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DARBA VISPAREJS RAKSTUROJUMS

Teémas aktualitate

Pedgjo 20 gadu laika, visa pasaulé ir novérojams organisko vielu koncentracijas
pieaugums virszemes tidens avotos [12]. Pastav hipotéze [24], ka tas ir saistits ar klimata
izmaipam: augsnes skabums samazinas, tadgjadi palielinot oglekla savienojumu skidibu,
ka rezultata organiskie savienojumi (organic matter, OM) nonak virszemes tidenos.

Tradicionalais tdens attiriSanas procesS ietver ozonéSanu, koagulaciju, atro
filtraciju un biologisko filtraciju. Ja Sie procesi ir optimiz&ti atbilstosi konkréta tidens
sastavam, dzerama tdens kvalitate biis atbilstosa dzerama tidens kvalitates prasibam [7].
Boreala klimata regionos, kuros virszemes avotu tidens satur augstas huminvielu (humic
substances, HS) koncentracijas, dabisko organisko vielu (natural organic matter, NOM)
izdaliSana ar tradicionalam tdens attiriSanas metodém nav efektiva, it ipasi, ja tdens
attiriSanas process ir optimizets dulkainibas samazinasanai. Augstas NOM koncentracijas
var izarisit nepatikamu gars$u, smarzu un krasu dzeramaja tideni. Reaggjot ar dezinfekcijas
lidzekliem, kurus izmanto dens attiriSanai, veidojas kancerogénie savienojumi vai
dezinfekcijas blakusprodukti (desinfection by-products, DBPs). NOM ietekmé tdens
biologisko stabilitati un kalpo ka baribas vielas baktérijam tidensapgades tikla.

NOM izdalisanas mehanismi no tidens ar augstu HS koncentraciju un to ietekme

uz tudens kvalitati sadales tikla, ir nepietiekami izpétitas.

Darba mérkis un uzdevumi

Promocijas darba mérkis: izpétit NOM izdaliSanas mehanismu no huminvielam
bagata tidens un to ietekmi uz dzerama tdens kvalitati sadales tikla. Lai sasniegtu mérki
bija jaizpilda sekojosi uzdevumi:

1. Jaizvérte NOM izdaliSanas efektivitati tradicionalaja kimiskas koagulacijas —
nostadinaSanas procesa dzerama iidens attiriSanas stacija, kura dzerama tdens razoSanai
izmanto ar HS bagatu virszemes tidens avotu;

2. Janoskaidro vai koagulacijas procesa ir iesp&jams palielinat NOM izdaliSanas
efektivitati no tdens ar augstu HS koncentraciju;

3. Janosaka NOM biologiskas noardiSanas atrums dazada tipa Gidens paraugiem,
iegiitiem no HS bagatiem tidens avotiem;

4. Janosaka NOM ietekme uz dzerama udens kvalitati tikla.



Darba zinatniska novitate un praktiskais pielietojums

Borealaja regiona klimats ir salidzinosi auksts un tam raksturiga ar organiskiem
oglekla savienojumiem bagata augsne. Rezultata NOM koncentracijas virszemes udens
avotos ir augstas [20], kas, savukart, padara sarezgitaku Gdens attiriSanas procesu. Pirmie
petijumi par NOM izdaliSanu paradijas jau vairak ka pirms 20 gadiem. Tomér, $o 20 gadu
laika nav atrasts risinajums NOM efektivai izdaliSanai kimiskas koagulacijas procesa —
nostadinaSanas procesa dzerama iidens attiriSanas stacijas, kur dzerama tdens razoSanai
izmanto tradicionalo Gidens attiriSanas metodi virszemes idenim ar augstu HS saturu.

Darba konstatéts, ka iespjams atri novértét NOM izdaliSanas efektivitati,
pielietojot I&tas kimiskas metodes. Metodes balstas uz specifisko organisko savienojumu
grupu izdaliSanas efektivitates noteikSanu Kkatra tdens attiriSanas posma. Izvértgjot
patlaban izmantoto Gidens attirianas procesu, ir noteiktas korekcijas, kas ir nepiecieSamas
koagulacijas procesa optimizacijai. Darba ietvaros noteikti OM biologiskas noardiSanas
atrumi dazados Gdenos un So atrumu ietekmgjosie faktori. Pétfjuma rezultati pierada, ka
NOM bitiski ietekmé dzerama tdens kvalitati idens sadales tikla. Taja pat laika notiek
NOM uzkrasanas tidensvada nogulumos. Biologisko filtru neefektivas darbibas rezultata
biologiskas degradacijas procesi turpinas tikla.

Pétijuma rezultati var tikt praktiski pielietoti jebkura regiona un tdens apgades

sistéma, kur Gidens avoti satur augstas huminvielu koncentracijas.

Promocijas darba rezultati zinoti un apspriesti 9 starptautiskas konferences:

1. Cirihg, Sveicg, 2008.g. 1.-4. junija, ,,5th IWA Leading Edge Conference on Water
and Wastewater Technologies”;

2. Bath, Lielbritanija, 2008.g. 2.-4. septembri, ,,NOM Research from Source to Tap”;

3. Minska, Baltkrievija, 2009.g. 21.-22. maija, ,,JWA 1st Eastern European Regional
Young Water Professionals Conference”;

4. Riga, Latvija, 2009.g. 14.-15. oktobr1, 50. Starptautiska zinatniska konferencg;

ecwatech 2010".
7. Riga, Latvija, 2009.g. 14.-15. oktobri, 51. Starptautiska zinatniska konferencg;



8. Karsruhe, Vacija, 2010.g. 24.-25. novembri, ,Integrated Water Resources
Management Karlsruhe 2010”.
9. Vilpa, Lietuva, 2011.g. 19.-20. maija, 8. Starptautiska zinatniskd konference

»Environmental Engineering”.

Gavenie rezultati atspoguloti 14 publikacijas.

Darba struktiira un apjoms

Promocijas darbs satur kop&jo ievadu, 4 nodalas, vispargjas diskusijas un
secingjumus, 6 pielikumus, 240 literatiiras atsauces, 40 attélus, 8 tabulas, kopa 169
lappuses.

Pirma nodala ,,Dabiskas organiskas vielas tideni un to izdaliSana tradicionalaja
dzerama Gdens sagatavoSanas procesa” ir raksturots virszemes tidens avots, noteikta NOM
izdaliSanas efektivitate tradicionalaja kimiskas koagulacijas — nostadinasanas procesa
vietéja dzerama tdens sagatavoSanas stacija. Saja nodala tika noteiktas problémas
pasreizgja tdens attiriSanas procesa un definéti mérki un uzdevumi turpmakam darbam.

Otra nodala ,,Uzlabota koagulacijas metode NOM izdaliSanai no huminvielam
bagata dens” apskatita iesp&ja optimiz&t koagulacijas procesu augstu HS koncentraciju
saturoSam tidenim. Galvenie uzdevumi $aja nodala bija: (i) noteikt optimalus apstaklus
maksimalai NOM izdalisanai no tdens, kas satur augstu HS koncentraciju, (ii) noteikt
optimalas koagulanta devas, pH limeni, saglabajot attirita tidens kvalitati attieciba uz
dulkainibu un palieko$a aluminija (Al) koncentraciju un (iii) novertét ozoné$anas procesa
ietekmi uz NOM izdaliSanu koagulacijas procesa.

TreSaja nodala ,,NOM biologiska noardiSana tdeni, kas satur augstu HS
koncentraciju” ir noteikts biologiskas noardisanas atrums dazados tdens paraugos ar
augstu HS saturu, ir noteikta biomasas adaptacijas (pielago$anas jauniem apstakliem)
ietekme uz NOM biodegradacijas efektivitati, ka ari piedavata jauna metode organisko
vielu biologiskas noardisanas procesu veicinasanai biofiltros.

Ceturta nodala ,,Udens kvalitate sadales tikla, apgadata ar dzeramo tideni, sanemtu

no virszemes avota ar augstu NOM koncentraciju” skaidro NOM potencialu uzkraties



LITERATURAS APSKATS

Organiskas vielas dzeramaja tdeni rada organoleptiskas problémas, tas veido
kancerogénus DBPs péc tidens hloréSanas (piem. trihalogénmetanus, THM), mazina
tdens biologisko stabilitati un veicina baktériju augSanu tdens sadales tikla [28].
Regionos, kuros iidens attirisanas stacijas (UAS) sakotngji tika konstrutas lai novérstu
dzerama udens dulkainibu, Gidens avoti satur daudz HS un tdeni izSkiduSa organiska
oglekla (dissolved organic carbon, DOC) koncentracija ir lielaka par 5 mg/l [12], NOM
izdaliSana nav efektiva.

Borealaja regiona, kur augsnes ir bagatas ar OM, virszemes tidens avoti satur lielas
HS koncentracijas — hidrofobas lielmolekularas vielas. Samazinoties organisko
savienojumu molekularai masai, samazinas ari krasas intensitate (N0 melnas uz dzeltenu),
polimerizacijas pakape, oglekla saturs, ka ari palielinas skabekla saturs un Skidibas
pakape, ka rezultatd hidrofobas ipasibas mainas uz hidrofilam. NOM ir loti nozimigs
parametrs attieciba uz toksisku organisko, neorganisko kimisko vielu un biologiska
piesarnojuma transportésana tident [5, 14].

Lai veiktu izmainas jebkura dzerama tdens sagatavoSanas stacija attieciba uz
NOM izdalisanu un noskaidrotu NOM izdalisanas mehanismu no udens, kas satur daudz
HS ir nepiecieSams raksturot gan tidens avotu, gan tidens attiriSanas procesu.

Ir zinams, ka vieni no svarigakajiem parametriem, kas iectekm&é HS izdaliSanas
efektivitati ir organisko vielu koncentracija un fidens sarmainiba. Piemé&ram, palielinoties
tdens sarmainibai organisko vielu izdaliSanas efektivitate var samazinaties pat 1idz 30 %
[8]. NOM izdalisanas efektivitati iesp&jams uzlabot mainot dazadus tehnologiskos
parametrus (pH, koagulants, koagulanta deva). Rezultata koagulacijas procesa var tikt
izdalitas 1idz pat 90 % no HS [10]. Biezi, pirms koagulacijas procesa pielieto tidens
dezinfekciju ar ozonu (pirmg&ja ozon&$ana), lai izdalitu no Gidens vienstinus un alges, ka
ar1, oksidéSanas reakcijas rezultata, lielmolekularie organiskie savienojumi tiek sadaliti
savienojumos ar mazaku molekularo masu. OzongSanas ietekme uz koagulacijas procesu
var biit gan pozitiva, gan negativa. NO vienas puses, péc ozon&Sanas nepiecieSamas
zemakas koagulanta devas, tiek aizkavéta lielu parslu veidosana, Iidz ar to palielinas filtru
kalposanas laiks [21]. No otras puses, ozonésana mazina NOM molekulu adsorpciju uz
aluminija (Al) hidroksida parslam un palénina parslu veidoSanas procesu [2, 9].

Pamatojoties uz literattiras izpéti tika definéti petjjuma uzdevumi otrai sadalai:

noteikt optimalos apstaklus maksimalai NOM izdaliSanai no tdens ar augstu HS



koncentraciju un izveértét ozonéSanas procesa ictekmi uz NOM izdaliSanu koagulacijas
procesa.

Visizplatitaka metode biologiski degradéjama izSkidusa organiska oglekla
(biodegradable dissolved organic carbon, BDOC) izdali$anai ir biologiska filtrésana [11].
Filtresanas procesa rezultata tiek iegtits biologiski stabils tidens. Udens uzturésanas laiks
biofiltros ir apméram 30 minates, lai sarazotu nepiecieSsamu dzerama tdens daudzumu
konkrétajam regionam. Biofiltacijas procesa var izdalit lidz 30 % no DOC [34].
Neattiritais tidens (ar augstu NOM koncentraciju) lielakoties satur 1&ni degrad&amus
komponentus (ar zemu biologiskas degradacijas atrumu), un to izdaliSana bilfiltros nav
bet NOM biodegradésanas atrumu ietekmé& pH, temperatiira, skabekla daudzums, baribas
vielu daudzums, kas nepiecieSms mikroorganismiem jeb biomasai biofiltra, ka ari
oksidantu pielietojums un to deva tdens attiriSanas procesa (ozons, hlors), substrata tips
un NOM koncentracija [4, 27] ka ar1 vairaki citi faktori. Svarigi ir atzimét, ka biomasa
biofiltros ir jutiga pret argjo faktoru izmainam [30], tapéc mainot kadu no darbibu
ietekmgjosiem faktoriem, sist€émai ir nepiecieSsams noteikts laiks lai pielagoties jauniem
apstakliem (adaptacijas periods).

Literatiras izpétes rezultata tika definéti darba tre$as sadalas meérki: noteikt
biodegradésanas atrumu dazados tidens paraugos ar augstu HS saturu; noteikt biomasas
adoptacijas laiku un izveidot metodi biodegradésanas procesa stimulacijai.

Lai izvairitos no bakteriju augSanas sadales tikla visbiezak, ka pédéjo dzerama
idens sagatavoSanas posmu, izmanto oidens dezinfekciju ar hloru. Udens sadales tikls
parasti sastav no dazadiem materialiem (polietiléns, PE; polivinilhlorids, PVC; un ¢uguns,
CI). Udens uzturésanas laiks (water residence time, WRT) tikla ir atkarigs no konstantiem
parametriem ka caurulu diametrs un garums un mainigiem faktoriem — Gidens patéripa.
Jebkur§ dzerama tidens sadales tikls satur dazada sastava nogulumus (loose deposits, LD)
un bioplévi, un to daudzums atkarigs no tidens tikla vecuma un tdens kvalitates [15].
Sadales tikls varétu tikt pielidzinats kimiskajam un biologiskajam reaktoram [15]. Ir
zinams, ka nogulumi satur dazadas koncentracijas NOM [3], ka art tikla notiek baktériju
augsana [17]. Literatiiras izp&tes rezultata tika definéts ped&jas nodalas galvenais virziens

— ka NOM ietekmé dzerama udens kvalitati sadales tikla.



DARBA IZMANTOTAS METODES

Lai noskaidrotu NOM izdaliSanas mehanismu no tidens, kas satur augstu HS
koncentraciju, ir nepiecieSams raksturot gan idens avotu, gan tidens attiriSanas procesu.
Zinatniska darba pamata ir dazada méroga eksperimenti (laboratorijas eksperimenti,
eksperimentalas iekartas un lauku eksperimenti), tapéc katra nodala ir aprakstitas
pétijumu metodes.

Parastas metodes, pieméram, kop€ja organiska oglekla (total organic carbon,
TOC) noteikSanu, kimiska skabekla patérina (chemical oxigen demand, COD) noteik$anu
vai permanganata indeksu izmanto ka kvantitativas analizes kopg&jai OM koncentracijai.
Tomér tas sniedz tikai visparigu informaciju par daudzumu un nesniedz informaciju par
NOM izdaliSanas mehanismiem un attiriSanas procesu efektivitati. NOM raksturoSana ir
iesp&jama tikai izmantojot dazadas frakcion€Sanas metodes, kas sniedz informaciju ne
tikai par organisko vielu koncentraciju, bet ari par organisko vielu molekulu izmériem un
funkicionalajam grupam [32 un vairakas citas atsauksmes].

Paraugu raksturo$anai tika izmantotas vairakas standarta (LVS ISO) metodes (pH,
elektrovaditsp&jas noteikSana, dulkainibas noteikSana utt.) .

Laboratorijas apstaklos tika piclietotas vairakas augstas precizitates instrumentalas
metodes un jaunas eksperimentalas metodes. Kop&ja un izskidusa organiska oglekla
savienojumu koncentracijas noteik$anai Gidensglitnes un attirita Gidens paraugos tika
veiktas TOC un DOC analizes. Pargjo Gidens kimisko ipas$ibu noteikSanai tika izmantotas
sekojosas metodes: BDOC analize [26] Gdens biologiskas stabilitates raksturoSanai, atras
NOM frakcionéSanas (rapid fractionation, RF) metode [6] NOM fizikalo Tpasibu neattirita
un attirita Gdens paraugos raksturojumam, Furjé Transformacijas—Infrasarkana
spektroskopija (FT—IR) kvalitativai NOM raksturo$anai (funkcionalu grupu noteikS$anai)
un skidruma hromatografija (LC-OCD) NOM molekulu izméru un to precizu
koncentraciju noteik$anai. PE&tfjums ir pieradijis modificEtas bioreaktoru sistémas,
izstradatas ES projekta TECHNEAU ietvaros [11], pielietoSanas iesp€jas ne tikai kop€ja
BDOC noteiksanai, bet arT biologiskas degradésanas atruma noteikSanai dazados tdens
paraugos (ar augstu un zemu NOM koncentraciju).

Lai noveértétu kancerogéno hlororganisko savienojumu veidoSanas risku tika veikta
trihalogénmetanu veidosanas potenciala analize (THMFP), kas parada cik bistamu cilvéka

organismam savienojumu var veidoties konkrétaja tideni péc reakcijas ar dezinfekcijas

10



lidzekliem, respektivi, sliktakais scenarijs. THM koncentracija un galvenie komponenti
tika noteikti izmantojot gazes hromatografiju ar masas spektrometrisko detektoru.

Lai optimizetu koagulacijas procesu un noteiktu optimalos parametrus maksimalai
NOM izdali$anai no dazada tipa udens, laboratorijas apstaklos tika veikts standarta
koagulacijas tests (Standard Jar test) izmantojot modernu iekartu Phipps & Bird PB-700
Six Paddle.

Lai noteiktu NOM koncentraciju sadales tikla nogulumos, tika izmantota jauna

eksperimentala NOM izolacijas metode [1].
REZULTATI UN DISKUSIJA

Dabiskas organiskas vielas @ideni un to izdali§ana dzerama tidens sagatavoSanas

stacija pielietojot tradicionalas metodes

Pirmaja nodala raksturots virszemes tidens avots, ka ar noteikta NOM izdaliSanas
efektivitate tradicionalaja kimiskas koagulacijas—nostadinasanas procesa realaja dzerama
tdens sagatavosanas stacija.

Lauku eksperimenti notika dzerama tdens sagatavosanas stacija (UAS
,Daugava”) Rigas pilséta, kura izmanto huminvielam bagato Daugavas virszemes tdeni.
HS koncentracija Latvijas virszemes udens avotos ir augstaka neka citas Eiropas un
Skandinavijas valstis, jo Latvija ir relativi auksts klimats un ar organiskam vielam bagatas
augnes [20]. UAS ,,Daugava” ir lielaka stacija Latvijas teritorija un apgada ar dzeramo
fideni 50 % no Rigas iedzivotajiem (raziba 100000 m®/diennakii). Daugava plast caur
Krievijas, Baltkrievijas un Latvijas teritoriju un taja tiek novaditi notektdeni. Lali
mazinatu piesarnojuma risku, 2001. gada dzerama tdens attiriSanas process tika
modernizéts ar diviem ozongSanas posmiem. Rezultata, fidens attiriSanas process UAS
,Daugava” sastav no pirmgjas ozonésanas (1-3 mg/l), kimiskas koagulacijas ar aluminiju,
atras filtréSanas, otras ozonéSanas (2-8 mg/l), biologiski aktivas ogles (BAC) filtrésanas
un hlorésanas.

Lai noteiktu, ka dazadi tdens attiriSanas procesi ietekmé organisku vielu
izdaliSanu, NOM tika raksturots pirms un péc katra tidens attirisanas posma. Monitoringa
perioda (no 2006. Iidz 2008. gadam) Daugavas upes Gdeni kop&ja organiska oglekla
savienojumu daudzums pieauga no 12.4+4.7 mg/l lidz pat 18.7£2.2 mg/l. Rezultati
paradija, ka NOM izdaliSana stacija ir nepieticko$i efektiva, salidzinot ar citiem $ada

veida pétijumiem [36]. Ap 60 % NOM tiek izdaliti kimiskas koagulacijas—nostadinasanas
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procesa, bet tikai 7 % - BAC filtros. Rezultata vidéja TOC koncentracija dzeramaja tdeni
ir 4,66+1.11 mg/l, kas ir parak augsta [25] un lidz ar to pastav THM veidoSanas risks.
Petijuma rezultati paradija, ka THM veidosanas potencials tdent ar sadu TOC
koncentraciju var sasniegt 3550 ug/l, kas ir nepielaujami augsta [7].

HS bagatos tdenos lielmolekularie savienojumi, koagulacijas un filtracijas
procesos netiek izdaliti tik efektivi ka Gdenos ar zemam HS koncentracijam. Procesu
iesp&jams optimizet, nosakot hidrofobu organisko savienojumu izdaliSanas efektivitati ar
RF tehniku [6].

Biologiskas filtracijas rezultata no organisko savienojumu neitralas frakcijas
izdalas BDOC dala un vienlaicigi notiek savienojumu transformacija uz hidrofilajiem
savienojumiem. So procesu ietekm& gan temperatira, gan Iénais organisko vielu
biologiskas degradésanas atrums filtros.

P&tijums apstiprinaja Yavich et al. [37] un Hedricks [18] ieprieks$ konstatétu faktu,
ka kimiskas koagulacijas—nostadinasanas procesa iesp&jams izdalit lielmolekularas
organiskas vielas (biologiski stabilas), bet BAC filtracijas procesa — savienojumus ar
zemaku molekularo masu.

Izvértjot rezultatus ir secinats, ka RF eksperimentala metode [6], ir atra un
vienkarsa tidens attiriSanas efektivitates noteikSanai katra attiriSanas posma. Metode lauj
noteikt NOM frakcijas, kam ir augsts molekularais svars (stipri hidrofobas skabes, vidgji
hidrofobas skabes — VHA un SHA frakcijas) un savienojumus ar zemaku molekularo
svaru (hidrofilas skabes un neitralie savienojumi — CHA, NEU). Tadgjadi, lai optimiz&tu
koagulacijas un biofiltracijas procesus ir nepiecieSams izvertét ne tikai kop€ja organiska
oglekla izdaliSanu, bet ar1 specifisko frakciju izdaliSanas efektivitati katra tdens

attiriSanas procesa.

Uzlabota koagulacija NOM izdaliSanai no huminvielam bagata iidens

Otraja nodala tiek aplikota iesp&ja optimizét koagulacijas procesu tdens
paraugiem ar augstu NOM koncentraciju. Ka minéts ieprieks, koagulacijas procesa HS
var bit 1idz 90 % izdalitas [10], bet dazadu faktoru iedarbibas rezultata organisko vielu
izdaliSanas efektivitate var samazinaties pat Iidz 30 % [8].

Iesp€ja uzlabot koagulacijas procesu, t.i. paaugstinat lielmolekularo organisko
vielu izdalisanas efektivitati no virszemes fdens ar augstu HS koncentraciju, tika

parbaudita laboratorijas apstaklos, izmantojot standarta koagulacijas (Jar) testu. Tika
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mainitas koagulanta devas un pH Iimenis, ka arT tika pielietota RF metode. Lai novértétu
ozon&$anas ietekmi un koagulacijas procesu, tika veikti eksperimenti ar divu veidu tdens
paraugiem (neattirita idens paraugi un paraugi péc pirméjas ozonésanas).

Rezultati paradija (Att€li la un 1b), ka maksimalais DOC koncentracijas
samazinajums (70 %) neapstradata iidens paraugos tika sasniegts pie pH 6 un 15 mg Al/l
koagulanta devas, bet paraugiem péc pirmas ozon&$anas 67 % samazinajums tika
sasniegts pie pH 6 un 20 mg Al/l koagulanta devas. Tatad, novérota NOM izdaliSanas
efektivitate bija par 10-7 % augstaka ka eso$aja tidens attiriSanas procesa. RF lava
noteikt, ka $ajos apstaklos VHA frakcijas izdaliSana neapstradata tideni sastada 78 %, - 80
% (p&dgjais pie 5 mg Al/l un pH 5 Gdeni péc pirmé&jas ozon&sanas), jaatzime, ka NEU un
CHA frakcijam koncentraciju izmainas netiek noveérotas.

legitie rezultati paradija ka tradicionali, pirms koagulacijas, izmantotais
ozonéSanas process neieteckmé NOM izdaliSanas efektivitati. Pateicoties ozona
oksidgjosam ipasibam, bitiski samazinas tdens dulkainiba, bet turpmaka dulkainibas
samazinasanas koagulacijas procesa nenotiek. OzongSanas rezultata samazinas organisko
vielu molekularais svars [9], ka rezultata samazinas NOM izdalisana. OM savienojumu
izdaliSana ir efektivaka pie zemakam pH vértibam, tacu tad ir novérojama nepielaujami
augsta palickosa koagulanta (Al) koncentracija tdeni, it ipasi Gdens paraugos péc
ozon&$anas. Ir zinams ozona div&jadais efekts uz koagulacijas procesu [21, 2, 9]. S1
petijuma rezultati pierada, ka HS bagata Gideni ozon€Sanai ir pozitiva ietekme tikai uz
dulkainibas samazinasanu. Jaatzimé, ka paliekosa aluminija koncentracija péec
koagulacijas ozonéta tident ir augstaka, ka neozonéta tiden.

Tika iegita stipra sakariba starp nogul$nu daudzumu, kas veidojas koagulacijas
procesa un specifiskas gaismas absorbcijas (SUVA) lielumu (P=-0.94 neattiritam tidenim
un P=-0.96 tdenim p&c ozonéSanas). ka ar1 starp TOC koncentracijas samazinaSanu un
nogul$nu daudzumu (P=0.94 neattiritam Gdenim un P=0.93 Gdenim p&c ozon&Sanas). Tas
nozim€, ka koagulacijas procesa izveidoto NOM-Al parslu daudzums ir tiesi
proporcionals nogul$nu daudzumam un, zinot NOM koncentraciju @ideni, ir iesp&jams
prognozet noguls$nu daudzumu, kas izveidosies koagulacijas procesa. Ka atzimé&jusi Faust
un Aly [13], maksimala NOM-AIl kompleksu izgulsnésana tick novérota pH regiona 5-6

aluminija koagulantam, un 4.5-5.5 - dzelzs koagulantam.
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1. attels. DOC un frakciju izmainas pirms un péc koagulacijas procesa optimizacijas.
Apzim&jumi: (a) RW, neapstradats tidens; (b) OZ, tidens p&c primaras ozon&$anas. Attéla paraditi VHA

SHA, CHA un NEU frakciju koncentraciju izmainu vidgjie rezultati (n=3).

NOM biologiska degradeésana dazados augstu huminvielu koncentraciju saturosos
udens paraugos

Tre$aja nodala apkopoti rezultati no: (i) eksperimentalas iekartas, kura tika
noteikts temperatiiras un ozoné&Sanas efekts uz biofiltriem, (ii) laboratorijas un lauku
eksperimentiem, kur tika noteikts biologiskas degradéSanas atrums dazados wdens
paraugos ar augstu HS saturu un (iii) laboratorijas eksperimentiem, kur tika noteikts
biologiskos filtros esosas biomasas adoptacijas laiks jaunajiem apstakliem, ka ar1 tiek
piedavata jauna metode, lai veicinatu organisko vielu biologiskas noardiSanas procesu
biofiltros.
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Eksperimentala iekarta ir reala tdens attiriS8anas procesa sastavdala un atrodas
UAS. Ta ir novietota péc otras ozongSanas posma. legiitie rezultati paradija, ka DOC un
BDOC koncentraciju samazinasanas eksperimentalajos biofiltros nenotiek. Biomasas
daudzums tika novertéts ka adenozina trifosfata (ATP) koncentracija uz filtra materiala.
Biomasas daudzums ir stingri saistits (R*=0.75) ar udens temperatiru, kas ziema
neparsniedz +5°C un pieaug lidz pat +20 °C vasaras méneSos. Palielinoties paliekosa
ozona koncentracijai biomasas koncentracija samazinas (R?=0.76). Ozona negativo
ietekmi uz NOM sorbcijas ipasibam biofiltros savos pétijumos iepriek§ konstatgja citi
zinatnieki [19, 23], kuri, savos darbos saista to ar organisko vielu molekularas masas
samazinasanos. Skabekla daudzums - biologiskas aktivitates indikators [29, 31],
eksperimentalajos biofiltros, monitoringa perioda, nemainijas. NOM frakcion&Sanas
rezultati eksperimentalas ickartas paraugos paradija, ka filtros notiek tikai SHA/CHA
frakciju transformacija, bet VHA un NEU frakciju koncentracijas nemainas. Lidz ar to var
secinat, ka biologiskas noardiSanas process eksperimentalaja iekarta nenotiek. Ieprieks
ieghtie rezultati (ST darba 1. nodala) paradija, ka biodegradésanas rezultata biomasa, pat
lidz 75 %, patéré NEU frakcijas komponentus.

Ka minéts ieprieks, mainoties argjiem faktoriem [30] biomasai biofiltros ir
nepiecieSams laiks, lai pielagotos jauniem apstakliem. P&tijuma rezultati paradija, ka,
svarigs ir ari tads parametrs ka substrata tips (NOM kompozicija un koncentracija).
Saskana ar iegiitajiem rezultatiem, lai korekti veiktu BDOC koncentracijas noteikSanu, ir
vajadzigs 6 lidz 24 h ilgs laiks sistémas adaptacijai, atkariba no organisko vielu
koncentracijas. Adaptacijas rezultata pieaug BDOC koncentracija parauga, analizes
atkartojamiba un mérijjumu precizitate (Attels 2).

Biologiskas degradésanas atrums dazados tidens paraugos ar augstu HS saturu tika
noteikts izmantojot bioreaktoru sistému (izstradata TECHNEAU projekta ietvaros [11]),
kura lava noteikt gan kop&jo BDOC lielumu, gan DOC samazinajumu p&c 1sa parauga
kontaktlaika ar biomasu (minimalais izmantotais kontaktlaiks bija 8 miniites). Rezultata
tika iegiita substrata patérina kiné&tikas likne.

Izmantojot So metodi tika noteiktas biologiskas noardiSanas atruma konstantes
tdens paraugiem no widens attiriSanas stacijas Latvija (UAS ,,Daugava”) un Norvégija
(UAS ,,Kgrelen”) un sadales tikliem abas valstis. Konstatéts, ka biologiskas degradésanas
atrumu var aprakstit ar pirmas kartas vienadojumu. Noteikts, ka HS bagatos tidenos

biodegradésanas atrums ir 1&€ns [33] un tas butiski pieaug péc dezinfektantu (ozons un
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hlors) un biostimulantu (labilu organisko oglekla savienojumu jeb LOC) pievienoSanas
(Attels 3 un 4).

1.4 A

1.2 4 O pirms adaptacijas

@ péc adaptacijas

BDOC, mg/l

RW 0oz BAC DW

Attels 2. BDOC koncentracijas (n=3) realos tidens paraugos ar dazadam DOC

koncentracijam pirms un péc BDOC sistémas 24 h adaptacijas perioda.

Apzim&jumi: RW — neattirits aidens (DOC was 10.82+0.65 mg/l), OZ — tidens p&c ozon&Sanas (6.75+0.07
mg/l), BAC — tidens péc biofiltriem (5.97£0.03 mg/l), DW — dzeramais tidens p&c hlorésanas (4.61+0.14
mg/l).

Rezultati pierada, ka, pievienojot tidens paraugam biostimulantu vai LOC,
palielinas DOC koncentracija un pieaug substrata biodegradéSanas atrums, ka rezultata
substrats kopa ar LOC tiek patéréts 1sa laika perioda (24 miniités). Veikto eksperimentu
rezultati parada stipru pozitivu sakaribu starp BDOC koncentraciju un biodegradéSanas
atruma konstanti (R?=0.68). legiiti rezultati pierada, ka izmantojot biostimulacijas metodi
ir iespgjams NOM izdaliSanas efektivitati palielinat lidz pat 29 %, kas ir tuvu teorétiski

iep&jamajam (30 % ka DOC [34]).
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Apzim&jumi: Gdens paraugi no fidens attiriSanas stacijas Kerelen (Norvégija) péc ozonésanas (0Z),

biofiltracijas (BAC), UV dezinfekcijas (UV) un sadales tikla I (Net—I un Net-Il), n=3).
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Attels 4. DOC izmainas atkariba no EBCT paraugiem bez un ar biostimulantiem.
Apzim&jumi: dens paraugs péc biofiltriem UAS Daugava (BAC), tidens paraugs péc biofiltriem UAS
Daugava ar natrija acetata (NaAc) un Luria Bertrani (LB) barotnes biostimulantiem (BAC+NaAc un
BAC+LB)
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Udens kvalitate sadales tikla, kas tiek apgadats ar iideni, nemtu no iidens avota, kas

satur huminvielas augstas koncentracijas

Ceturta nodala apraksta NOM ietekmi uz dzerama tdens kvalitati tikla, nemot véra
tdens uzturéSanas laiku (WRT) sadales tikla, iidens biologiskas stabilitates izmainas, ka
ar1 NOM koncentracijas izmainas gan dzeramaja tideni, gan tidensvada nogulumos.

legitie rezultati paradija, ka, palielinoties WRT sadales tikla, palielinas TOC
koncentracija Gideni un samazinas dzerama tidens biologiska stabilitate. Rezultati pilnigi
izskaidro sadales tikla baktériju koncentracijas picaugumu, ko sava pétijuma Konstatéja
Hammes et al. [17].

Izmantojot BDOC koncentracijas izmainu statistisko datu apstradi un hidraulisko
modeli tika noteikts, ka WRT sadales tikla var sadalit trTs posmos: 2,82-13,72 h (r =-0,72,
n=8); 14,27-17,62 h (r=-0,74, n=6); un > 18,03 h (n=11), kad korelacija starp BDOC
koncentraciju un WRT nepastav. Tas lauj modelét dzerama tGdens biologiskas stabilitates
izmainas sadales tikla.

legitie rezultati, ka arT ieprieks public&tie dati [16] parada, ka nogulumi no sadales
tikla satur augstas organisko vielu koncentracijas, kas ir atkarigas no caurulu materiala.
FT-IR spektroskopijas rezultati apstiprinaja, ka nogulumi no dazada materiala caurulém
satur dazadus organiskus un neorganiskus komponentus. TOC pieaugums dzerama tidens
paraugos no sadales tikla, ka arT FT-IR analizu rezultati norada uz to, ka NOM nonak
tident gan no nogulumiem, gan no caurulu materiala. Augstas NOM koncentracijas
dzerama tidens paraugos veido traucgjoSo fonu FT-IR analizei, ar kuru, citados apstaklos,
biitu iesp&jams atri noteikt un identificét biologisko piesarnojumu dzeramaja tident.

Apkopojot iegttos un literatiiras [14, 15, 28, 35] datus NOM bilanci dzerama
tidens sadales tikla iesp&jams att€lot grafiski (Attels 5).

Udensvada caurules satur nogulumus un bioplévi [15], NOM savienojumi
samazina dezinfektantu efektivitati, veicina korozijas procesos (veido kompleksus
savienojumus ar metaliem) [14]), NOM spgj uzkraties tidensvada nogulumos un kalpo ka
substrats tajos eso$ajam bakterijam (tatad piedalas biodegradésanas procesos). Mainoties
hidrauliskajiem apstakliem, nogulumu sedimantacija tiek traucéta [22]. Kopa ar

nogulumiem izskalojas ari NOM savienojumi, radot estétiskas problémas paterétajam.
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Attéls 5. NOM balanss dzerama udens sadales tikla.

Rezultati paradija, ka iz8kidusas dabiskas organiskas vielas ir svarigs parametrs un
to var izmantot ka indikatoru, lai novértétu dzerama udens kvalitati, atkariba no WRT

sadales tikla.

SECINAJUMI

1. Lai optimizétu kimiskas koagulacijas un biologiskas filtracijas procesus ir
svarigi noteikt kopgja organiska oglekla izdaliSanas efektivitati un specifiskas NOM
frakcijas katram tidens attiriS8anas posmam.

2. Lai optimiz&tu kimiskas koagulacijas procesu maksimalai NOM izdaliSanai no
tidens ar augstu HS saturu ir svarigi noteikt optimalos apstaklus specifisko NOM frakciju
(VHA un SHA) izdalisanai. Mainot koagulanta dozu un pH un pielietojot atras
frakcioné$anas (RF) metodi, ir iesp&jams izdalit 1idz pat 80 % no VHA frakcijas uzlabotas
kimiskas koagulacijas rezultata, kaut ari dé] augsta citu frakciju satura (CHA un NEU),
NOM kopéja izdaliSana pieaug tikai nedaudz (7-10 %).

3. Pirmgja ozonéSana neietekm& NOM izdalisanu kimiskas koagulacijas procesa
no tudens ar augstu HS koncentraciju.

4. Ja kimiskas koagulacijas process, huminvielam bagatos tidenos, ir optimizets
attieciba uz NOM koncentraciju, ir iespgjams noteikt dinu daudzumu, kas veidojas $1
tdens attiriSanas procesa rezultata.

5. Biologiskas filtracijas rezultata izdalas BDOC — dala no organisku savienojumu
neitralas frakcijas, ka ar vienlaicigi notiek savienojumu transformacija par hidrofilo

grupu savienojumiem. So procesu ietekmé gan temperatiira, gan lénais organisko vielu

biologiskas degradésanas atrums filtros.
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6. Biologiskas degradésanas atrumu var aprakstit ar pirmas kartas vienadojumu.

7. Lai korekti veiktu BDOC analizes, ir vajadzigs 6—24 h laiks sist€émas
adaptacijai, kas ir atkarigs no organisko vielu koncentracijas. Rezultata pieaug analizes
atkartojamiba un mérjjumu precizitate.

8. Biodegradesanas atrums huminvielam bagatos tidenos ir lielaks péc oksidantu
(ozong&sana, hlorésana) pielietoSanas, ka ari to var palielinat Iidz pat 29 %, izmantojot
biostimulantus.

9. legiitie rezultati paradija, ka sadales tikla nogulumi satur augstas organisko
vielu koncentracijas un to daudzums ir atkarigs no cauruJu materiala.

10. TOC koncentracija sadales tikla pieaug saskana ar WRT, kas norada uz NOM
SkiSanu no nogulumiem un caurulu sienam. BDOC koncentracija ievérojami samazinajas,
pieaugot WTR noradot, ka bakterijas tikla patéré substratu.

11. Augstas NOM koncentracijas dzerama tidens paraugos rada trauc&josu fonu
FT-IR spektroskopijas metodei, ar kuras palidzibu savadakos apstaklos biitu iesp&jams

atri noteikt biologisko piesarnojumu dzeramaja tident.
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GENERAL DESCRIPTION

State of the art

Over the past 20 years, increases of organic carbon concentration in surface waters
throughout the world have been observed [12]. One of hypotheses [24] is that this is due
to the climate changes, contributing the decrease of acidity of the soil and increasing the
solubility of the carbon, which leads to leaks into surface waters and makes water
treatment process more difficult.

Conventional water treatment plants (WTP) usually employ ozonation,
coagulation, rapid sand filtration and biofiltration. If these processes are optimized
according to water type, drinking water quality will be high and the water will be safe,
according to quality requirements [7]. In Boreal climate regions where raw waters contain
high concentrations of humic substances (HS) the removal of natural organic matter
(NOM) by conventional treatment is not always effective, especially when water
treatment process is optimized with respect to the removal of the turbidity. The high
concentration of NOM can be responsible for taste, odor, and color in drinking water, the
formation of the carcinogenic disinfection by-products (DBPs) after reacting with
disinfectants used in water treatment and it affects biological stability and biological
regrowth in distribution systems.

The removal mechanisms of NOM during a humic rich raw water treatment and its
influence on water quality in the distribution network have not been well understood and
described.

The objective of research and tasks

The overall aim of this thesis was to investigate the removal mechanisms of NOM
by water treatment processes used to treat humic rich water and its influence on water
quality in distribution network.

Following tasks were defined to achieve the goal:

1. To characterize the NOM removal efficacy at the existing humic rich water
conventional treatment process.

2. To examine the possibility to optimize the coagulation process for humic rich
raw water.

3. To determine the degradation rate of BDOC in different types of water
produced from humic rich raw waters.

4. To evaluate the influence of NOM on water quality in distribution network.
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Scientific novelty and application

Due to relatively cold climate and an abundance of soils rich in organic carbon
[20], the concentration of NOM in raw water of Boreal region is high and its removal
during conventional water treatment is complicated. The first studies of natural organic
substance removal appeared more than 20 years ago. However, during this 20 year period
the methods for effective NOM removal during chemical coagulation-precipitation
process at drinking WTP, where conventional water treatment methods for drinking water
production using a water source containing high HS content is used have not been well
described.

This thesis show possibility to determine the NOM removal efficacy during humic
rich raw water treatment using inexpensive chemical methods, which allow detection of
specific organic compounds removal efficiency during each water treatment stage. During
monitoring of the water treatment process the correction necessary to optimize the
coagulation process of humic rich water was determined. In this research the degradation
rate of biodegradable dissolved organic carbon (BDOC) in different type of water
produced from humic rich raw waters was determined and factors affecting
biodegradation rate were evaluated. Results indicate that NOM significantly affects water
quality in water distribution network, where the NOM accumulation in loose deposits
(LD) of water supply system and biological degradation processes as a result of inefficient
operation of biological filter takes place.

The research results may be applied in any region with humic rich water sources,
and water supply systems.

The results shown in this thesis has been reported and discussed in 9 international

meetings:

1. ,,5th IWA Leading Edge Conference on Water and Wastewater Technologies” in
Zirich, Switzerland, June 1-4, 2008;

2. ,NOM Research from Source to Tap” in Bath, United Kingdom, September 2-4,
2008;

3. ,,JIWA 1st Eastern European Regional Young Water Professionals Conference” in
Minsk, Belarussia, May 21-22, 2009;

4. 50th RTU International Scientific Conference, Riga, Latvia, October 14 -15, 2009;
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5. ,,Water and wastewater treatment plants in towns and communities of the XXI
century: technologies, design & operation” in Moscow, Russia, June 2-4, 2010;

6. ,,Young Water Professionals workshop at ecwatech 2010" in Moscow, Russia, June
2-4, 2010.

7. 51th RTU International Scientific Conference, Riga, Latvia, October 14 -15, 2010;

8. ,Integrated Water Resources Management Karlsruhe 20107 in Karlsruhe,
Germany, November 24-25, 2010.

9. 8th International Conference on “Environmental Engineering” in Vilnius,

Lithuania, May 19-20, 2011.

Scope of work

The Thesis consists of: General introduction, 4 chapters, General dusscusion and
conclusions, 6 appendixes, 240 references, 40 figures, 8 tables, together 169 pages.

In Chapter 1 “Natural organic matter in water and its removal during conventional
water treatment” of this thesis data of monitoring of water source, determined NOM
removal efficacy were presented and the problem at the existing conventional water
treatment process where field experiments were performed was defined.

Chapter 2 “Enhanced coagulation for NOM removal from humic rich water”
examined the possibility to optimize the coagulation process for humic rich and high
alkalinity level raw water. The main tasks were (i) to determine optimal conditions for
removal of NOM from humic rich waters in respect to coagulation dose, pH, turbidity and
residual aluminum (Al) concentration and (ii) to evaluate effect of pre-ozonation on
removal of NOM from humic rich waters during coagulation.

In Chapter 3 “Biodegradation of NOM treating humic rich water” of this Thesis
the degradation rate of BDOC in different type of water produced from humic rich raw
waters was estimated, the effect of adaptation of biomass in biofilter to biodegradation
efficacy was evaluated and the opportunities to stimulate organic matter biodegradation
process in the biofilter were described.

In Chapter 4 “Water quality in distribution network supplied from sources with
high level of NOM” of this Thesis the NOM ability to accumulate in LD in different point
of distribution network and its influence on water quality in distribution network was

evaluated.
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BACKGROUND AND LITERATURE REVIEW

The high concentration of organic matter (OM) can be responsible for taste, odor,
and color in drinking water, the formation of the carcinogenic disinfection by-products
(DBPs) after reacting with disinfectants used in water treatment, affects biological
stability and biological regrowth in distribution systems [28]. In regions, where the water
treatment plant was originally designed to remove the turbidity from water and the raw
water sources contain high concentrations of HS (>5 mg/l as dissolved organic carbon
(DOC) [12]), NOM removal is not effective.

The soil contains high concentrations of HS, which are high molecular mass
organic substances (10% to 10° g/mol) and can be characterized as being yellow to black in
color, intensive ultraviolet (UV) absorbance, polydispersity and polyfunctionality.
Decreased intensity of color, degree of polymerization, carbon content, increased oxygen
content and degree of solubility are the characteristics of decreasing molecular weight
(MW) which lead to the change in hydrophilic properties. These compounds play
important roles in the interaction and transport of many toxic organic or inorganic
chemicals [4, 14].

It is important to characterize the water sources and water treatment process in
order to optimize the NOM removal and to investigate the removal mechanisms of NOM
by water treatment used humic rich water.

Approximately 90 % of HS or high MW organics can be removed by coagulation
[10]. NOM removal efficiency can be changed (enhanced coagulation) after the change of
technological conditions (pH, coagulant type and dose). It depends on the parameters such
as water alkalinity and OM concentration. For example, the removal efficiency decreases
significantly with increased alkalinity level and may be reduced up to 30 % [8].
Traditionally, prior to coagulation process the addition disinfection with ozone (pre-
ozonation) is used to remove protozoa and algae from raw water. At the same time during
oxidation the high MW organic compounds are divided into low MW compounds. Effect
of ozonation on coagulation is quite complicated and the influence of this process on the
coagulation of the humic rich water is not conclusive. Preozonation can be used to
decrease coagulant dosage, destabilizing the aggregation of particles and increasing the
length of filter life [21]. In some case preozonation can have a negative effect on the
adsorption of non-humic NOM on aluminum hydroxide flocks and reduce flocks

formation process [2, 9].
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Based on previously published data the main tasks of Chapter 2, namely, (i) to
determine optimal conditions for removal of NOM from humic rich waters and (ii) to
evaluate effect of pre-ozonation on coagulation efficacy were defined.

Ozonation in combination with biological filters (BAC) is a frequently used water
treatment method for removal of BDOC [11]. The result of this process is production of
biologically stable water. Water residence time (WRT) in biofilters is short (about 30 min)
to produce necessary drinking water quantity to a region. With biofiltration about 30 % of
DOC is normally removed [34]. Raw water containing high concentrations of NOM is
mostly composed of biologically recalcitrant HS (substances with slow biodegradation
rate), thus their removal in biofilters is not always effective. The factors affecting
performance of BAC filters are filter media type, backwashing strategy and the type, the
rate of biodegradation is dependent of many parameters including pH, temperature,
concentration of oxygen, inorganic nutrients, concentration of microorganisms or
biomass, applied oxidant (ozone, chlorine) dose, chemical structure and concentration of
the organic substance in water samples [4, 27; etc.). It is important to note that bacteria in
biofilters are attached to the filter material and are sensitive to changes in environmental
factors [30]. Therefore biological systems need time to adapt to new conditions (including
OM composition). The main items in Chapter 3 were (i) to estimate the degradation rate
of BDOC in different type of water produced from humic rich raw waters, (ii) to evaluate
the effect of adaptation of biomass in biofilter to biodegradation efficacy and (iii) to find
opportunities to stimulate organic matter biodegradation process in the biofilter.

To prevent bacterial regrowth into the water distribution network disinfection with
chlorine is used as final step of the treatment train. Drinking water distribution network
consists of different material pipes (polyethylene - PE, plyvinilchloride - PVC, cast iron -
ClI) where water residence time depends on constant factors as pipe length and diameter,
and also a variable factor — the water consumption. Any network contains different types
of LD and biofilm depending on the age of water supply system and water quality;
therefore, it can be defined as chemical and biological systems [15]. It is known that LD
in network also contains different concentrations of NOM [3], where bacterial regrowth in
the distribution network takes place [17]. Therefore, items of Chapter 4 of this thesis was
(i) to evaluate NOM ability to accumulate in LD in different points of distribution
network and its influence on water quality in distribution network; (ii) to evaluate the

NOM influence on water quality in distribution network.
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METHODS

To investigate the removal mechanism of NOM by humic rich water treatment it is
necessary to characterize both water sources and water treatment processes. This Thesis is
based on experiments in laboratory, pilot plant and field experiments; therefore each
chapter describes the methods used.

Conventional determination methods such as TOC, chemical oxygen demand
(COD) or permanganate index are used for quantification of organic matter however they
supply general information only and no information about the NOM removal mechanisms
and the efficacy of the removal. NOM characterization is only possible through various
fractionation and measurement techniques that give partial information on organic matter
levels, and chemical functions or molecules, depending on the methodology used [32;
etc].

To characterize water samples were wused instrumental analysis (pH,
electroconductivity, turbidity, etc.) according Latvian Standard (LVS 1SO).

To achieve the goal several high precision methods and new experimental
methods were used in this theses: (i) TOC and DOC analysis for the quantification of
organic carbon in raw and treated water samples: (ii) BDOC determination [26] for
characterization of biological stability of raw and treated water; (iii) rapid fractionation
(RF) technique [6] for characterization of NOM physical properties; (iv) FT-IR analysis
for qualitative (functionality) characterization of NOM and (v) LC-OCD analysis for size
characterization of NOM. This study has demonstrated the applicability of a modified
BDOC columns-in-series analysis developed within the EU-project TECHNEAU [11] to
yields rapid information not only on final BDOC-levels but also on the degradation
kinetics for different water samples (with high and low NOM concentrations).

To determine risk of DBPs formation trihalomethane (THM) analyses and THM
formation potential (THMFP) determination test for random choice of drinking water
samples produced from surface and groundwater water treatment plants were performed.
The tests results show concentrations of DBP which can be created at “worst case”
conditions in water samples, and which are carcinogenic compounds for humans. To
determine the concentration and main compounds of THM gas chromatography method
with mass spectrometer was used.

Standard Jar tests (Phipps & Bird PB-900 Six Paddle) were used to investigate the

removal of the organic matter during coagulation process of different types of samples.
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NOM isolation from loose deposits was performed by Akkanen et al., [1] method

and are based on NOM desorption mechanisms.
RESULTS AND DISSCUSION

Natural organic matter in water and its removal during conventional water

treatment

In Chapter 1 of this Thesis the water sources and the NOM removal efficacy were
described and the problem at the existing conventional water treatment process was
defined. The field experiments described in this Theses were performed at Daugava WTP
which is the largest plant in Latvia supplying about 100 000 m® of drinking water daily
which is 50 % of the drinking water for Riga city.

The concentration of HS in Latvia is higher than in many European and
Scandinavian countries [20]. Upstream of the intake, several villages and cities are located
(in Russia, Belarus and Latvia); therefore the raw water is influenced by the wastewater
discharges. To reduce the pollution risk of the drinking water in 2001 the treatment
process was upgraded with two stage ozonation. Consequently, Daugava WTP uses pre-
ozonation (1 — 3 mg/l), chemical coagulation with alum (average doze of 7-10 mg Al/l,
pH 6.7-7.2, no pH adjustment before coagulation), rapid filtration, main ozonation (2-8
mg/l), biologically active carbon (BAC) filtration and the final chlorination.

To determine how different processes influence NOM removal, its composition
and concentration was determined before and after each treatment step. Average TOC
measured in river Daugava was 12.4+4.7 mg/l in 2006 and reached 18.7+2.2 mg/l in 2008
during monitoring period. Today NOM removal is moderately effective in the surface
water treatment plant (WTP) Daugava of Riga city (Latvia) compared to those reported in
other studies [36].

The removal of NOM during coagulation at the plant has previously been
determined as by 60 %. Total organic matter removal was 7 % in BAC filters only. As a
result, the final concentration of TOC in drinking water was 4.46+1.11 mg/l, which is still
too high [25]. The tests results showed that drinking water obtained from the water source
with high levels of HS at “worst case” conditions can create large concentrations of DBP
in concentrations reaching up to 3550 pg/l.

Obtained results showed that high molecular organic compound, mainly HS, are

not effectively removed from humic rich water compared with low organic water. Thus,
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to optimize coagulation it is necessary to find optimal conditions for removal of specific
hydrophobic NOM fraction. Further optimization of the coagulation process is possible,
for example by performing an enhanced coagulation (adjustment of coagulant dose and
pH) in combination with rapid NOM fractionation method [6].

The results showed that BDOC is a portion of the NEU fraction (the easily
degradable organic carbon) which can be utilized by microorganisms at the same time
producing the hydrophilic fractions. This process is influenced by temperature and slow
degradation rates in the biofilters. The study confirmed previously established facts [18,
37], that the fraction of VHA, as high molecular weight compounds is not biodegradable
and can be removed by coagulation and filtration processes and the lower molecular
weight fractions are biodegradable and can be removed during biofiltration process..

Obtained results showed that, the experimental NOM fractionation method [6]
used in this research (Chapter 1), allows determining four specific fractions of NOM as
high molecular weight (VHA, SHA) and lower molecular weight (CHA and NEU) and
was fast and easy to evaluate efficiency of each stage of water treatment. Thus, to
optimize coagulation and biofiltration processes it is not enough to know the total organic
carbon removal efficiency and specific fraction removal during each water treatment train

should be controlled.

Enhanced coagulation for NOM removal from humic rich water

In Chapter 2 the possibility to optimize the coagulation process of humic rich
water was described. As mentioned above approximately 90 % of HS or high molecular
weight (MW) organic can be removed by coagulation [10], but removal efficiency
depending on the different parameters can decrease down to to 30% [8].

Experiments in Jar test were conducted to evaluate optimal conditions for removal
of NOM from humic rich waters in respect to coagulation dose, pH, turbidity, residual Al
concentration and effect of pre-ozonation on coagulation efficacy. The NOM removal
efficacy during coagulation in lab scale study was evaluated by measurement of the NOM
very hydrophobic acids (VHA) and slightly hydrophobic acids (SHA) fraction removal in
two types of water samples - (raw water (RW) and water after pre-ozonation (OZ)).
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Figure 1. Changes of fractionated DOC during optimization of coagulation process.

Legend: (a) RW, raw water; (b) OZ, mixing chamber after fist ozonation. The average results (n=3) of
VHA, SHA, CHA and NEU fractions after Jar test are shown.

RF results (Figure 1a and 1b) showed that the most efficient DOC removal was
observed at pH 6 in both types of sample whereas the alum dosages were slightly
different. Alum dosage of 15 mg and 20 mg Al/l removed about 70 % and 67 % of NOM
in the raw water and in the water after first ozonation respectively, i.e. the efficacy of
NOM removal was by 10 — 7 % higher than usually achieved after preozonation at the
WTP.

VHA removal increased from 67 % to 78 % at alum dose 15 mg Al/l and pH 6 in
raw water and 80 % at alum dose 5 mg Al/l and pH 5 in the water after first ozonation,

whereas no decrease in neutral (NEU) and charged hydrophilic acids (CHA) fractions was
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detected. The results are in agreement with previous studies [8], which showed that during
caogulation high molecular, hydrophobic compounds are removed.

Results showed the preozonation is not efficient with respect to NOM removal
during the coagulation process using water with high concentration of HS. The
coagulation tests showed that pre-ozonation of humic rich water had effect only regarding
turbidity removal during oxidation, and a low effect regarding turbidity removal during
the following coagulation stage. Removal of low MW organic compounds was higher at
lower pH level, thereby it leads to increase in coagulant residual, especially in water
samples after ozonation. Ozonation has a dual effect on coagulation process [2, 9, 21].
Results of this Thesis demonstrate that pre-ozonation of humic rich water had effect only
on turbidity removal during oxidation. The residual Al concentration in the treated
ozonated water samples are higher comparing with raw water without ozonation.

There was a strong negative correlation (P=-0.94 for RW and P=-0.96 for OZ)
between sludge weight and SUVA value and a strong positive correlation between TOC
removal and sludge weight (P=0.94 for RW and P=0.93 for OZ). Results of this Thesis
showed that if the coagulation process of humic rich water is optimized by the NOM level
it is possible to determine the quantity of sludge after the raw water coagulation process
(i.e. precipitated flocks of NOM-AI are directly proportional with sludge quantity). The
hydrophobic NOM fraction forms polymers with Al and Fe and followed by maximal
precipitation of these complexes between pH 5 — 6 —for alum and pH 4.5-5.5 — for iron
[13].

Biodegradation of NOM treating humic rich water

The Chapter 3 contains results from the (i) pilot experiments, where the effects of
temperature and main ozonation on biofilters were determined; (ii) lab scale and field
experiments, where the degradation rate of BDOC in water samples from humic rich raw
waters was estimated; (iii) lab scale experiments where the effect of adaptation of biomass
in biofilter to biodegradation efficacy was evaluated and the opportunities to stimulate
OM biodegradation process in the biofilter was described.

The pilot encompasses a part of a real water treatment process, specifically the
stage after the second ozonation. Results showed that removal of DOC and BDOC were
very low. The amount of biomass was determined as adenosine tri-phosphate (ATP)

concentration on the filter material. A strong correlation between amount of biomass and
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water temperature (R?=0.75) that in the cold season is maximum 5 °C and then gradually
increases up to 20 °C during the summer months was found. The biomass concentration
decreased with the increase in the residual ozone concentration (R°=0.76) in water.
Negative effects of ozone on NOM sorption properties on the filter material described
previously [23, 19], have been related to the MW reduction of organic material. Oxygen
level, an indicator of biological activity [31, 29], during biofiltration in the pilot was
unchanged. NOM fractionation results showed that VHA/NEU fractions did not change
during BAC filtration process in inflow and outflow water samples at pilot BAC of
Daugava WTP. The mutual transformation of SHA/CHA fraction took place in pilot BAC
filters. Comparing these results with data from laboratory experiments, which showed that
during biodegradation NEU fraction was consumed up to 75 % (the 1% Chapter of this
Thesis), it can be concluded that the biological process does not happen in pilot system.

As mentioned previously [30] after the change of environmental factors, the
biological system is not able to adapt quickly. Results of this Chapter suggest that to
correctly perform the measurement of BDOC the biomass in experimental column system
should be adapted to new substrate. Adaptation period ranged from 6 to 24 h depending
on concentration of substrate and type of water samples. During the adaptation period an
increased reproducibility and decreased error of measurements of BDOC or standard
deviation were observed (Figure 2).

Biodegradation rate determination was performed using continuous bioreactor
BDOC set-up developed within the EU- project TECHNEAU [11], which yields
information not only on final BDOC-levels but also on the degradation kinetics. Minimal
empty bed contact time in this system was 8 minutes.

This study demonstrated the applicability of a modified BDOC analysis for the
assessment of ozonation-biofiltration treatment performance assessments on waters with
high and low NOM concentrations (Daugava and Norway WTPS), respectively. First
order kinetic equation was applicable (R>>0.8) to the observed BDOC removal rates in
this study. The study demonstrated that biodegradation rates in humic rich waters
increased after the application of oxidants (ozonation, chlorination) and could be further

enhanced by adding biostimulants (labile organic carbon, LOC) (Figure 3 and 4).
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Figure 3. The concentration of BDOC (n=3) in the natural water samples containing

different initial DOC concentrations

Legends: RW - raw water (DOC was 10.82+0.65 mg/l), OZ - water after second ozonation (6.75+0.07
mg/l), BAC - water after biofilter (5.97+0.03 mg/l), DW - drinking water from Daugava WTP (4.61+0.14
mg/l).
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Figure 4. Average DOC changes versus EBCT..

Legends: water samples from Kgrelen WTP after ozonation (OZ), biofiltration (BAC), UV disinfection
(UV) and from network (Net-I and Net-I1), (n=3).
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Figure 4. Average DOC changes versus EBCT in samples with and without biostimulants.

Legends: water sample after biofilters from Daugava WTP (BAC), water sample after biofilters from
Daugava WTP with biostimulant sodium acetate and LB broth (BAC+NaAc and BAC+LB, respectively)

The addition of LOC was related with increase of total DOC. At the same time
BDOC concentration increased significantly (up to 7 and 5 times higher with sodium
acetate (NaAc) and Luria Bertani medium (LB) biostimulant, respectively) and was
utilized after 24 minutes contact time due to biostimulation comparing with sample
without biostimulant. Results showed the strong correlation between BDOC value and the
biodegradation rate constants (r=0.81; P=0.82). Previously published data [33] showed
that biofiltration process in biofilters is not effective due to slow degradation rates.
Results obtained in this Theses show that the efficacy of the biodegradation of humic rich
water can be enhanced by biostimulation and can be increased up to 29 %, which is very
close to the theoretical — 30 % as DOC [34].

Water quality in distribution network supplied from sources with high level of

natural organic matter

Influence of high concentration of NOM on the drinking water quality in the
distribution network was examined in Chapter 4 where the WRT in supply system was
taken into account determined using hydraulic model, changes of biological stability of
water, NOM concentration changes in network and in LD of the drinking water pipelines.
TOC concentration increased while BDOC concentration decreased in distribution

network with increased WRT. These results explain previously published results [17],
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where cell concentration increased with increased water residence time in the distribution
network in Riga.

Using statistical data processing it was determined that WRT calculated by using
hydraulic model can be divided in three phases, where a strong negative correlation with
concentration of BDOC in distribution network for periods 2.82-13.72 h and 14.27-17.62
h (=—0.72, n=8 and —0.74, n=6 respectively) and no correlation between BDOC values
and WRT>18.03 h (n=11) was observed. This allows future modeling of biological
stability of drinking water changes the distribution network.

Measurements of NOM concentration in the LD (also published in [16]) showed
that it varies significantly, and its level depends on pipe material (e.g. PVC, PE or CI) in
water distribution network. TOC concentration in distribution network increased with
WRT indicating on NOM dissolution, deterioration from the loose deposits and leaching
process from the pipe walls.

The NOM balance in drinking water distribution network is described in Figure
4.5, based on results presented in this Thesis and published earlier [14, 15, 28, 35].
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Figure 5. NOM balance in drinking water distribution network

The network is the reactor where biological and chemical processes take place.
Pipes are covered with LD and biofilm in distribution network, therefore, it can be defined
as a chemical and biological system [15]. NOM molecules which are involved in
oxidation reactions (with disinfectant used in water treatment), corrosion processes (form
complexes with metals) and can be used as substrate for microorganisms (biodegradation)
can be transported through the network. Results showed that the TOC concentration in

distribution network increased with increased WRT (indicated on NOM dissolution,
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deterioration from the LD and leaching process from the pipe walls) and BDOC
concentration decreased with increased WRT (consumption of substrate by bacteria). As
result of changes in hydraulic conditions or pressure shocks [22], NOM together with LD
may be slought off in the drinking water leading to aesthetic complains of consumers.
FT-IR analysis showed that LD from different material pipes contain different
amount of organic and inorganic components. However, the high concentration of NOM
in surface and drinking water create a disturbing background in FT-IR spectra recording
when applied for the detection of microbial contaminants in the samples after

concentration with ultrafiltration method.

CONCLUSIONS

The following general conclusions can be drawn in this thesis:

1. Conventional water treatment method in regions where raw water with high
concentration of HS is used for drinking water production is moderately effective. To
optimize coagulation and biofiltration processes it is not enough to know the total organic
carbon removal efficiency. The experimental NOM fractionation method is fast and easy
to determine specific fractions of NOM and to evaluate and control the efficiency of each
stage of water treatment.

2. To optimize process of chemical coagulation for removal of total NOM from
humic rich waters it is necessary to find optimal conditions for removal of specific NOM
fractions (VHA and SHA). Up to 80 % of VHA fraction can be removed with enhanced
coagulation (adjustment of coagulant dose and pH) in combination with rapid NOM
fractionation method, however due to high content of other fractions (CHA and NEU) the
total removal of NOM increased only slightly (7-10 %).

3. Pre-ozonation of humic rich water had effect only on the turbidity removal during
oxidation, and a low effect on the turbidity removal during following coagulation stage.
Pre-ozonation had no effect to NOM removal during the coagulation treatment of humic-
rich water.

4. If the coagulation process of humic rich water is optimized by the NOM level it is
possible to determine the quantity of sludge after the raw water coagulation process.

5. High concentrations of compounds resistant to biodegradation interfere with the
efficient removal of NEU organic matter fraction in biofilter. Results showed that BDOC
is a portion of the NEU fraction (R*=0.88; P=0.94) which can be utilized by

microorganisms. Bacteria within BDOC column system utilize the easily degradable
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organic carbon measured as the NEU fraction at the same time producing the CHA or low
molecular acids (LMA) fractions. In colder period of the year the CHA were transformed
into NEU within BAC filters rather than removed indicating that biological degradation is
not efficient. In warm season of the year a portion of NEU fraction was slightly removed
within BAC.

6. First order kinetic equation was applicable (R*>0.8) to the observed BDOC
removal rates.

7. To correctly perform the measurement of BDOC first of all the experimental
column system should be passed though with water sample to adapt the biomass to new
substrate. Adaptation period ranged from 6 to 24 h depending from concentration of easy
biodegradable substrate and the type of water samples. During the adaptation period an
increased reproducibility and decreased error of measurements or standard deviation were
observed.

8. The Thesis demonstrates that biodegradation rates in humic rich waters can be
increased by using oxidants (ozonation, chlorination) and biostimulants. The addition of
LOC was related to increase of the total DOC. At the same time BDOC concentration
increased significantly (up to 29 % with NaAc and LB biostimulant respectively) and was
utilized after 24 min contact time due to biostimulation comparing with sample without
biostimulant.

9. NOM molecules are not simply transported through the network. The
concentration of OC in the LD varies significantly, and its level depends on pipe material
(e.g. PVC, PE or CI) in water distribution network.

10. TOC concentration in the distribution network increased with WRT indicating on
NOM dissolution, deterioration from the loose deposits and leaching process from the
pipe walls. The BDOC concentration decreased with increased WTR indicating
consumption of substrate by bacteria.

11. High concentrations of DOC in water samples create disturbing background for
detection of microbial contaminants with FT-IR spectroscopy (a rapid method).
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SIMBOLU SARAKSTS/LIST OF SYMBOLS

adenozina trifosfats

aluminijs

atras frakcionacijas tehnika
biologiski aktivas ogles filtrs
biologiski degrad&jamais
iz8kidusais organiskais ogleklis
dabiskas organiskas vielas

dezinfekcijas blakusprodukti

Furjé Transformacijas—Infrasarkana

spektroskopija

hidrofilas skabes

cuguns

huminvielas

iz8kidusais organiska ogleklis
kontaktlaiks

kopgjais organiskais ogleklis
kimiska skabekla patérins

labilie organiska oglekla
savienojumi

Luria Bertrani barotne
molekulara massa
natrija acetats
neapstradats tidens

neitralie organiska oglekla
savienojumi

nogulumi

organiskie savienojumi
polietiléns

polivinilhlorids

specifiskas gaismas absorbcija
stipri hidrofobas skabes

Skidruma hromatografija

adenosine tri phosphate
aluminum

rapid fractionation technique
biological activated carbon
biodegradable dissolved
organic carbon

natural organic matter
disinfection by-products

Fourier Transform — Infrared
spectroscopy

charged hydrophilic acids
cast iron

humic substances
dissolved organic carbon
empty bed contact time
total organic carbon
chemical oxygen demand

labile organic carbon

Luria Bertrani medium
molecular weight
sodium acetate

raw water

neutral organic compounds

loose deposits

organic matter
polyethylene
polyvinylchloride
specific UV absorbance
very hydrophobic acids
Liquid Chromatography —
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ATP
Al

RF
BAC
BDOC

NOM
DBPs
FT-IR

CHA
Cl

HS
DOC
EBCT
TOC
COD
LOC

LB
MW
NaAc
RW
NEU

LD

oM

PE

PVC

SUVA

VHA
LC-OCD



ar organiska oglekla detektoru
trihalogénmetani

trihalogénmetanu veidosanas
potencials

tdens attiriSanas stacija
tdens p&c ozon&sanas
tidens uzturéSanas laiks
vidgji hidrofobas skabes

zemmolekularas skabes

Organic Carbon Detection
trihalomethanes

trihalomethane formation
potential

water treatment plant
ozonated water

water residence time
slightly hydrophobic acids

low molecular acids
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THM
THMFP

UAS or WTP
0z
WRT
SHA
LMA
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