz, un tie ir fragmentari.

1.6. Komposta izmanto§ana metalu sorbcijai un ta aktivitates palielinasana

Lai veicinatu komposta razoSanu un palielinatu komposta tirgu, ir svarigi
paplaSinat tradicionalo komposta lietoSanas loku. Komposts satur humificétu
materialu, kas var sorb& smagos metalus un to varétu izmantot piesarnoto augsnu
sanacijai. Kompostu var modificét ar biogéniem elementiem un izmantot jaunu augu
augSanas stimulatoru razoSanai, kas lautu samazinat komposta patérinu un palielinat
augu razibu.

1.6.1. Komposta humusvielu spéja sorbét smagos metalus

Ekosistemu, ieskaitot augsnes, piesarnojums ar smago metalu joniem ir globala
probléma. Smagie metali ir dabigs augsnes komponents. Daudzi metali (Cu, Zn, Mn
u.c.) ir nepiecie$ami augiem un dzivniekiem ka mikroelementi, tacu, palielinoties to
daudzumam, tie ir toksiski. NoteicoSais faktors ir smago metalu jonu mobilitate un
bio-piecejamiba. Veidojoties smago metalu jonu kompleksam ar humusvielam,
samazinas to toksiskums augsnes mikroorganismiem un augiem (Sparks, 2003).
Smago metalu sorbcijas ar organiskiem un neorganiskam augsnes savienojumiem ir
intensivi pétita, un tas jau ilgi ir viens no ,karstajiem” tematiem augsnes kimija
(Sparks, 2001).

Komposts atkariba no izejvielam var biit arT smago metalu piesarnojuma avots.
Palielinata daudzuma smago metalu jonus visbiezak satur municipalo atkritumu un
notekidenu diinu komposti (Tomati et al., 2002). Kompostésanas sakumstadija smago
metalu (Cu un Zn) jonu koncentracija komposta tidens izvilkuma palielinas, tacu
kompostéSanas laika rodas humusvielas un smago metalu jonu koncentracija
samazinas (Kang et al.,, 2011). Piclauyjamo smago metalu jonu saturu gatavaja
komposta nosaka Eiropas Komisijas lémums 2006/799/EK. Kompostu var izmantot ar
smagajiem metaliem piesarnoto augsnu kompleksa fitostabilizésana (Li et al., 2000).
Kompostu var izmantot ari ka potencialu bio-adsorbentu Cr (VI) savienojumu
sorbésanai. Vienlaikus notiek sorb&ta Cr (VI) reducésana Iidz Cr (III) (Vargas et al.,
2012). Komposta fulvoskabes un huminskabes, 1idzigi ka augsnes humusvielas spg;
veidot kompleksus ar smagajiem metaliem. P&tot ciku méslu komposta humusvielu
reakciju ar smago metalu joniem ir noteikts, ka metalu reagétsp&ja ar humusvielam
palielinas rinda Zn<Cd<Cu<Pb (Chang Chien et al., 2006). Pievienojot notekiidenu
dinu kompostam lignocelulozes atkritumus (zagskaidas un salmus), pieaug
huminskabju saturs un palielinas komposta sp€ja sorb&t smago metalu jonus (Xiong et
al., 2010).

Nemot véra lielu organisko vielu saturu komposta, tas var aktivi piedalities
smago metala jonu adsorbcija, izgulsnéSana un reducéSanas—oksideésanas reakcijas,
kas Tstermina samazina smago metalu mobilitati un bio-pieejamibu, tomér atklats ir
jautajums par ilgtermina komposta humusvielu ietekmi uz smago metalu piesarpotas
augsnes remediacijas procesu (Chen et al., 2008).
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1.6.2. Lignocelulozi saturoso materialu modificéSana ar silicija savienojumiem

KompostéSanas procesa iegiito humific€to materialu var modificét ar biogéniem
elementiem, lai palielinatu jaunieguta produkta biologisko aktivitati un samazinatu ta
patérinu. Silicijs ir biogéns elements, kas veicina auga kimisko un fizikalo aizsardzibu
pret biotisko un abiotisko faktoru izraisito stresu (Epstein, 2009). Palielinoties
biologiski pieejama silicija daudzumam augsné, pieaug vairaku graudzalu dzimtas
augu (pieméram, risu, cukurniedru, sorgo, kviesu, miezu), ka ari citu augu raziba
(piemé&ram, sojas, pupinu, tomatu) (Korndorfer et al., 2011).

Augu biomasas, to pamatkomponentu un humusvielu modificéSanai ar silicija
savienojumiem ir piedavati dazadi pan€mieni. Biopolim&ru modificéSanai plasi
izmanto dazadus metalu/metaloidu alkoksidus Met(OR),, kur R ir organiskais
radikalis, pieméram, celulozes—silicija hibrida materialu iegtisanai tika lietota sola-
gela metode, izmantojot tetractoksisilanu (Sequeira et al., 2007). Vienlaikus
biopoliméra molekula var ievadit vairakus biogénos elementus. Humusvielu
modificéSanai ar silicija un slapekla savienojumiem ir piedavats izmantot 3-
aminopropiletoksisilanu. Iegito produktu iestradajot augsng, tas darbojas ka Iénas
iedarbibas slapekla meslojums. Augsné humusvielu—slapekla—silicija hibrida
materiala slapeklis tiek nitrificéts un pakapeniski atbrivots nitratu forma (Kulikova et
al., 2012).

Latvijas Valsts Koksnes Kimijas Instittita ir izstradata metode tehnisko ligninu
modific€Sanai ar silicija savienojumiem (TeliSeva un [ebedeva, 1998). lzmantojot
neorganiskos silicija savienojumus un lignocelulozes matricu, var iegit organiski-
neorganisko hibrida materialu — lignosiliciju, kas veicina augsnes biologisko aktivitati
un remediaciju (Telysheva et al., 2009a). Lignosilicija augu augSanas promot&josas
ipasSibas ir parbauditas uz sarkano abolinu (L.ebedeva u. c., 2007), egles stadiem
(Telysheva et al., 2009b), kartupeliem (Lebedeva et al., 2011) un citiem augiem.

Latvija paslaik nav koksnes kimiskas parstrades rupniecibas, kur rodas
tehniskais lignins, tapec ir aktuali iegtt lignosilicija analogus no pieejamam, vietgjam
izejvielam, tadam ka lignocelulozi saturo$a komposta.

1.7. Literatiiras apskata kopsavilkums

Dazadus lignocelulozi saturosus atkritumus var veiksmigi kompostét, tomér, ja
izejvielas satur maz slapekla un ir bagatas ar ligninu, ieteicams pievienot papildu
izejvielas, kas satur slapekla savienojumus un lietot speciali pagatavotus
s€jmaterialus, kas aktivi sadala lignocelulozi. Kopa ar augu atlieckam var veiksmigi
kompostét dazadus taukus saturoSus atkritumus, kaut gan tauku un ellu ietekme uz
komposta humusvielu veidosanu ir loti maz pétita.

Kaut arT cilvéce jau ilgu laiku pazist kompostéSanu un misdienas to plasi lieto
dazadu atkritumu parstradei, ka ar7 organisko augsnes ielaboSanas lidzeklu razoSanai,
kompostgsanas procesa kimiskas parvertibas joprojam nav pietiekami izpétitas. Dalgji
tas saistits ar kompostu lielo daudzveidibu, ka ari ar jaunradito humusvielu
komplicéto uzbiivi. Eso$as humusvielu definicijas apraksta to ipaSibas, biogenézi,
izcelsmi un pat iegtiSanas viedu, nevis konkrétu kimisko uzbiivi. Komposta kvalitate
ir atkariga no komposta humusvielam. Izp&tot komposta humusvielu kimisko sastavu
un ta izmainas, var iegit jaunus parametrus, kas raksturotu komposta kvalitati.
Humusvielu pétisanai ir piedavatas daudzas un dazadas metodes. Nemot véra lielo
lignocelulozes saturu p&tamaja komposta un lignina nozimi humusvielu veidoSana,
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pastiprinata uzmaniba japieveérS lignina transformacijai kompost€Sanas gaita,
izmantojot dazadas kimiskas un instrumentalas pétiSanas metodes, lai iegitu
daudzpusigu prieksstatu par Siem procesiem.

Gatavo kompostu var izmantots ne tikai ka augsnes organisko ielaboSanas
lidzekli, tas ari pilda barjerfunkciju, augsné ierobezojot smago metalu piesarnojumu.
Lignocelulozes komposts satur ievérojamu daudzumu biologiski modificéta lignina,
un to varétu izmantot silicija saturoSu organiski-neorganisko hibrida materialu
iegtSanai, kam piemit augu augSanas stimulatoru ipasibas. Tas veicinatu komposta
tirgus paplasinasanu un jaunu, kompostu saturosu produktu razosanu.
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2. MATERIALI UN METODES

Visi darba izmantotie reagenti bija analitiski tiri, ja vien tiem nebija noradita
papildus tiribas pakape, un netika papildus attiriti.

2.1. Komposta izejvielas

Darba tika analizétas dazadas potencialas komposta izejvielas: svaigi plauta
stiebrzalu dzimtas (Graminaceae) zale, 2 veidu Skidrie atkritumu tauki un ka
komposta ,,sausais” komponents apses (Populus tremula) un bérza (Betula spp.)
zagskaidu maisijums, egles (Picea abies) zagskaidas un baltalkspa (Alnus incana)
miza. Zale tika plauta 2008. gada junija SIA ,,Zeltabele” plavas Jaunauces apkaimé
(Saldus novads). Zagskaidas tika iepirktas no SIA ,,Dace Z” uznémuma Aucé (Auces
novads). BaltalkSna miza tika iegiita no apméram 30 gadus veciem baltalk$piem, kas
auguSi Ogres novada, Ogresgala apkaimes mezos. Tika analizéti 2 dazadi $kidro
atkritumu tauku veidi — lopkautuves Z/S ,,Lankalni” (Nikraces pagasts, Skrundas
novads) Skidrie galas atkritumu tauki un Saldus galas kombinata notektideni, kas satur
atkritumu taukus. Komposta izejvielu raksturo$anai tika noteikts to sausnas saturs un
elementu sastavs. Sausnas saturu noteica, ietvaicgjot alikvotu skidro atkritumu
tilpumu un zavgjot sauso atlikumu zavskapi 103+2 °C temperatiira lidz konstantai
masai (Obonenckas u ap., 1991).

2.2. Komposta paraugi

Darba tika analizéti 2 komposta paraugi dazadas kompost€Sanas stadijas:
eksperimentalais zales—skaidu komposts, kuru ieguva kompostéSanas eksperimentos
laika posma no 2008. Iidz 2009. gadam, kompostéjot zali un zagskaidas kopa ar
Skidrajiem galas atkritumu taukiem SIA ,Zeltabele” komposté€Sanas laukuma
(Jaunauce, Saldus novads, Latvija) un ripnieciskais zales komposta paraugs no
»Nihon Doro Kodan” Itako pilsétas kompostéSanas uzpémuma (Japanas
Automagistralu Publiska Korporacija, Itako, Ibaraki prefektira, Japana) (turpmak —
komposts JP).

Zales—skaidu komposts tika pagatavots no svaigi plautas zales, lapkoku
zagskaidam, Skidriem lopkautuves atkritumu taukiem (Z/S ,Lankalni”, Skrundas
novads) un speciali pagatavota s€materiala. KomposteéSanai izmantots LU
Mikrobiologijas un Biotehnologijas Institlita pagatavots s€jmaterials, kas saturgja 4
baktériju celmus (Pseudomonas spp., Nitrosomonas spp., Nitrobacter spp. un Sarcina
spp.) un 2 sénu celmus (Trichoderma lignorum un Trichoderma viride). Baktériju
celmi bija izoléti no biologiski aktivam notekiidenu diipam, kas ieglitas no zivju
parstrades uznémuma taukus saturoSo notekiidenu attiriSanas iekartam (Zarina and
Utinans, 2003). Trichoderma spp. ir pazistamas ka aktivi celulazes, hemicelulazu un
laktazu producenti un So sénu ieklauSana s€jmateriala sastava nodroSina paatrinatu
lignocelulozes materialu sadaliSsanos. KompostéSana notika ~1,2-1,5 m augstas
atklatas vgjrindas (stirpas). Komposta kaudzes mehaniski tika aerétas 1 reizi 2 nedglas
un péc vajadzibas Samitrinatas, lai uzturtu nepiecieSamo kaudzes mitrumu.
Eksperimenta laika tika pagatavotas komposta kaudzes ar tris dazadiem sastaviem: A,
Bun C (2.1. tab.).
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2.1. tabula. Zales—skaidu komposta kaudzu kompozicija

Paraugi Komposts A, Komposts B, Komposts C,
kg kg kg
Zagskaidas 300 300 300
Zale 130 30 130
Atkritumu tauki 100 55 55

Kompostésanas laika tika meérita kaudzu temperatiira 30-35 cm dziluma, ka ari
regulari tika nemti paraugi analizém. Gatavam kompostam tika noteikts metalisko
elementu saturs un veiktas nepiecieSsamas mikrobiologiskas un fitotoksiskuma
parbaudes. Darba gaita tika izstradati Skidro lopkautuvju atkritumu tauku
kompostésanas pagaidu tehniskie noteikumi un reglaments eksperimentalo kompostu
partiju sagatavoSanai. Maksimala temperatira kompostéSanas laika komposta A
kaudzés sasniedza 64 °C. Komposta paraugi tika nemti 20. kompostéSanas diena
uzreiz péc termofilas fazes, kad kaudzes temperatiira nokrita zem 55 °C, ka ari 56.
kompostésanas diena komposta atdziSanas faze, 86. komposté$anas diena, un gatavais
komposts — péc 186 kompostésanas dienam.

Komposts JP tika pagatavots Itako kompostéSanas uznémuma, kompostgjot zali,
kas noplauta automagistralu nogazgs. Zales maisijums sastavéja no tipiskam Japanas
graudzalu (Graminaceae) sugam — Phalaris spp., Cynodon spp. un Eleusine spp.
KompostéSana notika angaros atklatas komposta kaudzes. Maksimala temperatiira
kompostésanas laika sasniedza 80 °C. Komposta paraugi tika panemti termofilas fazes
beigas péc 14 dienam, un gatavais komposts — péc 60 kompostéSanas dienam. Ka
salidzinasanas paraugs izmantots attiecigas zales maisijums. Komposta paraugi bija
sasaldéti -20 °C temperatiira. Pirms analiz€ém komposta paraugi tika liofili izzaveti un
samalti, izmantojot 420 um sietus. Pirms kimiskajam analiz€m komposts papildus
tika samalts lodisu dzirnavas (Retsch, MM200, Vacija).

2.3. Bjorkmana lignina un humusvielu izdalisana no zales komposta

Lai izpétitu biokimiskos procesus, kas notiek, lignocelulozes izejvielam
transformgjoties par komposta humusvielam, no zales kompostiem JP péc 14 un 60
kompostésanas dienam tika izdalitas ekstrah&jamas humusvielas (HV) un Bjorkmana
lignins. Pirms humusvielu un Bjorkmana lignina izdaliSanas komposts tika secigi
ekstrahéts ar varosu 80% etanolu un siltu Gdeni (40 °C, diennakts) (2.1. att.).

Humusvielas tika ekstrahétas ar 0,1 M NaOH. P&c ekstrakcijas sarmainais
ekstrakts tika filtréts, paskabinats un attirits no saliem un skabes parakuma,
izmantojot elektrodializi (Asahi Chemical Micro Acilyzer S3) ar MWCO 7500
membranam. Ekstrah&tais komposta atlikums péc tam apstradats ar skabi, izskalots ar
tdeni un p&c zavesanas izmantots Bjorkmana lignina izdaliSanai.

Lignins tika izdalija péc modificétas Bjorkmana metodes (Bjorkman, 1954),
izmantojot lodiSu dzirnavas ar argjo dzesé€Sanu. AtSkiriba no Bjorkmana aprakstitas
metodes komposta paraugi tika malti 72 h inerta atmosféra bez skidinataja. No
samalta komposta lignins ekstrahéts ar 90% dioksanu. Dioksanu atdestile 50 °C
temperatira pazeminata spiediena, sauso atlikumu izSkidina 90% etikskabg, un
ligninu izgulsng, pievienojot tdeni (~ 1:10). Nogulsnes tika zavetas vakuuma

_____

zavskapi. Lignins tika izSkidinats 1,2-dihloretana : etanola (2:1) maisijuma, filtréts un
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izgulsnéts dietilétert (Bjorkman, 1954). Ka salidzinasanas paraugs izmantots bérza
Bjorkmana lignins, kas bija izdalits no nokarena bérza (Betula pendula) skaidam péc
lidzigas metodes.

KOMPOSTS

|
ekstrakcija ar 80% EtOH

|

ekstrakcija ar Gdeni
l

|zekstrahéts komposts

|
ekstrakcija ar 0,1 M NaOH

7%

Atlikums Ekstrakts
|

Bjorkmana lignins Humusvielas

2.1. attéls. Bjorkmana lignina un humusvielu ekstrakcijas shéema no zales komposta

2.4. Fulvoskabes un huminskabes izdali§ana no zales-skaidu komposta

Lai izpé&titu iesp&jamo atkritumu tauku ietekmi uz komposta humusvielam, no
zales—skaidu komposta A tika izdalitas komposta huminskabes (HS) un fulvoskabes
(FS). Pirms humusvielu ekstrakcijas komposta paraugi bija ekstrah&ti ar heksanu
Soksleta aparata lai atdalitu brivas taukskabes. Humusvielas tika izdalitas un attiritas
saskana ar Starptautiskdas Humusvielu Savienibas izmantoto metodi (Swift, 1996).
Humusvielas tika ekstrahétas ar 0,1 M NaOH. P&c centrifugéSanas un filtréSanas
ekstrakts tika paskabinats lidz pH 1 ar salsskabi un atdalitas huminskabju nogulsnes.
Skabais centrifugats tika izlaists caur PVP (polivinil-pirolidona) kolonu, lai atdalitu
fulvoskabes no ne-humusvielam. Fulvoskabes eluétas ar NaOH Skidumu.
Huminskabes un fulvoskabes tika attiritas no saliem, izmantojot dializi (Spectra/Por®
Dialysis Membrane 6, molecular weight cut off — 1000 Da) un liofili izzavétas.

2.5. Kompostu raksturojums

Komposta pH noteikts tdeni, sajaucot kompostu ar tideni attiecibas 1:5 un
maisot 1 h (MuneeBa, 2001). Pelnu saturs noteikts péc masas zuduma, parpelnojot
komposta paraugus 700 °C temperatiira 3 h. Elementu analize veikta ar CE instrument
Flash EA1112 (ThermoQuest, Italija) iekartu. Zales—skaidu komposta paraugos tika
noteiktas brivas taukskabes izmantojot ekstrakciju Soksleta aparata ar n-heksanu
(Obonenckas u ap., 1991).
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Komposta oglhidratu monoméru sastavs noteikts p&c alditolu acetata metodes
(Blakeney et al., 1983). Metode balstas uz polisaharidu uzbriedinasanu 72% sérskabé
1 h un turpmako hidrolizi, izmantojot 4% serskabi (121 °C, 1 h). Monosaharidi tika
reducéti ar natrija borhidratu lidz attiecigiem alditoliem. Alditoli tika acetiléti, un to
saturs noteikts ar gazes hromatografu (Shimadzu GC18A, kolona TC17 GL Science,
30 m x 0,25 mm), izmantojot ramnozes, arabinozes, ksilozes, mannozes, galaktozes
un glikozes cukuru standartus un mio-inozitolu ka ieksgjo standartu.

Lignina saturs noteikts péc acetilbromida metodes un Klasona metodes kopa ar
skabe $kistosa lignina UV noteikSanas metodi. Nosakot ligninu péc acetilbromida
metodes, paraugu apstrada ar 25% acetilbromida Skidumu etikskabes anhidrida, ka
katalizatoru izmantojot perhlorskabi HCIO,. Iegiitaja Skiduma fotometriski nosaka
lignina saturu pie 280 nm, izmantojot specifisko absorbcijas koeficientu € = 20 g
L *cm™ (liyama and Wallis, 1990). Klasona jeb skabé neskistosais lignins noteikts
gravimetriski péc TAPPI standarta metodes T222 om-83. Izekstrahtu komposta
paraugu vispirms apstrada ar 72% sérskabi un péc tam hidrolizg ar atSkaiditu sérskabi.
Nogulsnes filtré, mazga ar destilétu tideni, zavé 1idz konstantai masai pie 103 + 2 °C
temperattra un nosver. Filtrata spektrofotometriski nosaka izskiduso ligninu pie 205
nm, izmantojot specifisko absorbcijas koeficientu ¢ = 110 g™*L*cm™ (Lin and Dence,
1992).

Metoksilgrupu saturs noteikts, izmantojot gazes hromatografijas metodi (Baker,
1996). Vispirms paraugu apstrada ar 57% jodudenraza skabi 130 °C temperatira (20
min). Reakcijas rezultata rodas metiljodids CH3J, kuru nosaka ar gazes hromatografu
(Shimadzu GC14, kolona CP SIL13CB, 25 m x 0,32 mm), izmantojot etiljodidu
C,HsJ ka ieksgjo standartu.

2.6. Komposta Bjorkmana ligninu un humusvielu kimiskas analizes

Komposta Bjorkmana ligniniem un humusvielam péc iepriekSmingtam
metodikam noteikts elementu sastavs un metoksilgrupu saturs. Kimiski saistita 4-
hidroksikanglskabe un ferulskabe noteikta péc sarmainas hidrolizes ar 4 M NaOH 170
°C temperatiira slapekla atmosféra 2 h (Lam et al., 1994). Brivas kané&lskabes sililétas
ar N,O-bis(trimetilsilil)acetamidu, trimetilhlorsilana un piridina maisijumu un
kvantitativi noteiktas ar gazes hromatografu (Shimadzu GC17, kolona NB1 GL
Science, 30 m x 0,25 mm), ka standartus izmantojot 4-hidroksikang]skabi un
ferulskabi.

Sarmaina nitrobenzola oksidésana (NBO) veikta péc metodikas, kas aprakstita
lijamas (liyama and Lam, 1990) darba. Paraugi oksidg&ti ar nitrobenzolu 2 M NaOH
170 °C temperatiira slapekla atmosfera 2 h. NBO rezultata rodas aromatiskie aldehidi
un karbonskabes, kuras tika sililétas un noteiktas ar gazes hromatografu (Shimadzu
GC17, kolona NB1 GL Science, 30 m x 0,25 mm). Kvantitativai noteikSanai
izmantoti para-hidroksibenzaldehids, para-hidroksibenzoskabes, vanilina,
vanilinskabes, siringilaldehida un siringilskabes standarti un etilvanilins ka ieksgjais
standarts.

Analitiska 0zonésana veikta péc Akijamas aprakstitas metodes (Akiyama et al.,
2002). Paraugi tika suspendéti etikskabes : Gidens : metanola (16:3:1) maisijuma un
oksidéti 0 °C temperattra 2 h ar skabekla pliismu, kas saturgja ~ 3% ozona. Radusas
tetronikskabes noteiktas ar gazes hromatografu (Shimadzu GC17, kolona NB1 GL
Science, 30 m x 0,25 mm) ka trimetilsililatvasinajumi, izmantojot eritronikskabes un
treonikskabes standartus un eritrolu ka ieks€jo standartu.
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Oksidesana ar kalija permanganatu sarmaina vidé veikta p&c Lina aprakstitas
metodikas (Lin and Dence, 1992). Pirms permanganata oksidéSanas veikta paraugu
sulfata vienpakapes delignifikaciju (,,Krafta varisana”) 170 °C temperattra 2 h ar 50%
sulfiditati, lai saSkeltu lignina alkil-aril-Stera saites un palielinatu benzoskabju
iznakumu. P&c sulfata delignifikacijas paraugu paskabina lidz pH 1, centrifugé un
ligninu iz8kidina dioksana. Dioksana skidumu nofiltré, atdestile, un ligninu izskidina
1,2-dimetoksietana : metanola : Gidens maisijuma un metilé ar dimetilsulfatu pie pH
11. Metilétu ligninu oksidé ar kalija permanganatu sarmaina vidé un péc tam papildus
oksidé ar tidenraza parskabi. Permanganata oksidé$anas produkti tika metiléti ar
diazometanu un noteikti ka metilatvasinajumi, izmantojot gazes hromatografu ar
masspektrometru Shimadzu GC17/QP5000 (kolona NB1 GL Science, 30 m x 0,25
mm). Eksperimentiem nepiecieSamais diazometana dietilétera Skidums sintez&ts no
N-metil-N-nitrozo-para-toluensulfonamida.

Ligninu UV spektri uznémti ar Hitachi U3010 spektrometru, ka Skidinataju
izmantojot metilcelosolvu (CH3;OCH,CH,OH). Ligninu UV Ag;o, Spektri uznemti péc
Gold$mida metodes (Goldschmid, 1954) pirms un p&c ligninu reduc€Sanas ar natrija
borhidratu. Ligninu reducéSana ar natrija borhidridu veikta péc Zaka aprakstitas
metodikas (Zakis, 1994).

Potenciometriska titrésana veikta ar Hiranuma Comtite Auto Titrator COM 550
slapekla vidé. FTIS spektri uzpémti KBr tabletés, izmantojot Jasco FT/IR615
spektrometru (iz8kirtspgja — 4 cm™, skangSanas reizu skaits — 64).

Analitiska pirolize veikta mikropirolizatora (PYR4A, Shimadzu) 500 °C
temperatira. Pirolizati bija identific€ti, izmantojot gazes hromatografijas mass-
spektrometru Shimadzu GC17/QP5000 (kolona NB1 GL Science, 30 m x 0,25 mm).

Pirms kodolu magnétiskas rezonanses (KMR) spektru uznemsSanas lignina
paraugi bija acetiléti ar etikskabes anhidridu, ka Katalizatoru izmantojot piridinu
(Lundquist and Olson, 1977). 30 mg acetiléta lignina tika izskidinati hloroforma-d
(CDsCI), un uzpémti *H KMR spektri (skangsanas reizu skaits — 128) pie 300 MHz un
13C KMR spektri (skang$anas reizu skaits — 20000) pie 75 MHz, izmantojot Bruker
300 MHz NMR aparatu. Ka ieksgjais standarts izmantots tetrametilsilans (CH3)4Si.

2.7. Komposta huminskabju un fulvoskabju kimiskas analizes

Komposta huminskabju un fulvoskabju elementu analize veikta ar Vario
MACRO CHNS apparatus (Elementar Analysen-systeme, GmbH). Skabeklis noteikts
pec masas starpibas.

Huminskabju un fulvoskabju UV-VIS spektru uznemsanai 5 mg parauga tika

25” PerkinElmer spektrometru. FTIS spektri uznémti KBr tabletés, izmantojot
,SpectrumOne” PerkinElmer spektrometru (iz3kirtspéja — 4 cm™, skangianas reizu
skaits — 64). EPR spektri uznémti istabas temperattira uz Bruker EMX spektrometra
pie 9,6 GHz un magnétiska lauka modulacijas 50 kHz. Spektrometra iestadijumi bija
sadi: modulacijas amplitida < 0,1 mT, laika konstante 5,1 ms, lauks pie 345,0 un
250,0 mT G, skan&Sanas diapazons 10 mT.

Huminskabju un fulvoskabju molekulmasas sadalijums noteikts, izmantojot
HPSEC sistemu ar UV detektoru (Knauer stknis, Rheodyne inzektors, Agilent
Technologies 1200 Series UV-DAD detektors). Izmantota BioSep-SEC-S 2000 PEEK
kolonna, kas pildita ar silikagelu, parklatu ar glicerolu (300 x 7,50 mm, Phenomenex).
Kolona kalibréta ar natrija polistirola sulfonata standartiem ar molekulmasu 0,21, 4,3,
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6,8, 13,0 kDa (Sigma-Aldrich). Paraugi skidinati 0,02 M fosfata bufera skiduma (pH
6,8) un noteikti pie A =280 nm.

Analitiska pirolize tika veikta mikropirolizatora Frontier Lab Micro Double-
shot Pyrolyser (Py-2020iD) 500 °C temperatira. Pirolizati tika analizéti, izmantojot
gazes hromatografu ar masspektrometru Shimadzu GC/MS-QP2010 (kolona RTX-
1701, 60 m x 0,25 mm). Individualie savienojumi tika identificéti, izmantojot
masspektru datubazi MS NIST 147.LI13. Hromatografiskie un masspektrometrijas
apstakli detalizéti aprakstiti publikacijas (Dizhbite et al., 2011; Bikovens et al., 2012).

2.8. Kompostu fitotoksiskuma parbaude

Zales—skaidu komposta fitotoksiskums tika parbaudits, izmantojot dig$anas
testu ar salatu (Lepidium sativum) un Ostreg C.V. Skirnes kukuriizas (Zea mays)
seklam. DigSanas testam s€klas mercé fideni 1 h 20-22 °C temeratiira, p&c tam izvieto
uz mitra filtrpapira un ievieto klimatiskaja kamera (HOTCOLD-GL< P-Selecta) 38—
40 h 26 °C temperatira, 1idz asni sasniedz 2 mm garumu. Izdigusas s€klas (10 gab.) ar
asniem uz augSu ievieto Petri traukos uz filtrpapira, kas samitrinats ar 10 ml
parbaudama komposta suspensiju, nosedz ar vacinu un ievieto vél uz 48 h
klimatiskaja kamera (t = 26 °C, 70% mitrums). Péc 48 h noveérté augu attistibu:
izméra garakas saknes un digla garumu, nosaka kopé&jo saknu skaitu (I"'poa3uHckuii u
ap., 1987).

Lai novértétu komposta ietekmi uz Ostreg C.V. kukuriizas augSanas
galvenajiem biometriskajiem raditajiem, tika izmantots 1ISO 11269-1 augu saknes
pagarina$anas tests ar uzbriedusam kukurtizas séklam. Vegetacijas trauka (tilpums 1,0
), kas pildits ar kompostu, smiltim vai augsnes substratu (KANO Nr3 maisijums, SIA
“KANO-P”), tika iesétas 6 uzbriedusas kukuriizas séklas un audzétas 6 dienas 24 + 1
°C temperatiras un 12000 luksu apgaismojuma 16 h diennakti. Kukuriizas
biometriskie raditaji noteikti, izmantojot kalibr&oso skeneri STD-1600+ un
programmu WinRHIZO 2002c (Regent Instruments Inc.).

2.9. Smago metala jonu sorbcija uz komposta

Metala jonu sorbcija uz komposta tika veikta stacionaros apstaklos, izmantojot
vara un kadmija nitratu skidumus. Sorbentam (0,1 g) tika pievienots 50 ml Cu(NOs3),
vai Cd(NOgs), skiduma ar koncentraciju 10 mg/l. Sorbéto metala jonu daudzums
noteikts péc koncentracijas starpibas pirms un péc sorbcijas. Sorbcijas laiks bija 24 h
22 + 1 °C temperatiiras. Skidumu pH tika mainits robezas no 3 lidz 7, pievienojot
atSkaiditu slapeklskabi vai natrija hidroksida Skidumu. Metala jonu koncentracija
Skiduma noteikta, izmantojot liesmas atomabsorbcijas spektrometru Hitachi Z6100.

2.10. Svina (1) jonu fitotoksiskuma parbaude komposta humusvielu klatbiitné

Svina (Il) jonu fitotoksiskuma parbaudém izmantots kenafa (Hibiscus
cannabius) galvenas saknes pagarinasanas testS péc metodikas, kas aprakstita
Kacumatas darba (Katsumata et al., 2001). Kenafa séklas apstradatas ar giberelinu 24
h un diedzétas tumsa uz filtrpapira, kas piesiicinats ar destiléto @ideni. Testiem
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izmantotas 10 diedz&tas s€klas, kuras novietotas uz peldosa neilona sietina 2 |
plastmasas traukos ar baroSanas Skidumu, caur kuru tika burbulots gaiss (2.2. att.).

Neilona sietins Kenafs Barojo$ais $kidums
| #o

Hﬁ., v i

\

L

—

(AR (ARNRRRNN NRRNANRRA] ANR

L

Aeracijas ma&ina

4

Plastmasas trauks

2.2. attels. Kenafa audzeSanas sistéma barojosaja Skiduma

Barojosais skidums saturéja 0,6 mmol KNO3, 0,04 mmol KH,PO,4, 0,2 mmol
NaNQOj3, 0,4 mmol CaCl,, 0,2 mmol MgSO,, 4,0 umol Fe, 6,0 umol B, 1,0 umol Mn,
0,1 pmol Zn, 0,06 umol Cu un 0,02 umol Mo. Trauki bija ievietoti fitotrona (System
Biotron, Nippon Medical and Chemical Instrument) 23,5 + 1 °C temperatara un ar
5000 luksu apgaismojumu 14 h diennakti. Kenafa saknu mérfjumi tika veikti péc 14
dienam. Barojosajam $kidumam pievienoti 0 — 2 mg/l svina (I1) un 50 mg/l komposta
humusvielas. Skidumu pH bija 4,5. Lai kompensétu iztvaiko$anu, regulari tika
pievienots destiléts tidens.
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3. REZULTATI UN DISKUSIJA
3.1. Komposta izejvielu raksturojums

Lai sastaditu komposta kompoziciju, tika veikta dazadu augu izcelsmes
izejvielu (3.1. tab.) un galas atkritumu tauku analize (3.2. tab.). Komposta pamatmasu
veido svaigi plauta stiebrzalu (Graminaceae) dzimtas zale. Galas atkritumu taukos ir
ievérojams daudzums udens, tapéc, lai samazinatu mitrumu, komposta kaudzei ka
,,sausais” komponents tika pievienoti koksnes mehaniskas parstrades atkritumi.

3.1. tabula. Dazadu augu izcelsmes izejvielu elementu sastavs (% no sausnas)

Paraugi C H N C/N Pelni
Baltalk$na miza 51,8 594 0,97 53 3,65
Lapkoku zagskaidas 46,4 6,45 0,16 290 0,36
Skujkoku zagskaidas 476 6,46 0,13 366 0,36
Svaigi plauta zale 38,6 5,07 1,96 20 14,1

Skujkoku zagskaidas salidzinajuma ar lapkoku zagskaidam satur vairak oglekla
un mazak slapekla, ka ar1 satur lielaku daudzumu ekstraktvielu, kas kave to biologisko
noardiSanos. 2008. gada eksperiments paradija, ka, aizvietojot lapkoku zagskaidas ar
skujkoku zagskaidam komposta kaudzes temperatiira celas Joti 1éni — tas norada uz
kompost&sanas procesa inhib&sanu.

Baltalksna mizas C/N attieciba ir ievérojami mazaka par zagskaidu C/N
attiecibu — ta ir priekSrociba kompostésanai, tatu vienlaikus baltalk§na miza satur
ievérojamu daudzumu oglekla — tas liecina par ievérojamu fenolu un/vai lipofilo
savienojumu klatbtitni. Veicot mizas ekstrakciju ar heksanu un spirtu, tika ieguti 8,1%
lipofilo ekstraktvielu un 36,8% hidrofilo ekstraktvielu. Lipofilas ekstraktvielas
saturéja lupana tipa triterpenoidus (Bikovens et al., 2013), savukart hidrofilas
ekstraktvielas saturéja galvenokart kondensétos taninus un diarilheptanoidus (attiecigi
12 un 7% no sausnas) (3.1. att.) (Telysheva et al., 2011).

X
O OyI

) O O )
HO OH
3.1. attéls. Baltalk§pa mizas hidrofilo ekstraktvielu domingéjosais savienojums
diarilheptanoids oregonins

Hidrofilais baltalksna mizas ekstrakts uzradija izteiktu antibakterialu efektu
attieciba pret E.coli un 24 gram negativo bakteriju asociacijam, kas izdalitas no
augsnes (Pseudomonas spp., Burkaholderia spp., Aeromonas spp., Enterobacter spp.).
Nemot véra to, ka baltalksna mizas ir ievérojami daudz fenola savienojumu, kas
varétu negativi ietekmé&t komposta s€jmateriala aktivitati, komposta kompozicijas
izveidei ka ,,sausais” komponents izmantots lapkoku zagskaidas. Baltalk$pa mizu
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varétu izmantot komposté€Sanai p&c vertigu biologiski aktivu savienojumu
ekstrakcijas. Ekstrahgjot baltalkSna mizu ar organiskajiem Skidinatajiem, relativais C
saturs samazinas Iidz 50,8%, bet N saturs pieaug lidz 1,2%, kas butu vertgjams
pozitivi mizas kompostésanai (Telysheva et al., 2011). Latvija pagaidam nenotiek
ripnieciska mizas ekstrakcija un izekstrah&tas mizas daudzumi ir nenozimigi.

3.2. tabula. Galas atkritumu tauku sausnas saturs un elementu analize, %

Paraugi Sausna C H N C/N

Galas kombinata taukus 51 56,3 8,1 0,9 61
saturosie notekiideni

Lopkautuves atkritumu tauki 15,6 48,7 7,2 4,5 11

Darba tika analizéti Saldus galas kombinata un Nikraces pagasta Z/S ,,Lankalni”
lopkautuves galas atkritumu tauki (3.2. tab.). Saldus galas kombinata atkritumi ir
notekiideni ar suspendétam taukaudu dalipam. Sadi notekiideni ir nepieméroti
utilizacijai komposta kaudzes to liela atSkaidijuma (tikai 5% sausnas) un augstas
oglekla un slapek]a attiecibas dé] (C/N > 60). Z/S “Lankalni” lopkautuves atkritumi ir
taukaudi ar musku]u skiedru un asinu piejaukumu. Salidzinajuma ar galas kombinata
atkritumiem lopkautuves atkritumi saturéja gandriz piecas reizes vairak slapekla.
Sausnas saturs veido gandriz 16%, kas lauj tos apskatit ka potencialu izejvielu
kompost&sanai.

Absorbcija

T T " T T T T "
4000 3500 3000 2500 2000 1500 1000
Vilnu skaitlis, cm”
3.2. attéls. Kompostéjamo izejvielu un komposta FTIS spektri
1 — Saldus galas kombinata flotacijas tauki; 2 — Z/S ,,Lankalni” lopkautuves atkritumu tauki;
3 — lapkoku zagskaidas; 4 — komposts A péc 20 kompostésanas dienam

Izmantojot infrasarkano spektroskopiju (FTIS), salidzinati liofilizétie galas
razoSanas atkritumu tauki (3.2. att.). FTIS spektri paradija, ka galas atkritumu tauki
sastav galvenokart no esterificétam taukskabém jeb karbonskab&m ar garu alifatisko
kedi: alifatiskas kedes svarstibas pie 2920, 2850, 1460, 720 cm™ un esteru
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karbonilgrupas svarstibas pie 1744 cm™. Lopkautuves FTIS spektros papildus

redzamas proteinu amidu I (pie 1656 cm'l) un amidu II (pie 1546 cm'l) svarstibas, kas
sakrit ar elementu analizes rezultatiem. Atkritumu tauku analitiska pirolize parada, ka
galas atkritumu tauki satur galvenokart palmitinskabi (CigH3202) un oleinskabi
(C18H340,) (Bikovens et al., 2010b) — tas sakrit ar literatiiras datiem (Webb and
O'Neill, 2008).

3.2. Galas atkritumu tauku kompostésana kopa ar zali un zagskaidam

Kompostesanas eksperimenti tika veikti Saldus novada, Jaunauces pagasta SIA
“Zeltabele” izveidotaja komposta laukuma, Kur tika ierikotas komposta kaudzes ar
trim dazadam kompozicijam (2.1. tab.). Visam komposta kaudzém pievienoti 10 |
laboratorija izaudzéta s¢jmateriala (Zaripa un Utinans, 2003). Komposté$ana tika
sakta 2008. gada 12. jinija. Komposta kaudzes ar sastavu A temperatiiras izmainas
kompostesanas laika ir paraditas 3.3. att€la. Komposta temperatiira péc 2 dienam
pieauga lidz 30 °C. Maksimalo kompostéSanas temperatiiru 64 °C komposta A kaudze
sasniedza 14. diena. Komposta kaudzém ar sastavu B un C temperatiiras picaugums
kompostéSanas aktivaja faz€ nebija tik liels. Lai pagarinatu termofilo fazi, péc 40
dienam visam kaudzém tika pievienots vél 50 kg svaigas zales. Rezultata komposta
kaudzes temperatiira atkal pieauga.
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3.3. attels. Komposta A temperatiiras izmainas aktivaja kompostéSanas faze

Kimiskajam analiz€m paraugi tika pemti péc 20, 56, 86 un 186 kompostésanas
dienam. Komposta paraugiem noteikts pH, elementu sastavs, pelnu saturs un heksana
ekstraktvielu daudzums (3.3. tab.).

Organiskajam vielam sadaloties, palielinajas relativais pelnu saturs un slapekla
saturs, bet samazinajas oglekla un @idenraza relativais saturs. Salidzinot sava starpa
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kompostu A un kompostus B un C, redzams, ka organisko vielu sadaliSanas ir
straujaka komposta kaudzés ar lielaku galas atkritumu tauku daudzumu izejas
kompozicija, kas parada, tatad atkritumu tauki kalpo ka baribas vielu avots komposta
mikroorganismu asociacijai.

3.3. tabula. Zales—skaidu kompostu kimiskas analizes (% no sausnas)

Kompostésanas pH C,% H,% N,% C/N Pelni,% Ekstrakt.,
ilgum %
Komposts A
20 dienas 79 479 533 142 34 8,9 0,72
56 dienas 78 443 488 180 25 18,6 0,48
86 dienas 75 408 455 192 21 29,1 0,72
186 dienas 72 406 418 201 20 27,0 0,43
Komposts B
20 dienas 65 46,7 513 098 48 6,3 0,73
56 dienas 71 485 551 117 41 11,4 0,35
86 dienas 72 46,7 507 087 54 14,5 1,40
186 dienas 73 390 4,08 081 48 20,4 n.n.
Komposts C
20 dienas 68 480 541 119 40 7,3 0,38
56 dienas 78 452 503 136 33 11,9 0,54
86 dienas 73 423 472 117 36 19,5 0,60
186 dienas 73 439 490 132 33 19,9 n.n.

Ekstrakt.,% — ar heksanu ekstrah&jamie lipidi

Visas komposta kaudzgs bija loti zems nepolaro ekstraktvielu saturs (< 1%) un
kompostésanas laika tas turpindja samazinaties. Kompostu heksana ekstraktvielu
FTIS un analitiskas pirolizes rezultati, apstiprinaja, ka tas ir galvenokart augu, nevis
dzivnieku izcelsmes. Galas tauki dotaja koncentracijas viegli sadalijas. Komposta
ekstrakti saturgja nedaudz palmitinskabes un oleinskabes, tacu $o skabju daudzums
komposta ekstraktos bija neliels, un ekstraktos bija ar1 vairaki tipisku augu izcelsmes
savienojumi (piem., triterpenoidi). Izmantojot analitisko pirolizi, tika parbaudits, vali
izekstrah&ts komposts satur taukskabes, tacu cietaja atlikuma taukskabju fragmenti
netika konstatéti. Proti, visi tauki sadalijas jau pirmajas komposteésanas nedéelas.

Sadaloties organiskajam vielam, mainas to saturs un attiecibas. Viens no biezak
izmantojamiem parametriem ir C/N attieciba. ES likumdoSana nereglamenté So
svarigo komposta raditaju, tomer atseviskas valstis, piem&ram, Spanija, likumdoSana
nosaka maksimalo C/N vértibu 20 organiskajiem augsnes ielaboSanas lidzekliem —
kompostiem (Ministerio de la Presedencia, 2005). 3.3. tabula redzams, ka
kompost&sanas laika C/N attieciba samazinas, tom&r kompostiem B un kompostam C
81 attieciba ir parak liela, un tos nevar izmantot ka augsnes ielaboSanas lidzek]us.

Lai novertétu organisko vielu sadaliSanos kompostéSanas laika izmantota FTIS,
kuras galvenas priekSrociba ir metodes atrums, pieejamiba un iespgja analizét visu
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kompost&jamo materialu, nesadalot to atseviskas frakcijas. Analizgjot galas atkritumu
tauku un zales—skaidu kompostu, FTIS spektri parada, ka kompostéSanas laika notiek
oksidésanas procesi (palielinas karbonilgrupu saturs un pieaug FTIS absorbcija pie
1640 Cm'l), ka arT notiek koksnes hemicelulozu deacetiléSsana, uz ko norada
absorbcijas samazinasanas FTIS spektros pie 1735 cm™ (esteru C=0 valentas
svarstibas) un 1240 cm™ (acetatu C—O valentas svarstibas) (3.2. att.) (Zakis, 1994).

Lai parbauditu komposta fitotoksiskumu, tika izmantoti digSanas testi ar salatu
(Lepidium sativum) un kukuriizas (Zea mays) séklam — tie paradija, ka komposts
neinhibg seklu digsanu.

Kompostiem A, B un C péc 86 kompostésanas dienam tika veikts kvalitates
novertejums pec starptautiska standarta 1SO 11269-14 — augSanas tests ar kukuriizas
seklam. Ka negativa kontrole izmantotas smiltis, ka pozitiva kontrole augsnes
substrats. Biometriskie kukurtizas mérijumi péc 6 dienam redzami 3.4. tabula.

3.4. tabula. Kompostu ietekme uz kukuriizas aug$anas biometriskajiem raditajiem

Paraugs Virszemes dala Saknu sist€éma
Vidgjais stada Vid. stada svars Garakas saknes Saknu masa
garums, cm (ab. sausa), g vid. garums, cm (ab.sausa), g
Smilts (kontrole) 7,4 0,13 10,6 0,16
Augsnes substrats 10,0 0,23 10,8 0,15
Komposts C 9,3 0,22 12,4 0,15
Komposts B 8,9 0,22 13,3 0,16
Komposts A 9,1 0,23 15,7 0,19
3.4. tabula. (turpinajums)
Paraugs Kop¢gjais saknu Vid. saknu Kop¢gjais saknu Sazarotiba, gab.
garums, cm diametrs, mm tilpums, cm®
Smilts (kontrole) 95 0,40 0,15 335
Augsnes substrats 132 0,40 0,19 613
Komposts C 115 0,48 0,20 555
Komposts B 108 0,49 0,20 583
Komposts A 148 0,53 0,31 658

Kukurtizas biometrisko mérijumu rezultati paradija, ka kukuriiza labak ir augusi
visos parbauditajos kompostos neka smiltis (negativa kontrole). Savukart saknu
sistémas attistibas raditaji kukurtizai, kas augusi komposta A, ir augstaki neka
kukuriizai, kas augusi specializ€taja augsnes substrata (kop€jais saknu garums,
vidgjais saknu diametrs, kopgjais saknu tilpums un to sazarotiba).

Kompostam A bija noteikts fosfora un kalija, ka arT bistamo elementu saturs.
Kalijs gatavaja komposta bija 0,03% un fosfora — 0,09%. Metalisko elementu saturs
gatavaja komposta, redzams 3.5. tabula, tas salidzinats ar EK normativiem
(2006/799/EK).

3.5. tabula. Metalisko elementu daudzums gatavaja komposta (Sausne)

Metals Komposts, Maksimali pielaujama koncentracija,
mg/kg mg/kg

Cinks (Zn) 50 300

Vars (Cu) 8 100

Nikelis (Ni) 5 50

Kadmijs (Cd) 1 1

Svins (Pb) 7 100

Hroms (Cr) 12 100
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Ka redzams 3.5. tabula metalisko elementu daudzums komposta atbilst EK
noteiktajiem normativiem, un ieglito Kompostu var drosi lietot ka organisko augsnes
iclabosanas lidzekli. Latvijas Valsts Koksnes Kimijas institiita sadarbiba ar SIA
,Zeltabele” tika izstradati Skidro lopkautuvju atkritumu tauku kompostésanas pagaidu
tehniskie noteikumi un reglaments eksperimentalo komposta partiju sagatavoSanai.
Laika posma no 2008. lidz 2009. gadam Eureka projekta ,,Degrease” ietvaros,
izmantojot Sos pagaidu tehniskos noteikumus, SIA ,,Zeltabele” kompost&ja vairak
neka 2 tonnas Skidro lopkautuvju atkritumu tauku. Komposta razoSana péc
izstradatajiem pagaidu tehniskajiem noteikumiem turpinajas 2010. un 2011. gada.

3.3. Zales komposta kimiska sastava izmainas kompostéSanas gaita

Lai izpetitu lignocelulozes atkritumus saturo$a komposta kimiska sastava
izmainas un humusvielu forméSanos kompostéSanas laika komposté$anas laika, tika
analizets riipnieciski razotais zales komposts no Itako (Ibaraki prefekttira, Japana)
kompostésanas riipnicas (komposts JP). Tika analiz&ts izejas stiebrzalu dzimtas zales
maistjums (Phalaris spp., Cynodon spp. un Eleusine spp.) un divi komposta paraugi
péc 14 kompostesanas dienam un 60 komposteSanas dienam. Lidzigi ka eksperimenta
ar zales—skaidu kompostu, kompostésanas laika pH pieauga no 6,6 (zales tdens
izvilkumam) lidz 8,0. Relativais slapekla saturs péc 14 kompostéSanas dienam
picauga gandriz 2 reizes, vienlaikus samazinajas oglekla saturs un picauga pelnu
saturs. Zales komposta C/N attieciba (3.6. tab.) samazinajas ievérojami atrak
salidzinajuma ar zales—skaidu kompostu (3.3. tab.). Divu ned€lu laika komposta JP
C/N attieciba samazinajas no 36 lidz 19 un turpinaja samazinaties visu kompostéSanas
laiku 1idz sasniedza 17. C/N attiecibas un pH izmainas kompostéSanas laika saskan ar
literattira publicétajiem rezultatiem (Epstein, 1997).

3.6. tabula. Zales un zales kompostu kimiska sastava raksturojums (% no sausnas)

Kompostésanas  pH N,% CI/N Ekstraktvielas, % Pelni,
ilgums Etanola Udens %

0 (izejas zale) 6,6 11 36 14,9 5,6 16,0
14 dienas 8,0 2,0 19 5,8 4,8 27,7
60 dienas 8,0 1,7 17 3,0 2,8 38,0

Kompostésanas laika komposta samazinas kopgjais polisaharidu saturs (3.7.
tab.) un palielinas Klasona lignina saturs (3.8. tab.). Galvenie cukuri, kas noteikti zale
un komposta, bija glikoze un ksiloze, kas attiecigi ietilpst zales celulozes un
hemicelulozu sastava. Mannoze un galaktoze komposta var biit gan augu, gan
mikrobialas izcelsmes (Cheshire, 1977; Arshad et al., 2011), un So heksozu relativais
saturs komposteSanas laika pat nedaudz palielinas. Ksilozes/mannozes attieciba
samazindjas no 24 (zale) lidz 4 péc 60 komposte€Sanas dienam, tas norada uz
komposta mikrobialo aktivitati. P& divu méneSu kompostéSanas kopgjais
polisaharidu saturs samazinajas no 58% (zale) Iidz aptuveni 16%.

Kompostu skidiba etanola un tident kompostésanas laika pazeminajas. Zales un
kompostu etanola ekstrakti bija dzelteni zala krasa un uzradija absorbcijas
maksimumu pie 665 nm, kas ir tipiski hlorofilam, kura intensitate kompostéSanas
laika samazinajas (3.4. att.).
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3.4. attels. Komposta etanola ekstrakta spektri redzamas gaismas apgabala
1 — zales ekstrakts, 2 — komposts péc 14 kompostésanas dienam, 3 — komposts pec 60
kompostésanas dienam

Zales etanola ekstrakts saturgja ievérojamu daudzumu oglhidratu, kas péc
hidrolizes veidoja 2,6% (parrékinot uz zali) jeb 17,6% no zales etanola ekstrakta.
Kompostu tidens ekstrakti bija bruni, bet zales Gidens ekstrakts praktiski bezkrasains.
Udens ekstraktos bija ievérojami daudz neorganisko savienojumu. Pelnu saturs
sausaja zales ekstrakta bija 57%, 32 un 39%, attiecigi kompostam péc 14 un 60
kompostésanas dienam.

3.7. tabula. Zales un kompostu kopgjais oglhidratu saturs un sastavs (% no sausnas)

Paraugs Oglhidrati*
Rha Ara Xyl Man Gal Glc Kopa
Izejas zale
EtOH ekstrakts 0,13 0,26 0,05 0,18 0,13 1,95 2,6
Udens ekstrakts 0,02 0,07 0,04 0,03 0,11 0,16 0,4
Izekstrahéts atlikums 0,16 262 1645 0,48 1,19 34,19 55,1
Zale 0,3 2,9 16,5 0,7 1,4 36,3 58,1
Komposts JP péc 14 kompostéSanas dienam
EtOH ekstrakts 0,00 0,00 0,02 0,02 0,02 0,15 0,2
Udens ekstrakts 0,02 0,02 0,02 0,03 0,04 0,06 0,2
Izekstrahgts atlikums 0,27 098 7,33 0,54 054 1261 22,3
Komposts | 0,3 1,0 7,4 0,6 0,6 12,8 22,7
Komposts JP pec 60 kompostéSanas dienam
EtOH ekstrakts 0,00 0,00 0,01 0,02 0,01 0,11 0,2
Udens ekstrakts 0,01 0,01 0,01 0,01 0,01 0,02 0,1
Izekstrahéts atlikums 0,19 0,66 3,58 0,85 0,66 9,51 15,5
Komposts 11 0,2 0,7 3,6 0,9 0,7 9,6 15,7

* - Rha — ramnoze; Ara — arabinoze; Xyl — ksiloze; Man — mannoze; Gal — galaktoze; Glc — glikoze

Oglhidratu saturs tidens ekstraktos bija neliels. 80% etanols $kidina
monosaharidus, disaharidus, ka ar1 dazadus glikozidus, savukart tdeni Skist
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oligosaharidi, ka arT dazas hemicelulozes, kas kalpo par baribas vielam komposta
mikroorganismiem. KompostéSanas laika samazindjas gan ekstraktu kopgjais
iznakums, gan oglhidratu saturs ekstraktos. Galvenie oglhidrati, kas noteikti
izekstrahétajos zales un kompostu atlikumos bija glikoze un ksiloze.

Lignina saturs zal€ un kompostos JP redzams 3.8.tabula. Nosakot lignina saturu
zal€ péc acetilbromida metodes un Klasona metodes tika iegits vienads rezultats, bet
acetilbromida metode izradijas pilnigi nepiemérota lignina satura noteikSanai
komposta. Péc komposta reakcijas ar acetilbromidu tika ieghti intensivi krasoti
Skidumi ar absorbcijas maksimumu 270 nm, kuru intensitate vairakas reizes
parsniedza ligninu absorbciju, tadél nebija iesp&jams aprékinus, izmantojot literatira
mingtos ligninu ekstincijas koeficientus (Lin and Dence, 1992) kvantitativajiem
aprckiniem. Kaut ari zales komposta JP izejviela bija mazak lignina neka zales—skaidu
komposta A izejvielas (attiecigi 10,9 un 18,5%), gatavais zales komposts JP péc 60
kompostéSanas dienam saturéja vairak Klasona lignina neka gatavais zales—skaidu
komposts A peéc 186 kompostésanas dienam (attiecigi 41,9 un 36,9%). lesp&jams, tas
saistits ar humusvielu intensivaku veidoSanos zales komposta, jo parauga apstrade ar
sérskabi péc Klasona metodes dod neskistoSo atlikumu gan ar ligninu, gan
humusvielam (Lopez et al., 2010).

3.8. tabula. Zales un komposta lignina un metoksilgrupu saturs (% no sausnas)

KomposteSanas Lignins MeO MeO saturs
ilgums KL SSL Kopa grupas lignina

0 (izejas zale) 10,9 2,4 13,3 1,04 7,8

14 dienas 21,3 2,7 24,0 2,02 8,4

60 dienas 41,9 3,7 45,6 2,20 4,8

KL — Klasona lignins; SSL — skabé $kistosais lignins

Vienlaikus ar lignina satura pieaugumu kompostéSanas laika palielinajas ari
kopgjais metoksilgrupu saturs zales komposta, tacu ta pieaugums péc 60
kompostésanas dienam bija salidzinosi neliels 2,02-2,20%, kaut gan Klasona lignina
vai, precizak, neskistosa atlikuma, kas noteikts péc Klasona metodes, picaugums bija
gandriz 2 reizes lielaks. Metoksilgrupu saturs zale un komposta JP péc 14
kompostéSanas dienam sastadija apméram 8%, tas ir neliels un norada uz
nemetoksiléto para-hidroksifenilgrupu klatbtitni lignina, tau péc 2 méneSiem tas
nokritas lidz 4,8%. lesp&jams, tas saistits ar dalgju lignina demetoksilésanu, kas
aprakstita agrinajos darbos, kuri Veltiti lignina izmainam kompostéSanas laika
(Waksman and Smith, 1934). Tomér jaatzimé, ka lignina noteik$ana péc Klasona
metodes nav specifiska, jo apstrades laika ar s€érskabi rodas pseido-lignins (Hu et al.,
2012), kuru nevar atdalit no lignina. Lai izpétitu lignina transformaciju,
kompostésanas procesa no izekstrahéta komposta tika izdalitas sarma skistosas
komposta humusvielas un no atlikuma izdalits Bjorkmana lignins.

3.4. Zales komposta Bjorkmana lignina un humusvielu kimiskais sastavs
Lai izpétitu humusvielu veidoSanas procesu un lignina izmainas kompostéSanas
procesa, no zales komposta JP tika ekstrah&tas komposta humusvielas un izdalits

Bjorkmana lignins. Vispirms no komposta tika izekstrah&tas humusvielas, izmantojot
0,1 M NaOH, bet péc tam izdalits Bjorkmana lignins. Komposta humusvielas (HV)
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un Bjorkmana lignins no komposta JP péc 14 kompost€Sanas dienam un pec 60
kompostésanas dienam. Sarma $kistosas frakcijas iznakums veido 24,3% no komposta
JP péc 14 kompostésanas dienam un 21,8% no komposta JP péc 60 kompostésanas
dienam, savukart Bjorkmana lignina iznakums no komposta JP veidoja 1,7% péc 14
kompostésanas dienam un 2,3% p&c 60 kompostésanas dienam.

3.9. tabula. Komposta Bjorkmana lignina un humusvielu péc 14 un 60 kompostésanas
dienam Kimiskais sastavs

Lignins Humusvielas
14 dienas 60 dienas 14 dienas 60 dienas

C,% 60,6 60,6 43,0 41,4
N, % 0,95 0,88 3,1 2,4
MeO, mmol/g 4,81 5,25 1,29 0,87
OHfen), mmol/g 151 1,50 1,29 1,18
COOH, mmol/g 0,83 0,81 2,20 2,69
p-kumarilskabe, mmol/g 0,15 0,06 0 0
Ferulskabe, mmol/g 0,10 0,04 0 0
Hidroksikanglskabes, 0,25 0,10 0 0
kopa, mmol/g
Cukuri, kopa, % 3,3 15 7,3 79
Pelni, % n.n.* n.n. 10,5 12,1

n.n. — nebija noteikts.

Komposta humusvielu elementu sastavs atSkiras ar zemaku oglekla saturu un
lielu slapekla saturu salidzinajuma ar komposta ligninu elementu sastavu. Komposta
lignini satur&ja nelielu slapekla savienojumu piemaisijumu. Oglhidratu piemaisijums
bija lielaks humusvielu frakcija ap 7% salidzinajuma ar ligniniem, kas saturgja 1,5—
3,3% oglhidratu (skat. 3.9. tab.).

Metoksilgrupu saturs lignina péc 14 kompostésanas dienam bija 14,9% un péc
60 kompost€Sanas dienam — 16,3%. Tas ir lielaks neka metoksilgrupu saturs zales
komposta Klasona lignina, pat pé€c komposta ekstrakcijas ar sarmu. Tas var but
izskaidrojams ar pseido-lignina piemaisijumiem Klasona lignina un zemo Bjorkmana
lignina iznakumu. Piegpemot lignina struktiirvienibas molekulmasu par 200,
metoksilgrupu aizvietojums veido 1 MeO uz vienu fenilpropana vienibu. Fenolgrupu
saturs abos ligninos bija 1,5 mmol*g™, bet karboksilgrupu — 0,8 mmol*g™. Kaut arf
karboksilgrupu daudzums kompostéSanas gaita bija praktiski vienads, mainijas to
kimiskais raksturs. Zales lignins satur kimiski saistitas hidroksikang]skabes.
Kompostesanas laika to daudzums lignina samazinajas no 0,25 lidz 0,10 mmol*g™.

Humusvielu metoksilgrupu saturs bija mazaks neka ligninos un kompostésanas
laika turpindja samazinaties, tas norada wuz SkistoSo lignina fragmentu
demetoksiléSanu. Fenolu grupu saturs humusvielas bija nedaudz zemaks
salidzinajuma ar ligniniem, bet karboksilgrupu saturs ievérojami lielaks un
kompostésanas laika pieauga.

Salidzinot ar koksnes Bjorkmana ligniniem, komposta lignini bija tumsaki.
lespgjams, tas saistits ar hinono struktiru klatbiitni, ko apstiprindja reakcija ar
Na,S,0,, kas specifiski reagé ar hinonu grupam (Zakis, 1994). Péc reducésanas ar
Na,S,04 ligninu absorbcija redzamas gaismas diapazona butiski samazinajas.
Humusvielas saturgja ievérojami vairak hinono struktiiru, un p&c reducéSanas ar
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Na,S,0,4 absorbcijas intensitate redzamas gaismas diapazona samazinajas par pusi
(3.5. att.).
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3.5. artels. Komposta Bjorkmana lignina spektri ultravioletaja un redzamas gaismas
apgabala pirms un péc reducéSanas ar Na,S,0,

UV diapazona lignini uzradija tipisku absorbcijas maksimumu pie 280 nm un
absorbcijas koeficientus: 17,5 g *L*cm™ ligninam péc 14 dienam un 17,8 g"**L*cm™
ligniTnam péc 60 dienam. Sadas absorbcijas vértibas ir raksturigas vairumam augu
ligninu. Humusvielu absorbcijas maksimumi un koeficienti bija lidzigi: 17,0 g
L *cm™ pec 14 kompostesanas dienam un 18,5 g*L*cm™ pec 60 komostesanas
dienam, tas norada uz lidzigam hromoforam grupam.

Komposta ligniniem tika uznemti UV Agjon spektri. Lignina ktmija So metodi
izmanto, lai noteiktu nekonjugéto fenolu grupu saturu ligninos (Zakis, 1994). Péc 14
kompostésanas dienam lignina Agjon spektra ir labi redzami raksturigie sorbcijas
maksimumi pie 250, 300 un 360 nm (3.6. att.).

240 260 280 300 320 340 IS0 380

Vil gatms, nim
3.6. artels. Komposta Bjorkmana lignina Ag;,, Spektri ultravioletaja gaismas apgabala
1 — lignins péc 14 komposté$anas dienam; 2 — lignins péc 60 kompostésanas dienam; 3 — lignins péc 14
dienam reducéts ar NaBHy; 4 — lignins p&c 60 dienam reducéts ar NaBH,4

Koksnes ligninos Agjon maksimums pie 360 nm norada uz a karbonilgrupu
klatbiitni. Absorbcijas intensitate pie 360 nm samazinas péc ligninu reducéSanas ar
natrija borhidridu, un vienlaikus pieaug absorbcijas intensitate pie 250 un 300 nm. P&c
lignina reduce€Sanas ar natrija borhidridu absorbcijas maksimuma intensitate pie 360
nm tikai nedaudz samazinajas un attiecigi pieauga absorbcija pie 250 un 300 nm.
Savukart lignTnam p&c 60 kompost€Sanas dienam Asjo, spektrs butiski atSkiras no
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lignina pec 14 komposteSanas dienam. Visintensivaka absorbcija tiek novérota pie
360 nm, un absorbcijas maksimums pie 300 nm nav izskirts — tas norada uz ligninu
struktiiras izmainam kompostéSanas laika.

Komposta Bjorkmana ligninu FTIS spektri bija lidzigi un paradija ligninu
tipiskus absorbcijas maksimumus (3.7. att.).

9 —— 3420 1640 1126

Lignins, 60 d.

Absorbcija

T T T T
4000 3200 2400 1600 800

Vilnu skaitlis, cm "1
3.7. attéels. Komposta Bjorkmana lignina un humusvielu péc 14 un 60 kompostésanas
dienam FTIS spektri

Ar partrauktu Iiniju apziméti ligninu spektri pec reducésanas ar natrija borhidridu

Ligninu maksimala absorbcija FTIS spektros pie 1126 cm™ raksturiga
aromatiskam C-H plaknes deformacijam siringilvienibas un C=O svarstibam.
Saskana ar Faiksa klasifikaciju (Lin and Dence, 1992) komposta Bjorkmana ligninu
spektri atbilst gvajacil-siringilvienibas saturoSiem ligninu spektriem ar vid&ju
siringilvienibu saturu (25-35%) un nelielu para-hidroksifenilvienibu daudzumu (lidz
10%). Ligniniem bija palielinata C=0 grupu absorbcija pie 1800-1600 cm™, kas
norada uz ligninu oksidéSanu. Ligninu reducéSana ar natrija borhidridu tikai nedaudz
samazinaja lignina absorbciju pie 1700 em™ pec 60 komostesanas dienam, kas norada
uz konjugéto karboksilgrupu klatbatni ligninos. Savukart komposta humusvielu
spektri ir ieverojami izpliidusi, tas norada uz ieveérojami lielaku sastava dazadibu un
transformaciju, tomér var atskirt tipiskus absorbcijas maksimumus, kas raksturigi
ligniniem: 1510 (aromatiska gredzena svarstibas), 1460 (alifatiskas C—H
deformacijas), 1420 (aromatiska skeleta svarstibas kombinétas ar C—H plaknes
deformacijam), 1230 (aromatisko C—OH grupu svarstibas un C-O-C ariléteru
svarstibas) un 1126 cm™. Salidzinot komposta humusvielu FTIS spektrus ar ligninu
spektriem, redzama ievérojami lielaka absorbcija pie 3420 un 1640 cm™, tas norada
uz lielaku hidroksilgrupu un amida grupu saturu (3.7. att.).
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3.8. attels. Metileta komposta Bjorkmana lignina analitiska pirogramma
1 — 2-metoksifenols; 2 — 4-vinilanizols; 3 — 4-metilgvajakols; 4 — 4-metilveratrols; 5 — 1-metoksi-4(1-
propenil) benzols; 6 — 4-vinilgvajakols; 7 — siringols; 8 — vanilins; 9 — 4-metilsiringols; 10 —
izoeigenols; 11 — 3,4-dimetoksibenzaldehids; 12 — vanilinskabes metilesteris; 13 — 4-vinilsiringols; 14 -
3,4,5-trimetoksibenzaldehids; 15 — 4-propenilsiringons

Analitiska pirolize apstiprindja pien€mumu par konjugétu karboksilgrupu
klatbiitni komposta ligninos. Pirms pirolizes lignina paraugi bija metiléti ar
diazometanu, lai aizsargatu karboksilgrupas no dekarboksiléSanas paaugstinata
temperatiira. Pirolizes produktos tika identificéti vairak neka 30 dazadi tipiski metiléta
lignina pirolizes produkti ar dazadu alifatiskas k&des garumu (CgC, CeCy, CsCs).
Aromatiskie atlikumi satur§ja ne tikai gvajacilvieniba, siringilvienibas un para-
hidroksifenilvienibas, bet ari veratrola, anizola un 3,4,5-trimetoksibenzola
atvasinajumus. Starp Siem savienojumiem bija identificéts ar1 vanilinskabes
metilesteris (3.8. att.), kas norada uz lignina alifatiskas kédes oksidésanu. HV
analitiska pirolize apstiprinaja lignina fragmentu klatbiitni, uz ko norada savienojumi
ar gvajacilgrupam un siringilgrupam (gvajakols, siringols, 4-vinilgvajakols, 4-
produkti ka furfurols.

Acetilétu Bjorkmana ligninu $kidumu protonu kodolu magnétiskas rezonanses
(*H KMR) spektri ir redzami 3.9. attgla, un to interpretacija — 3.10. tabula.
Aromatisko protonu signali apstiprinaja FTIS un analitiskas pirolizes rezultatus, ka
Bjorkmana lignins satur gvajacilvienibas un siringilvienibas. "H KMR spektri paradija
intensivus metoksilgrupu, alifatisko acetatu un aromatisko acetatu signalus, kas
nordda uz lielu metoksilgrupu, alifatisko un aromatisko hidroksilgrupu saturu
komposta Bjorkmana lignina. Komposta lignins satur tipiskas lignina
starpmolekulards saites p~O—4, p—p un P-5. Salidzinajuma ar koksnes ligninu ‘H
KMR spektriem (Lundquist, 1979) komposta ligninos ir novérojami intensivi signali
pie kimiskam nobidéem 0,7-1,7 ppm, kas raksturigi ekrantiem protoniem
ogliidenrazos.
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3.9. attéls. Acetileta komposta Bjorkmana lignina péc 14 un 60 kompostéesanas dienam

'H KMR spektri (§kidinatajs CDCl5)

Acetilétas humusvielas neskida hloroforma vai dioksana, tad€] nebija iesp&jams
iegit to $kidumu 'H KMR spektrus. Tas netiesi norada uz lignina fragmentu
integraciju humusvielu kompleksa.

3.10 tabula. Acetileta lignina '"H KMR signalu interpretacija (péc Lundquist, 1979)

Kimiska nobide, ppm

Signala interpretacija

0,7-1,7

1,95, 2,02, 2,13
2,29

3,08

3,76

4,18, 4,28, 4,43
4,58

5,44

6,01

6,60

6,94, 6,99

7,29

7,50

Ogludenrazu piemaisjjumi
Alifatiskie acetati

Aromatiskie acetati

B—P saites Hg

Metoksilgrupas protoni

H, dazadas strukturas

—O—4 struktiras Hg

-5 struktiiras Hg

—O—4 strukttiras H,
Siringilvienibas aromatiskie H
Gvajacilvienibas aromatiskie H
Hloroforms (§kidinatajs)
Aromatiskais H orto- stavokli attieciba pret karbonilgrupu

Sarmaino nitrobenzola oksidéSanu izmanto, lai noteiktu minimalo nekondenséto
lignina struktiirvienibu daudzumu, ka arT noteiktu galveno strukttrvienibu attiecibu
lignina (Lin and Dence, 1992). Oksidgjot ligninu ar nitrobenzolu, sarmaina vidé rodas
aromatiskie aldehidi: no para-hidroksifenilvienibam rodas para-hidroksibenzaldehids,
no gvajacilvienibam (G) — vanilins, bet no siringilvienibam (S) — siringilaldehids.
Neliela daudzuma rodas arf attiecigas skabes (3.10. att.).
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3.10. attels. Noteiktie komposta Bjorkmana lignina un humusvielu sarmainas
nitrobenzola oksidésanas produkti
1 — para-hidroksibenzaldehids; 2 — vanilins; 3 — siringil aldehids; 4 — para-hidroksibenzoskabe; 5 —
vanilinskabes; 6 — siringilskabe

Oksidgjot komposta ligninus ar nitrobenzolu, rodas liels daudzums aromatisko
aldehidu un skabju, kas norada uz lielu nekondenséto vienibu saturu lignina (3.11.
tab.). Iegttie rezultati lauj secinat, ka nekondenséto vienibu saturs komposta lignina ir
vismaz 1/3. Siringilvienibu un gvajacilvienibu (S/G) attieciba komposta ligniniem bija
1,2-1,4, bet para-hidroksifenilvienibu un gvajacilvienibu attieciba bija loti zema.
Oksidgjot komposta humusvielas ar nitrobenzolu, tika ieguti lidzigi aromatiskie
aldehidi un skabes, bet ar mazaku iznakumu, kas samazinajas kompostéSanas laika.
S/G attieciba ligniniem un humusvielam bija lidziga, kas norada uz to kopigo
izcelsmi. Aromatisko skabju un aldehidu attieciba humusvielam bija vairak neka 2
reizes lielaka neka ligniniem, un tas norada uz lielaku lignina fragmentu oksidéSanu
humusvielu frakcija.

3.11. tabula. Komposta Bjorkmana lignina un humusvielu péc 14 un 60 kompostésanas
dienam nitrobenzola oksidésana (mmol/g)

Nitrobenzola oksidésanas Lignins Humusvielas
produkti 14 dienas 60 dienas 14 dienas 60 dienas
p-hidroksibenzaldehids 0,032 0,015 0,017 0,006
Vanilins 0,592 0,657 0,098 0,060
Siringil aldehids 0,758 0,757 0,100 0,060
p-hidroksibenzskabe 0,006 0,003 0,007 0,004
Vanilinskabe 0,063 0,076 0,020 0,014
Siringilskabe 0,148 0,144 0,049 0,029
Kopgjais iznakums 1,60 1,65 0,29 0,16
Skabju/aldehidu attieciba 0,16 0,16 0,35 0,41
Siringilvienibu/gvajacilvienibu 1.4 1,2 1,3 1,4
attieciba

p-hidroksifenilvienibu/ 0,06 0,02 0,20 0,13

gvajacilvienibu attieciba
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Augsnes humusvielu pétijumos plasi izmanto oksideésanu ar CuO (Stevenson,
1994). Lignina CuO un nitrobenzola oksidéSanas rezultati ir savstarp&ji salidzinami
(Lin and Dence, 1992). Lignina izcelsmes aromatisko aldehidu un skabju iznakums
péc augsnes humusvielu CuO oksidéSanas ir ievérojami mazaks, savukart aromatisko
skabju un aldehidu attieciba mainas plasas robezas no 0,2—0,3 aramzemes augsnés
lidz 1,3-2,1 meza augsnés (Bahri et al., 2006). Iegitie rezultati liecina, ka komposta
un augsnu humusvielu aromatisko aldehidu un skabju attieciba ir tuva.

s/G = _S(€2.C6)
G(C2)+G(C6)

— Syringyl C2,C6

Guaiacyl C6

|

— Guaiacyl C2

T T T T T T T T T T T T T T T
150 140 130 120 110 100 90 o0, 70 60 50 40 30 20 10

3.11. artels. Komposta Bjorkmana lignina *C KMR spektrs ($kidinatajs (CD5),SO)

Nitrobenzola oksidéSanas produkti saturgja ~50% no visam lignina
metoksilgrupam, tas norada, ka kopg&ja lignina S/G attieciba ir zemaka par NBO
produktu S/G attiecibu. To apstiprina **C-KMR spektri (3.11. att.). S/G attieciba
aprékinata péc KMR signalu intensitates (siringilvienibam C2 un C6 signali pie 104,9
ppm, bet gvajacilvienibam C2 pie 111,5 ppm un C6 pie 119,3 ppm) — ta bija 0,93
ligntnam péc 14 dienam un 0,98 ligninam péc 60 komposteéSanas dienam. Rezultatu

starpiba starp nitrobenzola oksidéSanu un KMR norada uz kondensétam para-
hidroksifenilvienibam komposta ligninos.

CH,OH

H __O‘Q CH,OH
H__O'\';I'eo O,  NaOH H——OH
N — H——OH
| _ COOH
OMe
o B-O-4 saites Eritronikskabe
- eritro forma
CH,OH
H__O‘Q CH,OH
HO__HMeO 0, NaOH H——OH
N — HO——H
| _ COCH
OMe
o Pr;a(g_f‘:) rsr?]i;es Treonikskabe

3.12. attels. Summara lignina ozonésanas reakcija
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Analitiska ozon€Sana tika izmantota, lai novértét lignina vienibu
starpmolekularo f—O—4 saiSu daudzumu. Lignina B—O—4 struktiirvienibu ozon&Sanas
rezultata rodas tetronikskabes — eritronikskabe un treonikskabe (3.12. att.). Selektivi
oksid€jot aromatiskos gredzenus, tiek saglabata lignina alifatiskas kedes stereo
uzbiive, kas lauj iegtt kvalitativus un kvantitativus datus par ligninu alifatiskas k&des
uzbiivi. Humusvielu struktiiras pétijumos analitiska ozon€Sana péc pieejamas
informacijas, tika izmantota pirmo reizi. Ka salidzinaSanas paraugs tika izmantots
bérza (Betula pendula) Bjorkmana lignins, kas satur 60% p—O—4 saisu (McCarthy and
Islam, 1999). Kopgjais tetronikskabju iznakums no bérza Bjorkmana lignina bija 1,05
mmol/g, un eritronikskabes un treonikskabes (E/T) attieciba 2,6. Ozong&jot komposta
Bjorkmana ligninus, tetronikskabju iznakums bija ~ 0,7 mmol/g (3.13. tab.).
Salidzinot tetronikskabju iznakumus no bérza un komposta Bjorkmana ligniniem, tika
aprékinats, ka komposta lignins satur ~ 40% arilglicerol-p-aril-gtera jeb f—O—4 saites.
Ozongjot komposta humusvielas, eritronikskabes un treonikskabes iznakums bija
ievérojami zemaks salidzinajuma ar kompostu ligniniem un kompost€Sanas laika
turpinaja samazinaties. Humusvielu E/T attiecibas atSkiras no ligninu E/T attiecibas,
kas, iesp&jams, norada uz stereoselektivo lignina fragmentu degradaciju humusvielu
frakcija.

3.12. tabula. Komposta Bjorkmana ligninu un humusvielu péc 14 un 60 kompostéSanas
dienam ozonésanas produktu iznakums

Ozongsanas produkti Lignins Humusvielas

14 dienas 60 dienas 14 dienas 60 dienas
Eritronikskabe, mmol/g 0,44 0,43 0,049 0,022
Treonikskabe, mmol/g 0,26 0,25 0,035 0,018
Kopgjais tetronikskabju 0,71 0,68 0,084 0,039
iznakums, mmol/g
Eritronikskabes/treonikskabes 1,7 1,7 14 1,3
attieciba

legiitie rezultati parada, ka komposta lignini satur lielu daudzumu nekondensétu
vienibu, kas savienotas ar arilglicerol-B-aril €tera saitem. OksidéSanas rezultata lignini
saturéja nelielu daudzumu hinono strukttru, ka ar1 karboksilgrupas.

Humusvielu pétijumos plasi lietota sarmaina permanganata oksidé$ana. Orlovs
(Opnos, 1992) uzskatija, ka benzolpolikarbonskabju klatbiitne starp humusvielu
permanganata oksidéSanas produktiem ir viena no svarigakajam humusvielu
diagnostiskam 1pasibam. So metodi izmanto ari, lai pétitu lignina aromatisko
kompoziciju un iekSmolekularas saites. Aromatisko karbonskabju iznakums no
humusvielam péc 14 kompostéSanas dienam bija lielaks salidzinajuma ar
humusvielam péc 60 kompostéSanas dienam (3.13. tab.). Komposta humusvielu
permanganata oksidéSanas rezultata rodas galvenokart lignina izcelsmes aromatiskas
hidroksikarbonskabes (3.12. att.), kas reprezenté lignina nekondensétas vienibas
(savienojumi 7-9), B-5 tipa (savienojums 10); Cqir. —6 tipa (savienojums 11), bifenila,
jeb 5-5 tipa (savienojums 12) un aril-aril-étera tipa (savienojums 13) struktiras.
Atsevisko savienojumu iznakums permanganata oksidéSanas laika no attiecigam
struktiirvienibam ir atSkirigs, un iegutie rezultati lauj tikai novértét to relativo
attiecibu. Humusvielas péc 14 kompostéSanas dienam satur vairak nekondens&tu
vienibu salidzinajuma ar humusvielam péc 60 dienam. Starp kondensétam vienibam
doming B35 tipa vienibas. Sie rezultati sakrit ar nitrobenzola oksidésanas rezultatiem.
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3.13. tabula. Komposta humusvielu (HV) lignina vienibu relativais sadalijums péc
permanganita oksidéSanas rezultatiem (%)

Iznakums Nekondensétas -5 Cair —6 55 4-0O-5

mmol/g vienibas vienibas  vienibas vienibas vienibas
HV, 14 d. 0,26 76 15 3 2 4
HV, 60 d. 0,14 67 19 5 4 7

Starp komposta humusvielu oksidé$anas produktiem bija noteikts tikai neliels
daudzums ne-lignina izcelsmes karbonskabju (~ 1% no Kkopgja aromatisko
karbonskabju satura) — orto-ftalskabe un trimelitskabe jeb 1,2,4-benzoltrikarbonskabe.
Tas parada, ka lielaka dala komposta humusvielu aromatisko savienojumu ir lignina
izcelsmes.

COOH COOH COOH COOH
j: j: Ne| o} :t "OMe HOOC~ j: No)
Me 9 Me
COOH Me COOH COOH
HOOC
o ks
OMe
OMe HOOC R MeO

3.13. attels. Noteiktie komposta humusvielu permanganata oksidésanas produkti
7 — p-anisskabe; 8 — veratrilskabe; 9 — 3,4,5-trimetoksibenzoskabe; 10 — 4,5-dimetoksi-1,3-
benzoldikarbonskabe; 11 — 4,5-dimetoksi-1,2-benzoldikarbonskabe; 12 — lignina bifenila
vienibas oksidéSanas produkts; 13 — lignina aril-aril-gtera vienibas produkti (R = H/OCHy)

Lai noverteétu lignina saturu komposta humusvielu frakcijas, tika aprékinats
lignina saturs, izmantojot lignina kimiskos markierus — metoksilgrupu saturu
komposta Bjorkmana ligninos, nitrobenzola oksidé$anas produktu un ozon&Sanas
produktu iznakumus no komposta Bjorkmana ligniniem (3.14. tab.). Visos gadijumos
lignina satura novért€§jums humusvielu frakcija, izmantojot lignina Kkimiskos
markierus bija zemaks par noteikto Klasona ligninu jeb neskistoSo atlikumu péc
Klasona metodes, kas norada uz lignina transformaciju komposteSanas laika.
Lielakais lignina saturs tika aprékinats péc metoksilgrupu daudzuma (27% HV péc 14
dienam), mazak péc NBO produktu iznakuma un v&l mazak péc ozoné&Sanas produktu
iznakuma. Tas norada uz lignina izmainam kompostéSanas laika. AtSkeloties lignina
makromolekulas fragmentiem, pieaug polaro funkcionalo grupu saturs, lignina
fragmenti klust Skisto$i sarmaina vid€ un ieklaujas humusvielu frakcija, kur notiek to
turpmaka modificeSana. Lignina alifatiskas kédes tiek paklautas oksidativai o—f3
saSkelSanai, ko apstiprina analitiska pirolize un tetronikskabju iznakuma
samazinasanas ozon&Sanas laika. Kondensgjoties ligninam samazinas nitrobenzola
oksidéSanas produktu iznakums. Savukart demetoksiléSana notiek leénak par
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alifatiskas k&des SkelSanos un kondensacijas reakcijam, kas lauj rekomendéet
metoksilgrupu satura analizi lignina noteikSanai humific€tos paraugos.

3.14. tabula. Lignina satura novértéjums komposta humusvielu frakcija, izmantojot
dazadas analitiskas metodes (% no HV)

Analitiskas metodes Humusvielas

14 dienas 60 dienas
Klasona lignins 49,7 41,9
MeO grupu saturs 27 17
NBO produkti* 18 10
Ozonésanas produktu iznakums 12 6

* - nitrobenzola oksidéSanas produkti

Savukart analitiska ozon&Sana parada maz modificéta lignina klatbiitni
komposta humusvielu frakcija. Sie rezultati apstiprina hipotézi, ka humusvielas ir
salidzinoS§i zemmolekularu savienojumu supramolekulara asociacija, kura var
piedalities dazadas biomolekulas, ieskaitot biologiski modificétu ligninu (Bikovens et
al., 2010a).

3.5. Zales komposta humusvielu spéja saistit smago metalu jonus

Viena no svarigakajam augsnes humusvielu funkcijam ir sp&ja saistit dazadus
piesarnojumus, taja skaita veidot savienojumus ar metalu joniem. Ka paradija miisu
ieprieks veiktie petijumi, koksnes trupéSanas rezultata vairakas reizes pieaug vara (II)
sorbcija — uz bérza skaidam pieauga no 2,0 Iidz 6,35 mg/g, uz priedes skaidam no 1,8
lidz 5,55 mg/g. Lidzigs sorbcijas pieaugums noveérots ari attieciba pret hroma (III)
joniem uz trup&usam skaidam. Tas ir saistits ar lignina oksidéSanu un funkcionalo
grupu satura pieaugumu, kas notiek koksnes baltas vai briinas trupes gadijuma
(Kokorevics et al., 1999). Lidzigus rezultatus deva zales komposteSana.
KomposteSanas laika zales sorbcijas kapacitate attieciba pret vara (II) un kadmija (II)
joniem pieauga apmeram 2—3 reizes salidzinajuma ar nekomposteto zali. Metalu jonu
sorbcija ir atkariga no Skidumu pH vertibas. Palielinoties pH veértibai no 3 lidz 7,
sorbéto jonu daudzums uz komposta palielinajas no 2,6 lidz 4,5 mg/g Cu(Il) un no 0,9
lidz 4,4 mg/g Cd(II) (3.14. att.).
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3.14. attéls. Vara (1) sorbcija uz zales un komposta atkariba no Skiduma pH



Ekstrakcija ar etanolu un tideni butiski neietekm&ja komposta sorbciju, kaut gan
péc ekstrakcijas karboksilgrupu saturs un fenolu OH grupu saturs komposta nedaudz
samazinajas (COOH grupas no 1,8 lidz 1,5% un fenolu OH grupas no 0,59 lidz
0,55%). Iespgjams, noteicosa loma metala jonu sorbcija ir komposta humusvielu
funkcionalajam grupam.

Komposta humusvielu sp&ja samazinat svina (II) jonu toksisko iedarbibu tika
parbaudita, mérot kenafa (Hibiscus cannabinus) stadu galvenas saknes pagarinasanu
svina (II) jonu klatbiitné un svina (II) jonu un humusvielu klatbiitn€. Pievienojot
komposta humusvielu skidumam Pb (II) jonus, novérota pH samazinaSanas, kas
norada uz kompleksveidoSanas reakciju.

3.15. tabula. Svina (1) jonu toksiskas iedarbibas samazinasana uz kenafa saknu attistibu
komposta humusvielu klatbiitné (relativa pagarinasana % no kontroles)

Pb koncentracija, mg/l Pb (1) +Pb (I1) + HV
2,0 20 % 23 %
1,0 19 % 29 %
0,5 48 % 88 %
0 100 % 100 %

Nedelas laika kenafa saknes garums kontroles grupa sasniedza 24 cm.
Pievienojot baribas skidumam svina (II) jonus koncentracija 0,5 mg/l, kenafa galvenas
saknes garums saisindjas par pusi salidzinajuma ar kontroli, ka arT ieveérojami
samazinajas sazarotiba, kas parada svina (II) jonu izteikto fitotoksisko iedarbibu uz
kenafu. Pievienojot komposta humusvielu skidumu koncentracija 50 mg/l, svina (II)
toksiskais efekts tika ievérojami samazinats, un kenafa saknu sisteémas attistiba bija
salidzinama ar kontroli svina (II) koncentracija 0,5 mg/1 (3.15. att., 3.15. tab.).

3.15. atrels. Kenafa galvenas saknes pagarinasanas tests Pb (1) un komposta humusvielu
klatbiitne
A — kontrole; B — Pb (I1) 0,5 mg/l; C — Pb (11) 0,5 mg/l un humusvielas 50 mg/I

legiitie rezultati parada, ka komposta humusvielas spgj saistit smago metalu
jonus tadgjadi samazinot to fitotoksiskumu (Bikovens et al., 2004).
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3.6. Atkritumu tauku ietekme un zales—skaidu komposta humusvielu kimiskais
sastavs

Lai izpétitu atkritumu tauku ietekmi uz humusvielu veidosanos, no zales—skaidu
komposta A péc 20, 56 un 186 kompostésanas dienam tika izekstrahétas komposta
humusvielas, kuras tika sadalitas huminskabes (HS) un fulvoskabes (FS) frakcijas.
Huminskabju un fulvoskabju elementu sastavs un atomaras attiecibas redzamas 3.16.
tabula.

3.16. tabula. Komposta huminskabju un fulvoskabju péc 20, 56 un 186 kompostésanas
dienam elementu sastavs un atomaras attiecibas (+s,)

Huminskabes Fulvoskabes
20 d. 56 d. 186 d. 20 d. 56 d. 186 d.
C,% 52,4 52,2 52,6 45,1 48,5 43,0
+0,03 +0,08 +0,24 +1.4 +0,3 +0,6
H, % 5,48 5,60 5,98 4,39 4,85 4,18
+0,06 +0,07 +0,06 +0,19 +0,08 +0,06
N, % 5,22 512 4,72 3,35 3,87 3,18
+0,08 +0,07 +0,02 +0,12 +0,13 +0,09
S, % Zimes zimes zimes 0,50 0,56 0,39
+0,07 +0,05 +0,05
C/N attieciba 11,7 11,9 13,0 15,7 14,6 15,8
H/C attieciba 1,3 1,3 1,4 1,2 1,2 1,2
O/C attieciba 0,5 0,5 0,5 0,8 0,7 0,9

Komposta huminskabes satur vairak oglekla, tdenraza un slapekla neka
fulvoskabes, kas parada fulvoskabju lielaku oksideéSanu. Neliels slapekla
samazinajums komposteSanas laika, iesp&jams, saistits ar slapekla mineralizaciju
kompostesanas laika.

FTIS spektri paradija (3.16. att.) tipisku ligninu un proteinu diagnostiskos
maksimumus pie 1515-1510, 1420, 1126 (lignina aromatiskais gredzens), 1460
(alifatiskas C—H deformacijas, asim. —-CH,— un —CHs), 1650 (am1idi I) un 1540 (amidi
I1) cm™. Kaut arT konstatéts neliels H/C attiecibas picaugums komposta HS, FTIS
spektri neapstiprinaja taukskabju ietekmi uz komposta humusvielu formésanu. Lielu
lignina ieguldijumu komposta humusvielu forméS$ana apstiprindja metoksilgrupu
analize. Metoksilgrupu saturs huminskabgés pieauga no 5,12% (p&c 20 kompostésanas
dienam) lidz 5,49 un 6,25% (attiecigi péc 56 un 186 kompostéSanas dienam). Tas ir
mazak neka zales komposta ligninos, bet vairak neka zales komposta humusvielas.
Zales un zales—skaidu komposta humusvielas satur ievérojami vairak metoksilgrupu
neka augsnes humusvielas — lignocelulozes komposta un augsnes humusvielu
kimiskais sastavs ir ieverojami atSkirigi. Fulvoskabju FTIS spektros ir atpazistami
lignina sorbcijas maksimumi, kaut arT iev€rojami nogludinati ar ne-lignina
piemaisijumiem. Palielinata absorbcija pie 1800-1600 cm™ ar maksimumu pie 1715
cm™ (karbonilgrupu svarstibas) parada bitisku fulvoskabju oksidésanu. Fulvoskabgs
péc 186 komposteSanas dienam salidzinajuma ar fulvoskabeém péc 20 un 56 dienam
novérots absorbcijas samazinajums pie 1050-1030 cm™, kas, iespgjams, saistits ar
oglhidratu atlikumu samazinaSanu.
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3.16. attels. Komposta huminskabju (HS) un fulveskabju (FS) péc 20, 56 un 186
kompostéSanas dienam FTIS spektri

Viena no veiksmigakajam metodém sarezgitu dabigo organisko vielu pétiSanai

ir analitiska pirolize. Metode tika aprobéta uz skujkoku zagskaidam un lignocelulozes
atlikumiem pec bioetanola iegiiSanas, un iegutie rezultati paradija, ka analitisko
pirolizi var izmantot kvantitativai lignocelulozes degradacijas novértésanai. Pieaugot
lignocelulozes apstrades apstaklu bardzibai, tika novérota CgCs/CgCy., attiecibas
samazinasanas (Dizhbite et al., 2011).

3.17. tabula. Komposta huminskabju un fulvoskabju péc 20, 56 un 186 dienam
analitiskas pirolizes identificétie gaistoSie produkti un to relativais saturs (%0)

Nr. Savienojumi Huminskabes Fulvoskabes
20 d. 56 d. 186d. 20d. 56 d. 186 d.

1. CO, 36,5 35,0 33,1 39,8 39,8 40,9
2. H,O + metanols 39,2 40,2 42,4 44 4 44,0 43,6
3. Propanals 0,2 0,2 0,2 0,2 0,1 0,1
4, Propanons 0,1 0,2 0,1 0,3 0,4 0,4
5. Etenilacetats 0 0 0 0,2 0,1 0,1
6. 2-Metilpropanals 11 1,1 1,0 0,4 0,3 0,4
7.  2-Metilfurans 0,3 0,4 0,3 0,3 0,2 0,2
8.  2,3-Butandions 0,1 0,1 0,1 0,2 0,3 0,2
9. 2-Butanons 0,1 0,1 0,1 0,1 0,1 0,1
10. Propannitrils 0,1 0,1 0,1 0 0 0
11. 3-Metilbutanals 0,6 0,6 0,6 0,2 0,1 0,2
12.  2-Metilbutanals 0,5 0,5 0,5 0,1 0,1 0,1
13. Pirolidina-1- 0,1 0,1 0,1 0 0 0

karbonitrils
14. Etikskabe 0,7 0,7 0,8 0,8 0,6 0,6
15. 1-Hidroksipropan-2- 0 0 0 0 0,1 0

ons
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16.
17.
18.
19.
20.
21.

22.
23.
24,
25.
26.
27.

28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.

43.
44,
45.
46.

47.
48.
49.
50.
51.
52.
53.
o4.

95.
56.

57.
58.
59.
60.

Toluols

Piridins
3-Metilbutannitrils
Propionskabe
Pirols
5-Hidroksimetil-
2(5H)-furanons
Vinilbenzols
Furfurals
3-Metil-1H-pirols
2-Metil-1H-pirols
5-Metilfurfurals
3-Hidroksi-5,6-
dihidro-(4H)-piran-4-
ons

Fenols
2-Metoksifenols
2-Metilfenols
1-Etenilpirolidin-2-ons
4-Metilfenols
3-Metilfenols
Pirolidin-2-ons
4-Metilgvajakols
3,4-Dimetilfenols
4-Etilfenols
4-Etilgvajakols
4-Vinilgvajakols
Siringols

Indols
3-Metoksi-5-
metilfenols
Izoeigenols
4-Metil-1-indols
4-Metilsiringols
5-Oksopirolidin-2-
karboksilskabe
4-Etilsiringols
Acetogvajakons
4-Vinilsiringols
Gvajacilacetons
4-Alilsiringols
Propiovanilons
cis-4-Propenilsiringols
trans-4-Propenil-
siringols
1-Fenilpirolidin-2-ons
5-1zopropil-2,4-
imidazolidinedions
Acetosiringons
Siringilacetons
5,6-dipropildekans
4-Metil-5-
propilnonans

1,2
0,2
0,1

0,3
0,0

0,2
0,2
0,1
0,1
Zimes
0,1

11
1,8
0,1

1,1

0,9
0,1
0,1
0,3
2,4
2,5
0,3
0,1

0,3
0,1
1,3
0,1

0,4
0,2
1,8
Zimes
0,2

Zimes

1.2
0,2
0,1
0

0,3
0,0

0,2
0,2
0,1
0,1

Zimes

0,2

1,1
1,8
0,1
0

1,1
0

0

1,0
0,1
0,1
0,3
2,3
2,7
0,3
0,1

0,3
0,1
1,1
0,1

0,3
0,2
1,7
0,1
0,1

Zimes
Zlmes

0,6

0
0,1

0,6
0,1
0,2
0

0,9
0,2
0,1
0,1
0,2
0,1

0,1
0,2
0,1
0,1
Zimes
0,1

1,1
1,9
0,2
0

1,0
0

0

1,0
0,1
0,1
0,3
1,7
3,3
0,2
0,1

0,3
0,1
1,2
0,1

0,4
0,4
1,8
0,1
0,1
Zimes
0,1
0,6

0
0,1

0,9
0,1
0,1
0

0,3
0,1
0

0,1
0,2
0,1

0,1
0,7
0,1
0,1
zZimes
2,3

1,1
0,9
0,1
0,4
0,3
0,2
1,2
0,2
0,1
0,1
0,1
0,7
0,6
0,1
0

0
0
0,1
0

Zimes
0,1
0,3

0,2
0,1

0
zZimes
0,1
0,1

0,1
0,6
0,1
0,1
zZimes
2,6

0,9
1,2
0,1
0,8
0,3
zimes
2,3
0,1
zimes
0,1
0,1
0,7
0,9
Zlmes

0

0
0

Zimes

0

Zimes
0,1
0,3

0

0

0

0

Zlmes

Zlmes

0,3
0,1

ZImes
0,2
Zlmes

0,1
0,2
zimes
0,1
zimes
0,3

0,8
1,2
0,1
14
0,4
0,2
3,1
0,1
zimes

Zlmes

Zlmes
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Analiz€jot komposta huminskabes un fulvoskabes, tika identificéti 60 dazadi
savienojumi (3.17. tab.), kuri sadaliti se$as dazadas grupas péc to iesp&jamas
izcelsmes, iznemot CO, un Gdeni (3.18. tab.). Liels CO, saturs piralizatu produktos
(33-40%) norada uz komposta humusvielu oksidéSanu. Analiz&jot zagskaidas, CO,
iznakums Iidzigos pirolizes apstaklos bija ~ 5% (Dizhbite et al., 2011).

Lipidu izcelsmes pirolizes produktu iznakums no huminskabém un fulvoskabém
bija zems, tas apstiprinaja FTIS novérojumus. Slapekli saturo$o savienojumu
daudzums fulvoskabés bija liclaks neka huminskabés. Oglhidratu izcelsmes produktu
vairak bija fulvoskab&s, bet komposteéSanas beigas noverots straujS oglhidratu
savienojumu samazinajumus, kas saskan ar FTIS datiem.

Ligntna un ne-lignina izcelsmes aromatiskie savienojumi domingja huminskabju
frakcija. Siringilvienibu un gvajacilvienibu attiecciba huminskabju frakcija bija
apméram 2 reizes lielaka neka fulvoskabju frakcija. Lidzigas tendences ieprieks
aprakstitas arT augsnes humusvielam (Ganjegunte et al., 2005), un tas apstiprina, ka
kompostesana ir biomimétisks process humusvielu formesanai augsné.

3.18. tabula. Galveno pirolizes produktu grupu relativais saturs komposta huminskabgs
un fulvoskabes

Grupa Huminskabes Fulvoskabes
20d. 56d. 186d. 20d. 56 d. 186 d.
Og]hidrati’ 0,5 0,8 0,7 34 3,5 0,6
N-saturo$ie savienojumi 1,4 1,4 1,3 2,1 3,4 5,0
Lipidi 0,2 0,2 0,1 0,2 0,1 0,1
Lignins® 133 132 14,0 2,9 3,4 3,2
Dazadas izcelsmes 4.0 3,9 3,7 2,1 1,7 1,8
aromatiskie savienojumi
Dazadas izcelsmes 3,4 3,6 3,4 2,5 2,0 2,0
alifatiskie savienojumi
S/G attieciba® 1,3 1,3 1,6 0,6 0,6 0,7
CoC(o-2) /CeC3 * 9 10 11 146 171 317
H/G attieciba® 0,5 0,4 0,5 1,0 0,7 0,8
Carom/Caiit.” 19 17 19 0,6 0,6 0,6

1 — anhidrocukuri un furana atvasinajumi; 2 — gvajacilatvasinajumi un siringilatvasinajumi; 3 — S/G:
siringilvienibu un gvajacilvienibu attieciba; 4 — gvajacil un siringil Cs, Cs-C; un Cg-C, savienojumu
attieciba pret gvajacil un siringil C¢-C; savienojumiem; 5 — nemetoksiléto fenolu attieciba pret gvajacil
vienibam; 6 — C-aromatisko savienojumu un C-alifatisko savienojumu attieciba.

Fulvoskabju frakcija bija lielaka nemetoksiléto fenolu attieciba pret
gvajacilvienibam, tas norada uz intensivu demetoksilésanu fulvoskabju frakcija.
Palielinoties kompostéSanas laikam, tika noveérota lignina alifatiskas kedes
saisinaSanas, kas 1pasi drastiski notika fulvoskabju frakcija. Lidzigi novérojumi iegiiti
ieprieks, zales komposta humusvielas analiz€, izmantojot analitisko ozon&Sanu
(Bikovens et al., 2010).

legiitie rezultati paradija, ka komposta fulvoskabes ir jutigakas pret
kompostéSanas gaitu neka huminskabes. Tas lauj rekomendét komposta humusvielu
lignina fragmentu alifatiskas kedes degradacijas mérjjumus ka vienu no
lignocelulozes komposta gatavibas parametriem (Bikovens et al., 2012).
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3.7. Zales—skaidu komposta humusvielu makromolekularas ipasibas

Humusvielam ir raksturiga vienmériga UV-VIS gaismas absorbcija bez izteiktiem
maksimumiem, kas monotoni samazinas, palielinoties vilna garumam (OpJos, 1992).
Tomér zalu—skaidu komposta huminskabes spektros var novérot absorbcijas
parlieckumu (,,plecu”) pie 280 nm, kas norada uz lignina biodegradacijas produktu
klatbttni huminskabju sastava (3.17. att.).

...... HS, 20 d. '| - FG, 20 d.

' 30 ----HS, 56 d. 30 1t ----FS, 56d.
*o ——HS, 186 d. | ‘ ——FS, 186 d.
J ‘u
X 20- 20 -
en
&

10 10

0 e e e 0 .

[ \ T — T
200 300 400 500 600 700 200 300 400 S00 600 700

Vilnu garums, nm

3.17.attels. Komposta huminskabju (HS) un fulvoskabju (FS) péc 20, 56 un 186
kompostesanas dienam spektri ultravioletaja un redzamas gaismas apgabala

Humusvielu raksturoSanai biezi vien izmanto dazadas UV absorbcijas attiecibas.
E./E, attieciba raksturo lignina un hinonu saturu komposté$anas sakumstadija, Eo/Eg —
humificéto un nehumificéto vielu attiecibu, un E4/Eg raksturo parauga humifikaciju.
Tipiska E4/Eg attiecibas vertiba augsnes humusvielam ir <5.

3.19. tabula. Zales—skaidu komposta huminskabju un fulveskabju péc 20, 56 un 186
kompostesanas dienam UV-VIS spektru absorbcijas attiecibas un molekulmasas

Paraugs Ez/Ee E4/E5 Ez/Eg E3/E4 E2/E4 My, M, MW/Mn
kDa kDa

HS, 20 d. 489 6,19 182 435 7,89 7,2 0,73 9,9
HS, 56 d. 494 633 188 416 781 7,0 0,67 10,4
HS,186d. 592 739 192 417 8,02 5,5 0,54 10,0
FS, 20 d. 943 910 189 549 10,37 1,2 0,34 3,7
FS, 56 d. 455 485 187 501 938 1,2 0,36 3,3
FS,186d. 956 10,17 189 497 941 1,4 0,46 3,1

Mw — masas vidéja molekulmasa; Mn — skaitliska vidéja molekulmasa; Mw/Mn — polidispersitate

Ka redzams 3.19. tabula komposta humifikacijas indekss E4/Eg ir lielaks par 5,
tas norada, ka stabila un gatava komposta humusvielas atSkiras no augsnes
humusvielam, Iidzigi ka tas ir novérots, analiz&jot notekiidenu dinu un zagskaidu
kompostu (Zbytniewski and Buszewski, 2005).

Huminskabju UV spektra attiecibas E,/Eg, E4/Eg, Eo/E4 un Eo/E3 kompostésanas
laika vienmerigi pieaug, savukart Es/E4 samazinas. Turpretim fulvoskabju UV spektra
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attiecibas Ey/Eg un E4/Eg mainas nelineari — tas norada uz hromoforo grupu atskiribu
redzamaja diapazona.

Komposta humusvielu gel-hromatografija paradija, ka kompostéSanas laika
huminskabju molekulmasa samazinas — M,, samazinajas no 7,2 lidz 5,5 kDa. Lidzigu
komposta molekulmasas samazinasanos novéroja Fukusima (Fukushima et al., 2009),
kaut gan literattira ir aprakstiti arT pret€ji noveérojami, kad kompostéSanas gaita HS
molekulmasa pieaug (Tomati et al., 2000). Komposta huminskabém raksturiga loti
augsta polidispersitate M,,/M;, ~ 10. Salidzinajumam augsnes huminskabju maksimala
polidispersitates vértiba neparsniedz 4,4 (Perminova et al., 2003). FS molekulmasa
bija ievérojami mazaka (1,2-1,4 kDa) un biitiski nemainijas.

Elektronu paramagnétiskas rezonanses spektri paradija, ka komposta
fulvoskabes un huminskabes satur semihinona radikali (g faktors 2,004). Signala
platums HS ir Sauraks neka FS un samazinas komposté$anas gaita — tas norada uz
aromatiskuma pakapes pieaugumu. Radikala stabilizaciju nosaka nesaparota elektrona
delokalizacija poliaromatiskaja sisteéma, kas ir lielaka HS frakcija un kompostéSanas
gaita pieaug (3.20. tab.).

3.20. tabula. Zales—skaidu komposta huminskabju un fulveskabju péc 20, 56 un 186
komposteSanas dienam EPR spektru rezultatu raksturojums

Paraugs g faktors Linijas platums,  Konjugacijas  Spina koncentracija,
AH, G izpleSanas, n, > C * 10", spin/g
HS, 20 d. 2,0043 5,08 20,59 2,13
HS, 56 d. 2,0042 4,30 28,37 1,58
HS,186d. 2,0040 4,27 28,77 1,87
FS, 20 d. 2,0044 5,70 16,56 6,64
FS, 56 d. 2,0044 5,12 20,35 3,25
FS,186d. 2,0044 5,61 17,11 3,66

Humusvielu UV spektra attiecibas E4/Eg biezi vien izmanto, lai novertétu
humifikacijas pakapi un humusvielu molekulmasas izmainas. Tika novérota negativa
korelacija (tuvu 1) starp zales—skaidu komposta huminskabju E4/Eg attiecibu un M,,
un M, bet komposta fulvoskabém So lielumu korelacija bija tikai 0,4. Lidzigas
tendences novérotas starp paréjam UV attiecibam. E,/E4 un E3/E, attiecibas uzradija
korelaciju (0,8-0,9) ar galvenajiem EPR spektru raksturojumiem — tas apstiprina
lignina ietekmi uz UV spektriem Saja diapazona. Tika noveérota ar1 pozitiva korelacija
(0,8) starp HS My, un EPR linijas platumu AH un negativa korelacija starp M, un
konjugacijas izpleSanos.

3.8. Ar silicija savienojumiem modificéts zales-skaidu komposts ka augu
augSanas stimulators

Kompostu tradicionali izmanto lauksaimnieciba, lai palielinat organisko vielu
saturu augsné un uzlabotu augsnes auglibu. Modificgjot kompostu ar silicija
savienojumiem var iegit jaunu ekologiski drosu produktu, kas pozitivi ietekmé augu
attistibu un uzlabo to izturibu pret biotiskiem un abiotiskiem stresiem. Modificgjot
ligninu ar neorganiskiem silicija savienojumiem, tika iegiits porains lignina—silicija
materials ar ievérojamu iek$&jo virsmu, poru tilpumu un hidrofobitati, kas ievérojami
atSkiras no izejas materiala. FTIS spektri paradija iegiitaja hibrida materiala jaunus
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absorbcijas maksimumus pie 465, 805 un 1080 cm™, kas atbilst Si—-O-Si saites
deformacijas un simetriskajam un asimetriskajam svarstibam. Savukart palielinata
absorbcija pie 950, 1170 un 3574-3479 cm™ apgabala norada uz Si-O—H grupu. °Si
KMR apstiprinaja FTIS rezultatus un paradija, ka lignina matrica satur polimé&ras
silicija vienibas, kuras ar ligninu savieno skabekl]a tiltins (Telysheva et al., 2009a).

Izmantojot zales-skaidu kompostu, péc Iidzigas metodikas tika sintezéts siliciju
saturoSs produkts. legiitais pulverveida produkts saturgja 5% silicija. Gaisa sauss
komposts bija glabats 2 gadus istabas temperatira un peéc glabaSanas uzradija
inhib&josu efektu uz salatu un kukuriizas séklu digSanu. S€klu didzibas testi paradija
didzibas samazinaSanu no 80 Iidz 40%. Savukart silicija—komposts uzradija vienadus
vai pat labakus rezultatus neka kontrole: séklu didziba bija 80%, un Kkoleoptila
pieaugums veidoja 30% salidzinagjuma ar kontroli. Vegetacijas eksperimenti tika
veikti 1,0 litra traukos 6 dienas. Pie silicija—komposta devas 2 t/ha kukuriizas
virszemes dalas masas piecaugums bija 25% (uz sausni), garums +7% un saknu
tilpums 16% salidzinajuma ar kontroli. Neapstradats komposts Ilidzigas devas
neapstiprinaja nekadu efektu attieciba uz kukuriizas attistibu. Pozitiva komposta
ietekme bija noveérota > 10 t/ha deva. Savukart silicija—komposts $adas devas nomaca
augu attistibu. legttie rezultati parada, ka kompostu var izmantot silicija hibrida
materiala iegiSanai un ta paterins ir ievérojami mazaks salidzinajuma ar nemodific€tu
kompostu.
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SECINAJUMI

Teorctiski pamatota, eksperimentali parbaudita un praktiski realizéta videi
bistamo lopkautuvju atkritumu flotacijas tauku un asins saturo$o atkritumu
kompostésana un ieglts kvalitativs organisks augsnes ielabosanas Iidzeklis —
komposts. Rekomendéta komposta kaudzes kompozicija, kas sastav no svaigi
plautas stiebrzalu dzimtas zales, lapkoku zagskaidam, atkritumu taukiem un
speciali sagatavota séjmateriala, kas satur Trihoderma spp., kas ir pazistamas ka
lignocelulozi sadaloSas sénes un sp& nomakt patogénas mikrofloras attistibu.
legiitie rezultati paradija, ka, kompost€jot atkritumu taukus, tie sadalas pirmajas 3
nedélas kompostesanas termofilaja faze. Atkritumu tauku saturs izejas komposta
kompozicija bija 18% jeb 6,7% no sausnas, bet pec 3 ned€lam tas samazinajas
Iidz 0,5% no sausnas. Izmantotas eksperimentalas metodes neuzradija negativu
lopkautuvju atkritumu tauku ietekmi uz zales—skaidu komposta huminskabém vai
fulvoskabem.

Pamatojoties uz zales komposta Bjorkmana lignina un humusvielu kimiskam un
spektroskopiskam analizém, eksperimentali pieradits, ka komposta humusvielas
satur ievérojamu daudzumu lignina fragmentu, kuru struktira ir biitiski izmainita.
Kombingjot lignina pétisanas metodes — analitisko ozon&Sanu, sarmainO
nitrobenzola oksidéSanu un metoksilgrupu analizi — paradits, ka kompostésanas
laika strauji notiek lignina alifatiskas ke&des oksidativa SkelSanas, lignina
aromatisko gredzenu kondens€$ana un mazaka mera demetoksiléSana. Analitiska
ozong&Sana paradija, ka lignina degradacija humusvielu frakcija notiek, iesp&jams,
stereoselektivi. Saskana ar pieejamo informaciju ta ir pirma reize, kad humusvielu
analizei izmantota analitiska ozon&Sana.

Komposta huminskabes satur vairak biologiski modificéta lignina salidzinajuma
ar fulvoskabém. Komposta huminskabju molekulmasas samazinasanas un spina
polikonjugacijas palielinasana apstiprina kondensé$anas procesus kompostésanas
laika. Analitiskas pirolizes rezultati apstiprinaja lignina alifatiskas keédes
degradaciju kompostéSanas laika, kas vislabak noveérojams komposta fulvoskabju
frakcija. Fulvoskabju frakcija ir jutigaka pret kompostéSanas gaitu salidzinajuma
ar huminskabju frakciju. legiitie rezultati lauj rekomendét komposta humusvielu
lignina fragmentu alifatiskas k&des degradacijas meérjjumus ka vienu no
lignocelulozes komposta gatavibas parametriem.

Pieradita komposta sp&ja sorbét metalu jonus un pildit barjerfunkciju metalisko
jonu migracija. Komposta humusvielas samazina svina (1) fitotoksisko iedarbibu
uz augiem — tas parbaudits ar kenafa stadiem.

Modificgjot zales—skaidu kompostu ar siliciju saturoSiem savienojumiem, iegits
jauns hibrida materials ar augu augSanas stimulatora ipaSibam, kas veicina
testgjamo augu saknu siste€mas attistibu. legiitais siliciju saturoSais produkts lauj
palielinat razibu un ievérojami samazinat komposta paterinu.
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Meat processing grease wastes were composted with lignocellulosic material. Judging by the reduction in the yield of
compost lipophilic extract, grease was degraded during the first 20 days of composting. Compost humic acids (HA) and
fulvic acids (FA) were characterized by elemental analysis, Fourier transform infrared (FT-IR) spectroscopy and analytical
pyrolysis. The compost HA and FA fractions contained a ligno-protein complex. The presence of grease (6.7% dry weight)
during composting had a slight influence on the chemical composition of HA and FA. Analytical pyrolysis indicated that,
during composting, major changes were observed in the FA fraction, namely, the proportion of nitrogen-bearing compounds
increased and carbohydrate-derived products decreased drastically in the final compost. In addition, the shortening of the
aliphatic chains of lignin-derived compounds was observed with an increase in the C¢C(—2)/CgC3 ratio in pyrolysates.
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1. Introduction

Composting or controlled microbial degradation of organic
matter under aerobic conditions is one of the most promising
treatment methods for solid organic waste recycling. Euro-
pean Union legislation classifies composting as an effective
method for organic recycling suitable as an alternative to
landfilling. National and EU legislation prohibit the disposal
of concentrated grease or fat-rich material that contains ani-
mal tissue wastes from slaughterhouses in landfills without
special pretreatment because of its slow biological degra-
dation under normal climatic conditions and the potential
health risk [1]. Therefore, composting could be used as a
safe method for the biodegradation of fat-rich materials. It
is known that lignocellulosic materials can be used for co-
composting with plant [2] and animal fatty-proteinaceous
wastes [3]. During composting, a part of the organic matter
is mineralized, whereas the other part is partially trans-
formed into humic-like material [4]. However, the chemical
composition of the humic-like material produced is largely
unknown.

Compost from plant residues is traditionally used as an
organic amendment to increase the soil organic matter con-
tent and to improve soil fertility (e.g. in organic farming,
compost serves as the main source of fertilizer [5]). The
characteristics of humic substances in compost are related to
compost maturity and immature compost can cause severe
damage to plant growth [6].

Numerous chemical and microbiological methods have
been proposed for the evaluation of compost maturity

[4,5,7-9]. Some of them (i.e. estimation of ash content, C/N
ratio, mineral N content) are not sensitive enough to define
compost maturity [5]. Because lignin is considered to be
the most recalcitrant plant component during composting,
its characteristics have been also proposed for the evalua-
tion of compost maturity [10,11]. Based on the suggestion
that compost maturity is related to the chemical stability
of lignin, Lopez ef al. [10] adapted the Klason method of
lignin content determination to measure the chemical sta-
bility of compost. Larré-Larrouy and Thuriés [11] proposed
the methoxyl group (originating mainly from lignin) as an
index of compost maturity.

The aim of the present work was to characterize
the chemical composition of the humic (HA) and fulvic
(FA) acids formed during co-composting of lignocellu-
lose residues with waste rich in animal fat from meat
processing. Analytical pyrolysis (i.e. pyrolysis with gas
chromatography/mass spectrometry, Py-GC/MS) is an
appropriate technique for the study of complex natural
organic matrices, including compost organic matter and
humic substances [12,13]. In this work, Py-GC/MS was
applied to characterize the chemical composition of HA and
FA, and to assess changes during the composting process.

2. Experimental
2.1. Materials and methods

All chemicals used for analyses were of analytical grade and
were used without further purification. Fourier transform
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infrared (FT-IR) grade KBr was purchased from Sigma-
Aldrich (Germany).

Compost was prepared in a composting facility (Zelta-
bele Ltd, Saldus municipality, Latvia) in the open air in
summer—autumn season of 2008. The starting material
was a mixture of 19% wastewater from a slaughterhouse
(Lankalni Ltd, Skrunda municipality) containing cattle
fatty tissue with an admixture of blood (dry matter con-
tent 15.6%), 24% fresh reaped grass (Graminaceae) and
55% hardwood sawdust as a bulking agent. A specially
designed inoculum was added to facilitate the compost-
ing process. The inoculum contained four bacteria strains
(Pseudomonas spp., Nitrosomonas spp., Nitrobacter spp.
and Sarcina spp.) isolated from a biologically active sludge
and two fungi strains (7richoderma lignorum and Tricho-
derma viride) [14]. Trichoderma spp. producing significant
amount of cellulases and hemicellulases can participate
actively in the biodegradation of lignocellulosic complexes
of herbaceous grasses and wood [15—17]. Wastewater from
the slaughterhouse contained grease (mainly the triglyc-
erides of palmitic and oleic acids) and proteins (N content
4.5% on dry weight). The grease content in the raw compost
piles was 6.7% recalculated on a dry weight basis. Compost
piles were mechanically aerated and water was added when
necessary. Three compost samples were taken at different
stages of composting:

e 20-day old compost after the thermophilic phase
when temperature irreversibly fell below 55 °C (com-
post 1);

e 56-day old compost in the curing phase (compost 2);

e 186-day old final mature compost (compost 3).

HA and FA acids were extracted with 0.1 M NaOH.
HA were precipitated at pH 1 from alkaline extracts. After
centrifugation and removal of HA, the acidic supernatant
containing FA was passed through a column of cross-linked
polyvinylpyrrolidone (PVP) resin and FA were purified
using the procedures recommended by the International
Humic Substances Society (IHSS) [18]. HA and FA were
dialysed against deionized water (Spectra/Por® Dialysis
Membrane 6, molecular weight cut-off = 1000 Da) and
then freeze-dried. HA and FA from composts 1, 2 and 3
were designated as HA 1, HA 2, HA 3, and FA 1, FA 2, FA
3, respectively.

Elemental analysis (C, H, N and S) was performed in
a Vario MACRO CHNS apparatus (Elementar Analysen-
systeme GmbH). Oxygen was calculated by difference. Ash
content was determined after the combustion of the samples
at 600 °C for 3 h in a Carbolite furnace ELF 11/6B. Klason
or acid-insoluble lignin content of compost was determined
gravimetrically using Standard Method T222 om-83 devel-
oped by TAPPI [19]. The determination of the methoxyl
group content in HA was carried out by the classical Zeisel—
Viebock—Schwappach method using 57% hydrogen iodide.
The lipophilic compounds were Soxhlet extracted for 7—-8 h

using hexane as solvent. FT-IR spectra of humic substances
were acquired in KBr pellets using a Spectrum One appa-
ratus (Perkin Elmer) with a resolution of 4cm™! and the
number of scans equal to 64.

2.2.  Analytical pyrolysis (Py-GC|MS)

Py-GC/MS analysis was performed using a micro-furnace
Frontier Lab Micro Double-shot Pyrolyser (Py-2020iD).
The final pyrolysis temperature was 500 °C and the heating
rate was 600 °C/s. The pyrolyser was directly coupled with
a Shimadzu GC/MS — QP 2010 apparatus fitted with a cap-
illary column RTX-1701 (60 m x 0.25 mm) witha 0.25 pm
stationary phase film. The injector temperature was set at
250°C and the ion source at 250 °C with electron impact
(EI) of 70 eV; the MS scan range m/z was 15—350, using He
as carrier gas at a flow rate of 1 ml/min and the splitratio was
1:30. The weight of the sample was 1.00—2.00 mg. The oven
programme was 1 min isothermal at 60 °C, then 6 °C/min
t0 270 °C, and finally 10 min at 270 °C. The identification of
the individual compounds was performed on the basis of a
GC/MS chromatogram using Library MS NIST 147.LI13.
The total molar areas of the relevant peaks were normal-
ized to 100% and the data from three repetitive pyrolysis
experiments were averaged.

3. Results and discussion
3.1. Chemical composition of the compost

Table 1 shows the chemical composition of the initial mate-
rials and compost at different composting stages. The atomic
C/N ratio, often used to estimate compost maturity, had
decreased from 48 to 23 by the end of the composting
process. The content of lignin measured using the Klason
procedure increased rapidly during composting. The rel-
ative amount of ash increased with the mineralization of
organic compounds to almost 30%. The initial materials
used for composting contained a rather high proportion of
melted grease (6.7%), but after a short (20 days) active phase
during composting, the amount of lipophilic extractives
decreased to 0.5%.

Latvian national legislation does not regulate such
agronomically important parameters as the C/N ratio of
compost. Advanced standards for manufacturing compost
and fertilizer products have been developed in Spain [20].
The obtained compost end-product was sanitized and stabi-
lized; the organic matter content of compost (>40%), C/N
ratio (close to 20), as well as granulometric composition
and amount of impurities were in accordance with Spain’s
standards for organic soil amendment (compost). Our pre-
vious results [21] obtained using garden cress (Lepidium
sativum) and corn (Zea mais) seed germination, and root
elongation tests (ISO 11269-1) with germinated corn seeds,
showed that the compost obtained had no toxic effect on
seed germination and had a favourable effect on the corn
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Table 1. Chemical composition of initial material and compost (% on dry weight).

Parameter Initial material Compost 1 Compost 2 Compost 3
Ash 3.0+02 10.0 + 1.1 173 £1.3 29.0£2.0
Hexane extractives 6.7+0.3 0.51 +£0.08 0.52 +0.11 0.43 +0.09
NaOH extractives n.d. 123£0.3 13.7+£0.2 155+£1.2
Klason lignin 18.5+£0.6 28.8+04 335+0.6 36.9+£0.8
C 458 +£0.8 479+0.5 44.0+0.8 39.8+£0.3
H 6.43 £0.11 5.35£0.08 492 £0.18 4.17+0.19
N 1.12 £ 0.04 1.46 £ 0.01 1.92 £ 0.07 2.01 £0.02
C/N ratio 48 38 27 23

Note: n.d. = not determined.

Table 2. Elemental composition, atomic ratio and methoxyl group content of compost HA and FA.

1429

Parameter HA1 HA2 HA3 FA1 FA2 FA3
C (%) 52.4+0.03 52.2+£0.08 52.6 £0.24 451+ 14 48.5+0.3 43.0+0.6
H (%) 5.48 £0.06 5.60 £0.07 5.98 £0.06 4.39+£0.19 4.85 £ 0.08 4.18 £ 0.06
N (%) 5.22+0.08 5.12£0.07 4.72 £0.02 335+£0.12 3.87+£0.13 3.18£0.09
S (%) trace trace trace 0.50+0.07 0.56+0.05 0.39+0.05
C/N ratio 11.7 11.9 13.0 15.7 14.6 15.8
H/C ratio 1.3 1.3 1.4 1.2 1.2 1.2
O/C ratio 0.5 0.5 0.5 0.8 0.7 0.9
MeO (%) 5.12+£0.02 5.49 £0.05 6.25+£0.03 n.d. n.d. n.d.

Note: n.d. = not determined.

root system, promoting an increase in main root length,
total root volume and root weight. These data indicate that
the compost end-product can be used as an organic soil
amendment.

The yield of total humic extracts (NaOH extractives)
increased during composting from 12.3% (Compost 1) to
15.5% (Compost 3). HA and FA were isolated from the
compost alkaline extract to investigate the humification
process during composting.

3.2. Elemental analysis and FT-IR spectra of compost
HA and FA

The elemental composition and main atomic ratios of com-
post HA and FA are listed in Table 2. The increasing H/C
indicated that HA was enriched during composting with
some aliphatic structures, probably originated from grease.
HA nitrogen content fell slightly during composting as a
result of the mineralization of protein compounds.

FT-IR spectra bands were assigned in accordance with
the literature [22,23]. FT-IR spectra of the HA isolated
from the three compost samples were similar (Figure 1) and
showed a pronounced profile of ligno-protein complexes
with diagnostic peaks centred at 15151510, 1420, 1126
(lignin aromatic), 1460 (aliphatic C—H deformation, asym-
metric in —CH;—and —CHj3), 1650 (amide I) and 1540
(amide II) cm~!. Although elemental analyses showed a
small increase in the H/C ratio of HA, the presence of
grease-rich wastes did not have a significant effect on the

FT-IR spectra of the compost HA and FA (low absorption
in the aliphatic stretch region 29402840 cm™!, Figure 1).

The results of methoxyl group analysis confirmed the
high content of lignin debris in the compost HA. The
methoxyl group content increased during composting from
5.1%inHA1t0 6.2% in HA3 (Table 2), but it was lower than
in herbaceous grass and wood lignin but much higher than
in soil HA. The FT-IR spectra of FA showed a fairly well-
defined lignin band pattern, although smoothened by the
admixture of non-lignin components (Figure 1, FA1-FA3
spectra). The elevated absorption in the C=0O stretch range
at 1800—-1600 cm~! with a peak at 1715cm™' (carboxyl
vibrations) indicates a high content of oxidized groups
compared with the compost HA, which is also in agreement
with the elemental analysis results. The reduction in absorp-
tion at 1050-1030 cm™! in FA3 compared with that in FA1
and FA2 probably corresponds to the reduction in sugars
moieties in its structure.

The compost FA was more oxidized than the com-
post HA, and their elemental composition changed during
composting.

The data from FT-IR spectroscopy and chemical analy-
sis showed that compost HA is characterized by an elevated
N and H content, C/N and H/C ratios, and notably higher
methoxyl group content compared with the samples of soil
HA [23]. Our results coincide with the observations by
Gonzalez-Vila and colleagues in that the chemical com-
position of HA extracted from compost is different to that
from soil [13,24].
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Figure 1. FT-IR spectra of compost humic and fulvic acids.

3.3. Py-GC/MS of compost HA and FA

Table 3 lists the compounds identified by analytical pyrol-
ysis in HA and FA extracted from the compost. Sixty
different compounds were detected after pyrolysis of HA
and FA. The identified compounds were divided into six
main groups depending on their probable origin (Table 4).
Therelative abundance of CO; in the volatiles released upon
pyrolysis of compost humic substances is supposed to be
connected to the oxidation of carbon atoms during compost-
ing and humification. The values obtained for HA and FA
indicated a higher degree of oxidation for FA (35% and 40%
CO,, respectively). For comparison, in a previous work the
corresponding value for wood using the same analytical
pyrolysis conditions was estimated in about 5% [25].

The yields of lipid-derived products in the pyrolysates
from compost FA and HA were low, which agrees with the
results from FT-IR. The quantity of protein-derived com-
pounds in the pyrolysis products from FA was higher than
for HA, with an apparent increase during the composting
process. Lignin-derived products dominated the pyrolysates
from the compost HA fraction. For the samples taken at the
end of the thermophilic and curing phases of composting,
the relative content of carbohydrate-derived products was
higher in compost FA than in compost HA, but this value
fell dramatically in the FA extracted from the final compost.

To determine the alteration in the chemical structure of
the lignin component of plant biomass during composting,
special attention was paid to lignin-derived pyrolysis prod-
ucts. The aromatic-C/aliphatic-C ratios of the compost HA
calculated on the basis of Py-GC/MS are about three times
higher than those for FA. Lignin-derived methoxylated phe-
nols (e.g. compounds 29, 35 and 38 in Table 3) prevailed in
the composition of the compost HA, but the relative content

1800 1400 1000 1
cm

of non-methoxylated phenols was higher for FA (Table 4,
H/G ratio).

Syringyl/guaiacyl units ratios for HA after the ther-
mophilic stage were double those for FA, which may indi-
cate faster degradation of syringyl units in FA, resulting in
the enrichment of guaiacyl compounds. The same tendency
was previously observed for soil HA [26]. The increased
portion of the observed methoxyphenols with shortened
side chains (C¢C;, C¢C;) observed could be due to the
cleavage of aryl-alkyl bonds in lignin, whereas an increase
in guaiacol and syringol points to more severe lignin trans-
formations taking place [27]. The C¢C(y-2)/CsCs ratio
increased dramatically during composting, especially for
the FA fraction. Fulvic acids are considered as a labile
organic matter and therefore the FA fraction is more sen-
sitive to the composting process than the HA fraction.
During composting, higher variations in the yields of pyrol-
ysis volatile compounds and their ratios were observed for
the FA fraction, especially in the case of carbohydrate-
derived products (e.g. compound numbers 7,23 and 27,
Table 3), N-bearing components and the CsC9—2)/CsCs
ratio (Table 4).

The Py-GC/MS results related to degradation of the
lignin aliphatic chain are in agreement with our previous
observation using wet chemical methods [28]. The bio-
logical degradation of lignin plays a decisive role in the
formation of compost humic substances, or more correctly
humic-like substances, during the composting of lignocellu-
losic materials. This is clearly seen in the changes in lignin-
derived compounds in the pyrolysis products of compost
FA. Therefore, the lignin-derived compounds in FA could
be considered as a marker surrogated to the degradation of
the lignocellulosic material during the composting process.
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Table 3. Peak assignments and relative abundance (%) of products detected by Py-GC/MS in compost HA and FA.
Compound proportion in volatiles (%)

Peak number Compound HALl HA2 HA3 FAl FA2 FA3
1 CO, 36.5 35.0 33.1 39.8 39.8 40.9
2 H>O + methanol 39.2 40.2 42.4 44 .4 44.0 43.6
3 Propanal 0.2 0.2 0.2 0.2 0.1 0.1
4 Propanone 0.1 0.2 0.1 0.3 0.4 0.4
5 Ethenyl acetate 0 0 0 0.2 0.1 0.1
6 2-Methylpropanal 1.1 1.1 1.0 0.4 0.3 0.4
7 2-Methylfuran 0.3 0.4 0.3 0.3 0.2 0.2
8 2,3-Butanedione 0.1 0.1 0.1 0.2 0.3 0.2
9 2-Butanone 0.1 0.1 0.1 0.1 0.1 0.1
10 Propanenitrile 0.1 0.1 0.1 0 0 0
11 3-Methylbutanal 0.6 0.6 0.6 0.2 0.1 0.2
12 2-Methylbutanal 0.5 0.5 0.5 0.1 0.1 0.1
13 Pyrrolidine-1-carbonitrile 0.1 0.1 0.1 0 0 0
14 Acetic acid 0.7 0.7 0.8 0.8 0.6 0.6
15 1-Hydroxypropan-2-one 0 0 0 0 0.1 0
16 Methylbenzene 1.2 1.2 0.9 0.3 0.2 0.3
17 Pyridine 0.2 0.2 0.2 0.1 0.1 0.1
18 3-Methylbutanenitrile 0.1 0.1 0.1 0 0 0
19 Propanoic acid 0 0 0.1 0.1 trace trace
20 Pyrrole 0.3 0.3 0.2 0.2 0.1 0.2
21 5-Hydroxymethyl-2(5H)-furanone 0 0 0.1 0.1 0.1 trace
22 Ethenylbenzene 0.2 0.2 0.1 0.1 0.1 0.1
23 Furfural 0.2 0.2 0.2 0.7 0.6 0.2
24 3-Methyl-1H-pyrrole 0.1 0.1 0.1 0.1 0.1 trace
25 2-Methyl-1H-pyrrole 0.1 0.1 0.1 0.1 0.1 0.1
26 5-Methylfurfural trace trace trace trace trace trace
27 3-Hydroxy-5,6-dihydro-(4H)-pyran-4-one 0.1 0.2 0.1 23 2.6 0.3
28 Phenol 1.1 1.1 1.1 1.1 0.9 0.8
29 2-Methoxyphenol 1.8 1.8 1.9 0.9 1.2 1.2
30 2-Methylphenol 0.1 0.1 0.2 0.1 0.1 0.1
31 1-Ethenylpyrrolidin-2-one 0 0 0 0.4 0.8 1.4
32 4-Methylphenol 1.1 1.1 1.0 0.3 0.3 0.4
33 3-Methylphenol 0 0 0 0.2 trace 0.2
34 Pyrrolidin-2-one 0 0 0 1.2 2.3 3.1
35 4-Methylguaiacol 0.9 1.0 1.0 0.2 0.1 0.1
36 3,4-Dimethylphenol 0.1 0.1 0.1 0.1 trace trace
37 4-Ethylphenol 0.1 0.1 0.1 0.1 0.1 0.1
38 4-Ethylguaiacol 0.3 0.3 0.3 0.1 0.1 trace
39 4-Vinylguaiacol 24 23 1.7 0.7 0.7 0.4
40 Syringol 2.5 2.7 33 0.6 0.9 0.9
41 Indole 0.3 0.3 0.2 0.1 trace 0.1
42 3-Methoxy-5-methylphenol 0.1 0.1 0.1 0 0 0
43 Isoeugenol 0.3 0.3 0.3 0 0 0
44 4-Methyl-1-indole 0.1 0.1 0.1 0 0 0
45 4-Methylsyringol 1.3 1.1 1.2 0.1 trace 0.1
46 5-Oxopyrrolidine-2-carboxylic acid 0.1 0.1 0.1 0 0 0
47 4-Ethylsyringol 0.4 0.3 0.4 trace trace trace
48 Acetoguaiacon 0.2 0.2 0.4 0.1 0.1 0.1
49 4-Vinylsyringol 1.8 1.7 1.8 0.3 0.3 0.3
50 Guaiacylacetone trace 0.1 0.1 0 0 0
51 4-Allylsyringol 0.2 0.1 0.1 0 0 0
52 Propiovanillone trace trace trace 0 0 0
53 cis-4-Propenylsyringol 0.1 trace 0.1 0 0 0
54 cis-4-Propenylsyringol 0.8 0.6 0.6 trace trace trace
55 1-Phenylpyrrolidin-2-one 0 0 0 trace trace trace
56 S-Isopropyl-2,4-imidazolidinedione 0.1 0.1 0.1 0 0 0
57 Acetosyringone 0.4 0.6 0.9 0.1 0.1 0.1
58 Syringylacetone 0.1 0.1 0.1 0 0 0
59 5,6-dipropyldecane 0.2 0.2 0.1 0 0 0
60 4-Methyl-5-propylnonane 0 0 0 0.2 0.1 0.1
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Table 4. Relative abundance (%) of the main groups of pyrolysis
products of compost HA and FA obtained by Py-GC/MS.

Group HA1 HA2 HA3 FAl FA2 FA3
Carbohydrates' 05 08 07 34 35 06
N-bearing compounds 14 14 13 21 34 50
Lipids 02 02 01 02 0.1 0.1
Lignin? 133 132 140 29 34 32

Multi-origin aromatics 4.0 39 3.7 21 1.7 18
Multi-origin aliphatic 34 36 34 25 20 20

S/G ratio® 13 13 1.6 06 06 07
C6C(0—2) /C¢C3ratio* 9 10 11 146 171 317
H/G ratio® 05 04 05 10 0.7 08
Carom./CSy¢ 19 1.7 19 06 06 06

Note: !Anhydrosugars and furan derivatives; 2Guaiacyl and
syringyl derivatives; >S/G: syringyl to guaiacyl units ratio; *Ratio
of guaiacyl and syringyl Cg, Ce—C; and C¢—C to guaiacyl and
syringyl C¢—C3; °Ratio of non-methoxylated phenols to guaiacyl
units; ®C-aromatic to C-aliphatic ratio.

4. Conclusions

Under the conditions of the present study, wastewater
from a slaughterhouse could be successfully co-composted
with lignocellulose wastes; rapid decomposition of grease
was achieved during the early stages of composting. The
presence of a high amount of grease in composting piles
has a limited effect on the chemical structure of HA and FA,
which could be considered the product of the dynamic form-
ing and degrading association of ligno-protein complexes.
It is observed that FA, being a labile fraction of humic sub-
stances, is more reflective of changes during composting.

The findings described above were obtained using ele-
mental analysis, FT-IR and analytical pyrolysis as a proxy to
study compost evolution. This showed that the degradation
of grease occurs after a short (20 days) thermophilic phase
of composting. Changes in the proportion of N-bearing and
sugar-derived products in the pyrolysates from the compost
HA and FA during composting, and the cleavage of the
lignin aliphatic chain in the compost HA and FA, revealed as
an increase of the C¢C_2)/CsCs ratio in the lignin-derived
compounds detected in the pyrolysates.
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The aim of this research was to compare the structural features of lignin and alkali-soluble humic sub-
stances isolated from grass compost at different stages of composting, and to estimate the applicability of
basic analytical techniques used in lignin chemistry for characterising the lignin structures transformed
during composting. Elemental, functional analyses, alkaline nitrobenzene oxidation, analytical ozonation
and FT-IR techniques were applied. Compost Bjorkman lignins were used as reference samples. FT-IR of
the compost Bjorkman lignins was typical for guaiacyl-syringyl lignins. The humic substances contained
methoxyl groups and gave the same products as Bjérkman lignins by nitrobenzene oxidation and ozonation.
The lignin component of humic substances, calculated on the basis of chemical markers, was lower than
that for the Klason procedure and decreased in following order: methoxyl group > nitrobenzene oxida-
tion products > ozonation products. Methoxyl groups are recommended for lignin content evaluation in
compost because of their higher stability in the compost environment among the chemical markers under
study. Our results showed that lignin macromolecules were already sufficiently modified at the early stage
of composting to be dissolved in alkali. Modified lignin constituted a significant part of grass compost
humic substances.

Keywords: grass compost; lignin; humic substances

1. Introduction

Grass-dominated ecosystems comprise approximately one third of the Earth’s vegetative cover
[1], and the use of grass biomass could play an important role in soil fertility management. Based
on analyses of 300 plant species, Palm et al. [2] suggested that different uses of plant biomass
depend on the N and lignin content. It was suggested that composting should be used in the case
of a sufficient N content and high lignin content, which makes provision for grass resistance to
microbial degradation [2].

Composting is one of the most promising treatment methods for solid organic waste and may be
considered as a biomimetic process in the formation of humic substances (HS) in soil at the early
stages. Many studies have focused on lignin degradation by white-rot fungi [3], but little attention
has been paid to the main lignin degraders within a compost environment, i.e. thermophilic
microfungi and actinomycetes [4]. Lignin is not totally mineralised during composting. The
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ultimate goal in composting is to produce humus-like products, and lignin fragments become the
building blocks for compost HS, which makes the evaluation of lignin degradation in compost
difficult. There is a constant search for chemical methods that may be related to the decomposition
state of the compost and the chemical changes that occur during the transformation of organic
matter while being composted. According to Tuomelaetal. [5], 12—14% of the radiolabelled lignin
14C-DHP was bound to humic and fulvic acids and 30-39% to humin after 45-day composting
experiments. With increasing lignin content, the biodegradation of polysaccharides decreased. A
linear correlation between lignin content and biodegradation has been found in pulp and paper
products [6].

Many studies clearly demonstrate that lignin biodegradation is monomer specific in the soil envi-
ronment. The turnover kinetics of lignin-derived guaiacyl moieties is slower than that of syringyl
and p-hydroxyphenyl moieties [7]. The chemical composition of grass lignin differs from that
of hardwood and softwood lignins and undergoes biodegradation more easily [3]. Grass lignin is
composed of all three phenylpropanoid units: guaiacyl, syringyl and p-hydroxyphenyl, which are
interconnected through ether and C—C bonds and contain ester- and ether-linked hydroxycinnamic
acids: p-coumaric and ferulic acid [8].

Stevenson wrote that the biochemistry of HS formation is one of the least understood aspects of
humus chemistry and one of the most intriguing [9]. Lignin plays an important role in terrestrial
HS formation; however, the mechanisms of this process have not been completely elucidated
[9,10]. Therefore, the objectives of this study were to characterise grass compost lignin and the
structural features of the lignin components of the HS fraction by the analytical tools used in
lignin chemistry, with the purpose of revealing the applicability of these methods and gaining
new knowledge about the changes in lignin during composting and its transformation to HS.

2. Materialsand methods
2.1. Materials

Samples of grass compost were kindly provided by the Itako compost yard of Nihon Doro Kodan
(the Japan Highway Public Corporation, Ibaraki Prefecture, Japan). Grasses were collected from
slopes beside highways. The major raw materials of the compost were common grasses growing
in Japan such as Phalaris spp., Cynodon spp. and Eleusine spp. Composting was carried out in
open compost piles, where the composting conditions such as aeration and moisture were not
controlled. Samples were taken at different stages of composting, namely, a 2-week-old compost
atthe thermopbhilic stage (compost 1) and a 2-month-old final compost (compost 11). Grass compost
samples were stored at —20 °C. Before analysis, samples were freeze-dried and ground using a
Wiley mill to pass a 420 wm sieve. The ground samples were successively extracted by boiling in
80% ethanol for 1 h (three times) then kept overnight with water (30 °C, with shaking). Extract-free
compost was used for the isolation of HS (Figure S1, available online only).

2.1.1. Isolation of alkali-soluble humic substances

Soluble HS were extracted and purified following procedures recommended by the International
Humic Substances Society (IHSS) using 0.1 M NaOH from the extract-free compost [11]. HS
from composts | and 1l were designated as HS I and |1, respectively.

2.1.2. Isolation of Bjérkman lignin

Following the isolation of HS, the compost was milled without solvent for 96 h using a vibratory
ball mill, cooled (< 25°C) by water flow. Bjorkman lignin was extracted with dioxane/water
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(9:1) and purified following the procedure described by Bjorkman [12]. Bjérkman lignin from
composts | and 1l was designated as lignin I and I1, respectively.

2.2. Analytical methods

Elemental analyses were performed with a CE instrument Flash EA1113 (Thermo Quest, Italy).
Ash content was determined by the combustion of samples at 700 °C for 3 h.

Neutral sugar composition was determined using an alditol acetate procedure [13] in the com-
posts, lignins and HS after treatment with 72% sulphuric acid for 1 h at room temperature; the
acid was diluted with water to give 4% sulphuric acid and heated at 121 °C for 1 h. Alditol acetates
were quantified by gas chromatography (Shimadzu GC18A, column TC17) using myo-inositol as
an internal standard. The total amount of sugars was expressed as a sum of the obtained rhamnose,
arabinose, xylose, mannose, galactose and glucose.

The lignin content of the extract-free compost was determined using an acetyl bromide method
and Klason procedure supplemented with determination of acid-soluble lignin. Klason lignin was
determined gravimetrically. Acid-soluble lignin was determined spectrophotometrically using the
absorption coefficient e = 110L - g~* - cm~! at 205 nm [14]. Determination of lignin using the
acetyl bromide method was carried out using with an absorption coefficiente = 20L - g~ - cm™?
at 280nm [15]. UV spectra were recorded using a Hitachi Spectrophotometer U3010 (b =
1.000 cm).

Determination of the methoxyl group content in composts, lignins and HS was carried out using
the classical Zeisel-Viebock-Schwappach method with 57% hydroiodic acid (HI). The methyl
iodide formed was determined by gas chromatography (Shimadzu GC14, column CP7506) using
ethyl iodide as an internal standard [16].

p-Coumaric and ferulic acids in the lignins and HS were determined by gas chromatogra-
phy (Shimadzu GC17, column NBL1) as trimethylsilyl derivatives after their release by alkaline
hydrolyses with 4 M NaOH at 170 °C for 2 h [17].

The aromatic constituents of lignin were examined using an alkaline nitrobenzene oxidation
procedure [18]. Lignins and HS were oxidised with nitrobenzene in 2M NaOH at 170 °C under
an N, atmosphere for 2 h. The lignin-derived phenolic acids and aldehydes were quantified by gas
chromatography (Shimadzu GC17, column NB1) as trimethylsilyl derivatives using ethylvanillin
as an internal standard.

Ozonation was carried out using a method described by Akiyama et al. [19]. Lignins and
HS were suspended in a mixture of solvents (acetic acid/water/methanol 16:3:1), and oxygen
gas containing ~ 3% ozone was bubbled into the mixture at 0°C for 2h. The tetronic acids
formed were quantified by gas chromatography (Shimadzu GC17, column NB1) as trimethylsilyl
derivatives using erithrol as an internal standard.

Table 1. Chemical composition of grass mixture and grass composts (% dry matter).

Grass mixture Compost | Compost 11

C 39.3 37.6 28.5

N 11 2.0 1.7
C/N ratio 36 19 17

Ash 16.0 21.7 38.0
Total sugars (%)? 58.2 24.7 124
Klason lignin 133 24.0 45.6
Methoxyl group 1.04 2.02 221

Note: Sum of rhamnose, arabinose, xylose, mannose, galactose and glucose.
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The potentiometric titration of lignins and HS was carried out using a Hiranuma Comtite Auto
Titrator COM 550. All measurements were carried out under an N, atmosphere.

Analytical pyrolysis of the lignins was performed using a micro-furnace pyrolyser (PYR4A,
Shimadzu) at 500°C. The products of pyrolysis were identified using GCMS (Shimadzu
GC17/QP5000 system, column NB1).

Fourier transform infrared (FT-IR) spectra of lignins and HS were recorded in KBr pellets by
a Jasco FT/IR615 (resolution: 4 cm~1, number of scans: 64).

3. Resultsand discussion

3.1. Chemical composition of grass compost

The results of elemental analysis, and the amounts of polysaccharide, lignin and methoxyl groups
in the parent grass mixture and grass composts following 2 weeks and 2 months of composting are
presented in Table 1. The C/N ratio is often used to estimate compost maturity. At the beginning
of composting, the C/N ratio of the grass mixture was 36, and it decreased rapidly to 19 during
the first 2 weeks of composting and then continued to decrease slightly to 17. The polysaccharide
content decreased rapidly at the early stages of composting. This indicates that polysaccharides
serve as a source of easily degradable carbon. The relative amount of ash increased with the
mineralisation of organic compounds.

Determination of the lignin content was carried out using two independent methods. An acetyl
bromide UV spectroscopic method has been recommended for lignin determination in herba-
ceous plants [14]. However, absorption of the solution obtained after digestion of the compost
sample was very high and therefore use of the specific absorption coefficient recommended for
lignin determination [15] was completely inapplicable for calculating the lignin content in grass
compost samples.

Determination of lignin using the Klason procedure is a common method for analysis of
lignocellulosic materials; however, in compost analysis, this gravimetrical method is not selective
enough. Sulphuric acid promotes the formation of so-called “false lignin’, which is impossible to
separate from true lignin. The amount of lignin measured using the Klason procedure increased
rapidly to almost twice its initial value during composting, while the methoxyl groups content
increased only slightly. The amount of methoxyl groups recalculated on Klason lignin in the
starting grass mixture and compost | was ~ 8%, but decreased to 4.8% after 2 months of com-
posting (compost I1). This coincides with data obtained by Jin et al. [20]. These results could be
explained first by the presence of non-lignin admixtures in the residues obtained by the Klason
procedure and, to some extent, by lignin demethoxylation, which was noted in earlier studies on
lignin changes during composting [21]. However, on the basis of our data, it was not possible to
establish the real level of demethoxylation.

HS and Bjoérkman lignins were isolated from the compost to investigate lignin transformation
during composting. The yields of alkaline extracts were 24.3 and 21.8% for composts | and II,
respectively. Bjorkman lignin was isolated from the composts after alkaline extraction. The yield
of Bjorkman lignins was 1.7 and 2.3% for composts | and 11, respectively.

3.2. FT-IR spectra of compost lignins and humic substances

The FT-IR spectra of both Bjorkman lignins were very similar, and showed typical absorption
maxima for lignins with a dominating maximum at 1126 cm~! of aromatic C—H in the plane
deformation of the syringyl group plus C=0 stretch (Figure 1). According to the classification by
Faix [14], these spectra belong to the group of guaiacyl-syringyl lignins, which is characterised by
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Figure 1. FT-IR spectra of grass Bjorkman lignin and humic substances.

a medium amount of syringyl units and a low amount of p-hydroxyphenyl units. The lignins were
characterised by an elevated absorption in the C=0 stretch range between 1800 and 1600 cm—?.
HS showed a smooth FT-IR profile corresponding to the transformed macromolecular mixture
(Figure 1). Only a few group frequencies and bands are assigned unequivocally, and many bands
can be interpreted in various ways. Nevertheless, the spectra showed a fairly well-defined band
pattern with diagnostic peaks centred at 1510 (aromatic skeletal vibrations), 1460 (aliphatic C—H
deformations; asym. in —CH3 and —CH,—), 1420 (aromatic skeletal vibrations combined with
C—H in plane deform.), 1230 (C—OH stretching of aromatic groups and C—O—C stretching of
aryl ethers) and 1126 cm~—1, which could be interpreted by the presence of the preserved lignin
component structure in humic substances. This indicates the integration of lignin into HS.

3.3. Elemental composition and functional groups of compost lignins and humic substances

The results of elemental analysis, and the amounts of polysaccharide, functional groups and
hydroxycinnamic acids in lignins and HS are presented in Table 2. The elemental composition of
lignin I and Il was very close. Lignins also contained a small amount of nitrogen compounds and
sugar admixture. Absorption coefficients (e) for lignins I and Il were 17.5and 17.8 L- g~%- cm™?
at 280 nm in methylcellusolve. The methoxyl group content of Bjérkman lignin was higher than

Table 2. Elemental and functional composition of compost Bjérkman lignins and humic substances

(dry matter).

Lignin | Lignin 11 HS 1 HS 11
C (%) 60.6 60.6 43.0 41.4
N (%) 0.95 0.88 31 24
MeO (mmol-g~1) 481 5.25 1.29 0.87
OH phen) (mmol-g~1) 1.51 1.50 1.29 1.18
COOH (mmol-g~1) 0.83 0.81 2.20 2.69
p-Coumaric acid (mmol-g~—1) 0.15 0.06 0 0
Ferulic acid (mmol-g~1) 0.10 0.04 0 0
Total hydroxycinnamic acid (mmol-g—1) 0.25 0.10 0 0
Total sugars (%) 3.3 15 73 7.9
Ash (%) n.d. n.d. 10.5 12.1

Note: HS, humic substance.
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that in compost Klason lignin; this may arise from the non-lignin admixture of compost Klason
lignin. Methoxyl group content for both Bjorkman lignins was ~ 5mmol - g~* or ~ 1 methoxy!
group per monolignol unit based on the assumption that an equivalent molecular mass of one
unit of lignin was 200 Da. This was higher than the methoxyl group content of the parent grass
mixture recalculated for lignin. The data showed that compost Bjérkman lignin contained less
p-hydroxyphenyl than parent grass lignin. No clear differences in the functional groups between
Bjorkman lignin I and lignin 11 were observed from chemical analysis. The substitutions of OH
groups were calculated as 0.47 OH - unit~? for lignin 1, and 0.46 OH - unit=? for lignin 11. Grass
lignin also contained etherified and esterified p-coumaric and ferulic acids. The total amount of
hydroxycinnamic acids in lignin decreased during composting. Nevertheless, the total acidity of
lignin, judged by the COOH group content, did not change.

Analytical pyrolysis of Bjorkman lignins methylated with CH, N, confirmed that lignin contains
new acidic groups. Methyl ester of vanillic acid was identified between typical lignin C—Cg,
C,—Cg and C3—Cg pyrolysis products (Figure 2). This suggested the cleavage of Ca—Cp bonds
in the side chains of lignin during composting.

HS samples differed not only from compost Bjérkman lignins, but also between themselves.
Both HS samples had a lower carbon content and higher nitrogen content than Bjérkman lignins.
The amount of methoxyl groups in HS was lower than in the lignins and decreased during compost-
ing. These results made it possible to suggest the demethoxylation of lignin during its integration
into HS. The total acidity of HS was significantly higher than for the lignins and increased during
composting. Hydroxycinnamic acids were not detected in HS after alkaline hydrolysis.

3.4. Nitrobenzene oxidation of compost lignins and humic substances

Alkaline nitrobenzene oxidation is a method for the qualitative and quantitative determination of
the minimal amount of uncondensed lignin-building blocks. The yields of nitrobenzene oxidation
products for Bjorkman lignins and HS are summarised in Table 3. Bjérkman lignins gave a high
yield of phenolic aldehydes and acids by nitrobenzene oxidation of 27.3 and 28.1% for lignins |
and I, respectively; the amount of uncondensed units in compost lignins would be expected to be
at least one third. The same products were obtained after nitrobenzene oxidation of HS, but with
a lower yield. The syringyl/guaiacyl ratio for all lignins and HS was almost the same. The yield
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Figure 2. Analytical pyrogram of compost Bjorkman lignin | methylated with CH;N3.

Notes: 1, 2-methoxyphenol; 2, 4-vynilanisole; 3, 4-methylguaiacol; 4, 4-methylveratrol; 5, 1-methoxy-4(1-propenyl)
benzene; 6, 4-vynilguaiacol; 7, syringol; 8, vanillin; 9, 4-methylsyringol; 10, isoeugenol; 11, 3,4-dimethoxybenzaldehyde;
12, vanillic acid methyl ester; 13, 4-vynilsyringol; 14, 3,4,5-trimethoxybenzaldehyde; 15, 4-propenylsyringon.
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Table 3. Alkaline nitrobenzene oxidation of compost Bjérkman lignins and humic
substances (mmol - g~1 dry matter).

Lignin | Lignin 11 HS 1 HS 11
p-Hydroxybenzaldehyde 0.032 0.015 0.017 0.006
Vanillin 0.592 0.657 0.098 0.060
Syringaldehyde 0.758 0.757 0.100 0.060
p-Hydroxybenzoic acid 0.006 0.003 0.007 0.004
Vanillic acid 0.063 0.076 0.020 0.014
Syringic acid 0.148 0.144 0.049 0.029
Total yield 1.60 1.65 0.29 0.16
Acid/aldehyde ratio 0.16 0.16 0.35 0.41
Syringyl/guaiacy| ratio 1.4 12 13 14
Hydroxyphenyl/guaiacyl ratio 0.06 0.02 0.20 0.13

Note: HS, humic substance.

of p-hydroxybenzaldehyde and the corresponding acid after nitrobenzene oxidation was low for
lignin and HS, and decreased during composting.

The molar ratio of aromatic acids/aldehydes in nitrobenzene oxidation products for both lignins
was 0.16. The aromatic acids/aldehydes ratio in nitrobenzene oxidation products for HS was more
than twice that in compost lignin after 2 weeks (0.35) of composting and increased up to 0.41
during composting. These results indicate that the lignin component of HS is more oxidised.

The yield for the lignin-derived phenolic aldehydes and acids obtained from nitrobenzene oxi-
dation is comparable with that obtained by alkaline CuO oxidation [14]. Alkaline CuO oxidation
has been used extensively in the study of soil lignins [9]. The yield for lignin-derived phenolic
aldehydes and acids from soil lignin is low, but the phenolic acid to aldehyde ratio changes in a
broad range from 0.2-0.3 for arable soil to 1.3-2.1 for forest soil [7]. In our case, the phenolic
acid to aldehyde ratio for the compost HS was close to the typical values for soil lignin.

Nitrobenzene oxidation results indicate that the compost Bjorkman lignin is not significantly
condensed and oxidised, in contrast to the lignin component of HS.

3.5. Ozonation of compost lignins and humic substances

The ozonation procedure is a comparatively rare method for characterising the lignin component
of HS, although it allows valuable quantitative and qualitative information about lignin aliphatic
chains to be obtained. Selective degradation of the aromatic nuclei of lignin by ozone gives low
molecular mass compounds that retain the stereo-selective structures of the original stereo side
chain structures of lignin, and makes it possible to estimate the aryl glycerol, aryl ether or §-O-4
structure content of lignin [14]. The results of analytical ozonation are presented in Table 4. The
total yield of tetronic acids from HS was very low in comparison with that obtained for lignins,
and decreased twice during composting. The ratio of the different erythro/threo forms for the
compost lignins and HS suggests that the lignin component of HS is degraded stereo-selectively;
the erythro form in the HS fraction is degraded faster than the threo form.

3.6. Comparison of different analytical proceduresfor lignin component determination in
humic substances

The lignin components of HS were calculated on the basis of data from different analytical
procedures: Klason residue content, methoxyl group content, total yield of alkaline nitroben-
zene oxidation products and total yield of erythronic and threonic acids obtained by analytical
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Table 4. Yield of ozonation products of compost Bjorkman lignins and humic
substances (mmol - g~ dry matter).

Lignin | Lignin 1l HS1 HS I
Erythronic acid 0.44 043 0.049 0.022
Threonic acid 0.26 0.25 0.035 0.018
Total tetronic acids 0.70 0.68 0.084 0.039
Erythro/Threo ratio 17 17 14 1.3

Note: HS, humic substance.

Table 5. Estimation of the lignin component content in humic substances calculated
on the basis of the results of different analytical methods (% dry matter).

Basis for calculation HS I HS I
Yield of Klason residue 49.7 41.9
MeO group content 27 17
Yield of NBO products 18 10
Yield of ozonation products 12 6

Note: HS, humic substance; NBO, nitrobenzene oxidation.

ozonation, and their comparison with data obtained for compost Bjérkman lignins (Table 5). This
allowed us to draw a conclusion about the transformation of lignin during composting.

The lignin content of HS estimated using chemical markers was lower than that determined
using the Klason procedure. The highest value for the lignin content of HS I, namely 27%, was
calculated on the basis of the methoxyl group content, whereas the values calculated from the
results of nitrobenzene oxidation products and ozonation products were lower. HS Il contained
17, 10 and 6% lignin, calculated on the basis of the methoxy!l group, nitrobenzene oxidation and
ozonation, respectively.

These results show that lignin macromolecules have been sufficiently biologically modified at
the earlier stage of composting to be dissolved in alkali. The solubility of lignin may be connected
to the increase in the hydrophilic carboxylic group content, as confirmed by functional analysis.
The alkali-soluble lignin component constituted a significant part of the grass compost HS. This
coincides with the observed numerous positive effects of lignin on humic acid formation, e.g.
during co-composting lignin with yard and kitchen biowastes [22].

These results are in agreement with the viewpoint that HS are a supramolecular association
of low molecular mass organic molecules, including recognisable biomolecules such as lignin-
derived structures [23].

4. Conclusions

Our results have shown that part of the lignin macromolecules had been significantly biologically
modified at the earlier stage of composting and underwent a deep chemical transformation. A
significant part of lignin, probably including demethoxylated lignin fragments, was integrated
into alkali-soluble HS during composting. The application of analytical pyrolysis, nitrobenzene
oxidation and ozonation allowed us to estimate the cleavage of Ca—Cp bonds in lignin side chains,
the oxidation of lignin and the increase in the amount of acidic groups. The acetyl bromide and
Klason procedures have a significant drawback for lignin determination in compost samples. Of
the chemical markers under study, methoxyl groups could be recommended for evaluating the
lignin content in compost because of their higher stability in a compost environment in comparison
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with uncondensed lignin aromatic units and lignin aliphatic chains, which may also be used as
a basis for similar calculations. Our results have shown that the lignin component of soluble
HS was oxidised and characterised by a higher condensed structure and a lower amount of aryl
glycerol aryl ether or g-O-4 linkages than compost Bjérkman lignin at the corresponding stage
of composting.
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