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IEVADS

Cilveku saimnieciska darbiba veicina fosfora un slapekla savienojumu
iekltSanu dabas tidenos no dazada veida antropog€najiem piesarnojuma avotiem
ka saimnieciska un lauksaimnieciska darbiba, apbiives teritorijas, riipnieciba.
Erodétas augsnes dalinas no lauksaimniecibas platibam, celu un laukumu
segumu dalinas suspendéto vielu veida, tieSas notekiidenu noplides, u.c.
saimnieciskas darbibas izraisitas sekas pazemina dabas Gdenu kvalitati. Fosfora,
slapekla savienojumu un suspendéto vielu iekliiSana dabigas tdenskratuves
izraisa pastiprinatu to aizaugSanu ar idensaugiem jeb eitrofikaciju. Eitrofikacijas
rezultata Gdenskratuvé var savairoties alges un citi Gdensaugi, samazinaties
caurredzamiba, pazeminaties skabekla daudzums, tadgjadi pazeminoties fidens
kvalitatei un izmanto$anas iesp&jam.

Kops$ 2013. gada papildu uzmaniba tika pievérsta fidens kvalitatei no
lauksaimniecibas Latvija. ES Nitratu direktiva nosaka teritorijas, kuras ir jutigas
pret tdens piesarnojumu ar nitratiem, un norada nepiecieSamibu ieviest
pasakumus, lai ierobeZotu nitratu zudumus un negativas izpausmes atklatas
udenstilpés (European Commission, 1991). Lai sasniegtu prasibas attieciba uz
labu tdens kvalitati virszemes udenos, janoverS nitratu izskaloSanas no
lauksaimniecibas teritorijam (Berzina & Sudars, 2010). Zema energijas patérina
un uzturéSanas izmaksu metode ir izmantot dabiskos apstaklus un pasivu
notekiidenu attiriSanu maksligajos mitrajos. Kops 2014. gada jiinija Latvija tika
uzbiveéti un uzraudziti divi mitrdji Udenu kvalitates uzlaboSanai no
lauksaimnieciskas darbibas ietekm&tam platibam. Ministru kabinets Latvija ir
izdevis noteikumus, speka kopS 31.10.2014. kuri nosaka krit€rijus videi
draudzigiem melioracijas sistému elementu biivniecibai (MK noteikumi N.600,
2014), un par min€to elementu ierikoSanu lauksaimnieki var iegiit papildu
punktus, lai sapemtu atbalstu ieguldijumiem lauksaimniecibas un
meZsaimniecibas infrastruktiiras attistiba. Lai veicinatu lauksaimnieku interesi
pieteikties §im atbalstam, lauksaimniecibas teritorijas tika ieviesti vairaki
noteikumos paredz&tie elementi un veikts to monitorings. Lauka m&roga izp&tes
vietas palidz&jusas iegilit pieredzi par videi draudzigo melioracijas sist€mu
elementu izmantoSanu, nemot véra IpaSo lauksaimniecibas pieeju, un uzraudzit
ieteikto elementu efektivitati baribas vielu aizturéSana. Maksligie mitraji ir
ieteikti ka viens no Siem videi draudzigajiem melioracijas sistému elementiem.

Promocijas darba apskatita divu péc kvalitates, apjoma un pieplides
reZima atSkirigu lauksaimniecibas notecu attiriSanas efektivitate, izmantojot trTs
dazadu konstrukciju maksligos mitrajus. Lauksaimniecibas zemju Ipatsvars
Latvija ir 36.9% no valsts kopgjas teritorijas (VZD, 2014). Biogéno elementu
nopliides no lauksaimnieciba izmantotajam platibam rada piesarnojuma slodzi
uz Baltijas juru. Udenu kvalitates aizsardzibas un uzlabojumu nepiecie§amibu
Latvijas @idenstec@s reglamente Baltijas jlras vides aizsardzibas Komisijas
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(HELCOM) un Eiropas Savienibas (ES) likumdoSanas akti, un atbilstoSi tiem
izstradata Latvijas likumdoSana. Kop§ 1991. gada Nitratu direktiva
(91/676/EEC, 1991) un ES Udens struktirdirektiva (2000/60/EEC, 2000)
ieklautas Gdenu kvalitates prasibas. leteikumi lauksaimniekiem paredz ieklaut
piesarnojumu aizturoSus elementus jaunblivéjamas un atjaunojamas melioracijas
sistémas. Minétie elementi ietver buferjoslas gar idenstec€m un tdenskratuvém,
sedimentacijas baseinus, divpakapju gravjus, kontroleéto drenazu, ka arl
maksligos mitrajus, u.c. Latvija joprojam ir maz pétijumu par maksligo mitraju
izmantoSanu dazadu piesarnojo$o vielu attiriSanai no uUdens, tai skaita par
lauksaimniecibas noteces attiriSanu. Izvert€jot piesarnojoSo vielu apjoma
izmainas dazadu tipu maksligajos mitrajos, kas izbuivéti Latvijas
hidrogeologiskajos un meteorologiskajos apstaklos, lauksaimniekiem bis
iesp&ja izveleties sava individualaja gadijuma piemérotako noteces attiriSanas
metodi maksligajos mitrajos.

Maksligo mitraju darbibas efektivitate Gidenu kvalitates uzlaboSana §1
petljuma ietvaros verteta, vadoties pec fosfora un slapekla savienojumu un
suspend&to vielu, ka arT bioktmiska skabekla patérina piecas dienas un kimiska
skabekla patérina koncentracijam pirms un péc maksligajiem mitrajiem.

P&tijuma novitate ir uz aprékinu algoritma balstits modelis piemerotakas
maksliga mitraja konstrukcijas izvélei, atkariba no attirama notekiidenu veida,
apjoma, tdenu kvalitates raditaju koncentracijas un kombinacijas attiramajos
tidenos un no vélamas Gidenu kvalitates izplidé. Sis aprekina modelis piedavas
atbilstoSu maksliga mitraja tehnisko risinajumu un attieciga risinajuma optimalo
platibu un nozimigakas dimensijas. P&tfjuma rezultati dos iesp&ju saimnieciskas
darbibas veicgjiem sabalansét maksliga mitraja praktisko, ekonomisko un vides
nozimi katra konkrétaja notekiidenu attiriSanas gadijuma. Aprékina metode
izstradata, balstoties uz induktivo izzinas celu. P&tfjuma izstradatais aprekinu
algoritms ir balstits uz maksligo mitraju sp&ju samazinat lauksaimniecibas diftiza
(izkliedeta) un punktveida piesarnojuma nopliides péetijumu objektos
MezZacirulos un Zantg.

Promocijas darba meérkis ir, balstoties uz empiriskiem novérojumiem
pétijumu objektos, aprobét maksligo mitraju tehnisko risindgjumu un izveidot
dimension&$anas metodiku saimnieciskas darbibas izraisita fidens piesarnojuma
samazinasanai Latvija.

Promocijas darba pétnieciskie uzdevami

1. Izvertet dazadas konstrukcijas maksligo mitraju pielietojuma iespgjas
Latvija p&c izcelsmes, sastava un apjoma dazadu notekidenu attiriSanai.
2. Noteikt un analizét piesarnojoso vielu, tai skaitd slapekla un fosfora

savienojumu, suspendgto vielu, bioktmiska un kTmiska skabekla patérina,
koncentraciju mainibu notec€ péc notekiidenu attiriSanas maksligaja
mitraja.



3. Novertét piesarnojoso vielu samazinaSanas efektivitati divu daZadu tipu
maksligajos mitrajos, nemot v&ra nozimigakos mitraju darbibu
ietekm&joSos geografiskos un fizikalos faktorus.

4. Izstradat un pielietot aprékinu metodiku un modeli dazada veida, apjoma
un sastava notekiidenu attiriSanai, izmantojot maksligos mitrajus.

Promocijas darba izvirzita hipoteze
AtbilstoSas konstrukcijas un dimensiju maksligie mitrdji uzlabo tidens

kvalitati, samazinot vienas vai vairaku piesarnojoSo vielu koncentraciju tident.

Aizstavamas tézes

1. Maksligais mitrajs nodroSina efektivu fidenu attiriSanu, izmantojot
fizikalu un biologisku procesu norisi.
2. Ar maksliga mitraja palidzibu piesarnojuma koncentracijas fideni tiek

samazinatas visas mérena klimata sezonas.

Promocijas darba zinatniska novitate ir maksligo mitraju aprékina un
dimensionéSanas metodika, kas piemérota Latvijas apstakliem, kas tika
izstradata, pielietojot EPA (ASV) un CWA (Lielbritanija) rekomendacijas un
pamatojoties uz izméritajiem kritérijiem pilotobjektos. ST aprékinu metodika
pielagota atbilstosi Latvijas hidrologiskajiem (notece, caurplidumi, sateces
baseinu izm@ri) un meteorologiskajiem (sezonalitate, gaisa temperatiiru mainiba
un periodiskums, nokri$nu daudzums un sadalijums novérojuma perioda) datiem

Promocijas darba praktiska nozime

Lidz §im notekiidenu attiriSana maksligaja mitraja Latvija nav bijusi
zinatniski pamatota, un tas pielietojums balstits uz citu valstu pieredzi un
rekomendacijam. Promocijas darbs pierada, ka maksligie mitraji péc
konstrukcijas un dimensijam var tikt pielagoti efektivai @idenu kvalitates
uzlabosanai Latvijai raksturigos apstaklos. Turklat promocijas darba ietvaros
aprobgta aprekinu metodika notekiidenu attiriSanai maksligajos mitrajos Latvija,
tai skaitd piemeérotas konstrukcijas izvélei un maksliga mitraja virsmas platibas
dimensionés$anai. Sagatavots aprékina modelis, lai palidzétu notekiidenu
apsaimniekotdjiem un projektétajiem atkartba no attiramo notekiidenu
parametriem izveleties attiramo notekiidenu sastavam, apjomam un piepliides
reZimam piemérotako maksliga mitraja veidu un dimensijas.

Promocijas darba iegiitie petijuma rezultati izmantoti krit€riju izstradei,
kas ieklauti LR MK noteikumos Nr. 776 (2021) par atbalsta pieskirSanu par
baribas vielu noteces samazinasSanu, ierikojot virszemes plismas maksligos
mitrajus melioréta lauksaimnieciba izmantojama zeme.
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1. LITERATURAS APSKATS

Maksligie mitraji iidenu kvalitates uzlaboSanai tiek plasi pielietoti citviet
Eiropa un ASV. Maksligo mitraju darbibas princips aizgiits no dabigos mitrajos
norito§iem biologiskiem un fizikaliem procesiem. Maksligie mitraji tiek
projektéti un biiveti iidens kvalitates uzlaboSanai, veicinot un intensificéjot daba
notiecko$os Udens paSattiriSanas procesus. Vegetacija papildina attiriSanas
funkciju mitraja. Dazada veida notekiidenu attiriSana, izmantojot daba balstitus
procesus, ir ekonomiski pamatota, efektiva un ilgtsp&jiga.

1.1. Dazadas konstrukcijas maksligie mitraji

Pec konstrukcijas maksligos mitrajus iedala virszemes pliismas un
pazemes pliismas mitrajos (Mahmood et.al., 2013). Maksligos mitrajus var
veidot arT ar kombinétu notekiidenu pliismas reZimu. Viena mitraja sisteéma
iespgjams apvienot valgja fidens sekciju ar filtréjoSu pazemes pliismas sekciju.
Tadgjadi iespgjams apvienot atSkirigo konstrukciju prieksrocibas. Katrs no
mitrdju veidiem var tikt pielagots dazadu piesarnotu tidenu attiriSanai (Ventura
et.al., 2019). Shematiski 1.1. attéla apkopots popularako maksligo mitraju veidu
iedalfjums atkariba no konstrukcijas un plismas reZima.

‘ Maksligais mitrajs ‘

|

Kombinéts maksligais

Virszemes pliismas
maksligais mitrajs

Pazemes plismas
maksligais mitrajs

mitrajs

— Sekliidens mitrajs ar
tdens dzilumu 0.15 —
0.45m

— Dziltdens mitrajs ar
udens dzilumu ladz 2 m
e Ar peldosiem
augiem
e Ar mitraja pamatné
iestaditiem augiem

— Horizontala plisma filtra

— Vertikala plasma filtra
e PlaGsmas virziens
vertikali uz leju
e PlaGsmas virziens
vertikali uz augsu

— Kombinéti virszemes
plismas mitraji ar
atskirigu Gidens dzilumu

— Kombinéti pazemes
plismas mitrdji ar dazadu
plismas virzienu filtros

— Kombinéti maksligie
mitraji ar pazemes un
virszemes plismam

1.1. att. Maksligo mitraju iedalijums atkariba no konstrukcijas un plismas
reZima

Veicot zinatniskus p&tljumus un attistoties tehnologiskajiem
risinajumiem, tiek projektéti, p&titi un ekspluatéti dazadi inovativi maksligo
mitraju paveidi, kuru galvenais mérkis ir pastiprinat vienu vai vairakus
atseviskus attirianas procesus (Ventura et.al., 2019). Sis inovacijas ietver tadas
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strategijas ka notekidenu dal&ja recirkulacija, plidmainu reZims, periodiski
paaugstinot un pazeminot tdens ITmeni mitraja, notekiidenu plismas virziena
abpusgja kustiba, slieku integracija u.c. Notekiidenu aerobo bakteriju
intensifikacija notiek maksligajos mitrajos ar piespiedu aeraciju, gaisu vai
skabekli ievadot mitraja pamatné ar kompresoru palidzibu (Varga et.al., 2017).

1.2. Mitraju pielietojums atkariba no notekiidenu veida

Iedalot notekiidenus atkariba no to izcelsmes avota jeb atkariba no tidens
patérétaja, iegiistam provizorisku priekSstatu par sagaidamo notekiidenu apjomu
un kvalitati. Pienemot $o iedalijumu un, vadoties péc tipiskiem raditajiem, var
risinat notekiidenu apsaimniekoSanas konceptualo pieeju. Maksligais mitrajs
konceptuali var kalpot dazada veida notekiidenu attiriSanai, pielagojot mitraja
tehnologisko izpildijjumu (pazemes, virszemes plasmas vai kombingts
maksligais mitrajs) un dimensijas (virsmas laukums, dzilums uv.c.) (Vymazal
et.al., 2021). Cetru veidu notekiideni atkariba no izcelsmes nosaka atskirigu
pieeju mitraja pielietojuma. Literatira plasak pielietotie ieteikumi apkopoti
turpmakajas apakSnodalas.

Lémums par maksligd mitraja konstrukcijas izvéli viena vai cita veida
notekiidenu attiriSanai veido pamatu talakai maksliga mitraja projektéSanai.
Literatira pieejamas citas valstis pienemtas vadlinijas, rokasgramatas un
aprékini dazadas konstrukcijas maksligo mitraju projektéSanai un
dimensionéSanai (EPA, 1982; General considerations, 1995; Galanopolos &
Lyberatos, 2016). Latvija lidz Sim maksligie mitraji nav bijusi viena no
popularakajam biologiskajam notekiidenu attiriSanas metodeém, tapec lidz $im
nav izstradati atbilstos$i nosacijumi mitraju pielietojumam un projekteSanai.
Vadoties pec $aja petijuma ieklautajiem rezultatiem, nemot veéra klimatiskos
apstaklus, notekiidenu apsaimniekoSanas nosacijumus un speka esoSos
normativos aktus Latvijas teritorija, un, nemot véra péc citu valstu pieredzes
notekiidenu apsaimniekoSana, kur maksligie mitraji tiek izmantoti ka galvena
attiriSanas metode, piedavata vienkarSota sh€ma lémumu pienemsanai maksliga
mitrdja konstrukcijas izvele.

Piedavata shéma palidz orientéties izveleé starp virszemes pliismas un
pazemes pliismas maksligo mitrju. Sis Iémums pamata balstits uz attiri§anas
procesiem, kas norisinas sekla Gidens slani vai rupjas smilts filtra. Planojot
notekiidenus attirit maksligaja mitraja, var vadities visparigi péc notekiidenu
veida. Pienemot, ka lietus notekiideni nesatur organiskas vielas, bet galvenokart
suspend&tas vielas un naftas un ellas produktus no pils€tvides, mitrajs visbiezak
tiks planots ka papildu elements plismas cela vispargjas tidenu kvalitates
uzlaboanai. Sados gadijumos pielaujams biivét iekartas bez hidroizolacijas,
savienotus ar gruntsideniem. Lietus notekiidenu apjomi medz bt ar izteikti
augstu un 1slaicigu pieplidumu (Gimenez-Maranges et.al., 2020), kur pazemes
plismas mitraja limit€joSais faktors konkrétaja jautajuma bitu filtracijas sp€ja.
Tadgjadi ieteicams izveleties virszemes pliismas mitraju. Sadzives notekiideni ir
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specifiski ar savu salidzino$i stabilo piepliides reZimu, apjomu un piesarnojoso
vielu daudzumu. Latvijas likumdoSana nosaka piesarnojoso vielu emisijas
limitus vide (LR MK noteikumi Nr. 34, 2002), kas faktiski nozimg attirit sadzives
notekiidenus hermétiskas iekartas, kas nav savienotas ar vidi. Turklat organisko
vielu daudzums notektidenT un sanitarie apsverumi par piemerotako vedina
izveleties pazemes plismas maksligo mitraju, kur aktiva notekiidenu attiriSana
norisinas filtra iekSpuse.

Notekuidenus planots
attirit maksligaja mitraja

. I . I RazoS$anas Lauksaimnieciskas
< v U T N .
Lietus notekudeni | |Sadzives notekudeni notekdegi darbibas raditie
- notekudeni
— Paredzams — Japaredz !
intensivs, neregulars  nostadinasana 3 L
iepli ¥ H ti Iekartu . .
piepludes rezims dlem_)aktls . Pl Notekadeni Notekadeni
— Janodrosina escsanas ’ ’
i o i citi ar augstu ar augstu
hidroizolacija va et 1| organisko organisko
nosaciti tiri¥ | u sat ielu sat
notekudeni vielu saturu vielu saturu
Drenu
— Japaredz a
Apared noteceno | szpz_ir?('iz
nostadinasana nostadinasana
> o aram- i :
3 diennaktis zemem 3 diennaktis
—Janodrosina —Janodrosina

hidroizolacija hidroizolacija

Virszemes plusmas Pazemes plusmas Kombinéts
maksligais mitrajs maksligais mitrajs maksligais mitrajs

1.2. att. Shéma lemumu pienemsanai maksliga mitraja konstrukcijas izvéle
*Nosaciti tiri notekiideni, kur piesarnojoso vielu koncentracijas neparsniedz speka
esosajos LR MK noteikumos (LR MK noteikumi Nr. 34, 2002) min&tas robezvertibas.

Lidzigi apsveérumi jaizdara, noveértgjot raZzoSanas notekiidenus, kur viens
no nozimigakajiem kritérijiem, lai izlemtu par labu virszemes vai pazemes
plismas maksliga mitraja tehnologijai, ir piesarnojoso vielu, tai skaita organisko
vielu koncentracijas. Notece no nosusinatam lauksaimniecibas zemeém,
lauksaimnieciskas darbibas rezultata raditie notektideni, l1dzigi ka riipnieciskas
darbibas raditie notektideni, var krasi atskirties apjoma, piepludes reZima un
piesarnojoso vielu koncentracijas zind. Tomér, provizoriski novertgjot
iesp&jamos tipiskakos lauksaimnieciskas darbibas virzienus, bloksheéma ieklauts
vienkarSots dalijums, kas visparigi noved pie pazemes vai virszemes pliismas
maksliga mitraji konstrukcijas.
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2. MATERIALI UN METODIKA

Sis pétijums balstits uz Gidenu kvalitates un kvantitates raditaju datiem,
kas iegtiti empirisku novérojumu cela. P&tljumu objekti projektéti un buvéti,
vadoties péc citas valstis veiktu petijjumu rezultatiem, nemot véra meteorologijas,
geologijas, hidrologijas, geomorfologijas, zemes lietojuma veida, ekspluatacijas
un normativo regulgjumu atSkiribas. Udenu kvalitates uzlaboSanai izmantotas
metodes maksligajos mitrajos parbauditas un novérotas Latvijai raksturigos
meteorologiskajos un ekspluatacijas apstaklos.

2.1. Monitoringa vietu raksturojums
Monitoringa vietu izveli pamatoja nepiecieSamiba izveidot pilotobjektus

Latvija, lai parbaudttu laboratoriski pieraditas notekiidenu attiriSanas metodes
darbibu realos apstaklos.

2.1. tabula. Maksligo mitraju pétijuma objektu galvenas konstruktivas

dimensijas
Péttjumu Maksliga | Sateces | Maksliga Mitraja Udens vai
objekts mitraja baseina | mitraja spogula filtra slana
konstrukcija | platiba, | spogula | virsmas un | maksimalais
ha* virsmas sateces dzilums, m
laukums, baseina
ha laukumu
attieciba,
%
MezZaciruli Pazemes 0.8 0.016 2 0.9
plisma
MezacTruli | Virszemes 74.7 0.370 0.5 1.5
plisma
Zante Virszemes 553.3 0.240 0.04 1.5(0.5)
plisma

* sateces baseina laukums meérits pamatojoties uz VSIA “Zemkopibas

ministrijas nekustamie TpaSumi” sagatavoto melioracijas tiklu digitalo datubazi
(LGIA, 2017).

Zemnieku saimnieciba “Mezaciruli” (56°34'22"N, 23°29'46"E) atrodas
Zemgalg, Jelgavas novada, Zalenieku pagasta, TpaSi jutigaja teritorija, kas
noteiktas balstoties uz ES Nitratu direktiva noteiktajiem kriterijiem (European
Commission 91/676/EEC, 1991). Saja regiona tiek realizéta intensiva
lauksaimnieciska darbiba, tai skaitd augkopiba un lopkopiba. Virszemes un
drenu notece no zemnieku saimniecibas TpaSumiem pa drenu sisttmam un
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valgjiem gravjiem tiek novadita uz Eglones upi, kas atrodas Lielupes upju
baseinu apgabala.

Divu dazadu konstrukciju maksligo mitraju izvietoSanas, regulara
monitoringa iesp&jas un objekta geografiskais novietojums uzskatami par
nozimigakajiem kriterijiem pilotobjekta izvelei. Otrs monitoringa objekts tika
izveidots zemnieku saimnieciba “Vilcini-17 (56°54'34"N, 22°42'36"E), Tukuma
novada, Zantes pagasta, kur izbivéts virszemes plismas maksligais mitrajs
virszemes un drenu noteces no lauksaimnieciba izmantotajam platibam
attiriSanai. Notece no objekta tiek novadita Déelinstrauta, un tas atrodas Ventas
upju baseinu apgabala.

Pazemes plusmas maksligais mitrajs MeZacirulos

Lietus tdeni, kas veidojuSies ka virszemes notece no zemnieku
saimniecibu pagalma teritorijam, biitu klasificjami ka atseviska notekiidenu
kategorija, kuru Gidenu kvalitativo raditaju zina, t.sk. organisko un suspendéto
vielu koncentracijas, visai biezi atbilst tipisku sadzives notekiidenu
koncentracijam (LR MK noteikumi Nr. 34, 2002), bet notekidenu izcelsmes un
piepludes reZima zina atbilst apdzivotu vietu lietusiideniem (Grinberga &
Lagzdins, 2017). Pazemes pliismas maksligd mitraja sateces baseinu veido
zemnieku saimniecibas pagalma teritorija 0.8 ha platiba. Jumta platibas un cietie
virsmas segumi veido 77% no sateces baseina kopgjas platibas. Lietus Gdenu
attiriSanas iekartas projektetas divos Iimenos un sastav no krajbaseina, siikna
akas un pazemes plismas maksliga mitraja. Pirmaja Iimeni jeb ka pirmgja
noteklidenu attiriSana projektéta mehaniska attiriSana valéja krajbaseina (2.1.
attels).

Krajbaseina dzilums ir 1 m un lietderigais tilpums ir 120 m3, kas atbilst
40 minds$u intensiva lietus Gidens apjomam. Krajbaseina tidensaugi nav paredzéti
un ekspluatacijas laika nav novéroti.

No krajbaseina Gidens tiek periodiski parstiknéts uz otro attiriSanas ITmeni
jeb pazemes plasmas maksligo mitraju, kur noris biologiski un fizikali
notekiidenu attiriSanas procesi. Siiknis atrodas siltinata stikna aka (2.1. attels).

Mitraja filtra dala sastav no rupjas skalotas smilts be&ruma ar frakciju 0.5
— 5 mm ka galveno dalu, iepliides dala veidota no Skembu slana, ka arT drenas
caurules ar Skembu apb&rumu, kas novada attiritu Gdeni valgja gravi. Mitraja
pamatne izklata ar PE plévi divas kartas, kas nodroSina hermétiskumu un novers
neattiritu notekidenu nokliSanu gruntsidenos un gruntsiidenu iespieSanos
mitraja filtra dala. Mitraja virsma vienmerigi apstadita ar niedrém. Attiritais
lietus Gdens pa val&ju gravi nonak Eglones upé (Grinberga et.al., 2020).

Virszemes pliismas maksligais mitrajs MeZacirulos

Virszemes pliismas maksligais mitrdjs zemnieku saimniecibas
“Mezaciruli” teritorija iertkots 2014. gada vasara un kops ekspluatacijas sakuma
tur 1stenots Udens kvalitates un kvantitates monitorings (2.1. attéls). Zemgales
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regiona ir salidzino§i intensiva lauksaimnieciska darbiba, un mitraja sateces
baseina platiba ir ierikota nosusinaSanas sist®ma, izmantojot mala drenas,
kolektorus un valgjus gravjus. Lauksaimniecibas zemi $aja platiba izmanto
galvenokart ka aramzemi, lai audz@tu lauksaimniecibas kultlras, pieméram,
kukurtizu, kvieSus un rapsi (Kill et.al., 2022).

Virszemes pliismas maksligais mitrajs tika izbiivets, parveidojot esoso
valgjo novadgravi 240 m gara posma. Mitraja spogula virsmas platums veidots
no 6 1idz 42 m. Udens limenis tiek reguléts pie izpliides ar kontroles un mérisanas
struktliru ar 90° v-veida pargazni, kas ieblivéta betona atbalstsiena. Mitrajs
funkcionali ir sadalits divas dalas ar maksimalo @idens dzilumu 1.45 m pie
iepludes dalas, lai veicinatu sedimentacijas procesus, un seklu dalu pie izpliides
ar maksimalo Gdens dzilumu I1dz 0.5 m baribas vielu parveidoSanas procesiem.
Augi mitraja ir izplatijusies dabiski, galvenokart seklakas teritorijas pie mitraja
un divu salu krastiem (Kill et.al., 2022).
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2.1. att. Virszemes pliismas un pazemes pliismas maksligie mitraji
Mezacirulos

Virszemes plismas maksligais mitrajs Zante

Lauksaimniecibas teritorija, kas izv€leéta monitoringa objekta
biivniecibai, tiek izmantota ka dren&ta aramzeme. Virszemes plismas maksligais
mitrajs Zanteé izbuvets ka viens no videi draudzigiem melioracijas sist€mas
elementiem (atbilstoSi LR MK noteikumiem Nr. 600, 2014),
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75 m garu valsts nozimes tidensnotekas posmu parveidojot par mitraju. Esosa
idensnoteka parmitra, reljefa zind zema posma mérktiecigi padzilinata un
paplasinata, nodroSinot kop&jo virszemes plismas maksliga mitraja spogula
virsmu 0.25 ha platiba. Maksligais mitrajs veidots no divam konstruktivi
atSkirigam dalam, kas atdalitas ar akmenu kravuma veidotu slieksni. 2.2. att€la
(ras€juma autors: M. Ozolina, SIA “Cebo”) redzams @idensnotekas un maksliga
mitraja topografiskd plana materials, kas atspogulo kop&jo sakotngjo un
projektéto situaciju objekta.

Mitraja izblives vieta izveleta reljefa pazeminajuma, dabigi mitra ieplaka,
kas nodroSina virszemes noteces iepliidi un atvieglo eso§o melioracijas sistemu
ievadiSanu mitraja. lepludes dala veidota ka dzilidens zona Iidz 1.5 m tdens
slana dzilumam, kas dal&ji kalpo ka sedimentacijas baseins ar mérki izgulsnét
suspendétas vielas. Iepludes dala tidensaugi nav staditi, bet dabigi saaugusi
ekspluatacijas laika. Otra mitraja dala aiz akmenu b&ruma sliekSna veidota
dziluma Iidz 0.5 m, kur pamatné mérktiecigi un blivi veidots Gdensaugu
stadfjums. Mitraja gultne veidota bez hidroizolacijas un ir savienota ar
gruntsiideniem.
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2.2. att. Virszemes plismas maksliga mitraja Zante plans

2.2. Udenu paraugu ievakSanas un kimiska sastava noteik$anas metodika
Tris pétijumu objektos veikts Gidenu kvalitates monitorings, manuali
ievacot tidenu paraugus pie iepliides un pie izpliides no maksliga mitraja. Udenu
paraugi tika ievakti mazgatas un ar destiletu fideni skalotas 0.5 1 plastmasas
pudelés biogéno elementu analiz€ém un 1 1 tilpuma pudelés suspendéto vielu
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koncentraciju noteikSanai (Virszemes..., 2003). Pazemes pliismas mitraja ievakti
ar1 3 1 tilpuma pudelés BSPs un KSP koncentraciju noteik$anai. Udenu paraugi
tika iesmelti mark@tas pudel@s reizi vai atseviskos periodos divas reizes meénesl.
Kopgjais monitoringa periods p&tjjumu objekta Mezactrulos bija 90 kalendarie
ménesi no 2014. gada julija Iidz 2021. gada decembrim. Pazemes pliismas
maksligaja mitraja analiz&ti 103 Gdenu paraugi. Virszemes plismas maksligaja
mitraja analiz&ti 107 Gidenu paraugi. P&tjjumu objekta Zante paraugi tiek ievakti
48 kalendaros meéneSus no 2017. gada jiinija Iidz 2021. gada decembrim. Zantes
virszemes pliismas mitraja analiz&ti 45 tidenu paraugi.

Pazemes pliismas maksligaja mitraja MeZacirulos iepltides dala sastav
no segtas lietus kanalizacijas sistemas kolektora, poliméra materiala DN300 mm
pasteces caurules ar apalu Skérsgriezumu, kas ievadita lietus kanalizacijas
skataka ar 50 cm dzilu noséddalu. No skatakas pa poliméra materiala DN300 mm
pasteces cauruli ar apalu Skersgriezumu nonak valgja krajbaseina. Otrs Gdenu
paraugs pie izplides no mitraja tika ievakts no iztekas caurules no mitraja gravi.

Skataka pirms iepliides caurules automatiska rezima tiek mérits tidens
Iimenis un uzkrati mérjjumu rezultati, izmantojot Mini-Diver spiediena sensorus.
Plismas atrums tika aprekinats, pamatojoties uz Manninga vienadojumu
(Walkowiak, 2008) apala Skérsgriezuma caurulém ar dalgju pildjjumu
monitoringa perioda.

Virszemes plismas maksligaja mitraja Mezacirulos tdenu paraugi
ievakti iepliides dala aiz cela caurtekas un izpludes dala pirms pargaznes. Udens
slana dzilumu sadalijums pé&c ekspluatacijas uzsakSanas uzmérits daba ar
RiverRay ADCP ehalotu 19 $k&rsgriezumos visa mitraja platiba. Udens ITmenu
noveérojumu nodroSinasanai izplides dala izbiivéta betona atbalstsiena ar metala
V veida 90° pargazni. Udens limenis merits ar Mini-Diver iidens lIimena datu
registrétaju. Novérotie Gdens Iimeni parrékinati, lai iegiitu caurplidumus
(Walkowiak, 2008), atbilstosi mérbiives formai un izmé&riem.

Virszemes plismas maksliga mitraja idens krajumi vegetacijas perioda
tiek izmantoti ar1 zemnieku saimniecibas siltumnicu apiidenoSanas vajadzibam.
Datumi un nostkn@tie caurpliidumi tikai registr&ti un p&c uUdens Iimenu
parrekinasanas tika pieskaititi pie novérotajiem caurplidumiem.

Virszemes plismas maksligaja mitraja Zanté caurplidumu
mérjjumiem izmantota izpliides dala izvietota mérbiive ar kombingtu V veida un
taisnstlira pargazni. Udens ITmeni registréti ar Mini-Diver iidens Iimena datu
registrétaju un parrekinati péc kombinétas formulas, ievertéjot pargaznes
specifiku un dimensijas, izmantojot formulu kombinaciju, kur trijstira formas
iidens Itmeni tiek parrékinati péc formulas V veida trijstiira pargazném, bet, kad
tdens Itmenis kapj virs 0.03 m, caurplidumu rékina p&c formulas trapecveida
pargazném. Udens limenu parrekinam no 0 — 0.03 m virs pargaznes izmantota
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2.1. formula. Udens Iimena parrékiniem virs 0.03 m augstuma, pargaznes forma
ir trapecveida, tapéc caurpliidums tiek rekinats, izmantojot sekojosu formulu:

Q=K-(L—0.2H) -H'" (2.1)
kur
Q — caurplidums, 1-s%;
H — udens Iimenis virs pargaznes, m;
L — pargaznes veéruma platums, m;
K — konstante, kas atkariga no vélamajam caurpliiduma mérvienibam (Seit
ar vertibu 1838).

Udenu paraugi ievakti pie iepliides un pie izplides. Udens kvalitates
raditajus $aja petijuma var grupét divas dalas — parametros, kas tiek novéroti
lauksaimniecibas platibas ka baribas vielu koncentracijas, un parametros, kas
tiek analizeti, lai raksturotu organisko vielu saturu notekiidenos ka skabekla
patérinu. Ta ka uz mitrdjiem novadamie notekiideni tika savakti
lauksaimniecibas platibas, baribas vielu koncentracijas un kopgjais suspend&to
vielu daudzums tika uzraudziti saskana ar Latvijas normativajiem aktiem un ES
Nitratu direktivu (European Commission 91/676/EEC, 1991). Pazemes pliismas
maksligaja mitraja monitoringam tika papildu noteikts biokimiskais un kimiskais
skabekla patérins, lai izme&ritu biologiski noardamo organisko vielu daudzumu
udent (Grinberga & Lagzdins, 2017) atbilsto$i sadzives un lietus notekiidenu
apsaimniekoSanas noteikumiem Latvija (Grinberga et.al., 2020).

Udens paraugi tika analizéti un noteikta koncentracija (mg-1") tadiem
idenu kvalitates parametriem ka nitratu slapekla (NO;-N), amonija slapekla
(NH4*-N), kopgjais slapeklis (Niop), ortofosfatu fosforu (PO4-P), kopgjais
fosfors (Pyop) un kopgjas suspendétas vielas (SV). Sis analizes veiktas akreditéta
Daugavpils Universitates agentiras Latvijas Hidroekologijas institlita
Hidrokimijas laboratorija. Suspend&to vielu analizes veiktas LBTU Vides un
biivzinatnu fakultates Vides un fidenssaimniecibas katedras laboratorija. Udenu
paraugi 28 meéneSu periodam no 2019. gada septembra Ilidz 2021. gada
decembrim tika analizéti un noteikta biokTmiska skabekla pat€rina (BSPs)
koncentracija (mg-1') piecas diends un kimiska skabekla patérina (KSP)
koncentracija (mg-17").

Lai noteiktu analizéto udenu kvalitates parametru aizturé$anas
efektivitati, tika salidzinata parametru koncentracija pirms iepliides un péc
izpliides no mitraja un attiriSanas efektivitate tika izteikta procentos, izmantojot

sekojosu formulu:
_ CintCout

E -100, (22)

in
kur
E — attiriSanas efektivitate, %;
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Cin— analiz&ta parametra koncentracija, mg-1"! pirms iepliides maksligaja
mitraja;

Cou — analiz&ta parametra koncentracija, mg-1"! péc izpludes no maksliga
mitraja.

2.3. Datu matematiskas apstrades metodika

Tadi ietekm@joSie faktori ka gaisa un Udens temperatiiras svarstibas
diennakts laika, iz8kidusa skabekla un pliismas atruma izmainas u.c. ietekmé
idens kvalitati maksligajos mitrajos. Udenu paraugu ievak3anas laika netika
ieverots specifisks grafiks, lai novérstu So faktoru ietekmi. AnaliZu rezultati tika
apstradati, izmantojot XLSTAT (MS Excel programmas paplasindjums datu
statistiskai apstradei) statistiska pamatojuma iegiiSanai uz pé€tamiem
jautajumiem.

Izp@tes vieta esosa pazemes pliismas maksligd mitraja sateces baseins
atrodas lauku s&ta un klats ar necaurlaidigu virsmas segumu betona platnu veida.
Aprakstita teritorija ar minetajiem virsmas apstakliem un esoSo drenazas sist€mu
ir uzskatama par lietus tidens kanalizacijas sist€mu atbilstosi Latvijas Republikas
tiesibu aktiem. Lietusiidens daudzuma novert&jums no sateces baseina sakotngji
tika veikts péc Latvijas bivnormativa LBN 223-15 “Kanalizacijas biives” (LBN
223-15, 2015) paredzetas intensitates aprékina metodes. Monitoringa dati
nokri$niem iegiti no tuvakas meteorologiskas stacijas Dobeles pilséta
(Grinberga et al., 2020).

Udens Iimenu un caurplidumu aprékiniem un saistito datu apstradei
izmantota interpret€jama objektorienteta skriptu valoda Python (Python
Software Foundation, 2001-2022). Udenu kvalitates parametru koncentraciju
diapazona demonstréSanai izmantotas Boxplot diagrammas. Statistiska analize
tika veikta ar 95% ticamibas ITmeni.

Normalitates novertésanai tika izmantota Kolmogorova-Smirnova tests.
Lai statistiski novertetu maksligo mitraju darbibas efektivitati p&tijumu objektos,
tika izmantots neparametriskais Mann-Whitney U tests un Spirmana rangu
(Spearman’s rank) korelacija. Lai noteiktu tdenu kvalitati raksturojoSo
parametru savstarp€jas attiecibas, tika izmantota Spirmana rangu korelacija.

P-veértiba >0.05 noradija uz nesp&ju noraidit hipotézi, ka datu kopas atbilst
normalajam sadalfjumam. Ja datu kopa atbilda normalajam sadalijumam, tika
izmantots para t-tests, kas nodroSina iesp&u noteiktu attiecigo datu kopu
savstarpg€jas saistibas statistisko nozimigumu. Ja nevargja pienemt normalu datu
sadaltjumu, tika izmantots Wilcoxon Signed-Rank tests. Lidzigu statistisko pieeju
var atrast ar1 literatiird (Grinberga et al., 2020).

2.4. Maksligo mitraju aprekinu metodikas un modela izstrades principi
Literattira atrodami petfjumi par vairakiem maksligo mitraju aprékinu

modeliem (Henrichs et.al., 2007; Meyer et.al., 2015; Galanopolos & Lyberatos,

2016), kas paredzeti galvenokart rezultatu model&Sanai (Juston & Kadlec, 2019).
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Saja pétijuma ieklautas dazadas konstrukcijas maksligo mitraju aprekina
metodes, kas aprobé&tas atbilstosi klimatiskajiem apstakliem un pielagotas
mitraju projekt€Sanai Latvija. Literatiira galvenokart izmantotas divas pieejas
maksligo mitraju ka attiriSanas iekartu dimensiju noteikSanai (Meyer et.al.,
2015). Viena no metodeém ir noteiktam notekidenu veidam pienemt tipiski
sagaidamus piesarnojoso vielu parametrus un notekiidenu apjomu un, balstoties
uz pétjjumiem konkrétaja regiona, pienemt mitraja platibas attiecibu vienai
konkrétai maksligo mitraju konstrukcijai (Langergraber, 2007). Piem@ram,
literatlira sastopamais ieteicamais virsmas laukums horizontalas pazemes
plismas mitrajam, lai attiritu vienam cilvéka ekvivalentam (CE) atbilstoSo
sadzives notekiidenu apjomu tiek mingts no 5 lidz 7 m?. Sadas pieejas
pielietojumam nepiecieSami dati no pétjjumu objektiem, kas pamatotu mitraja
konstrukcijas un dimensiju izveli un pieraditu ta efektivitati. Otra no metodém ir
balstita uz fizikalajiem un biokTmiskajiem attiriSanas procesiem, kas norisinas
maksligaja mitraja. Merktiecigi radot piemérotus apstaklus konkrétajiem
procesiem, iesp&jams prognozet sagaidamo mitraja darbibas efektivitati attiectba
uz konkréto piesarnojoso vielu. Ari §1 aprékinu metode tiek balstita uz
empiriskiem novérojumiem, tacu $aja gadfjuma laboratorijas apstaklos veiktie
noverojumi var tikt pielagoti atSkirigiem vides faktoriem ka gaisa vai tdens
temperatiira, plismas atrums, ieplisto§a piesarnojoSo vielu koncentracija,
skabekla daudzums tident utt.

Saja darba sagatavota maksligo mitraju aprékina metodika ietver abas
iepriekS minétas pieejas mitraju konstrukcijas un dimensiju aprékiniem atkariba
no notekiidenu veida, piedavajot to, kas Latvijas apstakliem konkrétaja gadijuma
bitu vispiemérotaka.

Maksligo mitraju piesarnojuma samazinasanas vélamo apjomu tideni var
izmantot, lai aprékinatu nepiecieSamo mitraja virsmas platibu:

J =k (Cin = Coup). 2.3
kur

J — piesarnojosas vielas samazinasanas intensitate, g uz katru m? gada;

k — konstante, kas raksturo piesarpojuma samazina$anas intensitati
atkariba no mitraja virsmas platibas, m gada;

Cin — piesarnotaja koncentracija pie iepliades, mg-1°!;

Cou — piesarnotaja koncentracija pie izpliades, mg-1"! (Kusler & Christie,
2012).

Balstoties uz §1 petfjuma rezultata iegiitajiem datiem pilotobjektos un uz
citas valstis plasi izmantotajiem aprékiniem, sagatavots modelis maksliga mitraja
veida un dimensiju izvélei.

Modelis pieejams tieSsaisté https://lauvas.area.lv/MM/. Modeli paredzeéts
ievadit jebkuram konkrétam, lietotaja izvéleétam objektam atbilstoSus izejas
parametrus ar mérki giit ieteikumu par piemérotako mitraja konstrukcijas izveli
un provizorisku mitraja virsmas laukumu. Aprekinu dala modela lietotajam nav
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pieejama, tacu ta izklastita Saja darba. Modelis nav paredzets detaliz€tai
buvniecibas ieceres dokumentacijas iegiiSanai, jo projekt€Sanas laika jaapsver
lokalas objekta iesp&jas un ierobezojumi.

Vispirms modela lietotajam manuali jaievada izejas dati, kas
nepiecieSami talakajos aprékinos, tai skaita attiramo notekiidenu veids péc
izcelsmes, kas modela vidé noved talak pie izméramo parametru ailitém. Sada
klasifikacija lauj strukturét turpmako lémumu pienemsanu atbilstoSo maksligo
mitrdju efektivitates iespéjam. Izméramie parametri diferencéti atbilstosi tipisku
notekiidenu kritérijiem.

* Notekiidenu veids
péc izcelsmes
* Izméramie parametri

Rezultats, ko piedava
modelis
» leteicama maksliga

- - l\/{ode_lf 1ek1'au_t"21 mitraja konstrukcija
Izejas datus_ 1§vada nlzi_kgllgo mltra.Ju ¢ leteicama virsmas
manuali aprékinu metodika

platiba

-

2.3. att. Maksligo mitraju aprekina modela struktira

Nakamaja soli aprékinu precizitatei un pamatotibai lietotajam jaievada
prasito parametru izmé&ramas vertibas, tai skaitd, atseviSsku Gdenu kvalitates
parametru koncentracijas, mg-I"" un izejas dati, kas modelim lauj aprekinat
caurplidumu, m-dnn'. Modeli ielautajiem maksligo mitraju aprekiniem
izmantotas formulas no citu valstu likumdoSana iestradatiem un starptautiski
atzitas vadlinijas ieklautiem aprékiniem, ievert€jot Saja pétljuma iegltos
novérojumu datus, ka arT Latvijas klimatiskos un saimniekoSanas faktorus. Ka
praktiski pielietojamu rezultatu modelis piedava ieteicamo maksliga mitraja
konstrukciju un attiecigi aprékinatu mitraja ieteicamo virsmas platibu, m>.

Saja darba maksligais mitrajs ir apliikots ki notekiidenu attirisanas
iekarta, kas projekteta ar mérki uzlabot Gdens kvalitati. Ka pierada Latvija
uzbuvetie, ekspluatétie un iepriek$€jas nodalas aprakstitie petijuma objekti,
mitraja efektivitate var atSkirties atkariba no attirama tidens apjoma, kvalitates
un plismas reZima. Mingtie iepliistoSa notekiidens parametri ka mitraja
Stenback, 2020), ka arT ieklauti aprékinos. Iepliistosa jeb attirama notektidens
parametrus izmanto ka izejas datus maksliga mitraja konstrukcijas izvélei, lai
pielagotu efektivako un piemerotako tehnisko risinajumu. Maksliga mitraja
dimensijas un konstruktivais risinajums japielago attirama notekiidens
parametriem, ka arT tidens vélamajai kvalitatei pec attiriSanas.

Attirama tdens izcelsmes avots vairuma gadijumu norada uz sagaidamo
iidens apjomu, kvalitati un plismas rezZimu. Tap&c modelis maksliga mitraja
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veida un dimensiju izvelei ka pirmo izvéles opciju piedava atlasit attirama tidens
izcelsmes avotu. Piedavatas 5 izvéles iespgjas: lietus notekiideni, sadzives
notekiideni, ripniecibas notekiideni, lauksaimniecibas notece, cits variants.
Katra no mingtajam iesp&jam izveleta, pienemot, ka notekiidenu izcelsmes avots
iidens apjoma, kvalitates un plismas reZima zina biis defin€jams ka tipisks
notekiidens. Gadijumiem, kad kads no trim min&tajiem kriterijiem parsniedz vai
neatbilst tipisku notekiidenu raksturojumam, modeli ieklauta piekta izvele “Cits
variants”.

Mingéta izvéle laus jau pirmaja soli atlasit to attiramo tdenu parametrus,
kas katram no notekiidenu veidiem ir biitiskakais, attirot tos maksligaja mitraja.
Nav izslégts, ka katra individuala gadijuma attirama notekiidens parametri var
bt atskirigi, tapec precizaki dati tiek péc vajadzibas pieprasiti nakamajos modela
solos, kas aprakstiti nakamajas apakSnodalas. Literatiira pieejamie petfjumi
galvenokart versti pa vienam uz atseviskiem S$aja modell ieklautajiem
notekiidenu veidiem. Tapéc katra no piecam izvélém modeli aizved pie atSkiriga
maksligo mitraju dimensiongSanas scenarija. Atkariba no katra notektidenu veida
specifikas, Latvija speka esoSo normativo aktu prasibam un $aja promocijas
darba giitajiem pétijumu rezultatiem p&tjjumu objektos, katrs no pieciem modela
scenarijiem ietver aprékinus, kas pielagoti no citu valstu pieredzes maksligo
mitrdju projektéSana un dimensionéSana. Modelis galarezultata piedava
provizorisku ienakoSajiem notekiideniem piemérotako maksliga mitraja
konstrukciju un virsmas laukumu. Sis modelis veidots ka paligs maksliga mitraja
skices iegliSanai, un bez atbilstoSas buvprojekta dokumentacijas sertificéta
inZeniera vadiba nav paredzéts ka pamatojums biivniecibai. Modelis lauj pienemt
turpmakos 1€émumus saistiba ar objekta pieejamo platibu, ka arT iesp&jamam
buvniecibas un ekspluatacijas izmaksu pozicijam.

Pazemes pliusmas maksligo mitraju dimensiju aprekins

Maksligos mitrajus vairuma gadfjumu projekte, izveloties minimalo
pielaujamo virsmas laukuma platibu un zemakas iesp&jamas biivniecibas un
ekspluatacijas izmaksas. Tai pa$a laika nav vélams samazinat platibu, risk&jot
zaudet mitraja darbibas efektivitati attieciba uz piesarnojuma samazinaSanu.
Horizontalas pazemes pliismas maksliga mitrdja garuma platuma attiecibu,
izveloties taisnstira formu, iesaka 3 — 4:1 (Sim, 2003). Tomér atkariba no filtra
materiala un Skérsgriezuma laukuma, japarliecinas par mitraja caurvades spgju,
lai ta nebiitu mazaka par iesp&amo ienakoSo notekiidenu caurplidumu.
Filtracijas koeficients noteiks notekiidenu plasmas atrumu cauri filtra
materialam. NepiecieSamo Skersgriezuma laukumu rékina p&c DarsT likuma, péc
nepiecieSamibas matematiski izsakot filtra $kérsgriezuma laukumu:

K-dH-F
Qan =—— (2.4)

kur
Qun — notekiidenu vidéjais diennakts caurplidums, m* dnn'!;
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K — maksliga mitraja filtra materiala filtracijas koeficients, m dnn’';
dH — udens Iimenu starpiba iepludei pret izpladi, m;

L —filtracijas cela garums, m;

F — maksliga mitr3ja filtra $kérsgriezuma laukums, m?.

Mitraja nepiecieSamo virsmas platibu rékina, vadoties no ienakoSo un
velamo izejoso fidenu kvalitates raditaju koncentracijam. Ta ka pazemes pliismas
maksligos mitrajus visbiezZak izmanto tie§i sadzives notekiidenu vai citu
organiskas vielas saturoSu notekiidenu attiriSanai, tad mitraja virsmas laukumu
var aprékinat péc BSPs koncentraciju vélama samazinajuma (Sim, 2003; General
considerations, 1995) péc sekojoSas formulas:

Ap =K - Qan - (InCipy = InCoyye), (2.5.)
kur
Aj, — pazemes pliismas maksliga mitraja virsmas laukums, m?;
K — atruma konstante, m-dnn’';
Qun — notekiidenu vidéjais diennakts caurplidums, m*-dnn’';
Ci» — BSPs diennakts vidgja koncentracija pie ieplides, mg-1"!;
Cou — vElama BSPs diennakts vid€ja koncentracija pie izplides, mg-1-.

Atruma konstante ir BSP degradacijas atrums, kas atkarigs no vides
temperatiiras, tidens dziluma un filtra materiala porozitates. Latvijas apstakliem
var pienemt pie vides temperattiras 10 — 20 °C, ka horizontalas pazemes pliismas
mitrajiem ar atruma konstantei pienem robezas no 0.09 Iidz 0.15, bet vertikalas
pazemes plismas maksligajiem mitrajiem robezas 0.13 — 0.22 (Brown et. al.,
2000). Jo augstaka vides temperatiira, jo augstaku vértibu izv€las ka konstanti.

Virszemes plismas maksligo mitraju dimensiju aprekins
Virszemes pliismas maksligos mitrajus izmanto galvenokart drenu vai

virszemes notecu attiriSanai no lauksaimniecibas zemém vai lietus tdenu

attiriSanai, un vispirms jaapsver viet&ja rakstura faktori, kas raksturigi katram
konkrétajam objektam, tai skaitd topografiska situacija un notekiidenu
raksturojoSie parametri. Mitraja galvenas dimensijas ir:

. forma, ko izvelas ar meérki iegtit iesp&jami garaku notekiidenu pliismas
celu jeb trajektoriju;

. idens slana dzilums, ko izv€las, vadoties no ienakoSo tdenu kvalitati
raksturojoSajiem parametriem, un atbilstosi planotajiem
bakteriologiskajiem procesiem mitraja;

° hidrauliskais uzturéSanas laiks mitraja, ko izvé€las robezas no 1 Iidz 5
dienam (EPA, 1982), ja velas panakt efektivu BSPs un SV aizturé$anu,
bet 10 — 15 dienas, ja v&las panakt pilnvertigu nitrifikacijas —
denitrifikacijas procesu norisi, ka ari efektivai ortofosfatu fosfora
aizturéSanai (EPA, 1982);
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. vegetacijas veidu un vélamo izplatibu;
. spogula virsmas laukumu, kuram literatdra atrodami vairaki
dimension&$anas panémieni.

Lauksaimnieciba izmantojamo platibu, galvenokart drenétu aramzemju,
ganibu un zalaju noteces attiriSanai iesaka pienemt mitraja spogula virsmas
platibu atkariba no sateces baseina platibas, rékinot attiecibu 0.5 — 2%. Otra
pieeja virszemes pliismas maksliga mitraja spogula virsmas aprékinam ir balstita
uz 0Odens uzturéSanas laiku mitrdja. Udens bilanci aprekina atbilstosi
raksturigajiem objekta parametriem, nemot vera tieSu notekiidenu iepludi,
infiltraciju, iztvaikoSanu, nokri$nus, uzkrato Gdens daudzumu un izplides
parametrus (EPA, 1982).

Maksligo mitraju aprékina kalkulators

Izvélies parametrus

Izvélies notekadenu veidu v

Izvélies notekadenu veidu
Lietus notekadeni

Sadzives notekadeni
RaZosanas notekadeni
Lauksaimniecibas notekadeni
Cita veida notekadeni

1.6. att. Modela sakuma skats, notekiidenu veida izvele

Pirmais modela solis ir attiramo notekiidenu veida izvéle, no ka atkarigi
izejas parametri, kas nepiecieSami, lai wuzsaktu piemérotakas mitraja
konstrukcijas izveli un turpinatu ar maksliga mitraja dimensionéSanu. Sakotngji
janoskaidro, kada veida notekiidenus paredzets attirit. Piedavatas piecas izvéles,
kas Saja gadijuma veérstas uz konkrétu notekiidenu veidu, atbilstosi to specifikai
tipiskos apstaklos. Pirma izvéle “Lietus notektideni” jaizv€las, ja virszemes
notece no cieta vai dalgji caurlaidiga seguma tiek savakta un novadita ar lietus
kanalizacijas palidzibu, vai tiek novadita virszemes noteces veida. Otra izvéle
“Sadzives notektiideni” tiek atziméta, ja paredz@ts attirit tipiskus sadzives
notekiidenus no dzivojamam vai sabiedriskam &kam, kuras paterétaji uzturas
pastavigi vai periodiski. Brivdienu majam, vai citam &kam, kur cilvéku
uzturé$anas paredzeta izteikti periodiski, modeli janorada ta perioda parametri,
kad biis maksimalais paterétaju skaits. Modela tresa izvele “RazoSanas
notekiideni” vérsta uz notekiideniem no konkréta objekta, kuriem iesp&jams
izm&rit un modela nakamaja solT noradit galveno fidens kvalitates raditaju vidgjas
koncentracijas un tdens apjomu laika vieniba. Lauksaimniecibas raditais
noteklidens péc savas specifikas var nosaciti tikt iedalits divas dalas. Ja
nepiecieSams attirit virszemes vai drenu noteci no aramzemem, tad tiek piedavats
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viena veida aprekins. Ta¢u modelT ietverts arT otrs variants, kad virszemes notece,
Iidzigi ka lietus notekiidenu gadijuma, savacas no cietajiem un dalgji
idenscaurlaidigajiem segumiem, kas lauksaimnieciba izmantoto platibu
gadijjuma ir, pieméram, zemnieku saimniecibu pagalmu teritorijas, tehnikas
stavlaukumi. Var gadities, ka objekta ir apvienoti vairaku veidu notekideni. Tada
gadijuma jaizvelas piektais modell piedavatais “Cits variants”. Piekta varianta
izvele paredz maksliga mitraja aprékinu balstit uz ieprieks noteiktu, izméritu vai
aprekinatu notekiidenu apjomu laika vieniba, ka arT galveno Gidens kvalitates
raditaju vidéjam koncentracijam. Ja notekiidenu pieplides reZims ir izteikti
mainigs, tad Saja pirmaja soll jaapsver modela pirmas vai ceturtas izvéles
piemeéroSana.

2.4.1. Lietus notekiideni

Ar lietus notekiideni biezak saprot virszemes noteci, kas veidojas no
cietajiem virsmas segumiem apdzivotas vietas. Lietus notekiidens no pilsétvides
galvenokart satur suspendétas vielas, nesadegusos naftas produktus un ellas, ka
arT var saturét cietos atkritumus no ielam. Planojot lietus notekiidenu attiriSanu
pilsetvidg, tradicionali Latvija projekt&tas caurulvadu sisteémas, kas novada lietus
notekiidenus pec iesp&jas atrak prom no teritorijas. Ar ilgtsp&jigu pieeju lietus
notekiidenu apsaimniekoSana pilsétas (Sustainable urban drainage system) tiek
ieviesti arvien vairak misdienigu risindgjumu, kas lauj nokrisnu radito fidens
daudzumu uzkrat, infiltrét, attirit un apsaimniekot nelielos sateces baseinos,
tadejadi samazinot apsaimniekojama fidens apjomu un akumuléto piesarnojuma
daudzumu. Planojot lietus notekiidenu attiriSanu maksligajos mitrajos, no tidens
kvalitates raditaju viedokla japiever§ uzmaniba salidzinosi zemajam organisko
vielu daudzumam, nelielajai biog€no elementu koncentracijai, palielinatam
suspendéto vielu daudzumam. Lietus notekiidenu piepliides rezims ir izteikti
neregulars, paredzami ilgsto§i sausuma periodi, kad nokriSnu nav, tacu
paredzami arT nokri$nu periodi ar sp&cigam, iesp&jami ilgstosam lietusgazeém un
potenciali lielu tidens apjomu 1sa laika perioda. Min&tie parametri janem vera,
izveloties maksliga mitraja konstrukciju.

Uzsakot lietus tdenu apsaimniekoSanas projekt€Sanu, vispirms
janoskaidro lietustidenu apjoms. Maksligo mitraju aprékinu modelt notekiidenu
apjoms balstits uz LR btivnormativa (LBN 223-15, 2015) pieejamo aprékina
formulu 2.6., kas ieverté sateces baseina platibu, virsmas segumu veidu un
regionu, kura atrodas objekts.

Lietus Gdenu aprékina daudzumu rékina p&c maksimalas intensitates
metodes atbilstosi LBN 223-15 (2015):

Zo . A1'2'F
qr = “fizno1 > (2.6.)
kur

Zmid — Vid&jais noteces baseina virsmu raksturojosais koeficients;
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n — parametrs, kas atkarigs no P (gadi) atkartotibas un objekta geografiska
novietojuma. AtbilstoSi normativam, jaizvélas objektam tuvaka pilséta;

F — noteces aprékina platiba objekta, ha;

t- — lietus Gdenu tec€Sanas aprékina ilgums (miniites), kas atkarigs no
iidenu tec@Sanas laika pa virsmas segumiem un aprékina posmiem objekta;

A — parametrs, kas atkarigs no lietus intensitates un vienreiz&jas lietus
aprékina intensitates parsniegSanas perioda konkrétaja apvidi. Parametru A
rékina peéc LBN 223-15 (2015) piedavatas formulas:

log P
A=qy-20"-(1+ %}1-54 , 2.7)

kur

g0 — lietus intensitate (I-s' ha) atbilstosi objekta geografiskajam
novietojumam, ja lietus ilgums ir 20 miniites;

n - Kkapinatajs, ko nosaka atbilsto§i objekta geografiskajam
novietojumam;

P — vienreizgjas lietus aprékina intensitates parsniegSanas periods, ko
pienem atbilstosi objekta geografiskajam novietojumam;

m, - vid€jais lietus reiZu skaits gada siltaja sezona.

Aprekinam nepiecieSamie parametri un koeficienti atrodami mingta
normativa pielikumos, un tie jaizvelas atbilstoSi konkrétam objektam, tos nav
iesp&jams visparinat uz vienu paraugobjektu. Aprékina modell pienemts attirit
tipiskus lietus Gidenus no apdzivotas teritorijas. Tadgjadi piedavats izveleties
virszemes plismas maksligo mitraju ka piem@rotako konstrukciju, un virsmas
platiba rékinama balstoties uz hidrauliskas slodzes atrumu un tdens pliismas
atrumu, kur maksligais mitrajs darbosies galvenokart suspendéto vielu un ellas
un naftas produktu aizturéSanai. Ka galvenais parametrs Seit uzskatams tdens
uzturéSanas laiks mitraja, ko pienem 4 stundas. Mitraja spogula virsmas platiba
aprekinama péc iegiita lietus tidenu aprékina daudzuma, tidens uzturésanas laika
un ieteicama tdens slana dziluma, t.i., 0.5 m. Ja objekta sateces baseina platiba
parsniedz 3 ha, tad ieteicams apsveért citas vai kombinétas maksligo mitraju
konstrukcijas.

2.4.2. Sadzives notekuideni

Sadzives notekiideni veidojas cilvéka saimnieciskas darbibas rezultata,
fddenim  piejaucoties organiskajam  vielam, cilvéka fiziologiskajiem
izdalfjumiem, mazgaSanas Iidzekliem u.c. Tipisku sadzives notekiidenu sastavs
noteikts normativajos dokumentos, LR MK noteikumos Nr. 34 (2002), kur BSPs
koncentracija noradita 150 — 350 mg-1"!, KSP robezas no 210 — 740 mg-1",
kopejas suspendétas vielas 120 — 450 mg-l', un kopgjais fosfors
6 — 23 mg-1", kopgjais slapeklis 20 — 80 mg-1" robeZas. Latvija sadzives

-

notekiidenu attiriSanas sistémas tiek projektetas, blivetas un apsaimniekotas
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atbilstosi speka esoSajiem normativajiem aktiem (LR MK noteikumi Nr. 34,
2002; LR MK noteikumi Nr. 327, 2015). Sadzives notekidenu attiriSanas
tehnologijas ieteikts izveleties, vadoties p&c sasniedzamas attirita adens
kvalitates raditajiem, nelieliem objektiem ar paterétaju skaitu zem 2000 CE
nosakot robezvertibas BSPs, KSP un SV. Specifiska attiriSanas metode netiek
reglament€ta, taCu maksligais mitrajs atbilst LR MK noteikumu 37. punktam (LR
MK noteikumi Nr. 34, 2002) par atbilstoSu attiriSanu, jo nodroSina atbilstoSu
tdens kvalitati attirito notekiidenu ievadiSanai valgja tidenskratuve vai infiltrét
grunti. Pie atbilstoSa risinajuma, maksligais mitrajs izpilda pirméjas attiriSanas
kritérijus, jo novadito notekiidenu BSPs tiek samazinats vismaz par 20% attieciba
pret ienakoSo slodzi un SV daudzums tiek samazinat par vismaz 50%, ka ar1 var
tikt projektéts ka otrgja attiriSana, jo pazemes plismas maksligaja mitraja
notekaideni tiek attiriti galvenokart balstoties uz biologiskiem procesiem.

Sadzives notekiidenu piepliides reZims ir sam@ra regulars, un apjoms
prognozg&jams, kas kopuma atvieglo notektidenu attirisanas iekartu projekt€sanu.
Izveloties maksligos mitrajus ka sadzives notekiidenu attiriSanas iekartu, izvelas
konstrukciju, kas neveicina smaku izplatiSanos, nodroSina stabilu notektidenu
attiriSanas efektivitati visa ekspluatacijas laika, arT ziemas perioda. Janem vera
un janoveér§ grunts piesarnoSanas riski, maksliga mitrdja pamatni projektgjot
hermétisku.

Sadzives notekidenu apjomu rekina atbilstosi speka esoSajam
normativam LBN 222-15 (2015) péc dzerama iidens patérina atkariba no
patérétaju skaita:

_ SgN
~ 1000

Qan 2.8.)

kur

Sy — Udens pat€rina norma uz vienu iedzivotaju, ko pienem atkariba no
idens izdales ieri¢u parametriem un labiekartotibas pakapes objekta, 1-dnn'';

N — patérétaju skaits objekta.

Sadzives notekiidenus pirms attriSanas maksligaja mitraja paredz
nostadinat 3 diennaktis. NostadinaSani paredz segtu septiki vai valgju
nostadinsanas diki bez savienojuma ar gruntsiideniem. Nostadinasanai paredz&to
tilpumu rékina péc vidgja fidens patérina uz objekta esoso iedzivotaju skaitu.

Sadzives notekiidenu attiriSanai maksligajos mitrajos §1 darba ietvaros
sagatavotaja aprékinu modeli tiek piedavata pazemes plismas konstrukcija,
laujot izdarit izveli starp vertikalu vai horizontalu pliismas virzienu filtra.
Maksliga mitraja virsmas platiba tiek rékinata péc BSPs koncentraciju vélama
samazinajuma formulas 2.5. Par iepliistoSo BSPs koncentraciju tiek pienemta
tipiskiem sadzives notekiideniem raksturiga, speka eso$a normativa defineta, un
par velamo izpludes koncentraciju tiek pienemta speka esosa LR MK
noteikumos Nr. 34 reglament&ta BSPs koncentracija.
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Horizontalas pazemes pliismas mitraja aprekina izmantots koeficients
0.14, kas atbilst gaisa temperatirai 10 °C, bet vertikalas pazemes pliismas
maksliga mitraja aprékinam izmantots koeficients 0.30, kas atbilst gaisa
temperatirai 10 °C. Ta ka gaisa temperatira ir atSkiriga pa sezonam, tad
pienemta vid&ja gaisa temperatiira. Ja paterétaju skaits parsniedz 100 CE, tad
aprékinu modelis piedava apsvert kombin€tas maksligo mitraju konstrukcijas,
kombingét attiriSanas metodi maksligajos mitrajos ar citam notekiidenu attiriSanas
metodeém vai izveleties citas tidens kvalitates uzlaboSanas metodes. Ja planots
notekiidenus attirit kombing&ti, pamata izmantojot cita veida attiriSanas iekartas,
bet maksligo mitraju projekteét ka pecattiriSanas iekartu vai iesp&jamu avarijas
parpliZzu uztverta tdens attiriSanas iekartu, tad par aprékina izejas datiem
izmanto sagaidamos maksligaja mitraja ieplustosa tidens kvalitates raditajus.

2.4.3. Razosanas notekiideni

Razosanas notekiidenus rada raZoSanas uznémumi sava tehnologiskaja
procesa, kura iesaistits Gidens. Atkariba no izejvielu un galaproduktu specifikas,
vai vairakiem izmantoSanas cikliem vairs neatbilst v€lamajiem @idens kvalitates
krit€rijiem, un to ir nepiecieSams attirit. Atskirigas raZzoSanas jomas notekiuideni
var kvalitativi un kvantitativi atSkirties. Izvertgjot raZosanas notekiidenus pec
piejaukto vielu satura un apjoma, atbilsto§i Latvija speka esoSajiem
normativajiem dokumentiem, (LBN) tos attira vai nu kopa ar sadzives
notekiideniem, izmantojot biologiskas metodes, vai paredz papildu attiriSanas
metodes, ja BSPs, KSP, suspendéto vielu koncentracijas parsniedz tipiskos
sadzives notektidenos (LR MK noteikumi Nr. 34, 2002) noverotas koncentracijas
vai ja razoSanas notekiidenos sastopamas kadas sadzives notekideniem
netipiskas vielas. RaZoSanas notekiidenu piepliduma reZims var bt atkarigs no
tadiem faktoriem ka mainu garumi un sadalijjums ripnica, raZoSanas cikls,
sarazotas produkcijas apjoms utt.

RazoSanas notekiidenu attiriSanai var projektét maksligos mitrajus, ja
notekiideni atbilst ar biologiskam un mehaniskam metodém attiramu notekiidenu
kvalitatei (Nurmahomed et.al., 2022). Sada gadijuma aprékini balstimi uz
attiramo raZoSanas notekiidenu sakotngjas piesarnojoSo vielu koncentracijas un
uz vélamas piesarnojoSo vielu koncentracijas péc notekiidenu attiriSanas, ka ari
uz notekiidenu apjoma un piepliides reZima. Lidzigi ka projekt€jos sadzives
notekiidenu attiriSanu, janem vE&ra un janover§ grunts piesarnos$anas riski,
nepiecieSamibas gadijjuma maksliga mitraja pamatni projektgjot hermétisku.

RazoSanas notekudenus, ja tie p&c BSPs, KSP un SV koncentracijam
Iidzinas tipiskiem sadzives notekiideniem, pirms attriSanas maksligaja mitraja
paredz nostadinat 3 diennaktis. Nostadinasani paredz segtu septiki vai valgju
nostadin$anas diki bez savienojuma ar gruntsiideniem. Notekiidenu apjomu
rékina atbilstosi razoSanas tehnologijai vai péc speka esosa Latvijas
blivnormativa.
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Aprekinu modelt jaievada dati par planoto notekiidenu apjomu, ka art
planotas vidgjas tdenu kvalitates parametru koncentracijas. Ja raZoSanas
notekiideni satur citas piesarnojosas vielas, kas modell nav piemingtas, jaapsver
citas tehnologijas izvele notekiidenu attiriSanai vai notekiidenu priekSapstrade.
Otraja soli modeli ieklauts pazemes pliismas mitraja aprékins atkariba no
ienako$as un izejosas Gidenu kvalitates parametru koncentracijas péc formulas
2.5., attiecigi ar horizontalas pazemes plismas mitraja koeficientu 0.14, un
vertikalas pazemes pliismas maksligd mitraja koeficientu 0.30. Ja ievaditas
ienakosas BSPs un KSP koncentracijas ir attiecigi zem 35 un 125 mg-1", tad var
uzskatit, ka attiramais tidens péc sastava lidzinas lietus notekiideniem vai drenu
notecei, un modelis piedava izvéléties virszemes pliismas maksligo mitraju. Saja
gadTjuma mitraja virsmas platiba tiek rékinata pec kopgja slapekla iepliistosas un
izejosas koncentracijas, ka arT péc notekiidenu apjoma mitraja tilpumu rékinot uz
4 stundu uzturgSanas laiku. Modelis ka gala virsmas platibu piedava lielako
aprékinato variantu. Ja paredzamais notekiidenu apjoms parsniedz 20 m?-dnn™!,
tad aprékinu modelis piedava apsvert citas vai kombin&tas maksligo mitraju
konstrukcijas.

2.4.4. Notekiideni no lauksaimnieciskas darbibas

Notekiidenus no lauksaimnieciskas darbibas veido virszemes un drenu
notece no lauksaimnieciba izmantotajam platibam. Ministru kabineta
noteikumos Nr. 329 tiek definéti ka notece jeb Gidens aprites daba sauszemes
posms, kur§ notiek pa zemes virsmu (virszemes notece), augsni un iezZu slaniem
(pazemes notece). Saja pétijuma piedavatas divas atikirigas pieejas
lauksaimnieciskas darbibas raditu notekiidenu attiriSanai mitrajos. Drenu un
virszemes notecei no lauksaimnieciba izmantotajam platibam iesp&jama augsta
nitratu slapekla (Lagzdins et.al, 2012) un/vai suspend@to vielu koncentracija.
Organisko vielu saturs §ada notec@ visbiezak ir zems. Aprékinu modelt ka izejas
dati jaievada lauksaimnieciba izmantotas platibas sateces baseina kopgja platiba,
ha, un piedavats izveleties virszemes plismas maksligo mitraju fidenu kvalitates
uzlabosanai pirms ieplides valgja tidenskratuve. Literatlira atrodams un modelt
ieklauts, ka mitraja virsmas laukuma un sateces baseina laukuma attiecibai jabiit
vismaz 0.5 — 2%, un maksliga mitraja jabat pastavigam un blivam vegetacijas
segumam (Darwiche-Criado et al., 2017; Tournebize et al., 2017). Modelis
nepiedava talakus risinajumus, ka mitraja novietojums objekta un tidens Iimena
reguléSanas buives konstrukcija. Talako tehnisko risinajumu izveli nepiecieSams
piemérot atkariba no objektam raksturigiem apstakliem. Piem@ram, augsnes
granulometriskais sastavs, lauksaimnieciskas darbibas veids un intensitate
ietekm& augu baribas vielu un suspend@to vielu izskaloSanos un to daudzumu
iident. Atkariba no notekiidenu sastava un apjoma jaizverte maksligd mitraja
konfiguracija, tai skaita Gidens slana dzilums, garuma un platuma attieciba un
vegetacijas veids, noklajums un izvietojums. STs izvéles gadijuma modelis
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piedava ieteicamo mitraja platibu attieciba pret kop€jo sateces baseina laukumu,
pienemot, ka mitraja vidgjais tdens slana dzilums ir 0.7 m.

Otra pieeja ietver virszemes noteces attiriSanu no lauksaimnieciskaja
darbiba izmantotam teritorijam ar cieto virsmas segumu, kur iesp&ama
organisko vielu klatbtitne notekiidenos (Vymazal et.al., 2020).

Modelis ietver lietus Gideniem atbilstoSu apjoma aprékinu p&c 2.6. un 2.7.
formulas un attiramo notekiidenu koncentraciju pienem atbilstosu tipiskiem
sadzives notekiideniem, balstoties uz p&tijjumu objekta MeZacirulos novérotajam
iepliistoSajam notekiidenu koncentracijam. Modelis piedava pazemes pliismas
maksliga mitrdja konstrukciju, un virsmas platiba tiek rékinata analogi sadzives
noteklideniem. Krajbaseinu un mitraja filtra dalu biivé hermétisku, bez
savienojuma ar gruntstideniem.

Lauksaimnieciskas darbibas rezultata raditie cita veida notekideni, kas
satur smagos metalus, pesticidus vai citas piesarnojosas vielas (Vymazal &
Brezinova, 2015), vai arT izteikti koncentréti notekideni no lopkopibas, méslu
kratuvém vai skabbaribas tvertném, §aja aprekinu modeli nav ieklauti. Sados
gadijjumos jaapsver notekidenu priekSattiriSana, un citas vai kombingtas
maksligo mitraju konstrukcijas.

2.4.5. Citi notekudeni

Ka piekta izvéle modela pirmaja soli piedavata “Citi notekiideni”. Sis
solis lauj ieklaut tos gadijumus, kad notekiideni tieSa veida neatbilst nevienam
no iepriek§mingtajiem notekiidenu izcelsmes avotiem vai arl sastada
kombinaciju no vairakiem izcelsmes avotiem. Noteikumi par piesarnojoSo vielu
emisiju tdeni defin€ arT komunalos notekiidenus, kas nav klasificjami ka
atsevisSki sadzives, razoSanas vai lietus notekiideni, bet veidojas no divu vai
vairaku dazadu notekiidenu sajaukuma. levadamas @idenu kvalitates raditaju
koncentracijas jaizvelas vidéjas noverotas vai planotas. Aprékina algoritms Saja
izvele ir analogs razoSanas notekiidenu aprékinam. Kombin&tu notekiidenu
gadijuma var paradities izteikti liela amplitiida starp maksimalo un minimalo
vienu vai vairakiem kvalitates parametriem. Modeli ieklauta izvéle “citi
notekiideni” ir piemeérota tad, ja ir iesp&jams noteikt raksturigo vid€jo attiramo
notekiidenu kvalitati, defingjot paredzamo BSPs5, KSP, Niop, Piop un SV
koncentracijas mg-1"!, ka arT notekiidenu apjomu m*-dnn’!.

Pec §is aprekina metodikas un piedavata modela var ieglit visparigu
rezultatu, kas nav piesaistits katra konkréta objekta specifiskajiem parametriem,
pieméram, esosa topografiska situacija, grunts sastavs un gruntsiidens ITmenis,
teritorijas izmantoSanas noteikumi. legiita konstrukcija un mitraja izmérs un
dimensijas ir ka pirmais izejas materials projekteSanai, kas turpmak pieprasa
inZeniertehniskus risindjumus katra konkréta gadijuma, un pielauj atkapes,
atkariba no v€lama fidenu kvalitates rezultata.
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3. REZULTATI UN DISKUSIJA

Pétijuma gaita iegltie rezultati ir tris monitoringa objektos novérota
maksligo mitraju darbibas efektivitate attieciba uz noveroto piesarnojoso vielu
koncentraciju samazinaSanu notekiideni. Noveértéti mitraju efektivitati
ietekméjosie faktori un to kumulativa ietekme uz piesarnojuma samazina$anu
udent. Izverteti piemerotakie mitraju konstruktivie risindjumi un ekspluatacijas
priekSnosacijumi  iesp&ami  augstas mitrdja  darbibas  efektivitates
nodroSinasanai. Izstradata un raksturota aprékinu metodika, kas ieklauta
aprékinu modeli, mitraja konstruktiva risinajuma un dimensionalo parametru
izvelei dazada veida un apjoma notekiidenu attirisanai.

3.1. Piesarnojuma izmainu analize daZadas konstrukcijas maksligajos
mitrajos Latvija

Piesarnojuma izmainas péc notekiidenu attiriSanas maksligajos mitrajos
tiek vertétas, vadoties no piesarnojoSo vielu koncentraciju izmainam, salidzinot
iepliides un izpludes raditajus, ka ar1 péc noverota caurpliduma.

Novéroto iidenu kvalitates parametru analize pétijumu objektos tika
veikta, starp pieciem analizétajiem parametriem Niop, NO3-N, NH4*-N, Pyop un
PO4—P, sakotngji meklgjot linearu korelaciju, salidzinot iepliides un izpliides
raditaju koncentracijas diviem maksligajiem mitrajiem MeZacirulos un vienam
maksligajam mitrajam Zante.

Visas petijuma ieklautajas pilotteritorijas, pazemes un virszemes pliismas
maksligajos mitrajos noverojami mainigi fidens attiriSanas efektivitates raditaji
attieciba uz petijuma ieklautajam piesarnojosajam vielam Nyop, NO3-N, NH4*-
N, Pyop un PO4-P. Fosfora un slapekla koncentraciju izmainas mitrajos ilggadiga
griezuma nenotiek péc linearas sakaribas. Tas izskaidrojams ar vairaku
koncentraciju izmainas ietekmé&joSo faktoru sezonalajam un ilggadigajam
svarstibam. Ka piemeérus mitraja efektivitati ietekméjoSajiem faktoriem var
minét mainigu caurpliidumu, fidens ITmeni un pliismas atrumu, gaisa un tdens
temperatiiru, iespgjamo atSkaidjjumu mitraju vidusdala, kas netiek fiksétas ar
mérfjumiem (Crumpton & Stenback, 2020). Tadgjadi korelacijas koeficients nav
derigs izmantoSanai, lai meritu sakaribas speku starp ieplides un izpliides
koncentracijam, ta vertiba tiecas uz 0.

Lidziga satura p&tfjumos izmantotas dazadas neparametriskas statistikas
metodes datu interpretacijai, pieméram, Spirmana korelacija. Sadu ieteikumu
pamato ar1 fakts, ka iegiita Gidenu kvalitati raksturojoSo datu rinda neveido
normalu sadalijumu un kop€ja monitoringa laika iegiito datu izkliede ir liela. Ta
ka maksligajos mitrajos norisinas daudzveidigi attiriSanas procesi, kas katru no
tidenu kvalitates raditajiem un to attiriSanas efektivitati ietekme atskirigi,
turpmakajas nodalas dati apskatiti tematiski saistiti un analiz&ti atseviski atkariba
no procesiem, kas tos mitraja ietekme.
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3.1. tabula. Analizéto tidenu kvalitates parametru vidéjas koncentracijas,
vid€ja aiztureSanas efektivitate, koncentraciju un piesarnojuma

aizturesanas efektivitates medianas

Videja Koncentracij Piesarnoj
Udenu | koncentracija u, mg-1, Videja uma
Monitori | kvalitat , mg-1! mediana aizturéSa | aizturéSan
nga es nas as
objekts | parame | Iepla | Izpla | Ieplu | Izpla | efektivita | efektivitat
trs de de de de te*, % es*, %,
mediana
NOs5-N 2.639 2.200 0.200 0915 -17 358
Pazemes NH,*-N 7.382 2.429 4.110 1.475 -67 -64
ltismas
PIUSTAS | Nep | 15137 | 6937 | 14.000 | 6.300 54 55
maksligai
S mitrajs PO, -P 5.582 1.824 2.770 0.244 -67 91
MeZzacirul [ - 6762 | 1.894 | 3.063 | 0314 72 -90
1
SV 1039'30 39.026 | 50.261 | 26.916 -62 -46
NOs5-N 10.590 | 9.530 9.000 10.856 -10 21
Virszeme | NpoN | 0447 | 0340 | 0175 | 0236 24 35
s plismas
maksligai | N | 12073 | 10.951 | 9.950 | 12.000 9 21
s mitrajs | po,-P | 0.083 | 0.079 | 0038 | 0.030 -5 21
Mezacirul
i Prop 0.152 0.111 0.074 0.072 =27 -3
SV 43.529 | 38.889 | 29.472 | 27.255 -11 -8
NOs-N 2.344 2.409 1.614 1.636 3 2
Virszeme | NH#-N | 0.023 | 0031 | 0010 | 0014 50 0
S plﬁsma§ Nkop 2.844 2.909 1.900 1.910 2 1
maksligai -
s mitrajs PO, -P 0.027 0.028 0.005 0.006 0 0
Zante Pyop 0.047 0.049 0.018 0.019 0 0
SV 32.186 | 29.726 | 15.356 | 7.099 -8 -54

*Pozitivs efektivitates raditajs nozime tidenu kvalitates raditaju koncentracijas
palielinasanos pie izpludes. Negativs efektivitates raditajs nozimé tidenu kvalitates
raditaju koncentracijas samazinasanos pie izpliides.

Aritmetiskas vidgjas koncentracijas noveéroto ekstrémi augsto vielas
koncentraciju d&] var neradit pilnvertigu prieks$statu par raksturigo koncentraciju
sadaltjumu.

Sesiem analizétajiem parametriem Nyop, NO3™-N, NH4*-N, Pyop, PO4-P un
SV tika parbaudita sakariba starp parametru ienakoS$ajam koncentracijam un
konkréeta parametra attiriSanas efektivitati. Saistiba starp §o parametru grupam
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netika atrasta, tatad var secinat, ka petjjuma ieklautajos monitoringa objekts
fosfora un slapekla savienojumu attiriSanas efektivitate nav atkariga no
parametra koncentracijas iepliistosaja notekdent.

Noverota notekiidenu apjoma analize pétijumu objektos tika realizeta,
registréjot Gidens limenus pie mérbavém. Notekiidenu apjoms laika vieniba jeb
caurplidums tika novérots un analiz&ts katram no trim pé&tjjumu objektiem.
Pazemes plasmas maksligaja mitraja Mezactrulos noverots maksimalais
caurplidums sasniedz 328 1-s! 2017. gada novembri un pietuvojas 300 1-s!
2018., 2019. un 2020. gada marta méne$os. Maksimalie caurplidumi pavasart
liecina arT par iesp&jamiem infiltracijai nelabvéligiem apstakliem, kas varétu
izraisit strauju lietustidenu virziSanos pa lietus kanalizacijas sisttmu uz maksligo
mitraju.

Virszemes plismas maksligaja mitrdja MeZacirulos caurplidums
parrekinats balstoties uz datu logera iidens ITmenu automatiskajiem
novérojumiem pie pargaznes mitraja iztekd. Sis mitrajs ir savienots ar
gruntsiideniem, bez hidroizolacijas, un var secinat, ka idens caur mitraja pamatni
infiltr§jas gruntil. Par to liecina arT caurplidumu vaja reakcija uz nokriSnu
epizodém vasaras periodos, kad apkartgjas teritorijas tika noveérots mitruma
deficits un tdens Itmenu kritums melioracijas gravjos, akas un Eglones upé.
Turklat monitoringa laika noveroti atseviski periodi, kad mérbiive neatradas
darba kartiba un notika tidens kustiba apkart merbuvei, divos gadijumos 2018.
caurplidums tika novérots 95.8 1-s™1 2020. gada aprili, vid&ji novérojumu perioda
15 dienu vidgjais caurplidums novérots 16.4 1-s7!.

Lai noskaidrotu, vai pastav statistiska saistiba starp noverotajiem
caurplidumiem un nokri$nu summu $aja regiond, izmantota Pirsona korelacijas
metode, kas mera statistisko saistibu starp diviem nepartrauktiem mainigajiem,
kas $aja petfjuma ir 15 dienu vidg&jais caurpliidums un 15 dienu nokri$nu summa.
Virszemes plismas maksligaja mitraja MeZacirulos konstatéta vaja Pirsona
korelacija 0.213, kas vispirms saistits ar to, ka meliorétas aramzemés drenu
notece veidojas ar laika nobidi péc lietusgazém. lesp&jams, ka Saja objekta
noméritie iidens ITmeni pilnvertigi neatspogulo mitraja iepliistoso tidenu apjomu.
Var izdarit vairakus iesp&amus secindgjumus par to, kas ietekm& noveérota
caurpliduma reZimu. Monitoringa laika atzimétie noveérojumi, ka tdens
infiltr&jas gruntl visa mitraja pamatnes platiba, tidens tiek nemts apiidenoSanas
vajadzibam bez uzskaites, neattiriti notekiideni tiek epizodiski ievaditi mitraja
vidusdala bez uzskaites, meérbiive periodiski neatrodas darba kartiba. Tacu Sie
secindjumi neatspogulo mitraja darbibas efektivitati, bet drizak apliecina lauka
Itmena monitoringa objektu nepastavigo un griiti kontrolgjamo raksturu.

Pazemes plismas maksligaja mitraja Mezacirulos konstateta vaja Pirsona
korelacija 0.354, un arT lietus notekiidenu savakSanas sist€ma varétu novadit
tidenus lidz mitrajam ar nelielu laika nobidi. Saja gadijuma zema korelacija starp
nokri§nu summu un vidéjiem novérotajiem caurplidumiem liek mekléet vel kadu
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skaidrojumu. Seit vélreiz jamin lauka pétfjumu objektu specifika un griiti
kontrol&jamais raksturs, kas atSkiras no laboratorijas Iimena p&tijumiem.

Vertgjot noveroto tdens uzturéSanas laiku maksligajos mitrajos, kas ir
minéts ka viens no nozimigakajiem faktoriem piesarnojoSos vielu attiriSanas
konteksta (Varga et.al., 2017; Crumpton & Stenback, 2020; Nurmahomed et.al.,
2022), var secinat, ka liela nozime ir caurplidumam, ko ietekmé attirama tdens
piepliides re7ims. Udens uztur&Sanas laiks pazemes pliismas mitraja MeZacirulos
pie videjiem caurplidumiem noveérots 4.7 stundas, bet virszemes pliismas mitraja
62.6 stundas. Hidrauliskas slodzes atrums, rékinats pec 1.1. formulas, vidgji ir
4.6 m-dnn’! un maksimalo caurplidumu laika ir 66 m-dnn’' pazemes pliismas
maksligaja mitraja. Virszemes pliismas mitraja MeZacirulos hidrauliskas slodzes
atrums pé&c novérota caurpliduma apréekinats videji 0.38 m-dnn’' un maksimalo
caurplidumu laika 2.2 m-dnn’!. Vertgjot péc abu mitrdju novérotajam tdens
kvalitates raditdju izmainam, var secinat, ka hidrauliskas slodzes atrums
neatspogulo mitraja efektivitati, jo kopuma pazemes plismas maksligais mitrajs
MezZactrulos ir uzradijis ievérojami augstaku efektivitati. Efektivitate vertgjama
kompleksi, kur viens no skaidrojumiem divos min&tajos objektos ir atSkirigs
konstruktivais risinajums ar filtru viena, bet fidens slani otra gadfjuma. Turpmak
darba izverteti ar citi noveérotie nozimigakie faktori, kas varétu veidot ietekmi
uz mitraja darbibas efektivitati.

Ortofosfatu fosfora un kopéja fosfora izmainu analize

Fosforam nav gazveida formas, un, lai samazinatu fosfora savienojumu
koncentraciju notekiidenos, tada veida uzlabojot Gidenu kvalitati, maksligajos
mitrajos fosfora savienojumi tiek aiztureti (Keddy, 2010), uzkrati nogul$nu veida
un uznemti ar augiem.

Ta ka sorbcija tiek veicinata ar Al, Mg un Fe klatbaitni, tad pazemes
plismas maksligaja mitraja svariga nozime ir filtra materiala sastavam. PO4-P
un Py, attiriSanas efektivitate p&tfjumu objektd pazemes plismas maksligaja
mitraja MeZacirulos bijusi stabila un augsta visa noveérojumu perioda, ko
demonstré 3.3. attéls. Redzams, ka vidgjas koncentracijas samazinaSanas
efektivitates vertibas ortofosfatu fosfora un kopé&ja fosfora koncentraciju
aizturéSanai izkartojusas ar uzsvaru uz koncentraciju samazinajumu pie izpliides.
Tas vertibas, kas uzrada fosfora savienojumu palielina§anos péc izpliides no
mitrdja, vert§jamas ka izpémuma gadijumi, kas tomeér atstaj ietekmi uz
efektivitates vidéjam vertibam.

Vertgjot attiriSanas efektivitates izmainas pa gadiem, kopgja fosfora
vidgja attiriSanas efektivitate bijusi zema 2019. un 2021. gada. Detalizéti
aplakojot Sos gadus, redzams, ka 2019. gada no kopgja fosfora koncentracijas
samazinajusas tikai no maija Iidz augustam, pargjos ménesos mitraja darbiba nav
uzradijusi efektivu fosfora savienojumu attiriSanu. 2021. gada vidgjo
efektivitates vertibu ietekmé Cetras mérijumu epizodes no februara lidz maijam,
kad izpludes koncentracijas bijuSas kritiski augstakas par iepliudes
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koncentracijam. Tas varétu bt saistits ar 2021. gada konstatétajam
ekspluatacijas nepilnibam, kas radijis negativu ietekmi uz visiem tdenu
kvalitates parametriem un mitraja darbibas efektivitati kopuma. Kopgja fosfora
koncentraciju samazindjums pie izpludes novérojams lielaks neka tikai
standartkliidu robezas, un var secinat, ka kopgja fosfora samazinajums lielakaja
dala noverojuma gadu ir nozimigs.
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Kopéja fosfora koncentracijas,

3.1. att. Videjas kopeja fosfora koncentracijas un standartkludas pie
iepliides un izpliides no pazemes pliismas maksliga mitraja MeZacirulos

Virszemes plismas maksligie mitraji MezZactrulos un Zanté kopuma
uzradijusi salidzinoSi zemu fosfora savienojumu aiztures sp&ju. Mitraja
Mezacirulos par vienu no zemas efektivitates iemesliem fosfora savienojumu
aizturé$ana varétu bit neliels vegetacijas daudzums un nevienmérigs noklajums
pa mitraja platibu. Fosfora savienojumu aizturéSanu ietekmé drizak bliva un
nobriedusi vegetacija un mazak sateces baseina un spogula virsmas attieciba.
Vegetacijas izplatiba mitraja palielina sp&ju saglabat efektivu fosfora
savienojumu aizturSanas sp&ju un noturibu pret pekSnpam un Tslaicigam tGdens
plismas atruma izmainam (Kill et al., 2022). Virszemes plismas maksligais
mitrajs MeZacirulos demonstré vegetacijas kritisko nozimi attieciba uz fosfora
savienojumu aizturéSanas sp&ju.

Mitrajs Zante uzrada fosfora savienojumu koncentraciju procentualu
palielinaganos pie izpldes, lai gan vegetacija $aja mitraja ir mérktiecigi stadita
biivniecibas laika. Tomer, vertgjot skaitliski PO4-P un Py, ieplides un izpliides
koncentraciju absoluitas vertibas, vidgjas vertibas neatskiras ieplidei no izpludes,
tapat neatSkiras arT medianas, ka redzams 2.1. tabula. Turklat ieplistosas fosfora
savienojumu koncentracijas ienakoSaja tideni ir salidzinoS$i zemas, iznemot ar
vienu izteiktu palielindjuma epizodi 2021. gada 27. augusta, kad novérota Py
koncentracija 0.96 mg-1"! pie ieplides. Kopuma var secinat, ka virszemes
plismas maksligais mitrajs Zant€ darbojas neitrali attiectba uz fosfora
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savienojumiem, tos neaiztur un neuzkraj.

Nitratu slapekla, amonija slapekla, kopéja slapekla izmainu analize

Slapeklis ar tideni piesatinata augsné€, sedimentos un val&ja tidens slani ir
sastopams neorganiskas un organiskas formas. Organiskais slapeklis sastav
kompleksi no aminoskab&m, aminiem, proteTniem un huminvielam (Reddy et.al.,
1984). Neorganiskais slapeklis sastav no amonija slapekla, nitratu slapekla un
nitritu  slapekla. Reddy et.al. (1984) konstatgja, ka amonija slapeklis ir
domingjosa neorganiska slapekla forma sedimentos. Slapekla savienojumu
aizturéSana ir viens no galvenajiem maksligo mitraju uzdevumiem dazada veida
notekiidenu attiriSana. Mitrajs veic organisko vielu atdaliSanu no tdens ar
filtracijas palidzibu vai sedimentacijas produktu izgulsné$anu virszemes pliismas
mitraja gadijuma. P&c biitibas tas, kas tiek izgulsnéts, ir izSkiduSie vai dalgji
iz8kiduSie piemaistjumi. Lauksaimnieciskas darbibas rezultata veidota notecg
domings smilSu, mala, puteklu, augsnes dalinas, augu atliekas (zala masa, saknes,
s€klas, puteksni utt.), triidvielas, m&slojums, augu aizsardzibas lidzekli, ja tie ir
pielietoti. Ja mitraja izmanto Gdens augus, un ari, ja neizmanto, mitraja notiek
biogeno elementu aiztur€Sana un transformacija. Slapekla savienojumi nonak
augsné iz8kidusa veida neorganiska un organiska forma (Mahmood et.al., 2013).
Saja pétijuma pazemes pliismas maksligais mitrajs uztver lietus notekiidenus, kas
satur organisko méslojumu, ko pierada iepliisto§as BSPs koncentracijas.
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3.2. att. Vid€jo nitratu slapekla, amonija slapekla un kopéja slapekla
koncentraciju sadalijums pie ieplides pazemes plismas maksliga mitraja
Mezacirulos

Vidéjas koncentracijas,

($]

Organiska slapekla proporcija noteikta, no kopgja slapekla koncentracijas
atnemot amonija slapekla un nitratu slapekla koncentracijas. Kopgja slapekla
vidgjo koncentraciju sadalijums pa gadiem pie iepludes un izplides rada, ka
pirmaja ekspluatacijas gada kopgja slapekla attirisanas efektivitate bijusi zema,
vairakos paraugu ievakSanas gadijumos palielinot kop€ja slapekla koncentraciju
medianas vertibas pie izpludes par 23%, kas novérota 2014. gada pazemes
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plusmas mitraja. Tas skaidrojams ar to, ka pirms izbiives mitraja filtra darbiba
balstita uz mehaniskiem attirianas procesiem, laujot bakterijam attistities un
sasniegt atbilstosu briedumu slapekla savienojumu efektivai parveidoSanai.

Ekspluatacijas sakuma posms no 2014. Iidz 2016. gadam uzradijis
proporcionalu un I&ni pieaugosu slapekla savienojumu samazinajumu. Izteikti
augsta efektivitate slapekla savienojumu samazina$ana novérota ekspluatacijas
vidus posma no 2017. 11dz 2019. gadam, kas turpinas Iidz 2021. gadam. Ar12018.
gada, kur novérojams nitratu slapekla koncentracijas palielinajums pie izpludes,
tom@r uzskatam par pozitivu tendenci, kas skaidrojams ar biologisku procesu
norisi, nitrifikacijas rezultata parveidojot no amonija slapekli par nitratu slapekla
formu. Attieciba uz slapekla savienojumiem pazemes plismas mitrajs uzradijis
labus rezultatus un efektivi samazindjis noverotas koncentracijas visa
ekspluatacijas perioda.

Zimigi, ka kopuma dazado slapekla formu proporcija daudz nemainas péc
attiriSanas maksligaja  mitraja. Pazemes plismas mitraja Iidzvertigi
samazinajusies visu slapekla formu koncentracija, bet abos virszemes pliismas
mitrajos kopg&ja slapekla savienojumu koncentracija samazinata salidzinoSi
mazak, arT §aja gadijjuma dazado slapekla formu proporcija saglabajusies arT pie
izpludes. Amonija slapekla parveidosanai nitrifikacijas cela janodrosina filtra,
velams iepliides dala, aerobi apstakli. Ta ka amonija slapekla koncentraciju
samazinajums ir panakts, var secinat, ka nitrifikdcija pétfjumu objekta ir
nodroSinata optimali. Nitrifikacijas rezultata biitu japieaug nitratu slapekla
koncentracijai, tacu monitoringa dati to neuzrada. Denitrifikacijas bakterijas
idealos apstaklos transformg nitratjonus secigi NO3 = NO; 2> NO = N>,O 2> N,
(Crumpton & Stenback, 2020). Redzams, ka nitratu slapekla koncentracijam ir
samazinajums, tatad var secinat, ka vismaz dala pazemes pliismas mitraja filtra
dalas ir nodrosinati anoksi vai anaerobi apstakli nitratu parveidoSanai par slapekli
gazveida forma. Tomér dala no slapekla var&tu biit uzpemta ar augiem un
izmantota zalas masas pieaugumam.

2016. gada ekspluatacijas kliidas rezultata mitraja tika ievaditi neattiriti
notekiideni no vésturiskas skabbaribas kratuves, un redzams, ka pie izplides
konstatetas augstakas nitratu slapekla un kopgja slapekla koncentracijas neka pie
iepludes. Slapekla formu proporcijas saglabasanas liecina par to, ka Saja mitraja
bitu jauzlabo nitratu slapekla attiriSanas efektivitate, kas nozimétu nodroSinat
anaerobu vidi denitrifikacijas veicinaSanai. Vel viens iemesls vajai nitratu
slapekla samazinasanai atziméjams nelielais vegetacijas daudzums un izkliede
mitraja platiba. Tadgjadi iesp&jams, ka pietickama daudzuma nav pieejams
bioktmiskajiem procesiem piemerots oglekla avots baktériju darbibai, ko vargtu
nodro$inat vegetacija.

Virszemes pliismas maksliga mitraja Zant€ noverotas izteikti zemas
amonija slapekla koncentracijas gan iepliide, gan izplude. Kopgja slapekla un
nitratu slapekla koncentracijas, lai gan jau sakotngji ievérojami zemakas neka
MezZacTrulu objektos, tom&r noverotais samazinajums vai slapekla formu
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proporcijas izmainas ir izteikti nenozimigas. Var secinat, ka konkrétais
maksligais mitrajs nedarbojas efektivi attiectba uz nitratu  slapekla
transformaciju. Tas nozime, ka visa mitraja platiba tieck nodroSinati aerobi
apstakli, kas neveicina denitrifikaciju un nenodroSina no tas izrietoSu nitratu
slapekla parveidosanu par N».

Lielaka dala slapekla transformacijas tomér notiek skabekla klatbiitng, ka
raksta Reddy & Patrick (1984), tad oksidacija no amonija joniem par nitritiem,
tad par nitratjoniem. Sis slapekla transformacijas procesa sakums ir salidzinogi
bieZi sastopams notekiidenu attiriSana. Transformacijas daba prasa zinamu laiku,
attiecigi Saja gadijuma ne vienmér notekiideni tiek notur€ti mitraja pietiekami
ilgi, lai slapekla transformacijas procesi norit€tu Iidz galam jeb Iidz briva
gazveida N, izdaliSanai. Transformacijas procesi nenoslédzas, jo vidé var
pietrukt skabekla, ka rezultata mitrajs nevis darbojas ka videi draudziga sisteéma,
bet veicina N>O emisijas. STslapekla gazveida forma ir siltumnicefektu izraisosa
gaze.

Lai pamatotu, kas notiek konkrétd objekta un vid€, kadas slapekla
transformacijas, vispirms janoskaidro, kados atrumos notiek procesi, atkariba no
gaisa un tdens temperatiiras un vides pH reakcijas. Jo plismas atrums nosaka
noteklidenu uzturéSanas laiku mitraja, no ka izriet kimiskam reakcijam
pieejamais laiks. Un no ta ir atkarigi transformacijas procesu galaprodukti.
Pieméram, Latvijas apstaklos gaisa temperatiiras virs 40 °C bs reti, tatad
amonija jonu iztvaikoSana nav teoretiski iesp&jama (Reddy et.al., 1984). Mitrajs
kada bridi var darboties ka metana — siltumnicefektu izraiso$as gazes emisiju
avots.

Suspendéto vielu izmainu analize

Vadoties pé&c literatiiras par pétljumiem citds valstls un monitoringa
objektos, butu lietderigi secinajumos nodalit suspend@tas vielas dazadas
konstrukcijas maksligos mitrajos, jo virszemes un pazemes pliismas mitrajos tas
paklautas atSkirigiem fizikalajiem procesiem.
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3.3. att. Vidéjas suspendéto vielu koncentracijas un standartkliidas pie
iepliides un izpliides no pazemes pliismas maksliga mitraja MeZacirulos
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Iegtitas suspendéto vielu iepliides un izpliides koncentracijas, ka arl
aizturgSanas efektivitates datu kopas neatbilst normalajam sadalfjumam visos
petijumu objektos. Pazemes plismas mitrajs aizturgjis suspend@tas vielas
efektivi vairuma gadijjumu un vidgjas efektivitates pazeminasanos izraisijusi
ekstrémie iznemuma gadijumi, kas, piem&ram, 2016. gada noveroti Cetras no 13,
bet 2017. gada trs no 18 paraugu ievakSanas epizodgs.

Lai izvairitos no izn€muma gadijumiem, janovers notekiidens periodiska
pludinaSana pari filtra virspusei. Monitoringa objekta sakotngji netika pareizi
izveleta sikna jauda, kas parsniedza infiltracijas caurules filtracijas sp&ju.
Ekspluatacijas laika netika pieversta pienaciga uzmaniba infiltracijas caurules
tiriSanai un siikna apkopei, ka rezultatd veidojas neefektivas tidens pliismas
trajektorijas un nenotika pilnvertiga notekiidens kustiba cauru visam filtra
Skérsgriezumam. Tomer arT bez minéto nepilnibu noveérSanas mitrajs uzradijis
ievérojamu potencialu aizturét suspendétas vielas visa 8 gadu ekspluatacijas
laika, nepazeminot efektivitati.

Virszemes plismas maksliga mitraja MeZacTrulos noverotas zemakas
suspend&to vielu vidgjas koncentracijas, salidzinot ar ta paSa monitoringa objekta
pazemes plismas mitraja noverotajiem. 2016. gada avarijas d&l notikusi
neattiritu notekiidenu nopliide mitraja vidusdala no vé&sturiskas skabbaribas
tvertnes. Precizs apjoms, iepliides laiks vai saturs netika konstatéts, bet no marta
Iidz septembrim konstatétas slapekla savienojumu, Tpasi amonija slapekla,
palielinatas koncentracijas pie izplides. Suspend€to vielu koncentracijas pie
izplides laika no marta lidz maijam visas novérojumu epizodés parsniegusas
iepludes raditajus. 2018. gada pie izpliides noveérotas par 26% augstakas videjas
koncentracijas neka pie iepludes. Aplikojot datus Saja gada, no 21 paraugu
ievakSanas epizodes tikai 6 epizod@s pie izpliides suspend@to vielu koncentracija
samazindjusies. Saja gada lauksaimnieciska darbiba tika veikta abas mitraja
idenskratuves pus€s un lauka apstrades laika tika bojata mitraja nogaze, ka
rezultatd mitraja vidusdala fidens tika sadulkots un augsne, augi un méslojuma
dalas nezinama apjoma iekluva mitraja.

Virszemes plismas maksliga mitraja MeZacirulos suspendéto vielu
aizture pétijuma perioda ir mainiga. Pirmaja ekspluatacijas gada, t.i., 2014. gada
suspend&tas vielas nav aizturtas, kas skaidrojams ar vegetacijas nozimi
suspendg&to vielu aizturé$ana. Vegetacija veicina suspend&to vielu izgulsné$anos
un maksligo mitraju ekspluatacijas sakuma posma, kad vegetacija vél nav
izplatfjusies un ieaugusi, suspend€to vielu aizture var neuzradit savas
maksimalas iesp€jas. Turklat biivniecibas laika raditais uzdulkojums var
ietekm&t merfjjumu rezultatus. Izteiktas suspendéto vielu koncentraciju atskiribas
noverotas pie iepludes mitraja, 2017., 2018. un 2019. gada uzradot ap 60 mg-1"!.
2018. gada griezuma suspend&to vielu koncentracija pie izplides bijusi augstaka
par iepliides koncentraciju, kur var secinat, ka iepriek§€jos monitoringa gados
aizturétas suspend@tas vielas tikuSas uzkratas sedimentos un uzdulkoSanas
rezultata notikusi otrreiz€ja piesarnoSanas.
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3.4. att. Vidéjas suspendéto vielu koncentracijas un standartkliidas pie
iepludes un izpliides no virszemes plismas maksliga mitraja Mezacirulos
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Virszemes plismas maksliga mitraja Zant€ suspendéto vielu
koncentracijas 2019. un 2021. gada vid&ji nav samazinatas, bet 2020. gada
samazinatas videji par 35%. 2020. gada marta konstatets straujs suspend€to vielu
koncentracijas pieaugums pie izplides, kas varétu bt saistits ar epizodisku
virszemes noteces iepliidi mitraja vidusdala un uzskatams par ekspluatacijas
klodu. Lidzigi ka pétjumu objektos MeZacirulos, ar1 Zant€ izteikta
ekspluatacijas ietekme uz suspendeto vielu aizturéSanas efektivitati nav
noverota.

BSPs un KSP izmainu analize pazemes plismas mitraja
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3.5. att. BSPs koncentracijas, mg-1"! pie iepliides un izpliides pazemes
pliismas maksligaja mitraja MeZacirulos
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Pazemes plusmas maksligais mitrajs MeZacirulos tika projektets un
buvets lietusiidenu attiriSanai. Tom&r monitoringa laika tika konstatéts, ka

45



iepliistoSais notekiidens vizualo parametru zina periodiski liecina par augstu
organisko vielu sastavu.

Attela redzams, ka noverojumu perioda no 2019. Iidz 2020. gadam
pazemes plismas maksligais mitrajs MeZacirulos darbojies izteikti efektivi,
samazinot piesarnojumu katrd no novérojumu epizodeém, un perioda lidz 2020.
gada decembrim sasniedzot vid&ji 87% un 80% samazinajumu BSPs un KSP
koncentracijam. Abi Sie raditaji ir savstarpgji ciesi saistiti, par ko liecina iegttie
rezultati. 2021. gada pavasarl redzams neilgs periods, kur BSPs un KSP
koncentracijas izplidé parsniedz ieplides raditajus. Sakot ar 2021. gada
septembri, abu raditdju attiridanas efektivitate samazinas lidz vidgji 12%. Saja
perioda monitoringa ietvaros tika noverotas vairakas ekspluatacijas kludas, kas
netika savlaicigi noverstas. Infiltracijas caurule netika skalota, lai gan virs mitraja
filtra periodiski bija noverojams virsiidens. Notekiidens tika siiknéts pa vienu
cauruli un izklied&ts blakus mitraja izpliides dalai, nedodot iesp&ju notekiidenim
filtreties cauru filtra dalai, bet veicinot praktiski neattiritu notekiidenu strauju
parplidi uz izteku. Tas rezultgjies ar izteiktu piesarnojuma attiriSanas
efektivitates samazinaSanos minétaja ekspluatacijas laika.

3.2. tabula. Analizéto tidenu kvalitates parametru vidéjas koncentracijas,
vidéja aizturéSanas efektivitate, koncentraciju un piesarnojuma
aizturéSanas efektivitates medianas

Udenu Vidgja Koncentraciju, Vidgja AizturgSanas
kvalitates koncentracija, mg-1"!, mediagna | aizturéSanas | efektivitates*,
parametrs mg-1'! efektivitate™, % mediana

Ieplude | Izplude | Iepliide | Izplide %
BSPs 280.62 | 57.15 | 206.00 | 11.50 -67 91
KSP 441.54 | 11093 | 315.50 | 4245 -63 -83

*Pozitivs efektivitates raditajs nozime tidenu kvalitates raditaju palielinaSanos
pie izpliides, bet negativs efektivitates raditajs liecina par piesarnojosas vielas
koncentracijas samazinasanos pie izplides.

Mitraja darbibas efektivitates novert€Sanai, nemot ve&ra atskirigus
ekspluatacijas nosacijumus un citus ietekmg&joSos faktorus pétijumu perioda,
izmantoti ne vien vidgjie raditaji, bet ar1 iepliides un izpliides koncentraciju un
attiriSanas efektivitates medianu vertibas. Visa novérojumu perioda attiriSanas
efektivitates mediana BSPs un KSP samazinajumam sasniegta attiecigi 91% un
83%.

Atrasta salidzinosi cie$a (R?=0.7961 un R?>=0.8106) sakariba starp BSPs
un KSP attiri§anas efektivitati un iepliistosa notektidens koncentraciju. Tatad var
secinat, ka, jo augstaka organisko vielu koncentracija iepliistosaja notekiident, jo
efektivak mitrajs darbojas. Vid&ji novérojumu perioda BSPs un KSP attriSanas
efektivitate tika noverota attiecigi 67% un 63%, kas ir pietickami augsta p&c LR
MK kritérijiem par atbilstoSu sadzives notekiidenu attriSanu iekartam ar CE 200
- 2000 (LR MK noteikumi Nr. 34, 2002), un var pienemt, ka konkrtajam

46



pazemes pliismas mitrajam ir potencials sekmigi attirit arT augstakas piesarnojosSo
vielu koncentracijas. Sadu secinajumu gan nevar izdarit par noverotajiem
biog€najiem elementiem un suspend€tajam vielam.

3.2. Piesarnojuma izmainu dinamika pa sezonam

Sezonalas gaisa temperatiiras svarstibas un meteorologiskie apstakli var
butiski ietekm@&t maksliga mitraja darbibas efektivitati un izejosa tdens kvalitati
(Valkama et.al., 1017). Reddy & Patrick (1984) raksta, ka temperattiram, kas
zemakas par 15 °C, ir negativa ietekme uz nitrifikacijas procesu. Pe&tijuma
ieklautajos objektos maksligie mitraji kopuma turpina darboties arT gada aukstaja
laika, kad gaisa temperatira ir zem 0 °C. Pazemes pliismas mitrajs MeZacirulos
apmierinoSi darbojas 8 gadu novérojumu perioda. Niedres, kas rudent netiek
novaktas no mitraja virsmas, kalpo ka papildu nodroSinajums pret aizsalSanu.
Mehanisko piemaisijumu atdaliSana ar sedimentaciju vai filtraciju turpinas
neatkarigi no temperatiiras, ja vien tdens nav sasalis. Filtra iekSpusé notiek
biokimiskie procesi, kuros organisko vielu sadali$anas un biologiska aktivitate ir
pietieckama, lai kavetu filtra pazemes slanu sasalSanu. Notekiidens attiriSana
turpinas arT zem ledus. Lai kompens&tu zemo temperatiiru radito notekiidens
attirisanas procesu paléninasanos, var palielinat mitraja platibu un filtra dalas vai
tdens slana dzilumu (General consideration, 1995).

Vidgja gaisa temperatiira pétijumu objektiem tuvakaja meteorologisko
novérojumu stacija perioda no 2014. gada jinija lidz 2020. gada decembrim
konstateta 8 °C, minimala gaisa temperatiira -19.1 °C un maksimala 26.3 °C.
Vidgéjo noveéroto gaisa temperatiiru sadalijums pa méneSiem ka gada aukstako
ménesi konstatgjot janvari, bet ka karstako — jiliju.

Gaisa temperatiira dazadas publikacijas minéta ka viens no
nozimigakajiem attiriSanas efektivitati ietekmejoSiem faktoriem (Kamilia et.al.,
2022). Tas pamatots ar temperatiiras ietekmi uz bakteriju darbibu un aktivitati
(Singh et.al., 2022), kas ir pamata nitrifikacijas un denitrifikacijas procesiem.
Loti zema temperattira izraisa priekslaicigu makrofitu bojaeju, un notekiidenu
sasalSana var apturét filtraciju.

Meklgjot statistisku sakaribu starp daZadu novéroto tdenu kvalitates
raditaju attirisanas efektivitati un meteorologiskaja stacija registrétajam gaisa
temperatliram, izmantota statistikas metode Pirsona korelacijas koeficienta
noteikSanai. Udenu kvalitates parametru samazinasanas efektivitates un gaisa
temperattiras lineara sakariba ir loti vaja (R?<0.2). Pazemes un virszemes
plismas mitrajos MeZacirulos un Zantg statistiski nav atrasta sakariba starp
noverotajam vid&jam gaisa temperatiiram parauga ievakSanas diena un analiz&to
tdenu kvalitates raditaju samazinasanas efektivitati. Skaitliski lielaka R? vertiba
0.48 noteikta virszemes pliismas mitraja Zant€ nitratu slapekla samazinaSanas
efektivitatei (3.20. attela). Tadgjadi var secinat, ka gaisa temperatiira ar1 ziemas
apstaklos butiski neietekmé mitraja darbibas efektivitati attieciba uz fosfora
savienojumu un suspendéto vielu aizturéSanu. Bet gaisa temperatiira ietekmée
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nitratu slapekla koncentraciju samazinaSanos virszemes plismas maksligaja
mitraja, jo pie zemam gaisa temperatiiram tiek paléninati denitrifikacijas procesi.

Visas noveéroto parametru attiriSanas efektivitates sadalitas pa paraugu
ievakSanas meéneSiem, lai kompleksi noveérotu sezonalas izmainas. Pazemes
plismas maksligaja mitraja noverota lielaka amonija slapekla proporcija, kas
ietekm& ar1 kopg&ja slapekla izmainas. Amonija slapekla un kopgja slapekla
aizturgSanas efektivitate samazinas no janvara Iidz aprilim, kop&jam slapeklim,
aprila meénesi sasniedzot 4% samazinajumu, un amonija slapeklim maija ménesT
sasniedzot 0% jeb neitralu Itmeni. Nitratu slapeklis $aja laika no marta lidz
maijam pret&ji uzradijusi augstako noveéroto aizturéSanas un parveidoSanas
efektivitati, videji 26, 46 un 58%. Saja laika pie salidzino§i zemam gaisa
temperatliram robezas videji no 2.3 — 12.4 °C un salidzinosi augsta caurpliduma
iesp&jamu pavasara palu un sniega kuSanas d€l, amonija jonu parveidoSanas
notikusi 1&€nak. No jinija Iidz augustam noverotas gaisa temperatiiras bijusas
visaugstakas, vidgji 16.2 — 17.9 °C, un tas ir labveligi slapekla savienojumu
parveidoSanas procesiem, var pienemt, ka amonija slapekla koncentracijas
samazinajusas, jo tie tikusi parveidoti nitratu forma. Respektivi, nitratu slapekla
koncentracijas no jiinija lidz augustam palielinajusas aktivas nitrifikacijas del.

Abos pétijuma ieklautajos virszemes plismas maksligajos mitrajos tiek
attirita tipiska drenu notece no lauksaimniecibas platibam, un jau ienakoSaja
tident doming nitratu slapeklis, kamér amonija slapekla koncentracija ir zema.
Ar1 mitraja darbiba japievers lielaka uzmaniba nitratu slapekla un kopgja slapekla
attiriSanas efektivitatei. Redzama salidzinosi tieSa sezonalitates ietekme, tacu
pretgji gaiditajam attiriSanas efektivitate gada siltakaja perioda samazinas. Var
secinat, ka bakteriju darbiba ir trauc@ta, nelaujot notikt denitrifikacijas procesam
un nitratu slapekla parveidosSana ir kavéta. Rezultati norada, ka marta, aprila,
maija, julija un augusta ménesos nitratu un kopgja slapekla koncentracijas pie
izplides ir bijusas augstakas neka pie iepludes, respektivi, mitrajs ir radijis
pretgju efektu velamajam. Tam par iemeslu var kalpot nekorekta
apsaimniekoSanas prakse, kur Gidensaugi rudeni vai pavasarl netiek aizvakti,
radot papildu slapekla avotu. Ka arT intensiva lauksaimnieciba abos mitraja
krastos tuvu nogazei rada tieSu nitratu slapekla iepludi mitraja vidusdala, kas
netiek kontrol€ta vai uzskaitita.

Fosfora savienojumu aizturi sezonalitati var ietekm&t galvenokart
plismas atruma izmainas. Pazemes plismas maksliga mitraja kopgja fosfora
attiriSanas efektivitate videji visa perioda novérota 46%. Pazemes pliismas
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sasniedzot augstako kop€ja fosfora attiriSanas efektivitati vid&ji 94% un 92%.
Zemaka efektivitate, ar fosfora savienojumu koncentracijas palielinajumu
pie izpludes, novérota oktobrT un decembri. Var secinat, ka pazemes pliismas
mitraja, kur notekiidenu attiriSana norisinds filtra slani, kompleksa sezonala
ietekme ir noverojama, kur vasaras méneSos efektivitate ir paaugstinajusies. Ta
ka tieSa temperatiiras ietekme netika konstat€ta, tad vegetacija var&tu but
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nozimigs faktors fosfora savienojumu aizturéSanas paaugstinasanai vegetacijas
perioda.
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3.6. att. Fosfora savienojumu attiriSanas efektivitate monitoringa perioda
laika no 2014. gada lidz 2021. gadam pa méneSiem pazemes pliismas

maksligaja mitraja Mezacirulos

Ortofosfatu fosfora un kopé€ja fosfora aizture virszemes plismas
maksligaja mitraja MeZacirulos visa monitoringa perioda nav noverota, attiecigi
+15% un +9%, kas nozimg, ka vid&ji nav panakta fosfora savienojumu attiriSana
no lauksaimniecibas noteces, iznemot oktobra ménesT attiecigi -58% un -65%,
un efektivas epizodes marta, maija un jinija mé&neSos. Virszemes pliismas
maksligie mitraji MeZacirulos un Zant€ neuzrada kop&ju vai savstarpgji saistitas
tendences fosfora savienojumu aizturéSana. Tadgjadi iesp&jams secinat, ka
fosfora aiztur&Sanai virszemes plismas mitraja nav sezonala ietekme.

Secindjumi par piesarnojuma izmainam péc monitoringa datiem
dazadas konstrukcijas maksligajos mitrajos Latvija.

Pazemes plismas maksligais mitrajs MeZacirulos BSPs un KSP attira
stabili un efektivi, tur iepliides dala raksturiga aeroba vide, jo samazina amonija
slapekla koncentracijas, un filtra apaksgja dala pie izpludes vai vidus dala ir
anoksa vai anaeroba vide, jo samazina arT nitratu slapekla koncentracijas. Fosfora
savienojumus kopuma aiztur ar augstu efektivitati, jo filtra materials ir piem&rots
fosfora piesaistiS$anai un vegetacija devusi labvéligu ietekmi uz fosfora
savienojumu aizturi, iesp&jams, dalu fosfora savienojumu izmantojot savai
augSanai. Gaisa temperatiirai nav ievérojamas ietekmes uz tdenu kvalitates
parametru samazinasanas efektivitati, bet sezonalitatei ir ietekme drizak mainiga
caurpliduma un vegetacijas d&l, tau tas nav viennozimigi, bet javerte
kompleksi. Ievérojama negativa ietetkme uz BSPs un KSP samazinaSanu ir
nepiemeérotai ekspluatacijai.

Virszemes pliismas maksligais mitraji petijumu objektos uzrada nestabilu
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efektivitati attiectba uz piesarnojoSo vielu aizturé$anu. Liela nozime varétu biit
vegetacijai, kas veicina bakteriologisko aktivitati un suspendéto vielu aizturi. Ta
ka galvena piesarnojuma aiztures un parveidoSanas aktivitate norisinas valgja
iidens slani, tad gaisa temperatiira atstajusi nelielu ietekmi uz nitratu slapekla
aizturgSanas efektivitati Zantg, tatu kopuma sezonala ietekme nav noveérota.
Virszemes pliismas maksligie mitraji papildu tidenu kvalitates uzlaboSanas
funkcijai piedava dazadus papildu ieguvumus, pe€tijumu objektos nodroSinot
tdens resursus aptdenoS$anas vajadzibam mitruma deficita laika vegetacijas
perioda.

3.3. Aprékinu modela pielietojums

Aprekinu modela izmantoSana paredzEta, par pamatu nemot konkréta
objekta izm@ramus izejas datus, atkariba no attirama notekiidenu veida. Lai
aprob&tu pétfjuma ietvaros sagatavoto aprékinu modeli un tadgjadi pamatotu
sagatavoto maksligo mitraju aprékinu metodiku, izmantoti tris $aja pe€tfjuma
ieklauto maksligo mitraju monitoringa objekti — divi virszemes pliismas un viens
pazemes plismas maksligais mitrajs. Modelis pieejams tieSsaiste
https://lauvas.area.lv/MM/. Modeli ievaditi izm@ramie izejas dati par katru no
pétijumu objektiem un iegiiti rezultati par piemeérotako maksliga mitraja
konstrukciju un ieteicamo virsmas laukumi. Modela skati datu ievades laika un
rezultatu iegtiSanas laika ievietoti darba att€lu veida. Iegiitie parametri salidzinati
attiecigajiem konstruktivajiem parametriem pétijumu objektos un pamatoti ar
pétijumu rezultatiem.

Pazemes pliismas maksligais mitrajs Mezacirulos uztver lietus idenus no
zemnieku saimniecibas pagalma teritorijas. PE&c apjoma uztvertais lietus Gidens
daudzums atbilst aprékinu modela izvélei “Lietus notekiideni”, tacu péc
paredzamas tdenu kvalitates atbilst izvelei “Lauksaimniecibas notekiideni”.
Modeli ir ieklauta izvele, kas atbilst Sadiem gadijjumiem. Izdara izveli
“Lauksaimniecibas notekiideni” un talak “Virszemes notece no pagalma”. Saja
izvele modelis nem vera fidenu apjomu, kas veidojas atbilstosi lietus Gdenu
piepliides reZimam, un attiramo notekiidenu kvalitati pienem lidzvertigu tipisku
sadzives noteklidenu sastavam, veértgjot pec slapekla un fosfora savienojumu
provizoriska satura, ka ar1 péc organisko vielu iespgjama daudzuma, balstoties
uz BSPs un KSP koncentracijam.

Pazemes plismas maksligais mitrajs MeZacirulos sakotngji tika
projektéts, tikai balstoties uz sagaidamo @idens apjomu, rékinot aprékina lietus
tidens daudzumu.

Izvertgjot monitoringa rezultatus un mitraja darbibas efektivitati attieciba
uz Udenu kvalitates uzlaboSanu, var secinat, ka monitoringa objekta
projektesanas laika izdarTta pareiza izv€le attieciba uz mitraja konstrukciju, tacu
virsmas laukums izvéléts maziks, neka biitu nepiecieSams. Sie secinajumi
iestradati modela aprékina, kas demonstréts 3.28. attela. Modelt ievaditie izejas
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dati projektéSanai iegiiti empiriska cela, izdarot attiecigus méerjjumus
topografiskaja plana, un tie attiecas uz caurpliiduma aprékinu. Udenu kvalitati
modelis pienem lidzvertigu tipisku sadzives notekiidenu kvalitatei. Aprékina
modelis p&c ievaditajiem monitoringa objekta izejas datiem piedava rezultatu,
kas pe&c konstrukcijas sakrit ar pétito esoSo situaciju. Horizontalas pazemes
plismas maksligais mitrajs uzradija augstu efektivitati attieciba uz BSPs un KSP
koncentraciju samazinaSanu. Lai sasniegtu maksimalo v&lamo attiriSanas
efektivitati attieciba uz biogéno elementu aiztur€Sanu, ieteicams izveleties
kopgjo mitraja platibu ar virsmas laukumu 1696 m?, kas ir 5 reizes lielaka neka
eso$aja monitoringa objekta, rékinot krajbaseina un filtra kopgjo virsmas platibu.
Rezultatu pamato noveérotie ienako$o notekidenu kvalitates raditaji un attiriSanas
efektivitate. Slapekla savienojumu attiriSanas efektivitate pétijjumu objekta
noverota ar 54 % samazinajumu visa noveérojumu perioda, kas ir nepietickami
jeb nav iegiits maksimalais iesp&jamais notekiidenu attiriSanas rezultats. Pie
modeli aprékinatas platibas sagaidams, ka lietusgazu laika mitrajs netiktu
caurskalots, tadgjadi denitrifikacija varétu noritet pilnvertigi. Var secinat, ka
pazemes pliismas maksligais mitrajs Mezactrulos izbiivets ar parak mazu kopgjo
virsmas platibu. Optimalai ta darbibai objekta butu japaplasSina esoSais, vai
jaizbiivé vel viens pazemes plismas maksligais mitrajs.

Virszemes pliismas maksligais mitrajs Mezacirulos tika projektets pec
citu valstu pétijumos ieteikta aprékina, vadoties no ieteicamas mitraja spogula
virsmas platibas attiecibas pret sateces baseina kopgjo platibu. Modela aprekins
drenétu lauksaimniecibas platibu gadijuma ari balstits uz minéto attiecibu, tapec
modela aprékinatais rezultats sakrit ar monitoringa objekta izbuivéta mitraja
spogula virsmas platibu. Noteces uztverSanai no lauksaimnieciba izmantotajam
platibam ka optimala konstrukcijas izvele visos gadijumos tiek piedavats
virszemes plismas maksligais mitrajs. Lai gan monitoringa objekta netika
sasniegta maksimala iespgjama fidenu kvalitate, modelis apliecina korektu
spogula virsmas laukuma izveli. Mitraja darbibas efektivitati Saja objekta
nelabveligi ietekm&ja parak maza vegetacijas izplatiba. P&tfjuma rezultatu
negativi ietekméja epizodiska un nekontrol&ta piesarnojoso vielu iepliide mitraja
vidusdala. Tadgjadi kopuma var secinat, ka virszemes plismas maksligais
mitrajs MezZacTrulos ir izbuivets atbilstos$a izmera, bet attiriSanas efektivitates
uzlabo$anai biitu nepiecieSama papildus idensaugu stadiSana mitraja gultné.

Modela piedavata mitraja konstrukcija — virszemes plismas maksligais
mitrajs atbilst izv@letajam monitoringa objektam Zantg, tacu v€lama mitraja
platiba modelt aprékinata 11 — 27 ha, kas ir gandriz 10 reizes vairak neka esosa
mitraja platiba. Modela aprékini konkrétaja izvele balstiti uz pien@mumu, ka
sateces baseina teritoriju aiznem intensivi lauksaimnieciba izmantotas platibas.
Zantg lielu dalu sateces baseina teritorijas aiznem mezu platibas, kas teor&tiski
liecina par zemakam biogéno elementu koncentracijam notecé. To pierada
monitoringa rezultati, jo novérota iidenu kvalitate pie iepliides maksligaja mitraja
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Zante var tikt raksturota ka augsta. Ta ka novérotas minéto raditaju
koncentracijas bija relativi zemas jau pie iepliides, var secinat, ka $aja objekta
maksligais mitrajs denu kvalitates uzlaboSanai nav nepiecieSams, un drizak
kalpo citiem mérkiem, pieméram, biologiskas daudzveidibas uzturé$anai
lauksaimniecibas zemés.

3.4. Maksligo mitraju ekonomiskais un vides novertejums

Galvenais §1 promocijas darba ieguvums ir Latvijas klimatiskajiem
apstakliem aprob&ta metodika maksligo mitraju tehniskajiem risinajumiem un
dimensionés$anai. Aprékina metodika sagatavota, balstoties uz empiriskiem
novérojumiem pétijumu objektos un noforméta aprékinu modela veida, kas
interesentiem pieejams tiessaisté. ST p&tijuma rezultati ir iestradati Lauku atbalsta
dienesta atbalsta pasakuma 4.3 “Atbalsts ieguldijumiem lauksaimniecibas un
mezZsaimniecibas infrastruktiiras attistiba TistenoSana”, kura merkis ietver
lauksaimniecibas  attistibu, biologiskas daudzveidibas uzturéSanu un
lauksaimniecibas ka nozares konkur&tspjas palielinaSanu. Un attiecigi
minétajam atbalsta pasakumam pétfjuma rezultati iestradati LR MK noteikumos
Nr.776 “Valsts un Eiropas Savienibas atbalsta pieskirSanas kartiba atklatu
projektu konkursa veida pasakuma "leguldijumi materialajos aktivos" 2014.—
2020. gada planosanas perioda parejas laika 2021. un 2022. gada”. Sajos
noteikumos iestradati kriteriji maksligo mitraju ierikoSanai atbalstam “Klimata
parmainu mazinaSanas un pielagoSanas, ka ar1 vides aizsardzibas ieguldijumi” ka
udens resursu efektivas izmantoSanas un baribas vielu noteces samazinaSanas
ieguldijums (LR MK noteikumi Nr.776, 2021). Bez tam, Latvijas normativajos
aktos (LR MK noteikumi Nr.600, 2014) maksligais mitrajs definets ka videi
draudzigs melioracijas sist€émas elements lauksaimnieciskas darbibas izraisita
piesarnojuma slodzes samazinaSanai uz val&jam tdenskratuvém. Rezultati ar
minétajam merkim izbivetiem un ekspluatétiem maksligajiem mitrajiem
atspoguloti $aja promocijas darba. Balstoties uz citu valstu pieredzi maksligo
mitraju izmantoSana, mitraju demonstréto efektivitati attieciba uz novéroto
tudenu kvalitates parametru samazinaSanu pétijuma objektos, secinats, ka
maksligais mitrajs pie noteiktiem ekspluatacijas apstakliem var kalpot ka
efektiva biologiska Gdenu attiriSanas iekarta saimnieciskas darbibas izraisita
udens piesarnojuma samazinas$anai Latvija.

Izvertejot ekonomisko aspektu, veikts pazemes pliismas maksliga mitraja
salidzinajums ar pielietojuma un attiriSanas procesa zina lidzvertigo biologisko
notekidenu attiriSanas metodi ar aktivajam dinam un aeraciju. Biologiskas

— =

notekiidenu attiriSanas iekartas Latvija tiek plaSi izmantotas komunalo un
sadzives notekiidenu attiriSanai centralizéti un individuali. Aktivajam dinam
dzivibas uzturgSanai ir nepiecieSama intensiva gaisa vai skabekla padeve, kas
tiek nodroSinata ar kompresora vai skabekla siikna palidzibu. Salidzinajumam
izvel&ti vienas gimenes dzivojamas majas raditi sadzives notekiideni ar apjomu

1 m*dnn!. Pienemot, ka tipiski sadzives notektideni (LR MK noteikumi Nr. 34,
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2002) ir ar BSPs parametra koncentraciju robeZas no 150 — 350 mg-1"! un satur
ap 60 g-1"! organisko vielu, un tipiska skabekla nepieciesamiba ir 1.1 — 1.5 kg O,
lai oksidetu 1 kg BSP (EPA, 2000), tad mineralizacijas procesa tiks izmantoti
aptuveni 15 — 20 m’® gaisa uz katru notekiidenu kubikmetru. Tas nozimé
elektroenergijas patérinu 0.264 — 0.352 kW uz katru notekiidenu kubikmetru
atkariba no gaisa kompresora jaudas. Maksligais mitrajs ir iesp&ja biologiski
attirit sadzives notekiidenus, neizmantojot elektroenergiju patéréjosas iekartas,
izslédzot So izmaksu poziciju ekspluatacijas laika.

Vertgjot maksligo mitraju no vides viedokla, jaizdala mitraji pec attiramo
notekiidenu sakotn&jas kvalitates, jo ta nosaka mitraja konstrukcijas izveli.
Maksligie mitraji sadzives, komunalo un piesarnotu raZoSanas notekiidenu
attiriSanai, kur iepliistoSo notekiidenu kvalitates raditaji parsniedz emisijas
limitus vidg, tiek projekteti hermétiski, bez neattirtu notekiidenu nopliides vide.
AttiriSanas process norit mitraja iekSpus€ un nerada tieSus piesarnojuma riskus
gruntij vai gruntstideniem.

Maksligo mitraju izmantoS$ana virszemes un drenu notecu uztverSanai un
attiriSanai kalpo ka barjera biogéno elementu un suspendg€to vielu aizturéSanai
pirms dabigas Gidenskratuves, tad€jadi samazinot piesarnojuma slodzi uz dabas
ideniem. Udenu attiriSanas process balstits uz daba notiekoSiem procesiem un
nepatéré elektroenergiju un dabas resursus. Maksligais mitrajs ir autonoma
iekarta, kuras darbiba nav atkariga no argjiem resursiem.

Mitrajam nepiecieSama platiba, 1paSi salidzinajuma ar cita veida
notekiidenu attiriSanas metodém, nepiecieSama relativi lielaka. Ta ka
piesarnojuma koncentracijas samazinasanai notekiidenos mitraja tiek izmantoti
daba notiekoSie procesi, ir nepieciesams vairak laika bakteriju darbibai neka
intensificétas sistémas. Tas nozimée ilgaku notekiidenu uzturgsanas laiku iekarta,
tapeéc maksliga mitraja tilpums un virsmas laukums salidzinosi ir lielaks neka
cita veida biologiskajam notektidenu attiriSanas iekartam.

Latvijas méroga maksligie mitraji joprojam ir maz pazistama un inovativa
notekidenu attiriSanas metode. Sis pétijums ir nozimigs ieguldfjums maksligo
mitrdju turpmakai izmantoSanai dazada veida notekiidenu attiriSanai Latvija.
NeatbilstoSas konstrukcijas un platibas izmantoSanas rezultata maksligais mitrajs
var nesasniegt vélamo darbibas efektivitati attieciba uz tdenu kvalitati, tapéc
korekts aprekins un konstrukcijas izvéle ir nozimiga.

Pasaulé maksligos mitrajus péta kop§ 1970. gadiem un pédejo 5 — 10
gadu laika novérojams straujs tehnologijas pilnveidosanas vilnis, kur interese par
$o metodi dazadu valstu vidd ieverojami pieaug. Intensivi tiek mekléti veidi, ka
atglt baribas vielu resursus un ieklaut notekidenu attiriSanu maksligajos mitrajos
aprites ekonomikas cikla. Tiek pétits maksligo mitraju pielietojums Ipasi
piesarnotu notekiidenu attiriSanai, ka arT vides sanacijai.

53



SECINAJUMI

Citur pasaulg, kur novérojami Iidzigi klimatiskie apstakli ka Latvija,
maksligos mitrajus izmanto ka vienigas biologiskas notekiidenu attiriSanas
iekartas vai papildu attiriSanas iekartas dazadu notekiidenu attiriSanai.
Mitraja darbibas efektivitate attieciba uz dazadiem idenu kvalitates
raditajiem var biit atSkiriga un mainiga. Udenu attiri§anas efektivitate ir
atkariga no gaisa temperatiiras, iidens pliismas atruma, hidrauliskas slodzes
atruma, vegetacijas, ekspluatacijas un mincto faktoru savstarpgjam
kombinacijam.

Latvijas meteorologiskajiem un ekspluatacijas apstakliem piem&rotas tadas
pazemes un virszemes pliismas maksligo mitraju tehnologiskas sheémas, kas
ievérte notekiidenu veidu un attiecigo attiramo notekiidenu kvalitates
raditajus, apjomu un pieplides reZimu.

Salidzinot vid&jas koncentracijas pirms un péc pazemes pliismas maksliga
mitraja MeZacirulos ievaktajos Tdenu paraugos, novérots koncentraciju
samazinajums par 17%, 67% un 54% attiecigi NO3-N, NH4*-N un Nygp
raditajiem. AizturéSanas efektivitate vidéjam Pyo,p un PO4-P koncentracijam
noverota attiecigi 67% un 72%. SV koncentracijas samazinatas vid&ji par
62% visa novérojumu perioda. Raditaji BSPs un KSP samazinati vidgji
attiecigi par 67 un 63%.

Virszemes plismas maksligais mitrajs Mezacirulos uzrada vidgji 10%, 24%
un 9% samazinajumu attiecigi NO3-N, NH4*-N un Ny, koncentracijam.
Mitrajs darbojies ar 21% un 3% samazinajuma efektivitati POs-P un Pigp
koncentracijam. SV koncentracijas aiztur€tas vidgji par 11%.

Virszemes plismas maksligais mitrajs Zant€ neietekm& NO3;-N un Niop
koncentracijas, tacu konstatéts NH4*-N koncentraciju palielinajums vidg&ji par
50%. Mitrajs darbojies neitrali attieciba uz fosfora savienojumu aizturé$anu.
Noverota vidgji 8% SV aizturéSanas efektivitate.

Viens no nozimigiem tidenu kvalitates uzlaboSanu ietekméjoSiem faktoriem
ir mitraja konstrukcija. Kopuma pazemes pluismas maksligd mitraja
konstrukcija uzradijusi augstaku Ttdenu attiriSanas efektivitati visiem
raditajiem neka virszemes plismas maksligo mitraju konstrukcija.
Makligajos mitrajos iepliistoSo idenu koncentracijas visos p&tijumu objektos
bija mainigas, un Pirsona korelacijas analize neuzradija statistiski biitisku
sakaribu starp iepliistoSo notekiidenu sastdvu un piesarnojoSo vielu
samazinaSanas efektivitati.

Ekspluatacijas laiks nav bitiski ietekm&jis mitraju darbibas efektivitati, tacu
apsaimniekoSanas prakse ekspluatacijas laika ievérojami samazinajusi BSP5
un KSP koncentraciju samazina$anos pazemes plismas maksligaja mitraja
un slapekla savienojumu aizturi virszemes plismas maksligaja mitraja.
Gaisa temperatlira nav biitiski ietekm@jusi virszemes un pazemes plismas
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maksligo mitraju darbibas efektivitati. Vertgjot maksligo mitraju darbibu
sezonali un, ietverot kompleksu dazadu faktoru ietekmi, t.sk. gaisa
temperatiiru, vegetacijas attistibu un iepliistosa fidens kvalitati un kvantitati,
pazemes pliismas mitraja slapekla un fosfora savienojumu attiriSanas
efektivitate pazeminajusies pavasara sezond, bet virszemes pliismas
maksligajos mitrajos konstatéta zema fosfora savienojumu aizturgSanas
efektivitate ziemas sezona.

Aprékinu  metodika maksliga mitraja  konstrukcijas izvélei un
dimension&sanai un virsmas laukuma aprékina formulas balstitas uz Gdens
kvalitates raditaju izmainam pie ieplides un izpliides. Sagatavotais aprékinu
modelis dazada veida un apjoma notekiidenu attiriSanai ir pieejams tieSsaisté
vienkarsi lietojama kalkulatora veida.

55



1. LITERATURE REVIEW

Constructed wetlands are widely used elsewhere in Europe and the USA
to improve water quality. The operating principle of constructed wetlands is
borrowed from biological and physical processes occurring in natural wetlands.
Constructed wetlands are designed and built to improve water quality, promoting
and intensifying the natural water self-purification processes. Vegetation
complements the purification function in the wetland. Treatment of various types
of wastewater using nature-based processes is economically sound, efficient and
sustainable.

1.1. Constructed wetlands of various constructions

By construction, constructed wetlands are divided into surface flow and
subsurface flow wetlands (Mahmood et.al., 2013). Constructed wetlands can also
be created with a combined wastewater flow regime. It is possible to combine an
open water section with a filtering subsurface flow section in one wetland
system. Thus, it is possible to combine the advantages of different constructions.
Each of the wetland types can be adapted to treat different types of polluted
waters (Ventura et.al., 2019). Schematic 1.1. figure summarizes the classification
of the most popular types of constructed wetlands depending on the construction
and flow regime.

Constructed
wetlands
Surface flow Subsurface flow Combined
constructed wetlands constructed wetlands constructed wetlands
— Shallow water — Horizontal flow — Combined
constructed wetlands surface flow construced
with the depth 0.15 to — Vertical flow wetlands with different
0.45 meters e  Flow direction water depth
vertically —  Combined
— Deep water downwards subsurface flow
constructed wetlands e  Flow direction constructed wetlands
with the depth up to 2 vertically with different flow
meters upwards directions
e  With floating —  Combined
plants surface and subsurface
e  With rooted flow constructed
plants wetlands

Fig. 1.1. Classification of constructed wetlands depending on construction
and flow regime
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By conducting scientific research and developing technological solutions,
various innovative types of constructed wetlands are designed, studied and
operated, the main purpose of which is to enhance one or more separate
purification processes (Ventura et.al., 2019). These innovations include
strategies such as partial recirculation of wastewater, tidal regime by periodically
raising and lowering the water level in the wetland, bidirectional movement of
wastewater flow, integration of earthworms, etc. Intensification of aerobic
bacteria in wastewater occurs in constructed wetlands with forced aeration, by
introducing air or oxygen into the base of the wetland with the help of
compressors (Varga et.al., 2017).

1.2. Application of wetlands depending on the type of wastewater

By dividing wastewater depending on its source of origin or depending on the
water consumer, we get a preliminary idea of the expected volume and quality
of wastewater. Accepting this classification and being guided by typical
indicators, a conceptual approach to wastewater management can be addressed.
The constructed wetland can conceptually serve for the treatment of different
types of wastewater by adjusting the wetland's technological performance
(subsurface, surface flow or combined constructed wetland) and dimensions
(surface area, depth, etc.) (Vymazal et.al., 2021). The four types of wastewater,
depending on the origin, determine a different approach in the application of the
wetland.

The decision to choose a constructed wetland structure for one or another type of
wastewater treatment forms the basis for further design of the wetland.
Guidelines, manuals and calculations adopted in other countries for the design
and dimensioning of constructed wetlands of various constructions are available
in the literature (EPA, 1982; General considerations, 1995; Galanopolos &
Lyberatos, 2016). Until now, constructed wetlands have not been one of the most
popular biological wastewater treatment methods in Latvia, so the appropriate
conditions for the use and design of wetlands have not been developed so far.
Guided by the results included in this study, taking into account the climatic
conditions, wastewater management conditions and current regulatory acts in the
territory of Latvia, and taking into account the experience of other countries in
wastewater management, where constructed wetlands are used as the main
treatment method, a simplified scheme for decision-making in choosing a
wetland structure is proposed.

The proposed scheme helps to navigate the choice between surface flow and
underground flow constructed wetland. This decision is based on the purification
processes ocouring in a shallow water layer or in a coarse sand filter. When
planning to treat wastewater in a constructed wetland, you can generally be
guided by the type of wastewater. Assuming that rainwater does not contain
organic matter, but mainly suspended matter and oil products from the urban
environment, the wetland will most often be planned as an additional element in
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the flow path to improve the general water quality. In such cases, it is reasonable
to build equipment without waterproofing, connected to groundwater. The
volumes of rainwater runoff tend to be with a distinctly high and short-term
inflow (Gimenez-Maranges et.al., 2020), where the limiting factor of the
subsurface flow wetland in the specific question would be the filtration capacity.
Thus, it is recommended to choose a surface flow wetland. Domestic wastewater
is specific with its relatively stable inflow regime, volume and amount of
pollutants. The legislation of Latvia determines the emission limits of polluting
substances in the environment (regulations of the MK of the Republic of Latvia
No. 34, 2002), which actually means purifying domestic wastewater in hermetic
facilities that are not connected to the environment. In addition, the amount of
organic substances in the wastewater and sanitary considerations lead to choose
the constructed wetland of the subsurface flow, where the active wastewater
treatment is arranged inside the filter.

Wastewater is planned to
be purifiedin a
constructed wetland

Rainwat Domestic Industrial Wastewater from
amwater wastewater wastewater pgricultural activities|
— An intense, — Sedimentation of
irregular inflow 3 days should be ) Wastewater
regime is expected provided Equipment | | .o 2 high
— Hydroinsulation c°°lt']"g or content of
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conditionally] = - organic
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be provided unoff | — Sedimentation of
- 3 days should be
. . from arable d
Hydroinsulation provided
land . .
should be — Hydroinsulation

rovided should be provided

Surface flow Subsurface flow Combined
constructed wetland | |constructed wetland constructed wetland

Fig. 1.2. Decision-making map of the wetland construction
*Conditionally clean wastewater, where the concentrations of polluting substances do
not exceed the limit values mentioned in the current regulations of the LR MK (LR MK
regulations No. 34, 2002).

Similar considerations should be made when evaluating production
wastewater, where one of the most important criteria for deciding in favor of
surface or subsurface flow constructed wetland technology is the concentration
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of pollutants, including organic substances. Runoff from drained agricultural
lands, wastewater from agricultural activities, similar to wastewater from
industrial activities, can vary greatly in terms of volume, flow regime and
concentration of pollutants. However, as a preliminary assessment of the possible
most typical directions of agricultural activity, a simplified division is included
in the block diagram, which generally leads to the construction of surface of
subsurface fow constructed wetland.
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2. MATERIALS AND METHODOLOGY

This research is based on empirical observations of water quality and
quantity data. The research sites were designed and built on the basis of the
results of the research conducted in other countries, taking into account the
differences in meteorology, geology, hydrology, geomorphology, type of land
use, operation and regulation. The methods used to improve water quality in the
artificial wetlands have been tested and observed under real meteorological and
operational conditions.

2.1. Description of monitoring sites

The choice of monitoring sites was backed by a need to establish pilot
sites in Latvia to test the operation of a laboratory-proven wastewater treatment
method in real-life conditions.

Table 2.1. The main constructive dimensions of research objects

Resaerch The Catchment Surface Surface Maximum
site construction | basin area, | area of the area and depth of
ha* constructed | Catchment water or
wetland, ha | basin area filter bed, m
ratio, %
Mezaciruli | Subsurface 0.8 0.016 2 0.9
flow
Mezactruli Surface 74.7 0.370 0.5 1.5
flow
Zante Surface 553.3 0.240 0.04 1.5 (0.5)
flow

* the area of the catchment basin was measured based on the digital database of
drainage system prepared by VSIA "Ministry of Agriculture's real estate” (LGIA, 2017).

The farm “Mezaciruli” (56°34'22"N, 23°29'46"E) is located in Zemgale,
Jelgava region, in a nitrate vulnerable zone according to the criteria of the EU
Nitrates Directive (91/676/EEC, 1991). Intensive agricultural activities are
carried out in this region, including crop and animal husbandry. Surface and
drainage runoff from the farm properties is channelled through the drainage
systems and open ditches to the River Eglone, which is located in the Lielupe
catchment area.

The location of two wetlands with different design, the possibilities of
regular monitoring and the geographical location of the site served as the basic
criteria for the selection of the pilot site. The second monitoring site was arranged
in the farm “Vilcini 17 (56°54'34"N, 22°42'36"E), in Tukums region, where the
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surface flow constructed wetland was built in Zante to treat surface and drainage
runoff from agricultural areas. Runoff from the site is channelled into Dglinu
Stream and is located in the catchment area of the River Venta.

Subsurface flow constructed wetland in MeZaciruli

Rainwater turning into surface runoff from the farmyard areas should be
put in a separate wastewater category, which in terms of water quality indicators,
concentrations of organic and suspended solids often approach the
concentrations of a typical domestic wastewater (Cabinet Regulation No. 34,
2002), but In terms of the origin and inflow pattern of wastewater, it corresponds
to the rainwater of residential areas (Grinberga & Lagzdins, 2017). The
catchment area of the subsurface flow constructed wetland is comprised of the
farm yard area of 0.81 ha. Roof areas and hard surfaces account for 77% of the
total catchment area. The rainwater treatment plants are designed on two levels
and consist of a balancing pond, a pump well and the subsurface flow constructed
wetland. Mechanical treatment in an open storage basin is designed at the first
level or as the first wastewater treatment, as shown in Fig. 2.1.

The pond is 1 m deep and its useful volume is 120 m?, which corresponds
to 40 minutes of intense rainwater. No aquatic plants are planned in the balancing
pond and no observations have been made during the operation.

Water from the pond is periodically pumped to the second treatment level,
to the subsurface flow constructed wetland, where biological and physical
wastewater treatment processes take place. The pump is located in the insulated
pump well.

The filter part of wetland consists of a coarse washed sand layer with main
fraction of 0.5-5 mm, the inlet part consists of a rubble layer, as well as the
drainage pipe with rubble embankment, which discharges purified water into an
open ditch. The wetland base is lined with 2 layers of PE film, which ensures
airtightness and prevents untreated wastewater from entering the groundwater
and groundwater penetrating into the filter part of the wetland. The top of the
wetland is evenly planted with reeds. The purified rainwater enters the River
Eglone through an open ditch (Grinberga et al. 2020).

Surface flow constructed wetland in MeZaciruli

The surface flow constructed wetland in the territory of the farm
“Mezactruli” shown in Fig. 2.1. was arranged in the summer of 2014, water
quality and quantity monitoring has been carried out since the beginning of
operation. Zemgale region has a relatively intensive agricultural activity, and a
drainage system using clay drains, collectors and open ditches has been arranged
in the wetland catchment area. The agricultural land in this area is mainly used
as arable land to grow crops such as maize, wheat and oilseed rape (Kill et al.
2022).
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The surface wetland was constructed by converting 240 m of the existing
open collecting ditch. The width of the wetland mirror surface is between 6 and
42 m. The water level is regulated at the outlet by a control and measuring
structure featuring 90° V-shaped spillway built into the concrete retaining wall.
The wetland is functionally divided into two parts with a maximum water depth
of 1.45 m at the inlet to facilitate sedimentation processes and a shallow part at
the outlet with a maximum water depth of up to 0.5 m for nutrient conversion
processes. The plants in the wetland have spread naturally, mainly in shallower
coastal areas of the wetland and banks of two islands (Kill et.al., 2022).
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Surface flow constructed wetland in Zante

The agricultural area selected for the construction of the monitoring site
is used as drained arable land. The surface flow constructed wetland in Zante was
built as one of the environmentally friendly elements of the drainage system
(according to Cabinet Regulation No. 600, 2014), by transforming a 75 m long
section of the national water drainage into a wetland. The existing water drain
into the wetlands with low terrain section has been deepened and widened
intentionally, providing a 0.25 ha large total mirror surface area of the surface
flow constructed wetland. The constructed wetland is made up of two structurally
distinct parts separated by a stone layer threshold. Fig. 2.2. (author: M. Ozolina,
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Ltd. “Cebo”) shows the plane material of the drainage and constructed wetland,
which reflects the total initial and designed arrangement at the site.

The construction site was chosen in a depression of the terrain, in a
naturally moist area, which ensures the inflow of surface runoff and facilitates
the introduction of existing drainage systems into the wetland. The inlet part was
designed as a deep water zone, with a water layer up to 1.5 m in depth, which
serves as a sedimentation basin for precipitating the suspended solids. In the inlet
part, the aquatic plants were not planted and instead have grown naturally during
its operation. The second part of the wetland behind the stone layer threshold is
formed at a depth of up to 0.5 m, where aquatic plants have been intentionally
planted and densely formed at the base.
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Fig. 2.2. A plan of surface flow constructed wetlands in Zante

2.2. Methodology for water sampling and determining the chemical
composition

Water quality was monitored at three research sites by manually
collecting water samples at the inlet and outlet of the constructed wetland. Water
samples were collected in washed and rinsed 0.5 L plastic bottles to perform
analyses of biogenic elements and in 1 L bottles to determine the concentrations
of the suspended solids (Surface ..., 2003). BODs and COD were also collected
in 3 L bottles from the subsurface flow wetland to determine concentrations.
Water samples were taken in labelled bottles once or twice a month at intervals.
The total monitoring period at the research site in MeZacTruli was 90 calendar
months from July 2014 to December 2021. 103 water samples taken from the
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subsurface flow constructed wetland were analysed. 107 water samples taken
from the surface flow constructed wetland were analysed. Samples have been
collected at Zante research site for 48 calendar months from June 2017 to
December 2021. 45 water samples taken from the surface flow wetland in Zante
were analysed.

The inlet part of the subsurface flow constructed wetland in MeZaciruli
consists of a covered rain sewer system collector, a self-draining polymer pipe
of DN300 mm with a round cross-section, which is inserted into the manhole
where there is a 50 cm deep sediment layer. It flows into an open balancing pond
from the manhole through the polymer gravity flow pipe with round cross-
section and DN300 mm. The second water sample was taken at the wetland outlet
pipe into the ditch.

Water level was measured in the manhole before the inlet pipe and the
measurement results were stored via Mini-Diver pressure sensors. The flowrate
was calculated on the basis of the Manning equation (Walkowiak, 2008) for
round-section pipes with partial filling during the monitoring period.

Water samples were taken from the surface flow constructed wetland
in Mezaciruli at the inlet behind the culvert and at the outlet before the spillway
as shown in Figure 2.8. This figure also shows the distribution of the water layer
depth and the spread of vegetation. A concrete retaining wall with metal V-
shaped 90° spillway was built in the outlet part to ensure water level observation.
The water level is measured with the Mini-Diver water level data recorder. The
observed water levels were recalculated to get the flowrate according to the
following formula (Walkowiak, 2008) in line with the shape and dimensions of
the measuring structure.

Water reserves during the growing season from the surface flow
constructed wetland are also used for the irrigation of farm greenhouses. Dates
and pumped flowrates were recorded and added to the observed flowrates after
recalculation of the water level.

A measuring structure with a combined V-shaped and rectangular
spillway was used for flow measurements in the surface flow constructed
wetland in Zante. Water levels were recorded with the Mini-Diver water level
data recorder and recalculated according to a combined formula, taking into
account the specifics and dimensions of the spillway, using a combination of
formulas where water levels are recalculated according to the formula for V-
shaped spillways but when the water level rises above 0.03 m, the flowrate is
calculated according to the formula for trapezoidal spillways. Formula 2.1 is used
to recalculate water levels from 0-0.03 m above the spillway. For recalculation
of the water level above 0.03 m in height, the spillway has a trapezoidal shape,
so the flowrate is calculated using the following formula:
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Q=K-(L—0.2H) -H'" (2.1)
kur
Q — flowrate, 1-s7!;
H — water level above the weir, m;
L — scope width of the weir, m;
K — a constant that depends on the desired flow units (here with a value
of 1838).

Water quality indicators in this research can be divided into two parts -
parameters monitored in the agricultural areas as nutrient concentrations, and
parameters that are analysed to characterise the organic matter content in the
wastewater as oxygen demand. Since the wastewater to be discharged to
wetlands was collected from the agricultural areas, nutrient concentrations and
total suspended solids were monitored in accordance with Latvian legislation and
the Nitrates Directive (91/676/EEC, 1991). Biochemical and chemical oxygen
demands were determined additionally for monitoring of the subsurface flow
constructed wetland in order to measure the amount of biodegradable organic
matter in the water (Grinberga & Lagzins, 2017) in accordance with the
regulations for domestic and rainwater management in Latvia (Grinberga et al.
2020).

Water samples were analysed and the concentration (mg-L!) was
determined for water quality parameters such as nitrogen nitrate (NOs™-N),
ammonium nitrate (NH4*-N), total nitrate (Nia), orthophosphate phosphorus
(POy4-P), total phosphorus (Pwwi) and total suspended substances (SS). These
analyses were performed in an accredited laboratory at the Hydrochemistry
Laboratory of the Latvian Institute of Hydroecology, Daugavpils University
Agency. Analyses of the suspended solids were performed in the laboratory of
the Department of Environment and Water Management of the Faculty of
Environment and Civil Engineering of the Latvia University of Life Sciences and
Technologies. Water samples, for a period of 28 months, from September 2019
to December 2021, were analysed and 5-day biochemical oxygen demand
(BODs) concentration (mg-L') and chemical oxygen demand (COD)
concentration (mg-L') were determined. These analyses were performed in an
accredited laboratory at the Institute of Food Safety, Animal Health and
Environment “BIOR”.

In order to determine the retention efficiency of the analysed water quality
parameters, the concentration of the parameters before and after the wetland’s
outlet and the treatment efficiency in percentage were compared using the

following formula:
— CintCout

E -100, (22)

in
kur
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E — teratment efficiency, %;

Cin — concentration of the analyzed parameter, mg-1"! before the
constructed wetland;

Cow — concentration of the analyzed parameter, mg-1"' after the
constructed wetland.

2.3. The methodology of mathematical data processing

Influencing factors such as diurnal air and water temperature fluctuations,
changes in dissolved oxygen and flowrate, etc. affect water quality in the
constructed wetlands. No specific schedule was followed during the water
sampling to prevent the impact of these factors. Sample dates were chosen with
similar intervals between the sampling times, such as the first days of the month.
The results of analyses were processed in XLSTAT (MS Excel add-on for
statistical data processing) to obtain statistical substantiation for the research
questions.

The catchment area of the subsurface flow constructed wetland at the
research site was located on farmland and covered with concrete slabs forming
an impermeable surface. The described area with the above-mentioned surface
conditions and the existing drainage system is considered to be a rainwater
sewerage system in accordance with the legislation of the Republic of Latvia.
Rainwater volume assessment in the catchment basin was initially performed
according to the intensity calculation method provided for in the Latvian
Construction Standard LBN 223-15 “Sewerage structures” (LBN 223-15, 2015).
Monitoring data for precipitation were obtained from the nearest meteorological
station in Dobele (Grinberga et al. 2020).

An interpretable object-orientated programming Python was used to
calculate water levels and flowrates and to process the related data (Python
Software Foundation, 2001-2022). Boxplot bar graphs were used to show the
range of concentrations of the water quality parameters. Statistical analysis was
performed with 95% credibility.

The p-value of the Kolmogorov-Smirnov statistic was used to assess the
normality. Mann-Whitney U test and Spearman's rank correlation were used to
statistically evaluate the performance of the constructed wetlands in the research
sites. Spearman’s rank correlation was used to determine the reciprocity of the
water quality parameters.

A p-value of >0.05 indicated a failure to reject the hypothesis that the data
distribution was normal. Distribution of the data was then assumed to be normal,
and a pairwise t test was used to determine the statistical significance of the
particular data set. Where normal data distribution could not be accepted, the
Wilcoxon signed-rank test was used. A similar statistical approach can be found
in the literature (Grinberga et al. 2020).
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2.4. Principles of methodology and model development of constructed
wetlands calculations

Evidence of several models of the constructed wetland calculations can
be found in the literature (Henrichs et al. 2007; Meyer et al. 2015; Galanopolos
& Lyberatos, 2016), that is primarily intended for outcome modelling (Juston &
Kadlec, 2019). This study includes calculation methods for the constructed
wetlands of various design, which have been approbated for the climate and
adapted for the wetland design in Latvia. The literature mainly uses two
approaches to determine the dimensions of the constructed wetlands as treatment
plants (Meyer et al. 2015). One method is to assume typical expected pollutant
parameters and wastewater volume for a given type of wastewater and, on the
basis of studies in the specific region, to assume a wetland area ratio for one
specific constructed wetland design (Langergraber, 2007). For example, the
recommended surface area shown in the literature for a horizontal subsurface
flow wetland to treat one PE of domestic wastewater varies between 5 and 7 m?.
This approach requires data from the research sites to justify the choice of
wetland design and dimensions and to demonstrate its efficiency. The second
method is based on the physical and biochemical treatment processes that take
place in the constructed wetland. By purposefully creating suitable conditions for
the specific processes, it is possible to predict the expected efficiency of the
wetland in relation to one or another specific pollutant. This calculation method
is also based on empirical observations, but in this case the observations made
under laboratory conditions can be adapted to different environmental factors
such as air or water temperature, flowrate, incoming concentration of pollutants,
oxygen content in the water, etc.

The methodology for calculating the constructed wetlands prepared for
this thesis includes both of the above-mentioned approaches for the calculation
of the structure and dimensions of wetlands depending on the wastewater type,
offering the most suitable one for Latvian conditions in the given case.

The desired scope of water pollution reduction in the constructed
wetlands can be used to calculate the required wetland surface area:

J =k (Cin — Coup), 23)

kur

J — pollutant reduction intensity, g per m? per year;

k — constant characterizing the intensity of pollution reduction depending
on the surface area of the wetland, m per year;

Cin — pollutant concentration at the inlet, mg-1°!;

Cou — pollutant concentration at the outlet, mg-1"! (Kusler & Christie,
2012).

Referring to the research data obtained from the pilot sites and the
calculations widely used in other countries, a model for the selection of the type
and dimensions of the constructed wetland has been prepared.
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The model is available online at https://lauvas.area.lv/MM/. The model is
intended for entering relevant output parameters for any specific, user-selected
object in order to obtain a recommendation on the most appropriate wetland
design and a preliminary wetland surface area. The calculation part is not
available to the model user, but it is described in this thesis. The model is not
intended for obtaining detailed documentation of the construction conception,
because the design must consider the local possibilities and limitations of the site.

The model user must first manually enter the input data required for
further calculations, including the type of wastewater to be treated by its origin,
which leads to the fields of measurable parameters in the model environment.
This classification makes it possible to structure future decisions on the
efficiency of suitable constructed wetlands. The measurable parameters are
conceptually differentiated by typical wastewater criteria.

* Wastewater type by

origin A result provided by
* Measurable parameters model
‘ * recommended
constructed
wetland
......................... Calculation construction
be applied methodology of * Recomended
manually constructed wetlands surface area
included in a model '

Fig. 2.3. Structure of constructed wetland calculation model

In the next step, for the accuracy and validity of calculations, the user
must enter the measurable values of the required parameters, including the
concentrations of the individual water quality parameters, mg-L™! and the input
data that allows the model to calculate the flowrate, m'dnn’!. The formulas from
calculations incorporated in the legislation of other countries and included in
internationally recognised guidelines have been used for calculations of the
constructed wetlands under this model, taking into account the observational data
obtained in this research, as well as climatic and economic factors of Latvia. A
practically applicable result of the model is the recommended design of the
constructed wetland and correspondingly calculated recommended surface area
of the wetland in m?.

In this paper the constructed wetland is considered as a wastewater
treatment plant designed to improve water quality. As proven by the research
sites in Latvia built, operated and described in the previous chapters, the
efficiency of the wetland may differ depending on the volume, quality and flow
pattern of the treated water. The mentioned parameters of the incoming water are
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also mentioned in studies of other countries (Crumpton & Stenback, 2020) as
factors influencing the wetland efficiency, as well as included in the calculations.
The parameters of the incoming water or that to be treated are used as the input
data helping to choose a design of the constructed wetland in order to adopt the
most efficient and suitable technical solution.

In most cases, the source of the water to be treated indicates the expected
volume, quality and flow pattern of the water. Therefore, the model for selecting
the type and dimensions of the constructed wetland intends to firstly select the
source of water to be treated. 5 options are offered: rainwater, domestic
wastewater, industrial wastewater, agricultural runoff, other option. Each of
these options has been chosen assuming that the source of the wastewater is
going to be defined as a typical effluent in terms of volume, quality and flow
pattern. The fifth option “Other” is included in the model for cases where one of
these three criteria exceeds or does not meet the characteristics of a typical
wastewater.

This choice will allow you to select the parameters of water to be treated
in the first step, which is the most important for each type of wastewater when
treating it in the constructed wetland. It is not ruled out that the parameters of the
wastewater to be treated may vary from case to case, therefore more precise data
are required in the next steps of the model, which are described in the following
subsections. The studies available in the literature mainly focus on the individual
wastewater types included in this model. Therefore, each of model’s five choices
leads to a different dimensioning scenario for the constructed wetlands.
Depending on the specifics of each wastewater type, the requirements of the
regulatory enactments applicable in Latvia and the research results obtained in
this doctoral thesis from the research sites, each of the five model’s scenarios
includes calculations adapted from other countries' experience in designing and
dimensioning the constructed wetlands. The model eventually offers a
preliminary design of the most suitable constructed wetland and surface area for
the incoming wastewater. This model is designed to help obtain a sketch of the
constructed wetland, and should not be used to substantiate the construction
without appropriate construction design documentation under the guidance of a
certified engineer. The model allows further decisions to be made regarding the
available area on the site, as well as the possible construction and operation cost
items. In order to simplify the model and access to it as much as possible to
anyone interested, the initial choices have been reduced to the lowest permissible
level, which at the same time leaves room for the designer's interpretation,
working in detail on each specific constructed wetland.

Calculation of dimensions of the subsurface flow constructed wetlands

In most cases, the constructed wetlands are designed with a minimal
surface area and the lowest possible construction and operating costs. At the
same time, it is not desirable to reduce the area due to the risk of losing the
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wetland's effectiveness in reducing pollution. The recommended ratio of the
length to width of the horizontal subsurface flow constructed wetland, by
choosing a rectangular shape, is 3-4:1 (Sim, 2003). However, depending on the
filter material and cross-sectional area, the capacity of the wetland must be
checked to ensure is not less than the possible flowrate of the incoming
wastewater. The filtration factor will determine the flowrate of wastewater
through the filter material. The required cross-sectional area is calculated
according to Darcy's law, mathematically expressing the cross-sectional area of
the filter if necessary:

K-dH-F
Qan =— > 2.4)

kur

Qun — average daily flow of wastewater, m® dnn’';

K — filtration coefficient of constructed wetland filter material, m dnn'';
dH — the difference in water levels between inlet and outlet, m;

L — filtration path length, m;

F — cross-sectional area of an constructed wetland filter, m2.

The required surface area of a wetland is calculated from the
concentrations of the inflowing and desired outflowing water quality indicators.
As the subsurface flow constructed wetlands are most often used directly for the
treatment of domestic wastewater or other wastewater containing organic matter,
the wetland surface area can be calculated from the desired reduction of BODs
concentrations (Sim, 2003; General considerations, 1995) according to the
following formula:

Ap =K - Qan - (InCipy = InCoye), (2.5)
kur
Ay, — surface area of a subsurface flow constructed wetland, m?;
K — flowrate constant, m-dnn’’;
Qun — average daily flow of wastewater, m*-dnn’!;
Ci» — BOD:s daily average concentration at the inlet, mg-1'!;
Cou — the desired daily average concentration of BODs at the outlet,
mg-1'!.

The velocity constant is the rate of BOD degradation, which depends on
the ambient temperature, water depth and the porosity of the filter material.
Under conditions typical in Latvia, given the ambient temperature of 10 — 20 °C,
one can assume that horizontal subsurface flow wetlands with the accepted
constant velocity lie in the range of 0.09 — 0.15, while the range is 0.13 — 0.22
for vertical subsurface flow constructed wetlands (Brown et al. 2000). The higher
the ambient temperature, the larger the constant must be.
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Calculation of dimensions of the constructed wetland surface flow

The surface flow constructed wetlands are mainly used for the treatment of drains
or surface runoffs from the agricultural land or for the treatment of rainwater,
and local factors specific to each site, including the topographical situation and
wastewater characteristics, must be considered first. The main dimensions of the
wetland are:

the shape chosen for the purpose of obtaining the longest possible flow
path or trajectory;

the depth of the water layer, which is selected on the basis of parameters
characterising the quality of the incoming water, and according to the
planned bacteriological processes in the wetland;

hydraulic residence time in the wetland selected from 1 to 5 days (EPA,
1982) if effective retention of BODs and SS is desired, and 10 to 15 days
if full nitrification-denitrification processes are desired, as well as
efficient orthophosphate phosphorus detention (EPA, 1982);

vegetation type and the desired distribution;

mirror surface area, for which several dimensioning techniques can be
found in the literature.

In order to treat wastewater coming from the agricultural areas, mainly

from drained arable land, pastures and grasslands, it is recommended to assume
the wetland’s mirror surface area depending on the catchment area, taking a ratio
of 0.5-2%. The second approach to calculate the mirror surface area of the
surface flow constructed wetland is based on the water’s residence time in the
wetland. The water balance is calculated according to the typical parameters of
the site, taking into account the direct inflow, infiltration, evaporation,
precipitation, accumulated water and outlet parameters (EPA, 1982).

Maksligo mitraju aprékina kalkulators

Izvélies parametrus

I1zvélies notekadenu veidu v

Izvélies notekadenu veidu
Lietus notekadeni

Sadzives notekadeni
RazZosanas notekudeni
Lauksaimniecibas notekadeni
Cita veida notekadeni

Fig. 1.6. Initial view of the model, selection of wastewater type (only in

Latvian)
The first step of the model is choosing the type of wastewater to be
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treated, on which the output parameters depend to start the selection of the most
suitable wetland design and continue with the dimensioning of the constructed
wetland. Initially the type of the wastewater to be treated must be identified. Five
options are proposed, in this case focusing on a specific type of the wastewater,
according to their specifics in typical conditions. The first option “Rainwater”
should be chosen if the surface runoff from a solid or semi-permeable surface is
collected and drained by means of rainwater drainage or is discharged as surface
runoff. The second option “Domestic wastewater” is marked if it is intended to
treat typical domestic wastewater from the residential or public buildings where
consumers stay permanently or periodically. For holiday homes or other
buildings where people stay for a certain period of time, the model should specify
the parameters of the peak period in terms of consumer quantity. The third choice
in the model “Industrial wastewater” focuses on wastewater from a specific
facility that can be measured, and indicates the average concentration and volume
of water per time unit in the next step of the model. According to its specifics,
the agricultural wastewater can be conditionally divided into two parts. Where it
is necessary to treat surface or drain runoff from the arable land, one type of
calculation is offered. However, the model also includes the second option,
where surface runoff, similarly to rainwater, collects from hard and semi-
permeable pavements, which in the case of agricultural land are, for example,
farmyard areas, machinery parking areas. Several types of wastewater can be
combined in the site. In this case, choose the fifth option offered in the model,
i.e., “Other”. The choice of the fifth option involves a calculation of the
constructed wetland on the basis of a predetermined, measured or calculated
wastewater volume per time unit, as well as the average concentrations of the
main water quality indicators. If the wastewater pattern is highly variable, the
first or fourth choice of the model should be considered in the first step.

2.4.1. Rainwater

The rainwater is more often understood as surface runoff from hard
surfaces in the residential areas. The Latvian Construction Standard requires the
rainwater drainage system to ensure treatment of at least 70% of the most
polluted surface runoff from the residential areas, as well as from industrial areas
that generate similarly polluted rainwater. If the industrial territory is
contaminated with toxic substances or significant amounts of organic matter, all
surface runoff must be treated (LBN 223-15, 2015). Rainwater from the urban
environment mainly contains the suspended solids, unburnt oil products and oils,
and may also contain debris from the streets. When planning rainwater treatment
in the urban environment, Latvia has traditionally designed pipeline systems that
discharge rainwater away from the territory as soon as possible. With the
Sustainable Urban Drainage System, more and more modern solutions are being
introduced to store, infiltrate, treat and manage rainwater in small catchments,
thus reducing the amount of water to be managed and the amount of the
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accumulated pollution. When planning the treatment of rainwater in the
constructed wetlands, from the point of view of the water quality indicators,
attention should be paid to the relatively low amount of organic matter, low
concentration of biogenic elements, high amount of suspended solids. Rainwater
supply patterns are markedly irregular, with prolonged periods of drought in the
absence of precipitation, but also periods of heavy rainfall with potentially
prolonged downpour and potentially large volumes of water in a short span.
These parameters must be taken into account when choosing the design of the
constructed wetland.

When starting the design of rainwater, the volume of rainwater must first
be ascertained. In the calculation model of constructed wetlands, the volume of
wastewater is based on the calculation formula 2.6 available in the building code
of the Republic of Latvia (LBN 223-15, 2015), which evaluates the area of the
catchment basin, the type of surface covering and the region where the object is
located.

The calculated amount of rainwater is calculated according to the
maximum intensity method in compliance with the Latvian Construction
Standard 223-15 (2015):

Zmia AY%F
Gr = “Hgor > 26
kur

Zmia — average coefficient characterising the surface of the runoff basin;

n — a parameter that depends on the recurrence of P (years) and the
geographical location of the site. Legislation request to choose a city that is
situated closest to the site;

F — runoff calculation area at the site, ha;

t, — duration of the rainwater flow calculation (minutes), which depends
on the water flow time along the surface covers and the calculation stages in the
site;

A — a parameter that depends on the rainfall intensity and the period of
exceeding the intensity of a single rain calculation in the specific area. Parameter
A is calculated according to the formula proposed in the Latvian Construction
Standard 223-15 (2015):

log P
A=qy-20"-(1+ %}1-54 , 2.7)

kur

q20 — rain intensity (I-s™! ha) according to the geographical location of the
site, if rain lasts for 20 minutes;

n — exponent which is determined according to the geographical location
of the site;

P — period of exceeding the intensity of single rain calculation, which is
accepted according to the geographical location of the site;

m, - the average amount of rain events in the warm season of the year.
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When the choice of rainwater as the type of wastewater to be treated has
been made (Figure 3.25), one must enter the input data in the model required for
the rainwater calculation amount according to formula 3.3, under the applicable
standard. The parameters and coefficients required for the calculation can be
found in the appendices of the mentioned standard, and they must be selected
according to a specific site; they cannot be generalised to one reference site. The
calculation model assumes the treatment of a typical rainwater from the
residential area. Thus, it is proposed to choose a surface flow constructed wetland
as the most suitable design, and the surface area should be calculated on the basis
of the hydraulic velocity and water flowrate, where the constructed wetland is
mainly going to operate to retain the suspended solids, oil and oil products. The
main parameter here is the water residence time in the wetland, which is assumed
to be 4 hours. Wetland’s mirror surface area should be calculated from the
volume of calculated rainwater, the residence time of the water and the
recommended depth of the water layer, 0.5 m. If the catchment area of the site
exceeds 3 ha, it is recommended to consider other or combined designs of the
constructed wetland.

2.4.2. Domestic wastewater

Domestic wastewater is generated from the economic activities of people,
mixing water with organic substances, physiological human secretions,
detergents, etc. The composition of a typical domestic wastewater is specified in
the regulatory documents, Cabinet Regulation No. 34 (2002), where the
concentration of BODs is indicated in the range of 150 — 350 mg-L"!, COD
ranging between 210 and 740 mg-L™!, total suspended matter 120 — 450 mg-L!,
and total phosphorus 6 — 23 mg-L!, total nitrogen in the range of 20 — 80 mg-L-
!, Domestic wastewater treatment systems in Latvia are designed, built and
managed in accordance with the current regulatory enactments (LR MK
regulations No. 34, 2002; LR MK regulations No. 327, 2015). Domestic
wastewater treatment technologies are recommended to be selected based on the
indicators of the quality of purified water that can be achieved, and for small
objects with the number of consumers below 2000 PE, limit values of BODs,
COD and SS are determined. A specific treatment method is not regulated, but
the artificial wetland complies with Clause 37 of the LR MK regulations (LR
MK regulations No. 34, 2002) on appropriate treatment, as it ensures adequate
water quality for entering the treated wastewater into an open reservoir or
infiltrating the ground. With an appropriate solution, the artificial wetland fulfills
the criteria of the first treatment, since the BODs of the discharged wastewater is
reduced by at least 20% relative to the incoming load and the amount of SS is
reduced by at least 50%, and it can also be designed as a second treatment, since
the wastewater in the underground flow in the constructed wetland are purified
mainly based on biological processes.
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Wastewater inflow pattern is relatively regular and the volume is
predictable, which generally facilitates designing the wastewater treatment
plants. By choosing constructed wetlands as a domestic wastewater treatment
plant, one should choose a design which does not promote the spread of odours,
ensuring stable wastewater treatment efficiency throughout the operation,
including the winter period. Soil contamination risks must be taken into account
and prevented by designing an airtight base of the constructed wetland.

The amount of domestic wastewater is calculated in accordance with the
applicable standard Latvian Construction Standard 222-15 (2015) according to

the consumption of drinking water depending on the number of consumers
Sq'N
q

Qan = 750 2.8.)

kur

Sy — water consumption rate per capita, which is accepted depending on
the parameters of water distribution devices and the degree of amenities in the
site, I-dnn’!;

N — number of consumers in the site.

Domestic wastewater is expected to stand for 3 days before being placed
in the constructed wetland. Sedimentation takes place in the septic tanks or an
open sedimentation pond without a connection to the groundwater. The
sedimentation volume is calculated according to the average water consumption
per capita of the object.

The calculation model prepared within the framework of this paper
(Figure 3.26) offers the subsurface flow constructed wetlands for the treatment
of domestic wastewater, allowing to choose between a vertical or horizontal flow
direction in the filter. The surface area of the constructed wetland is calculated
according to the desired reduction of BODs concentrations in formula 3.2. The
current concentration of BSPs governed by the regulations applicable to typical
domestic wastewater is assumed to be the concentration of inflow BODs, and the
concentration of BODs regulated in Cabinet Regulation No. 34 is assumed to be
the preferred discharge concentration. A coefficient of 0.14, which corresponds
to the air temperature of 10 °C, was used to calculate the horizontal subsurface
flow wetland, while a coefficient of 0.30, which corresponds to the air
temperature of 10 °C, was used to calculate the vertical subsurface flow
constructed wetland. If the number of consumers exceeds 100 CE, the calculation
model suggests considering other or combined constructed wetland designs.

If it is planned to purify wastewater with a combined approach, using
other types of treatment method as a main, but to design the constructed wetland
as a second treatment facility or a treatment facility for the emergency overflows,
then the expected quality indicators of the water flowing into the constructed
wetland are used as the input data for the calculation.
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2.4.3. Industrial wastewater

Industrial wastewater is generated by the industrial companies in their
technological processes which involve water. Depending on the specifics of raw
materials and end products, various wastes may be dissolved or mixed with water
which, after one or more cycles of use, no longer meets the desired water quality
criteria and needs to be treated. Wastewater can vary in different production areas
in terms of quality and quantity. When evaluating the industrial wastewater
according to the content and volume of mixed substances, in accordance with the
regulatory documents applicable in Latvia (LBN), it is treated either together
with domestic wastewater using biological methods, or additional treatment
methods are provided if BODs, COD, suspended solids concentrations exceed
typical concentrations observed in the domestic wastewater (Cabinet Regulation
No. 34, 2002) or if any substances atypical for domestic wastewater are present
in the industrial wastewater. The influx regime of industrial effluents may depend
on factors such as the length and distribution of shifts in the plant, the production
cycle, the volume of output produced, and so on.

Constructed wetlands may be designed for the treatment of industrial
wastewater if the wastewater meets the quality of wastewater to be treated by
biological and mechanical methods (Nurmahomed et al. 2022). In this case, the
calculations shall be based on the initial concentration of pollutants in the
industrial wastewater to be treated and on the desired concentration of pollutants
after the wastewater treatment. As well as on the volume and flow of wastewater.
Similarly to the design of domestic wastewater treatment, risks of the soil
contamination must be taken into account and prevented, if necessary by
designing an airtight wetland base

Industrial wastewater, if it is similar to typical domestic wastewater in
terms of concentrations of BODs, COD and SS, is expected to stand for 3 days
before being treated in the constructed wetland. Sedimentation takes place in the
septic tanks or an open sedimentation pond without a connection to the
groundwater. Sedimentation volume is calculated according to the average
volume of the industrial wastewater at the site. The volume of wastewater is
calculated according to the production technology or according to the applicable
Latvian construction standard.

Data on the planned wastewater volume as well as the planned average
concentrations of the water quality parameters must be entered in the calculation
model (Figure 3.27). If the industrial wastewater contains other pollutants not
mentioned in the model, the choice of another technology for wastewater
treatment or wastewater pre-treatment should be considered. In the second step,
the model includes the calculation of the subsurface flow wetland depending on
the concentration of incoming and outgoing water quality parameters according
to Formula 3.2, with a coefficient of 0.14 for the horizontal subsurface flow
constructed wetland and a coefficient of 0.30 for the vertical subsurface flow
constructed wetland, respectively. If the introduced concentrations of BODs and
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COD are below 35 and 125 mg-L!, respectively, then the treated water can be
considered to be similar to rainwater or drainage runoff, and the model offers a
choice of the surface flow constructed wetland. In this case, the surface area of
the wetland is calculated according to the total nitrogen inlet and outlet
concentration, as well as the volume of wastewater, calculating the wetland
volume for a residence time of 4 hours. The model offers the largest calculated
version as the final surface area. If the number of consumers exceeds 20 m?-dnn®
!, the calculation model suggests considering other or combined constructed
wetland designs.

2.4.4. Wastewater from agricultural activities

Wastewater from agricultural activities consists of surface and drainage
runoff from agricultural areas. Cabinet Regulation No. 329 defines them as a
runoff or a terrestrial section of the water cycle that occurs along the ground
surface (surface runoff), soil and rock layers (underground runoff). This research
proposes two different approaches to the treatment of the agricultural wastewater
in wetlands. High concentrations of nitrates (Lagzdins et al., 2012) and/or
suspended solids are possible for drainage and surface runoff from agricultural
areas. The content of organic matter in such runoff is mostly low. In the
calculation model presented in Figure 3.28 the total catchment area of the
agricultural area, expressed in ha, should be entered as input data, and it is
proposed to choose the surface flow constructed wetland to improve the quality
of water before it enters the open water reservoir. Literature shows and the model
includes the ratio of the wetland surface area to the catchment area at least 0.5—
2%, and recommends the constructed wetland to have a permanent and dense
vegetation cover (Darwiche-Criado et al., 2017; Tournebize et al., 2017). The
model does not offer further solutions, such as the location of the wetland on the
site and the structure of the construction for adjusting the water level. Further
technical solutions require site-specific engineering solutions.

The choice of further technical solutions should be applied depending on
the conditions specific to the object. For example, the granulometric composition
of the soil, the type and intensity of agricultural activity affect the leaching of
plant nutrients and suspended substances and their amount in water. Depending
on the composition and volume of wastewater, the configuration of the
constructed wetland should be evaluated, including the depth of the water layer,
the ratio of length and width, and the type of vegetation, coverage and location.
For this choice, the model suggests a recommended wetland area relative to the
total catchment area, assuming an average wetland water table depth of 0.7 m.

The second approach includes the treatment of the surface runoff coming
from the agricultural land with a hard surface where organic matter may be
present in the effluent (Vymazal et al. 2020). The model includes a rainfall
calculation according to Formulas 2.6 and 2.7, and the concentration of
wastewater to be treated shall be assumed to correspond to typical domestic
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wastewater, on the basis of the inflow concentrations observed in the research
facility in MezZactruli. According to the composition, it would be necessary to
settle this wastewater for 3 days before feeding into the wetland, but the irregular
inflow is managed by offering to initially collect the wastewater in an open
balancing pond, which will equal out the flow and provide initial settling. The
volume of the balancing pond is calculated on the basis of the calculated flow in
the site, allowing 1-3 hours for its accumulation. The balancing pond must be
designed with an overflow that will drain rainwater in the case of heavy rainfall
and prevent leaching of the wetland filter. The model offers a design of the
subsurface flow constructed wetland, and the surface area is calculated similarly
for the domestic wastewater. The part of the balancing pond and wetland filter
must be constructed airtight, without a connection to the groundwater.

Other types of wastewater generated by the agricultural activities that
contain heavy metals, pesticides or other pollutants (Vymazal & Brezinova,
2015), or highly concentrated wastewater from the livestock, manure storage or
silage tanks, are not included in this calculation model. In such cases, pre-
treatment of wastewater and other or combined structures for the constructed
wetlands should be considered.

2.4.5. Other wastewater

“Other wastewater” is offered as the fifth option in the first step of the
model. This step allows one to include cases where the wastewater does not
directly correspond to any of the above sources of wastewater or is a combination
of several sources. Legislation on the emission of pollutants into water also
define urban wastewater, which is not to be classified as separate domestic,
industrial or rainwater, but is formed from a mixture of two or more different
wastewater types. The concentrations of water quality input indicators should be
selected from the average indicators observed or planned. The calculation
algorithm in this option is analogous to the calculation of industrial wastewater.

In the case of combined wastewater, a distinctly large amplitude between
the maximum and minimum of one or more quality parameters may appear. The
choice "other wastewater" included in the model is suitable if it is possible to
determine the characteristic average quality of treated wastewater by defining the
expected concentrations of BOD5, COD, Nkop, Pkop and SV in mg-1"!, as well
as the volume of wastewater in m*-dnn’".

According to this calculation methodology and the proposed model, a
general result can be obtained that is not tied to the specific parameters of each
specific object, such as the existing topographical situation, soil composition and
groundwater level, territory use regulations. The obtained structure and the size
and dimensions of the wetland are the first starting material for the design, which
further requires engineering solutions in each specific case, and allows
deviations, depending on the desired water quality result.
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3. RESULTS AND DISCUSSION

The results obtained over the course of the research are the performance
of the constructed wetlands observed in three monitoring sites regarding the
reduction of the observed pollutant concentrations in wastewater. The factors
influencing wetland efficiency and their cumulative impact on reducing water
pollution have been assessed. The most suitable structural solutions of the
wetlands and preconditions for operation to ensure the optimum wetland
performance have been evaluated. The calculation methodology included in the
calculation model for choosing the wetland design solution and dimensional
parameters for the treatment of different types and volumes of the wastewater
has been developed and described.

3.1. Analysis of pollution changes in constructed wetlands of various
constructions in Latvia

The changes in pollution after wastewater treatment in the constructed
wetlands are assessed against the changes in pollutant concentrations, comparing
the inlet and outlet parameters, as well as the observed flowrates.

The analysis of the observed water quality parameters in the research
sites was performed by initially looking for a linear correlation between the five
analysed parameters Ntotal, NO3 - N, NH4 - N, Ptotal and PO4 - P, comparing
the concentrations of the inlet and outlet parameters for two constructed wetlands
in MeZactruli and one constructed wetland in Zante.

Variable water treatment efficiency ratios have been observed for the
studied pollutants Nio, NO3--N, NH4--N, Py and PO4--P in all pilot areas,
subsurface and surface flow constructed wetlands under research. the changes of
phosphorus and nitrogen concentrations in the wetlands in the long run do not
follow a linear relationship. This can be explained by seasonal and long-term
fluctuations of several factors influencing the changes in concentrations.
Examples of factors influencing wetland efficiency include variable flowrate,
water level and flow velocity, air and water temperature, and possible dilutions
in the central part of wetlands that are not recorded in measurements (Crumpton
& Stenback, 2020). Thus, the correlation factor cannot be applied to measure
correlation strength between the inlet and outlet concentrations; its value tends
to be towards 0.

Various nonparametric statistical methods have been used in studies of
similar content to interpret the data, such as Spearman’s correlation. This
recommendation is also supported by the fact that the resulting water quality data
set does not form a normal distribution and there is large overall distribution of
the monitoring data. Due to the diverse treatment processes in the constructed
wetlands, affecting each indicator of water quality and their treatment efficiency
differently, data in the following sections are discussed in a thematic context and
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analysed separately, depending on the processes that influence them in the
wetland.

Table 3.1. Average concentrations of analyzed water quality parameters,
average retention efficiency, median concentrations and pollution
retention efficiency

Average Median
Water concentration, concentration, Average Median
. 17! 17! . .
Study sites quality mg:1 mg-1 rf{teptlon* rete;npon
paramete Outfl Outfl efficiency* efficienc
r Inflow YO Inflow uttio , % y *, %,
w w
NO;-N 2.639 2.200 0.200 0.915 -17 358
NH,*-N 7.382 2.429 4.110 1.475 -67 -64
Subsurface 12.00
flow Niop 15.137 6.937 O 6.309 -54 -55
constructe
d wetland PO, -P 5.582 1.824 2.770 0.244 -67 91
MeZactruli [ p 6762 | 1.894 | 3.063 | 0314 72 -90
sv | 190 0006 | 02| 26916 62 46
NO;-N 10.590 9.530 9.000 10.856 -10 21
NH,*-N 0.447 0.340 0.175 0.236 -24 35
Surface
flow Niop 12.073 10.951 9.950 12.000 -9 21
constructe ,
d wetland PO, -P 0.083 0.079 0.038 0.030 -5 -21
MeZaciruli Piop 0.152 | 0.111 | 0074 | 0.072 7] 3
sv | 43s20 | 3ssso | 25| 272ss 11 8
NO;-N 2.344 2.409 1.614 1.636 3 2
NH,*-N 0.023 0.031 0.010 0.014 50 0
Surface
flow Niop 2.844 2.909 1.900 1.910 2 1
constructe .
d wetland PO, -P 0.027 0.028 0.005 0.006 0 0
Zante Prop 0.047 0.049 0.018 0.019 0 0
sv | s21se | 20726 | % 7009 8 54

* A positive efficiency indicator means an increase in the concentration of water quality
indicators at the outlet. A negative efficiency indicator means a decrease in the
concentration of water quality indicators at the outlet.

Due to the observed extremely high substance concentrations, arithmetic
mean concentrations may not provide a complete picture of the distribution of
characteristic concentrations.
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For the six analysed parameters Niowal, NO 3-N, NH 4™-N, Piota, PO 4-P and
SS, the relationship between the incoming concentrations of the parameters,
mg-L!, and the treatment efficiency of the specific parameter was examined. No
correlation was found between the groups of these parameters, so the treatment
efficiency of phosphorus and nitrogen compounds included in the research can
be concluded to not be dependent on the parameter’s concentration in the
incoming wastewater.

The analysis of the observed amount of wastewater in the research
sites was carried out by recording the water levels at the measuring structures.
Volume of the wastewater per time unit, i.e., the flowrate, was observed and
analysed for each of the three research sites. The maximum flowrate observed in
the subsurface flow constructed wetland in MeZaciruli reached 328 1-s! in
November 2017, and approached 300 I-s! in March 2018, 2019 and 2020 at their
peaks. The maximum flowrates in the spring also indicate potentially
unfavourable conditions for infiltration, which could lead to rapid movement of
the rainwater through a rainwater drainage system to the constructed wetland.

The flowrate in the surface flow constructed wetland in Mezactruli, has
been recalculated on the basis of the automatic observations provided by a data
logger at the spillway near the wetland outlet. The figure shows several periods
when no flow was observed, although the precipitation graph indicates a potential
influx. This is due to the fact that this wetland is connected to the groundwater
without waterproofing, and it can be concluded that water infiltrates the ground
through the wetland base. This is also evidenced by the weak response of the
flowrate to summer precipitation episodes, when the moisture deficiency and
falling water levels in the drainage ditches, wells and the River Eglone were
observed in the surrounding areas. In addition, separate periods were highlighted
in monitoring when the measuring structure was not in working condition and
the water moved around the measuring structure, in two cases from May to
November 2018 and from July to December 2019. The maximum flowrate was
observed at 95.8 I-s! in April 2020, the average 15-day flowrate during the
observation period was 16.4 1-s7!.

The Pearson correlation method was used to determine whether there is a
statistical relationship between the observed flowrates and the amount of
precipitation in this region, which measures the statistical relationship between
the two continuous variables, 15-day average flowrate, 1-s™!, and 15-day
precipitation in this study, mm. A weak Pearson correlation coefficient of 0.213
was found in the surface flow constructed wetland in Mezactruli, which is mainly
because the drainage runoff in the reclaimed arable land lags behind the rainfall.
It is possible that the water levels measured at this site do not fully reflect the
volume of the water entering the wetland. Several alternative conclusions can be
drawn regarding the effect on the observed flowrate pattern. Monitoring
observations show that water infiltrates into the ground across the entire area of
the wetland base, water is taken for irrigation purposes without accounting, the
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untreated wastewater is occasionally fed to the central part of the wetland without
accounting, and the measuring structure is periodically out of order. However,
these findings do not reflect the wetland efficiency, but rather confirm the
volatile nature and complicated control of field monitoring sites.

A weak Pearson correlation coefficient of 0.354 was detected in the
subsurface flow constructed wetland in MeZaciruli, and the rainwater collection
system could also discharge the water to the wetland with a slight delay. In this
case, the low correlation between the amount of precipitation and the average
observed flowrates calls for another explanation. The specifics and complex
control of field research sites, which differ from laboratory type of research,
should be mentioned here again.

Assessing the observed residence time of water in the constructed
wetlands, which is mentioned as one of the most important factors in the context
of pollutant treatment (Varga et al.,, 2017; Crumpton & Stenback, 2020;
Nurmahomed et al., 2022), it can be concluded that the flowrate plays an
important role and it is influenced by the influx pattern of the water to be treated.
The period of time the water stays in the subsurface flow wetland in MeZaciruli
at average flowrates was found to be 4.7 hours, while 62.6 hours in the surface
flow wetland. The hydraulic velocity calculated according to Formula 1.1 was
4.6 m-dnn”!' on average and 66 m-dnn’! under the maximum flowrate in the
subsurface flow constructed wetland. The hydraulic velocity in the surface flow
wetland In MezZacTruli according to the observed flowrate is calculated to be 0.38
m-dnn! and 2.2 m-dnn”! during peak flowrates on average. Judging by the
changes in the water quality indicators observed in both wetlands, I find that the
hydraulic velocity does not in itself reflect the efficiency of the wetland, because
the subsurface flow constructed wetland in Mezaciruli has generally shown
significantly higher efficiency. The efficiency is evaluated in a context, where
one of the explanations in the two mentioned objects is a different design solution
with a filter in one version, but a water layer in the other version. The paper also
further evaluates other observed significant factors that could have an impact on
wetland efficiency.

Analysis of changes in orthophosphate phosphorus and total
phosphorus

Phosphorus does not have a gaseous form and, in order to reduce the
concentrations of phosphorus compounds in the wastewater and simultaneously
improve water quality, the phosphorus compounds are retained in the constructed
wetlands (Keddy, 2010), stored as sediments and taken up by plants. As the
sorption is promoted by the presence of Al, Mg and Fe, the composition of the
filter material is of great importance in the subsurface flow constructed wetland.

The efficiency of treatment of POy ~ -P and Pyl in the research site in the
subsurface flow constructed wetland in MeZaciruli has been stable and high
throughout the observation period, which is shown in Figure 3.3. The average
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concentration reduction efficiency values for trapping the orthophosphate
phosphorus and total phosphorus concentrations can be seen to be arranged with
an emphasis on concentration reduction at the outlet. Values that show an
increase in phosphorus compounds after their outlet from the wetland should be
considered as exceptions, which nevertheless have an effect on the efficiency
averages.

For the estimation of the average total phosphorus concentrations during
the years of observations, standard errors were calculated and shown in Figure
3.4. When assessing the changes in treatment efficiency over the years, the
average treatment efficiency of total phosphorus was low in 2019 and 2021.
However, Figure 3.4 shows the annual average concentrations at the inlet and
outlet. Looking at these years in detail, it can be seen that in 2019 the
concentration of total phosphorus only decreased from May to August, and the
performance of the wetland has not shown effective treatment of phosphorus
compounds during the remaining months. The average efficiency value in 2021
was affected by four measurement episodes from February to May, when the
outlet concentrations were critically higher than the inlet concentrations. This
could be related to the operational shortcomings identified in 2021, which have
adversely impacted all water quality parameters and the efficiency of the wetland
in general. The reduction in total phosphorus concentrations at the outlet is
greater than the standard error only, hence the reduction in total phosphorus is
significant in most observation years.
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Fig. 3.1. Average total phosphorus concentrations and standard errors at
the inflow and outflow from the subsurface flow constructed wetland in
Mezaciruli

The surface flow constructed wetlands in MeZaciruli and Zante have
generally shown a relatively low retention capacity for the phosphorus
compounds. In the wetland in MeZaciruli, one of the reasons for the low
efficiency in retaining the phosphorus compounds could be scare vegetation and

83



uneven cover over the wetland area. the retention of phosphorus compounds
owes to more dense and mature vegetation and less to the catchment to mirror
surface area ratio. The spread of vegetation in the wetland increases its ability to
maintain efficient phosphorus retention capacity and resistance to sudden and
transient changes in the water flow velocity (Kill et al. 2022). The surface flow
constructed wetland in MeZaciruli demonstrates the critical importance of
vegetation in retaining the phosphorus compounds.

The wetland in Zante shows a percentage increase in the concentration of
phosphorus compounds at the outlet, although vegetation in this wetland has been
purposefully planted in a construction phase. However, in terms of numbers, the
absolute values of input and outlet concentrations of PO 4 -~ -P and Py, the
average values do not differ between the inlet and outlet, nor do they differ from
the median, as shown in Table 3.1. Besides, the concentrations of phosphorus
compounds entering the incoming water are relatively low, except for one
marked episode of an increase on 27 August 2021, when Py concentration of
0.96 mg-L'! was observed at the inlet. In general, the surface flow constructed
wetland in Zante can be considered neutral, not retaining or accumulating
phosphorus compounds

Analysis of changes in nitrate nitrogen, ammonium nitrogen, total
nitrogen

Nitrogen in the water-saturated soils, sediments and open aqueous layer
occurs in inorganic and organic forms. The organic nitrogen consists of
complexes of amino acids, amines, proteins, and humic substances (Reddy et al.
1984) Inorganic nitrogen consists of ammonium nitrogen, nitrate and nitrite
nitrogen. Reddy et al. (1984) reveal that ammonium nitrogen is the predominant
form of the inorganic nitrogen in sediments. Retention of the nitrogen
compounds is one of the main tasks of the constructed wetlands in the treatment
of various wastewater types. The wetland separates organic matter from the water
through filtration or settling of sedimentation products in the case of a surface
flow wetland. In essence, dissolved or partially dissolved impurities are those
being sedimented. Runoff from the agricultural activities will be dominated by
sand, clay, dust, soil particles, plant residues (green mass, roots, seeds, pollen,
etc.), humus, fertilisers, plant protection products, where applicable. If aquatic
plants are used in the wetland, and even if they are not used, the biogenic
elements are retained and transformed in the wetland. Nitrogen compounds enter
the soil dissolved in the inorganic and organic form (Mahmood et al. 2013). In
this research, the subsurface flow constructed wetland captures rainwater-
containing organic fertiliser as evidenced by the influx of BODs concentrations.
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Fig. 3.2. Distribution of average nitrate nitrogen, ammonium nitrogen and
total nitrogen concentrations at the inflow the subsurface flow constructed
wetland in MezZaciruli
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The proportion of organic nitrogen is determined by subtracting the
ammonium nitrogen and nitrate nitrogen concentrations from the total nitrogen
concentration. Distribution of the average concentrations of total nitrogen by
year at the inlet and outlet as shown in Figure 3.6 reveals that the total nitrogen
removal efficiency was low during the first year of operation, increasing the
median total nitrogen concentration at the outlet up to even +23% of the median
value observed in 2014 in the subsurface flow wetland in several samples. This
can be explained by the fact that before the construction, the wetland filter
operated according to mechanical purification, allowing the bacteria to coalesce
and reach adequate maturity for the efficient conversion of nitrogen compounds.

At the start of operation, a period between 2014 and 2016 has shown a
proportionate and slowly increasing reduction in the nitrogen compounds.
Extremely high nitrogen compound reduction efficiency has been observed in
the middle of operation, between 2017 and 2019, which continues until 2021.
Also in 2018, where an increase in the nitrate nitrogen concentration was
observed at the outlet, we still consider it to be a positive trend, which can be
explained by the course of biological processes, converting nitrogen from
ammonium to nitrate nitrogen through nitrification. Regarding the nitrogen
compounds, the subsurface flow wetland has shown good results and effectively
reduced the observed concentrations throughout its operation.

Significantly, the proportion of different nitrogen forms generally do not
change much after treatment in the constructed wetland. The concentration of all
nitrogen forms in the subsurface flow wetland has decreased equally, while the
concentration of total nitrogen compounds in both surface flow wetlands has
decreased relatively less, and here the proportion of different nitrogen forms has
also remained at the outlet. The conversion of ammonium nitrogen by
nitrification must be ensured with aerobic conditions in the filter, preferably at
the inlet section. As the reduction of ammonium nitrogen concentrations has been

85



achieved, it can be concluded that nitrification at the research site is optimal.
Nitrification should lead to an increase in the nitrate nitrogen, but it is not
supported by the monitoring data. Denitrification bacteria ideally transform
nitrate ions sequentially into NO3-> NO2-> NO-> N20-> N2 (agricultural
nitrogen management for .... lowa) Nitrate nitrogen concentrations appear to be
reduced, hence it can be concluded that at least some part of the subsurface flow
wetland filter ensures anoxic or anaerobic conditions for the conversion of
nitrates to nitrogen in the air. However, some portion of the nitrogen could be
taken up by plants and used to increase the green mass.

The changes in nitrogen compounds in the surface flow constructed
wetland in MeZactruli are shown in Figures 3.8 and 3.9. In 2016, as a result of an
operational error, untreated wastewater from a historical silage storage facility
was discharged into the wetland, and therefore higher concentrations of nitrate
nitrogen and total nitrogen were detected at the outlet than at the inlet. Retention
of the proportion of nitrogen forms suggests that the efficiency of nitrate nitrogen
treatment in this wetland should be improved, which would mean providing an
anaerobic environment to promote denitrification. Another reason for the weak
reduction of the nitrate nitrogen is the scarcity and distribution of vegetation
across the wetland area. As aresult, there may not be a sufficient source of carbon
suitable for the biochemical processes promoting the bacterial activity that could
be provided by vegetation.

Extremely low concentrations of ammonium nitrogen both at the inlet and
outlet have been observed in the surface flow constructed wetland in Zante.
Although concentrations of total nitrogen and nitrate nitrogen initially were
significantly lower than in the MezZacTruli sites, a very small decrease or change
in the proportion of nitrogen forms was observed. It can be concluded that the
constructed wetland in question is not efficient in transforming nitrate nitrogen.
This means that aerobic conditions are fully ensured throughout the wetland that
do not promote denitrification and do not result in the conversion of nitrate
nitrogen into No.

However, most nitrogen transformations occur in an aerobic environment,
as described by Reddy & Patrick (1984), followed by oxidation from the
ammonium ions to nitrites, then to nitrate ions. This beginning of the nitrogen
transformation chain is relatively common in the wastewater treatment, because
since all transformations in nature take some time, even here the wastewater is
not always kept in the wetland long enough for the N transformation chain to
proceed to completion or to create free gaseous N». The transformation chain is
not completed because, for example, there is a lack of oxygen in the environment
and therefore the wetland does not act as an environmentally friendly system, but
instead contributes to N>O emissions. This form of nitrogen is a greenhouse gas.

In order to justify what is happening in a particular object and
environment, and what nitrogen transformations take place, first it is necessary
to find out at what speeds the processes take place, depending on the air and
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water temperature and the pH reaction of the environment. Since the flowrate
determines the time wastewater stays in the wetland, it determines the time
available for chemical reactions. And the end products of the transformation
depend on it. For example, air temperatures rarely rise above 40 °C in Latvia,
hence evaporation of the ammonium ions is theoretically impossible. (Reddy et
al. 1984). The wetland may serve as a generator of greenhouse effect inducing
methane gases.

Analysis of changes in the suspended solids

Referring to the literature on studies in other countries and monitoring
sites, it would be useful to distinguish between the suspended solids in
constructed wetlands of various designs, because they are subject to different
physical processes in the surface and subsurface flow wetlands.
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Fig. 3.3. Average concentrations of suspended substances and standard
errors at the inflow and outflow from the subsurface flow constructed
wetland in MeZaciruli

Data sets for the inlet and outlet concentrations of the suspended solids as
well as retention efficiencies do not correspond to the normal distribution across
all research sites. The suspended solids have been effectively trapped by the
subsurface flow wetland in most cases and the extreme exceptions have lowered
the mean efficiency, which, for example, were observed in four out of 13
sampling episodes in 2016 and three out of 18 sampling episodes in 2017.

In order to avoid exceptions, periodic floating of the effluent over the
surface of the filter must be prevented. Initially, the pump capacity that exceeded
the filtration capacity of the infiltration tube was not properly selected at the
monitoring site. During operation, not enough attention was paid to cleaning the
infiltration tube and servicing the pump, leading to inefficient water flow
trajectories and the incomplete flow of wastewater through the complete cross-
section of the filter. However, even without addressing these shortcomings, the
wetland has shown a significant potential to retain the suspended solids
throughout its 8 years of service without compromising the efficiency.
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Lower median absolute concentrations of the suspended solids were
observed in the subsurface flow constructed wetland in MeZaciruli in comparison
to those observed in the subsurface flow wetland of the same monitoring site. An
accident in 2016 led to leakage of the untreated wastewater into the central part
of the wetland from a historic silage facility. The exact amount, time of entry or
content was not detected, but increased concentrations of the nitrogen
compounds, especially ammonium nitrogen, were detected at the discharge from
March to September. Concentrations of suspended solids at the outlet from
March to May exceeded the inlet values in all observation episodes. 26% higher
average concentrations were observed at the outlet than at the inlet in 2018.
Looking at the data this year, only 6 out of 21 sampling episodes had reduced
volumes of suspended solids. This year, the agricultural activity was carried out
on both sides of the wetland reservoir and during field cultivation.

Retention of the suspended solids in the surface flow constructed wetland
in MeZzaciruli varies from year to year. In the first year of operation in 2014, the
suspended solids were not retained, probably due to the role of vegetation in their
containment. Vegetation contributes to the deposition of suspended solids, and
during the early stages of operation of the constructed wetlands, when vegetation
has not yet spread and grown, the retention of the suspended solids may not
reveal their maximum potential. In addition, turbidity during the construction
may affect the measurement results. Significant differences in the concentrations
of the suspended solids were observed at the wetland inlet, showing around 60
mg-L! in 2017, 2018 and 2019. During the year of 2018, concentration of the
suspended solids at the outlet was higher than at the inlet, hence it can be
concluded that the suspended solids retained in previous monitoring years have
accumulated in sediments and re-contamination has occurred from possible
turbidity.

80,00
" Inflow Outflow

60,00
20,00 I I | I I
0,00 i

2014 2015 2016 2017 2018 2019 2020 2021
Sampling year
Fig. 3.4. Average concentrations of suspended substances and standard
errors at the inflow and outflow from the surface flow constructed wetland
in Mezaciruli
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Concentrations of suspended solids in the surface flow constructed
wetland in Zante have not reached their average reduction in 2019 and 2021, but
have reduced by 35% on average in 2020. A steep increase in suspended solids
concentration at the outlet was detected in March 2020, which could be
potentially related to the episodic inflow of the surface runoff into the central
part of the wetland and can be considered as an operational error. Similar to the
research sites in Mezactruli, no significant impact of operation on the retention
efficiency of the suspended solids was observed in Zante.

Analysis of changes in BODs and COD in the subsurface flow wetland
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Fig. 3.5. BODs concentrations, mg-1"! at the inflow and outflow from the
subsurface flow constructed wetland in MeZaciruli

The subsurface flow constructed wetland in MeZaciruli was designed and
built for rainwater treatment. However, the monitoring found occasional visual
signs of high content of the organic matter in the incoming wastewater.

The figure shows that in the observation period between 2019 and 2020
the subsurface flow constructed wetland in Mezaciruli very efficiently reduced
pollution in each observation, reaching 87% and 80% reduction in BODs and
COD concentrations on average until December 2020. In the spring of 2021,
there was a short period when the concentrations of BODs and COD at the outlet
exceeded the input indicators. From September 2021, the treatment efficiency of
both indicators decreased to -12% on average. During this period, a number of
operational errors were observed in the monitoring and were not rectified in time.
The infiltration tube was not flushed, although the surface water was periodically
found to be above the wetland filter. The wastewater was pumped through one
pipe and spread next to the wetland outlet, not allowing the wastewater to filter
through the filter section, but instead facilitating a rapid flow of virtually
untreated wastewater to the outlet. This has resulted in a significant fall in the
efficiency of decontamination during the mentioned operation period.
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Table 3.2. Average concentrations of analyzed water quality parameters,
average retention efficiency, median concentrations and pollution
retention efficiency

Water Average Median Average Median
quality concentration, concentration, retention retention
parameter mg-1"! mg-1"!, efficiency *, | efficiency *,

Inflow | Outflow | Inflow | Outflow % %
BODs 280.62 | 57.15 206.00 11.50 -67 91
COD 441.54 | 11093 | 31550 | 42.45 -63 -83

*A positive efficiency indicator means an increase in water quality indicators at
the outlet, while a negative efficiency indicator indicates a decrease in the concentration
of the pollutant at the outlet.

Not only average parameters but also medians of the inlet and outlet
concentrations and treatment efficiencies were used to assess wetland
performance, taking into account different operating conditions and other
influencing factors during the research period. Throughout the observation
period, the treatment efficiency median for the reduction of BODs and COD was
-91% and 83%, respectively.

Discovered a relatively close (R?=0.7961 and R?=0.8106) relationship
between BODs and COD treatment efficiency and incoming wastewater
concentration. Thus, it can be concluded that the higher the concentration of
organic matter in the incoming wastewater, the more efficiently the wetland
operates. On average, during the observation period, the observed removal
efficiency of BODs and COD was 67% and 63%, respectively, which is high
enough according to criteria laid down by the Cabinet of Ministers for
appropriate domestic wastewater treatment for plants with CE 200 - 2000
(Cabinet Regulation No. 34, 2002), and it can be assumed that this particular
subsurface flow wetland has the potential to successfully remove higher
concentrations of pollutants. However, no such conclusion can be drawn
regarding the observed biogenic elements and suspended solids.

3.2. Seasonal dynamics of pollution changes

Seasonal air temperature fluctuations and meteorological conditions can
significantly affect the efficiency of the artificial wetland and the quality of the
outflowing water (Valkama et al. 1017). Reddy & Patrick (1984) write that
temperatures below 15 °C show an adverse effect on the nitrification process. In
the sites included in the research, the constructed wetlands generally continue to
operate even in the cold weather of the year, when the air temperature is below
0 °C. The underground flow wetland in MeZaciruli has been operating
satisfactorily during the 8-year observation period. Reeds that are not removed
in autumn additionally protect from freezing. Removal of the mechanical
impurities by sedimentation or filtration continues regardless of temperature,
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unless the water is frozen. Biochemical processes take place inside the filter
where the decomposition of organic matter and biological activity is sufficient to
prevent the subsurface layers of the filter from freezing. Wastewater treatment
continues under ice, too. To compensate for the slowdown in the wastewater
treatment processes caused by low temperatures, the wetland area and the depth
of the filter portion or water layer can be increased (General consideration, 1995).

The average air temperature at the nearest meteorological observation
station between June 2014 and December 2020 was +8 °C, the minimum air
temperature was -19.1 °C and the maximum was +26.3 °C. Distribution of the
average observed air temperatures by months is shown in Figure 3.18, with
January being the coldest and July being the hottest month of the year.

The statistical method for determining the Pearson correlation was used
to find the statistical relationship between the treatment efficiency of various
observed water quality indicators and air temperatures recorded at the
meteorological station. The linear relationship between the reduction efficiency
of water quality parameters and air temperature is very weak (R2 <0.2).
Subsurface and surface flows in the wetlands of MeZactruli and Zante did not
statistically show a correlation between the observed average air temperatures on
the sampling day and the efficiency of reducing the analysed water quality
parameters. The numerically highest R2 value of 0.48 was found in the surface
flow wetland in Zante regarding the nitrate nitrogen reduction efficiency.

In search of a statistical relationship between the purification efficiency
of various observed water quality indicators and the air temperatures recorded at
the meteorological station, the statistical method for determining the Pearson
correlation coefficient was used. The linear relationship between water quality
parameter reduction efficiency and air temperature is very weak (R»<0.2). No
statistical correlation was found between the observed average air temperatures
on the day of sample collection and the effectiveness of reducing the analyzed
water quality indicators in the wetlands of MezZaciruli and Zante. Numerically,
the highest R? value of 0.48 was determined for the effectiveness of nitrate
nitrogen reduction in surface flow wetland Zante (Figure 3.20). Thus, it can be
concluded that the air temperature, even in winter conditions, does not
significantly affect the effectiveness of the wetland in terms of retention of
phosphorus compounds and suspended substances. But the air temperature
affects the reduction of nitrate nitrogen concentrations in the artificial wetland of
the surface flow, because denitrification processes are slowed down at low air
temperatures.

All the purification efficiencies of the observed parameters are divided by
the months of sample collection in order to comprehensively observe seasonal
changes. A higher proportion of ammonium nitrogen was observed in the
artificial wetland of the underground flow, which also affects the changes in total
nitrogen. Ammonium nitrogen and total nitrogen retention efficiency decreases
from January to April, with total nitrogen reaching a 4% reduction in April and
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ammonium nitrogen reaching 0%, or neutral, in May. Nitrate nitrogen during this
period from March to May, on the contrary, showed the highest observed
retention and transformation efficiency, on average 26, 46 and 58%. During this
time, at relatively low air temperatures ranging from 2.3 — 12.4 °C on average
and relatively high flow due to possible spring hail and snowmelt, the
transformation of ammonium ions took place more slowly. From June to August,
the observed air temperatures were the highest, on average 16.2 — 17.9 °C, and
this is favorable for the transformation processes of nitrogen compounds, it can
be assumed that the concentrations of ammonium nitrogen decreased because
they were transformed into nitrates. Respectively, nitrate nitrogen concentrations
increased from June to August due to active nitrification.

In both surface flow constructed wetlands, typical drain runoff from
agricultural areas is treated, and already the incoming water is dominated by
nitrate nitrogen, while the concentration of ammonium nitrogen is low. In
wetland operation, more attention should also be paid to the efficiency of nitrate
nitrogen and total nitrogen purification. A relatively direct effect of seasonality
is visible, but contrary to expectations, the purification efficiency decreases in
the warmest period of the year. It can be concluded that the activity of the bacteria
is disturbed, preventing the denitrification process from taking place and the
transformation of nitrate nitrogen is inhibited. The results indicate that in the
months of March, April, May, July and August, nitrate and total nitrogen
concentrations at the outlet were higher than at the inlet, respectively, the wetland
has produced the opposite effect to the desired one. This may be due to incorrect
management practices, where aquatic plants are not removed in autumn or
spring, creating an additional source of nitrogen. Also, intensive agriculture on
both banks of the wetland close to the slope creates a direct input of nitrate
nitrogen into the middle part of the wetland, which is not controlled or accounted
for.

The seasonality of retention of phosphorus compounds can be influenced
mainly by changes in flow rate. The overall phosphorus removal efficiency of
the underground flow artificial wetland was observed to be 46% on average
throughout the period. The subsurface flow wetland shows a relationship with
seasonality, reaching the highest total phosphorus removal efficiency of 94% and
92% on average in the summer months of July and August.

The lowest efficiency, with an increase in the concentration of phosphorus
compounds at the outlet, was observed in October and December. It can be
concluded that the seasonal effect of the complex can be observed in the
underground flow wetland, where the wastewater treatment takes place in the
filter layer, where the efficiency has increased in the summer months. Since no
direct effect of temperature was found, vegetation could be an important factor
in increasing retention of phosphorus compounds during the vegetation period.
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Fig. 3.6. Phosphorus compound purification efficiency during the
monitoring period from 2014 to 2021 divided by month in the constructed
wetland of MezZaciruli

The efficiency of orthophosphate phosphorus and total phosphorus
retention in the surface flow constructed wetland in MeZacTruli was observed at
+15% and +9%, respectively, which means that no removal of phosphorus
compounds from the agricultural runoff was achieved on average, except for in
October -58% and -65%, and efficient episodes in March, May, and June. No
common or reciprocal trend in the phosphorus compounds retention for the
surface flow constructed wetland in MezZactruli and Zante. Thus, the retention of
phosphorus in the surface flow wetland has no seasonal effect.

Conclusions on changes in pollution according to the monitoring data
in the constructed wetlands of various design in Latvia.

The subsurface flow constructed wetland in Mezactruli ensures stable and
efficient treatment of BODs and COD, keeping the aerobic environment at the
inlet part because it reduces ammonium nitrogen concentrations, and the anoxic
or anaerobic environment in the lower part of the filter at the outlet or the central
part, because they also reduce nitrate nitrogen concentrations. The retention of
phosphorus compounds is generally excellent, as there is apparently a favourable
filter material for phosphorus uptake and vegetation has had a beneficial effect
on the retention of phosphorus compounds, possibly by using some of the
phosphorus compounds for their own growth. Air temperature does not have a
significant impact on the effectiveness of reducing the water quality parameters,
but seasonality has an impact due to variable flowrate and vegetation;
nevertheless, this is not plain and needs to be assessed in a comprehensive way.
Improper operation has a significant negative impact on the reduction of BODs
and COD.

Surface flow constructed wetlands at the research sites show unstable
efficacy regarding pollutant retention. Vegetation that promotes bacteriological
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activity and retention of the suspended solids could play an important role. As
the main pollution retention and conversion activity takes place in the open water
layer, the air temperature has had minor impact on the efficiency of the nitrate
nitrogen retention in Zante, but in general no seasonal effects have been
observed. The surface flow constructed wetlands offer various further benefits
for the additional water quality improvement function, providing water resources
for irrigation needs during the vegetation period when the water supply is low.

3.3. Application of the calculation model

The use of the calculation model is intended based on the measured output
data of a specific object, depending on the type of wastewater to be treated. In
order to validate the calculation model prepared as part of the study and thus
justify the calculation methodology of constructed wetlands, three monitoring
objects of constructed wetlands included in this study were used - two surface
flow and one subsurface flow constructed wetland. The model is available online
at https://lauvas.area.lv/MM/. The measurable output data for each of the
research objects are entered into the model and the results about the most suitable
constructed wetland construction and the recommended surface areas are
obtained. The views of the model during data entry and when obtaining results
are inserted into the work in the form of images. The obtained parameters are
compared to the relevant constructive parameters in the research objects and are
based on the research results.

The subsurface flow constructed wetland in MeZaciruli collects rainwater
from the farmyard area. In terms of volume, the amount of rainwater received
corresponds to the choice of the calculation model "Rainwater runoff”, but in
terms of expected water quality it corresponds to the choice "Agricultural
wastewater". The model includes an option that corresponds to the following
cases. Select "Agricultural waste water" and then "Surface runoff from yard". In
this choice, the model takes into account the volume of water formed according
to the inflow regime of rainwater, and the quality of treated wastewater is
assumed to be equivalent to the composition of typical domestic wastewater,
judged by the preliminary content of nitrogen and phosphorus compounds, as
well as by the possible amount of organic substances, based on BODs and COD
concentrations.

The subsurface flow constructed wetland in MeZaciruli was initially
designed only based on the expected volume of water, calculating the amount of
rainwater.

Evaluating the results of the monitoring and the efficiency of the
operation of the wetland in terms of improving the quality of water, it can be
concluded that the right choice was made during the design of the monitoring
object regarding the structure of the wetland, but the surface area was chosen
smaller than it should be. These conclusions are embedded in the model
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calculation demonstrated in Figure 3.28. The initial data entered into the model
for design were obtained empirically, by making relevant measurements on the
topographical plan, and they refer to the flow calculation. The model assumes
water quality equivalent to that of typical domestic wastewater. The calculation
model, based on the entered output data of the monitoring object, offers a result
that, according to its design, matches the existing situation studied. The
horizontal subsurface flow artificial wetland showed high efficiency in reducing
BODs and COD concentrations. In order to achieve the maximum desired
purification efficiency in terms of retention of biogenic elements, it is
recommended to choose a total area of the wetland with a surface area of
1696 m?, which is 5 times larger than in the existing monitoring facility,
calculating the total surface area of the reservoir and the filter. The result is based
on the observed quality indicators of the incoming wastewater and the efficiency
of treatment. The efficiency of cleaning nitrogen compounds in the research
facility was observed with a 54% reduction throughout the observation period,
which is insufficient or the maximum possible result of wastewater treatment
was not obtained. With the area calculated in the model, it is expected that the
wetland would not be flushed during rains, so that denitrification could proceed
to its full potential. It can be concluded that the subsurface flow constructed
wetland in MeZaciruuli was built with too small a total surface area. For its
optimal operation, the existing one should be expanded or another subsurface
flow constructed wetland should be built.

The surface flow constructed wetland in MeZaciruli was designed
according to the calculation suggested in the studies of other countries, based on
the recommended ratio of the mirror surface area of the wetland to the total area
of the catchment basin. In the case of drained agricultural areas, the calculation
of the model is also based on the mentioned ratio, so the calculated result of the
model coincides with the surface area of the wetland mirror built in the
monitoring object. In all cases, surface flow constructed wetlands are offered as
the optimal design choice for capturing runoff from agricultural areas. Although
the maximum possible water quality was not achieved in the monitoring facility,
the model confirms the correct selection of the surface area of the mirror. The
effectiveness of the wetland at this site was adversely affected by too little
vegetation coverage. The result of the study was negatively affected by the
episodic and uncontrolled inflow of pollutants into the middle part of the
wetland. Thus, in general, it can be concluded that the surface flow constructed
wetland in MeZacTruuli has been built in an appropriate size, but additional
planting of aquatic plants in the wetland bed would be necessary to improve the
efficiency of the treatment.

The construction of the wetland proposed by the model — the surface flow
constructed wetland corresponds to the selected monitoring object in Zante, but
the area of the desired wetland is calculated in the model to be 11 — 27 ha, which
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is almost 10 times more than the area of the existing wetland. Model calculations
in the specific choice are based on the assumption that the area of the catchment
basin is occupied by areas intensively used for agriculture. In Zante, a large part
of the catchment area is occupied by forest areas, which theoretically indicates
lower concentrations of biogenic elements in runoff. This is proven by the
monitoring results, as the observed water quality at the inlet to the constructed
wetland in Zante can be characterized as high. Since the observed concentrations
of the mentioned indicators were relatively low already at the inlet, it can be
concluded that the constructed wetland is not necessary for improving water
quality in this object, and rather serves other purposes, for example, maintaining
biological diversity in agricultural lands.

3.4. Economic and environmental assessment of constructed wetlands

The main benefit of this thesis is the methodology for the technical
solutions and dimensioning of constructed wetlands, approved for Latvian
climatic conditions. The calculation methodology was prepared based on
empirical observations in the research objects and presented in the form of a
calculation model, which is available to interested parties online. The results of
this research are incorporated into the Rural Support Service's support measure
4.3 "Support for investments in the development of agricultural and forestry
infrastructure in implementation", the purpose of which includes the
development of agriculture, the maintenance of biological diversity and the
increase of the competitiveness of agriculture as a sector. And accordingly, the
results of the research for the mentioned support measure are incorporated in the
regulations of the MK of the Republic of Latvia No. 776 "The procedure for
awarding state and European Union support in the form of an open project tender
in the measure "Investments in tangible assets" 2014-2020. during the transition
period of the annual planning period in 2021 and 2022". These regulations
incorporate criteria for the establishment of constructed wetlands to support
"Climate change mitigation and adaptation, as well as environmental protection
investments" as an investment in the efficient use of water resources and
reduction of nutrient runoff (LR MK regulations No. 776, 2021). In addition, in
the regulatory acts of Latvia (LR MK regulations No. 600, 2014) the constructed
wetland is defined as an environmentally friendly element of the drainage system
for reducing the pollution load caused by agricultural activity on open water
reservoirs. The results of constructed wetlands built and operated for the
mentioned purpose are reflected in this doctoral thesis. Based on the experience
of other countries in the use of constructed wetlands, the demonstrated
effectiveness of wetlands in terms of reducing the observed water quality
parameters in the research objects, it was concluded that the constructed wetland
under certain operational conditions can serve as an effective biological water
treatment facility for reducing water pollution caused by economic activity in
Latvia.
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Evaluating the economic aspect, a comparison of the subsurface flow
constructed wetland with the equivalent biological wastewater treatment method
with activated sludge and aeration in terms of application and treatment process
was made. Biological wastewater treatment facilities are widely used in Latvia
for centralized and individual treatment of municipal and domestic wastewater.
Activated sludge requires an intensive supply of air or oxygen to sustain life,
provided by a compressor or oxygen pump. For comparison, domestic
wastewater generated by a single-family residential house with a volume of
I m®dnn! was selected. Assuming that typical domestic wastewater
(Regulations of the LR MK No. 34, 2002) has a BODs parameter concentration
in the range of 150 — 350 mg:1"! and contains around 60 g-1"! organic matter, and
the typical oxygen demand is 1.1 — 1.5 kg of O, to oxidize 1 kg of BOD (EPA,
2000), then the mineralization process will use approximately 15 — 20 m® of air
per cubic meter of wastewater. This means an electricity consumption of 0.264
—0.352 kW for each cubic meter of wastewater, depending on the power of the
air compressor. An artificial wetland is an opportunity to biologically treat
domestic wastewater without using electricity-consuming equipment,
eliminating this cost item during operation.

When evaluating an constructed wetland from an environmental point of
view, wetlands should be distinguished according to the initial quality of the
wastewater to be treated, as this determines the choice of wetland construction.
Constructed wetlands for the treatment of domestic, communal and polluted
production wastewater, where the quality indicators of the inflowing wastewater
exceed the emission limits in the environment, are designed hermetically,
without leakage of untreated wastewater into the environment. The treatment
process takes place inside the wetland and poses no direct pollution risks to the
soil or groundwater.

The use of constructed wetlands for the capture and purification of surface
and drain runoff serves as a barrier to retain biogenic elements and suspended
substances before the natural water reservoir, thus reducing the pollution load on
natural waters. The water purification process is based on natural processes and
does not consume electricity and natural resources. A constructed wetland is an
autonomous facility whose operation does not depend on external resources.

The area required for the wetland is relatively larger, especially compared
to other types of wastewater treatment methods. Because natural processes are
used to reduce the concentration of pollutants in wastewater in a wetland, it takes
more time for bacteria to work than in intensified systems. This means a longer
residence time of wastewater in the facility, so the volume and surface area of
the constructed wetland is relatively larger than other types of biological
wastewater treatment facilities.

In Latvia, constructed wetlands are still a little-known and innovative
method of wastewater treatment. This study is an important contribution to the
further use of constructed wetlands for the treatment of various types of
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wastewater in Latvia. As a result of inappropriate construction and use of the
area, the constructed wetland may not achieve the desired operational efficiency
in terms of water quality, so correct calculation and construction selection are
important.

In the world, constructed wetlands have been studied since the 1970s, and
in the last 5-10 years, a rapid wave of technology improvement has been
observed, where the interest in this method among various countries is growing
significantly. Ways to recover nutrient resources and to include wastewater
treatment in artificial wetlands in the cycle of the circular economy are
intensively sought. The use of constructed wetlands for the treatment of highly
polluted wastewater, as well as for environmental remediation, is being studied.
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CONCLUSIONS

In other countries with the similar climatic conditions as in Latvia,
constructed wetlands are used as the main biological wastewater treatment
facilities or additional treatment facilities for the treatment of various
wastewaters. Wetland performance in relation to different water quality
indicators can be different and variable. The efficiency of water treatment
depends on air temperature, water flow rate, hydraulic load rate, vegetation,
operation and mutual combinations of the mentioned factors.

Technological schemes of subsurface and surface flow constructed wetlands
are suitable for Latvian meteorological and operational conditions, which
include the type and the quality indicators of wastewater, volume and inflow
mode of the relevant wastewater to be treated.

Comparing the average concentrations before and after the subsurface flow
constructed wetland in MeZactruli, a decrease in concentrations by 17%, 67%
and 54% was observed for NO3-N, NH4*-N un Ny, indicators, respectively.
The retention efficiency for average PO4-P un Py, concentrations was
observed by 67% and 72%, respectively. SS concentrations decreased by an
average of 62% throughout the observation period. BODs and COD
indicators were reduced by 67 and 63% respectively.

Surface flow constructed wetland in MeZaciruli shows an average of 10%,
24% and 9% decrease in NOs3-N, NHs*N un Ny concentrations,
respectively. The wetland operated with 21% and 3% reduction efficiency for
PO4-P un Pyop concentrations. SS concentrations are retained by an average
of 11%.

The surface flow constructed wetland in Zante does not affect NO3-N un Nigp
concentrations, but an increase in NH4*-N concentrations by an average of
50% was found. The wetland functioned neutrally in terms of retention of
phosphorus compounds. An average SS retention efficiency of 8% was
observed.

One of the important factors influencing the improvement of water quality is
the construction of the wetland. In general, the subsurface flow constructed
wetland construction showed higher water purification efficiency for all
indicators than the surface flow constructed wetland construction. Influent
concentrations in constructed wetlands were variable at all study sites, and
Pearson correlation analysis showed no statistically significant relationship
between influent composition and pollutant reduction efficiency.

The operating time has not significantly affected the efficiency of the
wetlands, but the management practices during operation have significantly
reduced the reduction of BODs and COD concentrations in the subsurface
flow constructed wetland and retention of nitrogen compounds in the surface
flow constructed wetland.
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8. Air temperature has not significantly affected the efficiency of surface and
subsurface flow constructed wetlands. Evaluating the operation of
constructed wetlands seasonally and including the complex effects of various
factors, including air temperature, the development of vegetation and the
quality and quantity of inflowing water, the efficiency of purification of
nitrogen and phosphorus compounds in the subsurface flow wetland
decreased in the spring season, but in the surface flow constructed wetlands,
a low retention efficiency of phosphorus compounds was found in the winter
season.

9. Calculation methodology for the selection and dimensioning of the
constructed wetland construction and surface area calculation formulas based
on changes in water quality indicators at the inlet and outlet. The prepared
calculation model for the treatment of various types and volumes of
wastewater is available online in the form of an easy-to-use calculator.
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