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Abstrakt

S rozvojem lidské spolec¢nosti bezpochyby souvisi ptizptisobovani si zivotniho
prostiedi svym potfebam. V dnesni dobé, kdy zivotni prostfedi Celi nejriznéjsim
negativnim 1mpaktim je vice nez dilezité jim vénovat pozornost a vyuzivat veskeré
environmentalni nastroje k jejich mozné analyze, hodnoceni, pochopeni, k jejich
zabranéni €1 alesponn minimalizaci. Realizované projekty, postupy ¢i1 technologie aj.
mohou generovat negativni ¢i pozitivni environmentalni dopad, jehoz identifikace a
zhodnoceni akceptovatelnosti je predmétem povolovacich procest, avsak tyto predikce
jsou zatizeny urcCitou nepfesnosti spojenou s neocekavanymi podminkami,
nestandartnimi situacemi, chybnou aplikaci nejriizn¢jsich analyz apod. Post-projektova
hodnoceni hraji dilezitou roli v Siroké skale environmentalnich aplikaci. Post-
projektové hodnoceni je vhodnym néastrojem na zjisténi realné miry téchto dopadi,
materialné vzato skutecného uzitku ve prospéch zlepsovani stavu zivotniho prostredi
cili zajisténi zpétné vazby, kterou je mozné pouzit pro optimalizaci postupti do
budoucna. Cilem této disertacni prace je identifikace vyznamnosti a overeni piinosu
post-projektového hodnoceni, jako nastroje ke zlepSeni efektivnosti rozhodovacich
procesti v oblasti ochrany zivotniho prostfedi. Konkrétné se tato prace zabyva: 1)
zhodnocenim 1mpaktu chemické zimni tudrzby komunikaci, a to s vyuzitim
asimilacnich organa smrku ztepilého (Picea abies) a borovice lesni (Pinus sylvestris),
jako vhodnych indikatorti k zasoleni; 2) identifikaci a zhodnocenim impakti rozvoje
rezidencni vystavby v priméstském prostoru se zaméfenim na vyznamné vlivy projektu
na zivotni prostiedi a vetfené zdravi; 3) zhodnocenim typové a pocetni variability
projektt, které byly zahrnuty do procesu posuzovani vlivl na zivotni prostfedi. Na
zakladé vysledkli vSech zahrnutych studii bylo navrzeno jejich praktické vyuziti.
Vysledky hodnoceni chemické zimni udrzby 1ze vyuzit pro budouci posouzeni stupné
kontaminace prostredi kolem komunikaci. Analyzou impakt reziden¢niho projektu
jsme ziskali vysledky o jeho realnych dopadech a potvrdili nutnost je posuzovat

v kontextu kumulace s ostatnimi vlivy. Zavéry studie typové a pocetni variability



projekt nam poskytly dulezitou informaci, na které typy projektt je vhodné se zameéfit
pi1 potencidlni aplikaci post-projektové analyzy. Vzhledem k neuplné piesnosti
predpovedi impaktli na zivotni prostiedi je nutné je zpétné analyzovat, stejné tak jako
environmentalni postupy uzivané k ochrané zivotniho prostiedi. Zaveéry a vysledky
prace ukazaly nezbytnost provadéni post-projektovych hodnoceni a poskytly validni
zpétnou vazbu, kterou je mozné vyuzit ke zlepSeni efektivnosti nastrojii ochrany
zivotniho prostiedi. Budouci vyzkum by se mél zaméfit na overeni vysledki hodnoceni
a analyz v jinych oblastech, za vyuziti dalSich moznych indikatort, na jinych projektech

a se zamérenim na takové typy, které predstavuji vyznamné efekty na zivotni prostredi.

Kli¢ova slova: ex post evaluace; EIA follow up; PPA; zivotni prostiedi; monitoring



Abstract

The development of human society is undoubtedly linked to the adaptation of
the environment to its needs. Nowadays, when the environment faces various negative
impacts, it is more than important to pay attention to them and use all environmental
tools to analyse, evaluate, understand, prevent, minimize, or at least compensate them.
Implemented projects, processes, or technologies, etc. may generate negative or
positive environmental impacts, the identification and assessment of which is subject
to permitting processes, but these predictions are hampered by certain inaccuracies
associated with unexpected conditions, non-standard situations, incorrect application
of various analyses, etc. Post-project evaluations play an important role in a wide range
of environmental applications. Post-project analysis is a useful tool to determine the
real extent of these impacts, materially speaking the actual benefits in terms of
environmental improvement or providing feedback that can be used to optimise
practices in the future. The aim of this dissertation is to identify the relevance and
validate the benefits of post-project evaluation as a tool to improve the effectiveness of
environmental decision-making processes. Specifically, this dissertation addresses: 1)
assessing the impact of chemical winter maintenance of roads, using the assimilative
organs of Norway spruce (Picea abies) and Scots pine (Pinus sylvestris) as suitable
indicators for salinization; 2) identifying and assessing the impacts of residential
development in a suburban area, focusing on the significant environmental and public
health impacts of the project; and 3) assessing the type and number of project variation
included in the environmental impact assessment process. Based on the results of all
included studies, their practical application was proposed. The results of the chemical
winter maintenance assessment can be used for future assessment of the level of
environmental contamination around roads. By analysing the impacts of the residency
project, we obtained results about its real impacts and confirmed the need to assess
them in the context of cumulative with other impacts. The findings of the project type

and number variability study provided us with important information on which project



types to focus on in the potential application of post-project analysis. Given the
incomplete accuracy of predictions of environmental impacts, it is necessary to analyse
them retrospectively, as well as the environmental practices used to protect the
environment. The conclusions and results of the paper have shown the necessity of
conducting post-project evaluations and provided valid feedback that can be used to
improve the effectiveness of environmental protection tools. Future research should
focus on validating the results of the evaluations and analyses in other areas, using other
possible indicators, on other projects, and focusing on the types of projects that present

significant environmental effects.

Keywords: ex post evaluation; EIA follow up; PPA; environment; monitoring
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Kapitola 1

Predmluva a struktura prace

1.1 Pfredmluva

Clovek zadal Zivotni prostiedi ovliviiovat jiz od doby, kdy se vénoval sbéru a
lovu. Od t¢ doby vSak doslo ke znaénému rozvoji. Demograficky rist spolecné
s ekonomickym vyvojem a rozvojem technologii zacaly zplisobovat intenzivné;si
negativni impakty na zivotni prostedi. S tim souvisela implementace politik zivotniho
prostiedi do legislativ statd napti¢ celého svéta. Antropogenni vlivy bylo nutné fesit, a
tak zacali vznikat environmentalni nastroje k fizeni téchto impaktd. Jednim z takovych
nastroji je post-projektova analyza, ktera hraje dllezitou roli v Siroké tade
environmentalnich aplikaci a je vyznamnym nastrojem k ziskani zpétné vazby. V této
diserta¢ni praci jsou pomoci post-projektové analyzy hodnoceny vyznamné impakty na

zivotni prostiedi a také ucinnost postupt, které maji za cil environmentalni ochranu.

1.2 Struktura prace

Tato disertacni prace je predkladana jako soubor ¢tyt publikovanych studii a
rozdélena do dvou &sti a osmi kapitol. Cast I obsahuje uvod a obecné uvedeni do
teorie post-projektového hodnoceni a analyzy impaktt. Cast I se sklada z jednotlivych
publikovanych studii:

e Studie I: Bioindication of road salting impact on Norway spruce (Picea abies).

23



Studie II: Impact of road salting on Scots pine (Pinus sylvestris) and Norway

spruce (Picea abies).

Studie III: Applying principles of EIA Post-project analysis in the context of

suburban infrastructure development.

Studie I'V: Environmental Impact Assessment — the range of activities covered

and the potential of linking to post-project auditing.
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Kapitola 2

Cile disertace

Ramcovym cilem disertacni prace je identifikace vyznamnosti a ovéfeni
prinosu post-projektového hodnoceni v ramci analyzy impaktd, jako nastroje ke

zlepseni efektivnosti rozhodovacich procesii v oblasti ochrany zivotniho prostredi.

Dil¢i cile odpovidaji jednotlivym castem metodického feseni a soucasné 1

zameéteni jednotlivych studii. Cile studii jsou tematicky zamétrené na:

1. zhodnoceni impaktu zimni Gdrzby komunikaci;

2. 1dentifikaci a zhodnoceni impaktii rozvoje reziden¢ni vystavby v primestském
prostoru;

3. zhodnoceni typové a pocetni variability projekti zahrnutych do procesu

posuzovani vlivli na zivotni prostredi.
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Kapitola 3

Teorie

3.1 Uvod

Zmeny zivotniho prostiedi souvisely s klimatickymi vykyvy ¢i geologickymi
silami a meély 1 zasadni vliv na vyvoj ¢lovéka a celé lidské populace a postupné
osidlovani Zemé. Lidé se vzdy prizpusobovali zménam prostiedi, reagovali na zmény
a také se snazili prirodni prostredi aktivné vyuzivat, ménit a pozdéji ho 1 pretvaret k
svym potfebam. Demograficky rast a ekonomicky vyvoj vyvolaval zmény v prostiedi,
které pak mély zpétny efekt na lidskou spolecnost. Vztahy mezi lidskou spolecnosti a

zivotnim prostfedim byly vzdy oboustranné.

Clov&k Zivotni prosttedi zatal ovliviiovat jiz od doby, kdy se vénoval sbéru a
lovu. K intenzivngjsim vlivim pak dochazelo se zemédélskou revoluci, rozvojem
kulturni krajiny, kde se stridaly ekosystémy ovlivnéné nebo pifimo zakladané
clovékem, dale pak s rozvojem vyroby a primyslovou revoluci. Ke zménam zivotniho
prostredi prispival 1 zrychlujici se proces urbanizace, naroky na piesun zbozi a lidi a s
tim souvisejici 1 rozvoj dopravy a infrastrukturnich staveb. To spole¢né s ristem
populace, rozvojem technologii a ekonomickym vyvojem =zacalo zptisobovat
intenzivnéj§i negativni projevy na zivotnim prostiedi a jeho slozkach. Dopadd na
zivotni prostredi je Siroka skala a diky provazanosti jednotlivych slozek se navzajem
ovliviiuji. Mezi mmpakty zpasobené vystavbou at uz rezidencni, nebo tfeba
pramyslovou ¢1 infrastrukturni mizeme zatradit samotnou ztratu ekosystémii, nebo
jejich zmensovani, fragmentaci krajiny, ovlivnéni vodniho rezimu, znecistovani vody,
pudy, ovzdusi, zvySovani akustického tlaku, svételné znecisténi, zmény chemismu

zeyména u pudy ¢1 vody a mnoho dalSich.
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Ve snaze predchazet, zabranit ¢1 alesponn minimalizovat vzrastajici impakty
vystavby na zivotni prostfedi se zacali vlivy méfit a analyzovat pro zjisténi jejich
rizikovosti €1 akceptovatelnosti, stanoveni limitnich hodnot, identifikace kumulativnich
efektd a v neposledni rade zajisténi zptisobu jejich hodnoceni a omezeni v budoucnosti.
Vznikaly metodiky, predpisy, odborné expertni analyzy k méfeni a hodnoceni téchto
impakt. K vyznamnému vyvoji prispélo 1 zaclenovani environmentalnich politik a
implementace analyzy a posuzovani impaktii jak do mezinarodni legislativy, tak 1 do
pravnich systému jednotlivych zemi a mezinarodni spoluprace v environmentalni

oblasti.

Analyzy antropogennich impaktt a jejich hodnoceni se tak stavaji nezbytnym
environmentalnim nastrojem, ktery nam poskytuje dillezita data a informace na jejichz

zaklade 1ze rozvijet, upravovat a zlepsovat fizeni ochrany zivotniho prostredi.

3.2 Posuzovani vlivii na zivotni prostredi

Posuzovani vlivii na zivotni prostiedi je jednim z dilezitych environmentalnich
nastroji (Wood 2003; Polonen et al., 2010), ktery predstavuje komplexni proces, jez
zkouma disledky piipravovanych zameérti (staveb, Cinnosti a technologii) (EIA —
Environmental Impact Assessment) a koncepci (strategii, politik, programi a planti)
(SEA — Strategic Environmental Assessment) na zivotni prostredi s cilem zmirnit jejich
neptiznivé vlivy (Baker, Wood 1999; Riha 2001). Ugelem procesu je ziskat objektivni
odborny podklad pro vydani rozhodnuti, poptipadé€ opatieni podle zvlastnich pravnich
predpist, a prispét tak k udrzitelnému rozvoji spole¢nosti (zakon 100/2001, Sb.).
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3.2.1 Historie a vyvoj posuzovani vlivi na Zivotni

prostredi

Posuzovani vlivii na zivotni prostiedi bylo poprvé formaln¢ piijato jako soucast
zakona NEPA (National Environmental Policy Act) v roce 1969 ve Spojenych statech
americkych (Hughes 1975; Wood 2003) a postupné se stalo pozadavkem po celém
svéte (Bond et al. 2020). Do této doby byla pro kazdou jednotlivou slozku zivotniho
prostfedi (ptida, voda, ovzdusi atd.) specialni pravni Gprava z hlediska jeji ochrany,
respektive predchazeni rizikim plynoucim z uspokojovani potieb spole¢nosti. Pfinos
tohoto konceptu spocival v zavedeni interdisciplinarni (holistické) ochrany zivotniho
prostiedi a umoznéni vstupu vefejnosti do procesu a zapojeni do rozhodovani
(O°Faircheallaigh 2007). Na prelomu 70. a 80. let dochazelo k rozvoji procesu na
lokalni a regionalni urovni, vznikali prvni metodické prirucky, navrhy na zmirnujici
opatfeni a monitoring, dochazelo k hodnoceni kumulativniho impaktu ¢1 rozvoji

mezistatniho posuzovani (Senner 2004).

V ¢lenskych statech Evropské unie byla EIA predstavena v ¢ervenci roku 1988
v navaznosti na schvaleni smérnice Evropské rady 85/337/EHS (Commission of the
European Communities 1985; Lee 1995). Smérnice pozadovala, aby veskeré projekty
uvedené v priloze ¢. I byly podrobeny procesu EIA. To také vyzadovalo, aby ¢lenskeé
staty piijaly kritéria a prahové hodnoty, které urcuji, zda projekty v priloze ¢. Il by mely
byt posuzovany ¢1 nikoli (Baker, Wood 1999). Smérnice specifikuje informace, které
musi byt oznamovatelem poskytnuty ve forme prohlaseni o dopadu na zivotni prostredi
(EIS — Environmental Impact Statement) a zakazuje prislusnému organu rozhodovani
pred konzultaci a ucasti verejnosti (Wood 2003). Proces posuzovani vlivil na zivotni
prostiedi ma v Evropé podobu ramcového zakona, ktery umoziuje ¢lenskym statim
ur&itou miru volnosti pii implementaci smérnice (Lee 1995). U¢innost je pak do znaéné
miry zavisla na zptisobu, kterym je tato volnost pouzita. Proto je potfebné vykonost

procesu porovnat na urovni ¢lenskych statt (Baker, Wood 1999).
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Koncem osmdesatych let doslo k prijeti EIA posuzovani 1 nadnarodnimi
organizacemi. Smérnici o EIA implementuje 1 Svétova banka, kde se pro piijeti tvéru

stava podminkou souhlasné stanovisko z EIA procesu (Bond, Wathern 1999).

Ve Spojenych statech americkych a v mnoha dalsich zemich, vcetné
rozvojovych, posuzovani vlivli na zivotni prostiedi neboli EIA je vedeno jako soucast
planovani iniciativ vetejného ¢1 soukromého sektoru, které by mohly mit vliv na zivotni
prostredi (Caldwell 1996). Technickym zakladem procesu je predikce zmén ¢1 dopadu
u vybranych fyzikalné-chemickych, biologickych, kulturnich a socioekonomickych
aspekti zivotniho prostiedi, které by mohly vyplyvat z implementace navrhovanych

aktivit (Clark, Canter 1997).

Evropska smérnice EIA byla prvnim proniknutim Evropské Unie do oblasti
planovani. Je to nastroj, ktery prispiva k environmentalnimu povédomi a k povédomi
o ochran¢ zivotniho prostfedi tim, Ze pozaduje generovani Ex-ante informaci o
moznych mmpaktech z vetejnych ¢1 soukromych iniciativ na zivotni prostredi pred
samotnym schvalenim téchto miciativ (Wood 2003). Pro clenské staty ma smérnice
znacny vliv na postupy v rozhodovacim procesu. EIA muze byt povazovana za spravni
nastroj, nebot’ zavadi pravidla a ptifazuje ulohy a odpoveédnosti jednotlivym aktérim
procesu (Arts et al. 2012). EIA proces si klade za cil vést chovani aktéra smeérem k veétsi
informovanosti o zivotnim prostfedi, coz vede k zaclenéni environmentalnich hodnot
do navrhovanych projektt a plant. Kdyz bylo posuzovani vlivli na zivotni prostredi
zavedeno, byla to inovace v oblasti environmentalni spravy (Caldwell 1982; Taylor
1984; Morrison-Saunders, Arts 2004a; Kidd, Fischer 2007; Richardson, Cashmore
2011). To je spojeno s riznymi mechanismy fizeni, vlozenych do tohoto procesu,
zahrmujici formalni pozadavky na poskytnuti informaci o Zivotnim prostredi pro
projektové alternativy pred finalnim rozhodnutim, odpovédnost navrhovatele pripravit
zpravu EIA, oficialni GiCast vefejnosti a pozadavek na nasledné provedeni monitoringu,

opatfeni ¢1 post-projektové hodnoceni (Arts et al. 2012).
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Proces EIA si klade za cil zmirnit vlivy na zivotni prostiedi, které by mohly
mit negativni dopad (Baker, Wood 1999; Riha 2001). Tyto negativni impakty je mozné
do jisté miry predvidat na zakladé zavért riznych odbornych studii, dil¢ich expertiz a
analyz ¢1 odbornych posudki, které jsou nedilnou soucasti procesu posuzovani vlivi
na zivotni prostredi (Arts et al. 2001). Na zakladé téchto vsech vysledkli a posouzeni
se rozhoduje o povolovani danych iniciativ. V konecném disledku se vsak jedna o
predikce, které jsou zatizeny urCitou nepfesnosti spojenou s neocekavanymi
podminkami, jejich zménami, nestandartnimi situacemi, chybovosti, nespravnou
aplikaci nejriizn€jSich analyz apod. Pro postupné vylepSovani predpovedi, prediktivni
a selektivni sily celého procesu posuzovani vlivli na zivotni prostiedi je nutné realizovat
post-projektove analyzy k porovnani predikovanych a realnych vliva ¢1 zjisténi jinych

neo¢ekavanych impaktd (Branis, Christpoulos 2004; O‘Faircheallaigh 2007).

3.3 Evaluace

Na zékladé jiz publikovanych studii (Meijer, Vliet 2000; Arts et al. 2001;
Macharia 2005) Ize post-projektovou analyzu charakterizovat jako proces, diky némuz
je realizovano kontrolovani realnych dopadii projektu (staveb, ¢innosti, technologii),
oveérovani ucinnosti mitigacnich opatreni, posuzovani vhodnosti navrzenych reseni, ¢1
stanovovani celkové efektivnosti posuzovaného projektu. Tyto zminéné procesy lze
obecné shrnout jako hodnoceni, tedy evaluaci. Rovnéz Morrison-Saunders, Arts
(2004a) uvadi, ze evaluace je vedle monitoringu, managementu a komunikace jednou

z nejdalezitéjSich casti post-projektove analyzy.

Cile hodnoceni a post-projektové analyzy se do ur¢ité miry prekryvaji. Proto,
se nasleduyjici ¢ast zabyva charakteristikou evaluaci a uvadi, co evaluace je, co je jejim

predmétem a proc je dalezité evaluace provadét.

Kli¢ovou otazkou u jakéhokoliv projektu, procesu €1 postupu je zjistit, zda bylo

jeho realizaci dosazeno adekvatnich vysledkt dle predem navrzenych a schvalenych
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scénattl. Bez provedeni hodnoceni neni mozné urcit, zda a v jaké mite byly predikované
cile splnény. Evaluace nam tedy poskytuje zpétnou vazbu o realnych dopadech a také
pimasi pouceni o faktorech, které vedly k tspéSnému, ¢i neuspe€Snému naplnéni
stanovenych cild. ZkuSenost1 ziskané z evaluace mohou vést ke zlepSeni budoucich

projekti.

Monitoring a evaluace jsou do znacné miry propojené. V ramci monitoringu
jsou sledovany klicové indikatory a cile, které maji byt prostiednictvim projektu
naplnény. Evaluace pro hodnoceni projektu vyuziva praveé informace ziskané z
monitoringu a snazi se identifikovat faktory, které byly pro formaci hodnot z
monitoringu rozhodujici. Z divodu této provazanosti sdruzuje Khandker et al. (2009),

monitoring a evaluaci do spole¢ného kroku.

Boulemis, Dutwin (2005) definuji evaluaci jako systematicky proces sbéru a
analyzy dat s cilem determinovat, zda a na jaké urovni bylo, nebo prave je dosahovano
cili. Z této definice je patrné, ze Boulmetis, Dutwin (2005) vidi hlavni ti¢el evaluace v
ovéefeni naplnovani definovanych cilli. Nicméné je vhodné uvést, ze kromé diirazu na
posuzovani vysledkli evaluace zahrnuje také analyzu potfeby a dopadii hodnocené
aktivity. Tyto aspekty evaluace jsou uvedeny v komplexni definici, kterou poskytuje
OECD (1991): ,Evaluace je objektivni a systematické hodnoceni momentalné
pripravovaného, probihajiciho, nebo ukonceného zameéru, programu, ¢1 politiky.
Hodnoceni mutze byt zaméfeno na koncepcni uroven, na pribéh implementace ¢i na
samotn¢ vysledky hodnocenych aktivit.“ Cilem evaluace dle OECD je urceni
vyznamnosti cili a zhodnoceni jejich naplnéni s ohledem na efektivnost, impakty a
udrzitelnost. Evaluace by také meéla poskytnout objektivni a uzite¢né informace
umoznujici zaclenéni ziskanych poznatkii do rozhodovaciho procesu, na coz také

upozormuje Patton (1982).

Evaluace je v riznych podobach vyuzivana v mnohych oblastech lidské
¢mnosti. Hodnoceny mohou byt strategie, politiky, plany, programy rizného

charakteru, ¢1 konkrétni projekty, ¢innosti a technologie. Evaluaci podléhaji nejriznési
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subjekty a jevy, jako napt. fungovani a ¢innost vefenych instituci, vefejné sluzby,

politiky, vyukové programy, rozvojoveé programy, aj.

3.3.1 Druhy evaluaci

Z. definice evaluace dle OECD (1991) je patmé, Ze evaluace muze byt
realizovana jak na strategické, tak na projektové urovni. Projektova uroven muze mit
dle Partidario, Clarka (2000) urcité¢ nedostatky. Evaluace na projektové urovni ma
moznost ovlivnit rozhodovani jen prostfednictvim zmény postupli, €1 zvolené
technologie, v ramci hodnocené¢ho projektu. Lze fici, ze hodnoceni na projektové
urovni nevede k vyznamné zmén¢ konceptu projektu. Na tento nedostatek reaguje
evaluace na strategické urovni, kterd poskytuje moznost konceptualni zmény, pokud je

dany zamér v rozporu s environmentalnimi zajmy.

Vedle urovné, na které se evaluace provadi, muzeme dale rozlisit rezim
evaluace. Dle casového hlediska rozliSujeme evaluaci piedbéznou (Ex-ante),
prabéznou (Interim) a naslednou (Ex-post). Toto ¢lenéni je obecné platné a je uvedeno

napf. v natfizeni Rady (ES) ¢. 1083/2006.

Ex-ante evaluace se provadi pred mmplementaci projektu. Napomaha
optimalizovat pfipravovany projekt a do urcit¢ miry predpovida a hodnoti mozné
impakty daného projektu. Interim evaluace se provadi v pribéhu realizace projektu.
Jejim ucelem je reagovat na pripadné aktualni odchylky a zmény od predikovaného
scénare, ¢1 na jiné problémy, vzniklé béhem implementace. Informace o piipadnych
problémech ziskava interim evaluace z prubézného monitoringu. Ex-post evaluace se
provadi po ukonceni projektu, jejimz cilem je, na zakladé shromazdénych dat z pritbé¢hu

celého procesu, vyhodnotit skutecné dopady projektu.

Ravallion (2008) uvadi, ze by se oba pfistupy (Ex-ante a Ex-post) mély
kombinovat. Kombinace obou piistupti umozni porovnani realné hodnoty zkoumaného

jevu s jeho predpovédi, ktera byla uvedena v ex-ante hodnoceni. Dalsim divodem, pro¢
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by me¢ly byt vySe uvedené evaluace propojené je skuteCnost, ze Ex-ante analyza muze
cerpat ze zkuSenosti ziskanych z drive realizovanych ex-post analyz (pokud se jedna o

projekt podobného charakteru).

Post-projektova analyza je pojem, ktery Morrison-Saunders et al. (2007)
definuyi, jako proces monitorovani a hodnoceni dopadu projektu, nebo planu pro ucely
managementu v oblasti zivotniho prostiedi. Post-projektova analyza piredstavuje
monitoring a hodnoceni dopadu projektti na zivotni prostedi po jejich realizaci. Dale
uvadi, ze tento proces zahrnuje navrh dodatecnych planti a zmirnujicich opatieni,
provadénych za ucelem dosazeni souladu mezi cili projektu a prioritami ochrany

zivotniho prostredi.

Hlavnimi soucastmi post-projektové analyzy jsou dle Morrison-Saunderse,

Artse (2004a):

e Monitoring, ktery je provadén s cilem ovéfit, zda jsou realizované aktivity v
souladu s podminkami, které byly stanoveny pfed realizaci a zda jsou dopady
projektu v rozmezi, které bylo predikovano.

e Evaluace, ktera je provadéna pro ucely porovnani skutecnych dopadii projektu
s predikcemi a se zavaznymi standardy platnych pravnich predpist. Evaluace
dokumentuje skute¢né vysledky projektu a umoznuje ziskat ponauceni z
novych poznatkl, které je mozno vyuzit pro zlepSeni budoucich navrha
projekti.

e Management, ktery operativné fesi nepredvidané a nepredpokladané dopady.

3.4 Vlivy liniovych staveb na Zivotni prostredi

Liniové stavby se vyznacuji schopnosti vytvaret propojené sité, které umoznuji
velké toky osob a zbozi mezi regiony a v regionech samotnych po zelezni¢nich,

dalni¢nich a silni¢nich infrastrukturach (Antonson et al. 2010). Pro efektivni fungovani
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spolecnosti jsou funkéni a bezpecné dopravni stavby nezbytné (Broniewicz, Ogrodnik
2020; Ongkowijoyo et al. 2020). Na mnoha mistech evropskych stati dochazi
k masivnimu rozvoji dopravni infrastruktury, ktera zptisobuje vazné vlivy zeyména na
slozky zivotniho prostfedi a na zivot, komfort a vefejné zdravi obyvatel (Tzoulas et al.

2007).

Planovani, vystavba a provoz dopravni infrastruktury jsou spojeny s mnoha
negativnimi vlivy (Broniewicz, Ogrodnik 2020). Dopravni infrastruktura zptisobuje
zmeény takika ve vSech slozkach Zivotniho prostredi jako je naptiklad ztrata vlastnich
ekosystému, fragmentace krajiny a zmény krajinného razu, emise hluku a vibraci ¢1
chemickych polutantii do ovzdusi, poruchy a zmény kvality ekosystémli nebo zmény
v pedologickych a hydrologickych procesech (Rescia et al. 2006; Broniewicz,
Ogrodnik 2020).

Doprava a k ni nalezici dopravni infrastruktura ovliviiuje podobu a kvalitu
ekosystému (Roger et al. 2011; Rhodes et al. 2014; Keken et al. 2016; Bil et al. 2019)
1 lidské zdravi (Trombulak, Frissell 2000; Wei1 et al. 2014; Kusta et al. 2017).
Ekosystémy v okoli dopravnich staveb mohou byt ovliviiovany v rfadech jednotek az
tisicti metru (Keken et al. 2019). Miru kone¢ného ovlivnéni definuje jak typ polutantu
(Zitkova et al. 2018), tak 1 struktura okolnich biotopt (Kusta et al. 2014; Keken, Kusta
2017) ¢1 druh receptoru, na ktery dany polutant plisobi.

3.4.1 Chemicka zimni udrzba

Doprava je nezbytna pro kohokoli a rychly nartst infrastrukturni sit€ prinasi
mnoho vyznamnych environmentalnich dopadii na zivotni prostredi (Rescia et al.
2006). V dnesni dobé¢ je silni¢ni doprava velmi intenzivni a je velmi dllezité zajistit
jeji bezpecny, spolehlivy a plynuly provoz. V zimnim obdobi je tidrzba a zajistovani
bezpecné dopravy mnohem naro¢n€jSi vzhledem k odstrafiovani namrazy, ledu a

napadlého sn¢hu (Fostad, Pedersen 2000; Hofman et al. 2012).
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V Evropé zacal vyznamny narust silnicni dopravy pocatkem 60. let 20. stoleti
(Fischel 2001), tou dobou zacala 1 cilena zimni udrzba silni¢ni infrastruktury. K zimni
udrzbé se zacaly pouzivat posypové materialy inertniho charakteru, jako je pisek, ale 1
chemické smési, jejichz slozeni je na bazi chlorida (Cain et al. 2001; Hofman et al.

2012).

V Ceské republice je udrzba komunikaci upravena zakonem ¢&. 13/1997 Sb., o
pozemnich komunikacich a vyhlaskou ¢. 104/1997 Sb., kterou se provadi zakon o
pozemnich komunikacich. Tyto pravni piedpisy stanovuji zakladni podminky pro
plany zimni udrzby. Plany zimni udrzby stanovuji a popisuji presné realizaci zimni

udrzby, pouzité technologie a posypové materialy.

v

Existuje také zakon ¢. 114/1992 Sb., ktery upravuje aplikaci chemickych
posypovych materialti pro zimni udrzbu silnic formou zakazu aplikace chemickych
posypu na komunikace v narodnich parcich a chranénych krajinnych oblastech dle §16
a §26. Zde je tedy v neshod¢ chemicka zimni udrzba silnic a ochrana zvlasté
chranénych tzemi, vzhledem k tomu, ze 1 v té€chto oblastech se nachazi komunikace,
které je nutné v zimnich mésicich chemicky osetfit. Tato vzajemna konfrontace je
regulovana §43 o vyjimkach ze zakazl ve zvlasté chranénych uzemich. Pro tento ucel,
tedy miize byt udélena vyjimka ze zakazu ve zvlasté chranénych tizemich (dle §43) v
pripade, kdy jiny vefejny zdjem vyrazné prevazuje nad zdymem ochrany pfirody.
Soucasti vyjimky jsou také podminky pro zmirnéni negativniho vlivu chemické udrzby
na zivotni prostredi, napt. aplikace musi byt realizovana moderni technologii, ktera
umoznuje presné davkovani soli, regulaci davkovani a mimimalizaci posypového
materidlu, chemicky oSetfeny snih nesmi byt ukladan v blizkosti nebo pfimo do

mistnich vodoteci apod. (AOPK 2015).

Chemické rozmrazovaci materidly diky svym fyzikalnim vlastnostem maji
schopnost snizit bod mrazu vody pod O °C a tim v podstaté zabranit vytvoreni ledu
nebo zajistit tani snehu ¢1 ledu na silnicich, ktery se jiz vytvoril (Melcher 2001; MD
2015). Pro tyto ucely lze pouzivat napt. NaCl (chlorid sodny), CaCl, (chlorid vapenaty)
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nebo smési obou chlorida. Tyto latky se pouzivaji ve formée posypu, postriku nebo jako

zvlh¢ovana neboli zkrapéna sil (MD 2015).

NaCl je nejCastej1 pouzivanym rozmrazovacim ¢inidlem diky jeho dostupnosti,
nizké cen€, snadnému skladovani a manipulaci. I pres jeho evidentni vyhody pi1
zajistovani bezpecné dopravy, ma také mnoho negativnich uéinkt, tykajici se zeyména
zvySené hladiny chloridovych a sodnych 1ontt rozplavovanych do okolniho prostiedi
komunikaci (Hofman et al. 2012).

3.4.2 Vliv NaCl na prostredi a dreviny

Mnoho studii ukazalo negativni G¢inky polutantti generovanych dopravou na
zivotni prostfedi véetné pripravklii k chemické zimni udrzbé silnic (Ramakrishna,
Viraraghavan 2005). NaCl se stal nejcastéji pouzivanym posypovym materidlem pro
zimni udrzbu silnic. NaCl aplikovany na vozovku je mobilizovan tajicim ledem,
sné¢hem nebo destovymi srazkami a poté vstupuje do ptidniho a horninového prostredi,

do povrchovych a také podzemnich vod (Howard et al. 1993).

Dle Lundmark, Olofsson (2007) a Cunningham et al. (2008) alespon 90 % z
celkového ukladani Na* a CI" v pudé se vyskytuje do vzdalenosti 20 metri od
komunikaci. Tyto soli se Casto pouzivaji k odmrazovani silnic, chodnikli a vefejnych
prostranstvi. V zivotnim prostredi se soli postupné kumuluji a ovliviiuji kvalitu vody
(Godwin et al. 2003), strukturu a vitalitu vodnich ekosystému (Sanzo, Hecnar 2006),
kvalitu ptidy (Dai et al. 2012; Ordonez-Barona et al. 2018), mikroorganismy a houbové
organismy (Calvo-Polanco et al. 2008; Y1 et al. 2008; Day et al. 2010) 1 strukturu a
vitalitu okolnich biotopli (Langen, Prutzman 2006; Collins, Russell 2009; Hanslin
2011; Sienkiewicz-Paderewska et al. 2017).

Pouzité rozmrazovaci soli, které se hromadi v pudé, mohou dale prosakovat do
podzemnich vod. Mnozstvi soli, které se dostanou do podzemnich vod je zavislé na

propustnosti pud. Oproti povrchovym vodam (Maxe 2001) maji podzemni vody mensi
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moznost fedéni prosaknutého solného roztoku, proto jsou podzemni vody vice
ohrozeny nez povrchové (Serrano, Gaxiola 1994; Lundmark, Olofsson 2007). Dochazi
tak ke kontaminaci vodnich zasob, coz méni charakteristiku vody urcené k piti (slana
chut’). Dale mohou soli zvysit tvrdost, zasaditost a obsah celkovych rozpusténych latek
ve vode (Scholz, Grabowiecki 2007; Szota et al. 2015; Sgberg et al. 2016).

Pida je normalné schopna G¢inn¢ predchazet jejimu zhutiovani (Page et al.
2015; Buhler et al. 2017), postupy chemické zimni udrzby jako je pravidelna aplikace
soli vSak méni chemismus pud, coz muize vést ke zméné schopnosti pidy vytvaret
podminky pro uspésny rist stroml (Ordonez-Barona et al. 2018) a k ovlivnéni jejich
kondice (Cekstere et al. 2008; Equiza et al. 2017; Ordonez-Barona et al. 2018).
Expozice stromu solnym roztokiim muze zplsobit poskozeni listd, jehli¢i, pupent ¢1
kofenového systéemu. ZvySena salinita tak muze ovliviiovat jak rist kofenovych
systému, tak 1 jejich funkci (Neumann 1995; Hanslin 2011) a vyznamné ovliviiovat
prosperitu ¢1 zivotaschopnost jednotlivych stromii (Paludan-Miiller et al. 2002; Graves,
Gallagher 2003; Jonsson 2006).

3.4.3 Indikace a hodnoceni vlivu chemické zimni udrzby

Casti stromd jsou $iroce vyuzivany v biomonitoringu jako spolehlivé a
nakladove efektivni bioindikatory znecisténi zivotniho prostredi, protoze akumuluji
Sirokou Skalu zneCist'ujicich latek zovzdusi, vody ¢i pidy a odrazeji tak ucinky
stavajiciho znecisténi prostredi (Tarricone et al. 2015; Fasani et al. 2016; Kargar et al.

2017).

Jednim z nejsnadnéji zjistitelnych U¢inkt pouziti rozmrazovacich soli na
komunikace je zhorSeni zdravotniho stavu vegetace v jejich okolnim prostredi.
Vegetace podél silnic se tak stava vyznamnym ukazatelem, ktery muze poukazovat na

vysokou miru aplikace solnych posypovych materialti (Langen, Prutzman 2006).
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Projevem poskozeni vegetace kolem komunikaci mohou byt napt. usychani a
nekréza jehlic a listi, vadnuti, zloutnuti listd, snizeni rastu a velikosti listli, zpomaleny
rust, nekrotizace korenového systému, zivotaschopnost semen muze byt snizena a
jejich kli¢eni miize byt zpozdéno (Langen, Prutzman 2006). Soli v pidnim prostiedi
mohou snizit pfijem vody dfevinou a jeji transpiraci, coz muze vést k redukci
fotosyntézy a nasledné také ke snizeni vysky a tloustky stromu (Kayama et al. 2003).
U jehli¢nanti je mozné pozorovat zrudnuti nebo zhnédnuti jehlic. Vlivem soli muze
také dochazet k predc¢asnému opadu jehlic, kdy se rostlina snazi nadmérné koncentrace
chloridii zbavit, dale pak ke snizeni vitality stromu a zpomaleni jeho ristu (Cain et al.
2001). Kdyz je chlorid sodny absorbovan rostlinou, rizné fyziologické vlastnosti
rostliny jsou potlaceny, kviili nadmérné koncentraci sodiku a chléoru. Vysokée hladiny
soli v ptidé snizuji dostupnost rtiznych zivin pro rostliny. Klicové prvky, jejichz obsah
je snizovan, kdyz je hladina sodiku vysoka, jsou draslik (K), hot¢ik (Mg) a vapnik (Ca)
(Rose, Webber 2011).

Tolerance ke zvysenému zasoleni se u riiznych druha rostlin 1181 (Wegner,
Yaggi 2001). U smrkovych druhii je znama jejich zvySena citlivost k zasoleni ve
srovnani s jinymi druhy dfevin (Larcher 1995), proto je smrk ztepily (Picea abies)
vhodnym bioindikatorem vlivu chemické zimni Gdrzby komunikaci solnymi
posypovymi materialy. Fostad, Pedersen (2000) ve svém vyzkumu dokonce potvrdili,
ze smrk ztepily (Picea abies) byl nejvice citlivym k zasoleni piid ze vSech ostatnich
zkoumanych dievin, kterymi1 byli také javor mlé¢ (Acer platanoides), biiza bélokora

(Betula pendula), borovice lesni (Pinus sylvestris).

V kontextu biomonitoringu a sledovani postupného vyvoje stavu jednotlivych
slozek zivotniho prostiedi je nutné vyuzivat vhodné metody a vzorky pro identifikaci
charakteristickych kontaminantt a stanoveni jejich koncentraci k posouzeni dynamiky
jejich pohybu v zivotnim prostfedi. Mezi vhodné typy vzorkli pouzivanych k
biomonitoringu zatizeni zivotniho prostfedi dopravou, respektive chemickou zimni
udrzbou patti biomasa z vegetace v okoli dopravni infrastruktury, konkrétnéji listy €1

jehlice stromt (Kayama et al. 2003; Klink et al. 2018; Zitkova et al. 2018).
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3.5 Vlivy reziden¢nich projekti na zivotni

prostredi

Rezidencni, komercni €1 infrastrukturni vystavba je celosvétovym fenoménem,
ktery je z hlediska dopadii na zivotni prostiedi v riznych zemich v riizném detailu

sledovan a hodnocen.

Zmeény ve vyuzivani krajiny a rozvoj infrastrukturni a reziden¢ni vystavby
zpusobené priumyslovym a ekonomickym rozvojem se zrychluji ve vSech regionech
svéta (Venter et al. 2016; Ibisch et al. 2016) a patii také mezi hlavni priciny poklesu
biologické rozmanitosti (Benitez-Loopez et al. 2010; Newbold et al. 2015). K rozvoji
vystavby dochazi vétSinou v oblastech, které jsou jiz ovlivnény vice zdroji naruseni
(Barber et al. 2014) a infrastruktury stejného ¢1 podobného typu se Casto v krajiné
shlukuji. Pochopeni dopadu vliva projektti na slozky zivotniho prostiedi je zasadni pro

adekvatni posouzeni jejich celkového vlivu.

Vlivy nové vystavby se totiz mohou scitat a vzajemné v prostoru ovlivitovat s
vlivem jiz existujicich antropogennich prvki, coz vede ke kumulativnimu vlivu, ktery

je veétsi, nez vliv jednotliveé 1zolovanych prvka (Johnson, St-Laurent 2011).

Rezidencni podobné jako infrastrukturni vystavba muze vyvolavat Sirokou
skalu negativnich dopadu na zivotni prostiedi 1 vefejné zdravi, které pasobi jak béhem
vystavby, tak 1 provozu daného projektu. Mezi tyto negativni impakty mizeme zaradit
ztratu samotnych ekosystémil, fragmentaci krajiny a zmensovani ¢1 1zolaci stanovist’.
Obytné projekty také vyvolavaji vétsi naroky na obsluznost iizemi a s tim je spojené
zintenzivnéni dopravy, coz vyvolava zvyseni emisi polutantli, hlukového zatizeni €1
aplikace solnych materiali béhem zimni udrzby. Reziden¢ni projekty mohou také
ovlivnit horninové a pudni prostiedi a mohou tak zptisobovat hutnéni zemin, zvysenou
erozi €1 zmeény v pudnich procesech. Stejné tak mulze dochazet ke zménam
v hydrologickych procesech, ovlivnéni vodniho prosttedi a zménam chemismu

povrchovych 1 podzemnich vod.

40



Vhodnym nastrojem pro hodnoceni a posouzeni dopadi projektd na zivotni

prostfedi a verejné zdravi je proces EIA.

3.5.1 Hodnoceni jako soucast EIA procesu

Vyvoj posuzovani vlivii na zivotni prostiedi jako klicové slozky managementu
zivotniho prostiedi se v pribéhu poslednich 40 letech shodoval s tim, jak rostl pocet
uznani o rozsahu a dasledcich zmén zivotniho prostiedi zptisobené lidskou ¢innosti.
Béhem této doby se EIA vyvijela a ménila, coz bylo ovlivnéno ménicimi se potrebami

rozhodovaciho procesu a zkuSenostmi z praxe (Morgan 1998).

Zakon o politice zivotniho prosttedi — NEPA predstavoval prvni formalni
zaclenéni posuzovani dopadua do legislativni podoby (O'Riordan, Sewell 1981). Zakon
stanovil environmentalni politiku, ktera méla usmeérovat ¢innosti, které vyznamnym
zpusobem ovliviiuji lidi, komunity a zivotni prostiedi, a byl také reakci na nartst

veédeckého a spolecenského zajmu o souc¢asné zmeny zivotniho prostiedi (Ashby 1976).

Statni instituce byly podle NEPA povinny vypracovat prohlaseni o dopadech
na zivotni prostiedi a zvetrejnit ho vetejnosti, aby prokazaly, jak byly tyto aspekty
zohlednény a feSeny. Po vzoru prvnich zemi jako je Australie, Kanada, Irsko, Svédsko,
Novy Zéland atd. (O'Riordan, Sewell 1981; Wood 2003) zac¢lenilo mnoho dalsich zemi
urc¢itou formu procesu posuzovani dopadii do formalnich postuptt nebo pravnich

predpist tykajicich se planovani nebo jinych oblasti rozhodujicich o zivotnim prostiedi.

Na mezinarodni scéné se institucionalizace EIA v poslednich ptiblizn¢ 20
letech postupné rozvijela a ziskavala na sile zeyjména kvili rostoucimu politickému
uznani problémia spojenych se zménou klimatu, ztratou biologické rozmanitosti,
ohrozeni zdroju pitné vody a kvality vody, poskozovani moiskych oblasti a dal§imi

formami globalnich environmentalnich zmén.

41



EIA je proces, ktery je zalozen na systematickém zkoumani a hodnoceni
predpokladanych vlivii na zivotni prostfedi a jeho smyslem je zjistit, popsat a
komplexné zhodnotit ptedpokladané vlivy zameérii na zivotni prostiedi, veteyné zdravi
a socialni sféru (Glasson et al. 1994) s cilem zmirnit jejich neptiznivé vlivy (Baker,

Wood 1999; Riha 2001).

Je nezbytné zohlednit jak velky rozsah jednotlivych aktivit, tak jejich pripadné
vzajemné interakce, ¢1 kumulativni efekt, jez mohou predstavovat znacné vlivy na
Zivotni prostiedi, socialni sféru &i lidské zdravi (Riha 2001). Posuzovani Zivotniho
prostfedi mizeme vnimat, jako lidskou odpovédnost za zivotni prosttedi spolu s
uvédomeénim si1 dopadu lidskych ¢innosti a moznost prispéni k udrzitelnému rozvoji

spolecnosti.

3.5.2 Post-projektova analyza

I v navaznosti na proces posuzovani vlivli na zivotni prostfedi je mozné
aplikovat post-projektové hodnoceni a posoudit tak jeho u¢innost a efektivnost a zajistit
zpétnou vazbu pro budouci planovani a fizeni dopadu téchto aktivit na zivotni prostredi
(Wilson 1998; Wood 2000; Wood et al. 2000; Stewart-Oaten, Bence 2001; Marshall et
al. 2005). Post-projektova analyza umozni revizi a kontrolu EIA procesu a porovnat
predpokladana oc¢ekavani s realnou zménou ¢1 efektem. Post-projektova analyza se tak
stava klicovym bodem pro testovani prediktivni sily EIA procesu (Branis, Christpoulos
2005; O‘Faircheallaigh 2007). V dnesni dobé se vSak Ex-post hodnocenim vénuje
mén¢ pozornosti v porovnani s rozsahlym zameérenim na Ex-ante hodnoceni (Jones,

Fischer 2016; Nicolaisen, Driscoll 2016).

Morrison-Saunders, Arts (2004a) uvadi, ze post-projektova analyza obecné
zastfeSuje termin pro monitoring, auditing, ex-post hodnoceni, post-decision analyzu a
post-decision management. Obecné lze fici, ze se post-projektova analyza provadi

s cilem zlepSeni a zefektivnéni posuzovani vlivli na zivotni prostfedi. Dle Morrison-
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Saunders et al. (2003) muaze byt post-projektova analyza realizovana a fizena kteroukoli
ze zainteresovanych stran. Iniciace a realizace post-projektoveé analyzy 1) investorem
se oznacuje jako 1°' party Follow-up (jeji provadéni muze byt soucasti internich
piedpistl); ii) regulatorem se oznacuje jako 2" party Follow-up (za Gi¢elem ovéfeni, zda
investor dodrzel stanovené podminky) a iii) vefejnosti je oznaGovana jako 3™ party
Follow-up (jako disledek zajmu ob¢ant o zivotni prostiedi, ¢1 pozadavek plynouci ze

spolupodileni se na rozhodovani).

Provadéni EIA je neustale celosvétové diskutovano. Mnoho zemi jako je
naptiklad Finsko, Dansko, Estonsko, Velka Britanie, Nizozemi, Litva, Australie, a dalsi
provedly podrobné studie efektivity procesu EIA a definovaly problémy, kter¢ je tieba
v ramci procesu fesit (Simpson 2001; Ahammed, Nixon 2006; Christensen 2006;
Polonen 2006; Kruopiene et al. 2008; Heinma, Poder 2010; Polonen et al. 2010;
Runhaar et al. 2013).

Proces EIA byl zkouman hlavné z hlediska pravniho, procesniho, fiskalniho a
soucasné téz z hlediska kvality jednotlivych vystupti (Sadler 1996; Hickie, Wade 1998;
Marsden 1998; Baker, Wood 1999; Rees 1999; Baker, McLelland 2003; Cashmore et
al. 2004; Bina 2007; Retief 2007; Zhu, Ru 2008). Studie se také zabyvaly kvalitou EIA
dokumentt, efektivitou jejich procesni implementace (Bailey 1997; Baker, Wood
1999; Pinho et al. 2006) a postaveni EIA v planovani rozvoje (Sadler 1996; Hickie,
Wade 1998; Hacking, Guthrie 2008; Kolhoff et al. 2013), avSak mensi pozornost byla
vénovana tématu, zda je EIA proces G¢inny, icelny a uzitecny v tom, ¢eho ma skutecné
dosahnout, a sice chranit zivotni prostfedi, dosahnout vyssi urovné udrzitelnosti a
pomoci dosahnout vyssi informovanosti, vys$si miry participace a celkové vyvazenosti

rozhodovani.
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3.5.3 Vyvoj posuzovani vlivii na zivotni prostiedi

v Ceské republice

Proces posuzovani vlivii na zivotni prostfedi byl poprvé samostatné
legislativng zakotven do pravniho fadu Ceské republiky v roce 1992 nabytim G&innosti
zakona C. 244/1992 Sb., o posuzovani vlivli na zivotni prostiedi. Tento proces
predstavuje jednak dilezity prvek v systému preventivnich nastroji ochrany zivotniho
prostredi a soudasn® i vyznamnou souéast politiky Zivotniho prostiedi v Ceské
republice. V lednu 2002 byl zakon ¢. 244/1992 Sb., konkrétné jeho cast, ktera se tyka

posuzovani vlivi na zivotni prostfedi, nahrazen zakonem ¢. 100/2001 Sb., o posuzovani

vlivli na zivotni prostiedi.

Piijeti smérnice Evropského parlamentu a Rady 2011/92/EU, o posuzovani
vlivll nékterych vefenych a soukromych zaméri na zivotni prostfedi mélo zasadni
vyznam na vyvoj procesu EIA v &lenskych statech EU. V kvétnu 2004 se Ceska
republika stala ¢clenem Evropské unie a musela uvést do souladu ¢eskou pravni tpravu
posuzovani vlivll na zivotni prostfedi s ustanovenimi této smérnice. V roce 2014 pak
vstoupila v platnost nova smeérnice Evropského parlamentu a Rady 2014/52/EU,
o posuzovani vlivii nékterych vefejnych a soukromych zaméri na zivotni prostredi,
kterou se zmeénila pivodni smérnice. Smémice zavadi efektivngjsi ochranu
zivotniho prostredi, moznost vySSi participace verejnosti a veétSi transparentnost
procesu EIA. V listopadu 2017 byla provedena posledni vyznamnéj$i novelizace

zakona 100/2001 Sb.

Zakon 100/2011 Sb., vyzaduje, aby souhlas s vystavbou vefejnych a
soukromych projekti, které mohou mit vyznamny vliv na zivotni prostiedi, byl udélen
pouze po predchozim posouzeni jeho pravdépodobné vyznamnych vlivli na zivotni
prostiedi. Zakon v priloze €. 1 stanovuje dveé skupiny zameért, a to kategorii I a II. Do
kategorie I patfi zaméry a zmény téchto zameért, pokud zména kapacity nebo rozsahu

sama o sob& dosahuje prislusné prahové hodnoty, pokud je stanovena. Tyto zameéry a
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jejich zmény se povazuji za zameéry s vyznamnym vlivem na zivotni prostiedi a vzdy
podléhaji posouzeni EIA v plném rozsahu. Do kategorie II patii zaméry a zmény téchto
zamert, pokud vlastni kapacitou nebo zménou rozsahu dosahuji prislusné prahové
hodnoty, pokud je stanovena nebo zaméry, které¢ mohou mit vyznamny negativni vliv
na zivotni prostfedi, zeyména ma-li byt zvySena jejich kapacita, rozsah zameéru,
technologie, fizeni provozu nebo zpusob vyuziti. Tyto zaméry a zmény zameéra
podléhaji EIA, pokud je tak stanoveno ve zjistovacim tizeni. Cilem zjist'ovaciho fizeni
pro projekty uvedené v kategorii I je dale specifikovat informace, které by mély byt
zahrmuty do dokumentace EIA. Cilem zjistovaciho fizeni pro projekty uvedené
v kategorii II je urcit, zda projekt miize mit negativni vliv na zivotni prostredi a zda ma

tedy podléhat posouzeni EIA.

V dobe, kdy je dilezitéjsi nez kdy jindy, aby se kontrolovala rozhodnuti, ktera
by mohla mit pro lidi, komunity, a systémy, které tvori prirodni prostfedi vyznamny
vliv, je tfeba zhodnotit pokrok, kterého bylo v této oblasti dosazeno, a zamyslet se nad

soucasnym1i a budoucimi vyzvami (Morgan 2012).

Vyvoj procesu posuzovani vlivil na zivotni prostiedi byl jak na statni, tak 1 na
mezinarodni trovni velmi dynamicky. ZvySeny zajem a postoje k ochrané zivotniho
prostiedi na globalni trovni je mozné sledovat 1 skrze vyvoj nastroji, jako je
posuzovani vlivli na zivotni prostiedi. Tento proces od svého pocatku, kdy prakticky
plnil pouze funkct informaéni o moznych vlivech na zivotni prostiedi se vyvinul az do
plnohodnotného nastroje ochrany zivotniho prostiedi, ktery je dnes implementovan do
prislusnych postupt napfi¢ celym svétem. V soucasném formatu posuzovani vlivii na
Zivotni prosttedi v Ceské republice dle platné legislativy viak post-projektové analyzy
nejsou zahrnuty. Pokud se ma vsak koncept posuzovani zlepsit a Iépe dosahovat svych
cili, tak jedina cesta je skrze ziskavani ponauceni z realizovanych posouzeni a

vysledkl post-projektovych analyz.

Hodnoceni impakt obecné je v dnesni dobé nutné vidét, jako nevyhnutelny

prostiedek, diky kterému je mozné zjistit rozsah negativniho vlivu a vyuzit tak zjisténé
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zavéry pro omezeni téchto dopadli na Zivotni prostfedi a k jeho ochrane. Nezbyva nez
véfit, ze trend zvysujiciho se zajmu o ochranu Zivotniho prostiedi a vyvoj nastrojli pro

jeho ochranu bude i nadale alespon stejné tak dynamicky jako do ted.
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Abstract

Winter chemical road maintenance has a significant negative influence on the
environment. The application of chemical de-icing salts affects the trees growing near
the road. Sodium and chlorine ions which are washed out into the environment are
absorbed by the ambient vegetation; the increased concentration of these ions has a
negative influence on the vegetation health. The determination of sodium and chlorine
ions content in assimilative organs of conifers is used as a bioindicator of the impacts
of winter chemical maintenance. The presented research paper evaluates the influence
of the contamination potential on these ions content in needles of the Norway spruce
(Picea abies). This species of spruce was chosen because of its abundant occurrence
and heightened sensitivity towards salinization. The study was conducted in the north
of the Czech Republic in the Liberec Region. To assess the damage potential of the
winter chemical road maintenance, samples of the Norway spruce first- and second-
year needles were collected and the sodium and chlorine ions concentrations were
determined. At the same time, the research assessed the contamination potential of the
region and the health condition of the analysed spruce trees. The results of ions
concentrations (Na, Cl) were evaluated depending on four factors: the contamination
potential, the health of the tree, the distance from the road and the age of the needles.
Based on the evaluation of the results, a scale with framework concentration values was
designed. This scale can be used for practical assessment of the degree of

contamination.

Keywords: winter road maintenance; road salts effects; needles; sodium and chlorine

ions
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4.1 Introduction

Road traffic is nowadays very intense and it is very important to ensure its safe
and smooth operation. In winter, the maintenance is much more demanding because
the road workers have to clear away the fallen snow, frost, or ice (Hofman et al. 2012).
Winter road maintenance has significant benefits of improving road safety and reducing
traffic delay. Min et al. (2016) argues that winter road maintenance can also be
beneficial because reducing vehicular air emissions and fuel consumptions. The
significant growth of road transportation in Europe begun in the early 60s of the 20th
century (Fischel 2001). At that time, materials such as sand or chloride-based chemical
substances were being used for winter road maintenance for the first time (Hofman et
al. 2012). The application of chemical substances for the road winter maintenance
brings about considerable negative effects on the environment; the trees growing near
the roads are most at risk because they are in the areas flooded by the dissolved
chemical solutions which contain large amounts of salts (Blomqvist, Johansson 1999;

Cernohlavkova et al. 2008; Hofman et al. 2012).

One of the most easily observable effects of the application of de-icing road
salt is the deteriorating health condition of vegetation growing in the area near the
roads. The vegetation growing along the roads is becoming an important indicator that

shows a high use of road salting (Langen, Prutzman 2006).

The consumption of salting materials varies in the Czech Republic, depending
on the character of winter, it is usually in the range of 150 — 300 kt per year, which is
comparable to the amount used in other European countries (Kramberger, Zerovnik
2008; Forczek et al. 2011). Sodium chloride is the most commonly used de-icing
material for the winter road maintenance. The applied sodium chloride is mobilised by
melting snow or ice and rainfall, which leads to its entering the soil environment,
surface water, geological environment, and groundwater (Howard, Beck 1993;
Kramberger, Zerovnik 2008). In an aquatic environment, sodium chloride dissociates

into sodium cations (Na*) and chlorine anions (CI°). In the soil environment, the sodium
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cations subsequently bind to other negative ions and displace divalent cations, mostly
calcium (Ca**) and magnesium (Mg?*). The chloride anions are further transported into
water in unchanged form, due to its low reactivity. Sodium chloride washed off the
roads causes the increased salinity in both surface- and groundwater for months after

its application (Thunqvist 2004).

The increasing amount of sodium and chlorine ions in the soil environment
affects the soil structure, substance dispersion, permeability, and osmotic potential;
thus, leading to deterioration of quality and the loss of stability of the soil. The unstable
soil properties lead to stress conditions for soil macro-organisms and the vegetation
(Cernohlavkova et al. 2008). The vegetation near the roads is exposed to the negative
effects of the salts in two ways. The aboveground plant tissues are directly exposed to
the salt solution, which is sprayed by passing vehicles. The indirect influence is caused
by absorption of the salt solutions into the soil near the roads which affects the soil
chemistry, the dynamics of soil processes and its structure, and thus negatively affect

the vegetation through the root system (Semoradova 2003).

The damage to the vegetation can be seen in necrosis and wilt of leaves and
needle growth slowdown, necrosis of the root system, wilting, yellowing of the leaves,
reduced plant and leaves size, seed viability may be reduced and their germination may
be delayed. Road salts affecting soil may reduce the water uptake of trees and its
transpiration, which may result in weakened photosynthesis and consequently reduced
height and thickness of the tree. The needles of conifers may become red or brown. Salt
solutions may also cause premature falling of needles as the plant is getting rid of the
excessive concentration of chlorine ions; moreover, the condition of the tree

deteriorates and the growth slows down (Kayama et al. 2003).

High levels of salts in the soil reduce the availability of various nutrients for
plants. The key elements whose content is reduced when the sodium ions level is high

are the potassium (K), magnesium (Mg) and calcium (Ca) ions. One possible indicator
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of salinity is the determination of the chlorine and sodium ions content in the

assimilative organs of conifers.

In the Czech Republic, some studies focused on the research of the impact of
salting on the soil environment (Cernohlavkova et al. 2008; Hofman et al. 2012). In
Poland, similar study was conducted which concerned the bioindication of the effects
of winter salting and its influence on the elements content (potassium, magnesium,
sodium, calcium, and chlorine) in the soil environment and in the leaves of the small-
leaved lime (Tilia cordata) (Czerniawska-Kusza et al. 2004). Chemical biomass
analyses of various kinds of vegetation, such as Schreber's big red stem moss
(Pleurozium schreberi), wavy Hair-grass (Avenella flexuosa), and Norway spruce
(Picea abies), had been carried out. However, these analysed heavy metals in particular
in order to determine contamination caused by anthropogenic sources in industrialised
areas (Suchara et al. 2011). Kayama et al. (2003) examined the effect of de-icing salts
on the health of two species of spruce, the Norway spruce (Picea abies) and the
Sakhalin spruce (Picea glehni). The research proved that increased sodium and chlorine
ions levels contained in soil also lead to increased level of these ions in the assimilative
organs of trees. Spruce species are known for their high sensitivity to salinity in
comparison with other species of trees (Larcher 1995) and for that reason the Norway
spruce is the appropriate bioindicator of the influence of the road chemical winter
maintenance, particularly salting materials. Fostad, Pedersen (2000) confirmed in their
research that the Norway spruce was the most sensitive to the soil salinity in
comparison with other analysed species of trees which were the Norway maple (Acer
platanoides), the silver birch (Betula pendula) and the Scots pine (Pinus sylvestris).
The region in the north of the Czech Republic, south of the Jizera Mountains, was
chosen for this research for its abundant presence of spruce trees and because the de-

icing salt materials are used for the winter road maintenance in the region.
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4.2 Material and methods

4.2.1 Sampling

The samples used for this research were needle samples of first-year and
second-year Norway spruce and samples of soil material collected from the vicinity of
researched trees; these were analysed to determine the content of sodium, potassium,
magnesium, calcium, and chlorine ions. All samples (first-year needles, second-year
needles and soil samples) were collcted in the same year. The samples were collected
in areas where spruce trees grow close to the roads and where the potential danger of
contamination exists. A total of 32 samples of the first-year needles and 32 samples of
the second-year needles from the same trees were collected together with 32 samples
of soil collected from up to 5 m from the road. Some areas further from the road (at
least 40 m from the road) were chosen as well for comparison; from these areas 12
samples of the first-year assimilation organs, the same number of the second-year
needles and 12 samples of soil material were collected. The soil samples were collected
up to the distance of 1.5 m from the individual Norway spruce tree from which the
assimilation organs had been collected. The sample consist of about 100 g of soil
collected at a depth of 0 — 25 cm, which was later dried at room temperature. After
drying, the samples were sieved and milled. To acquire the Norway spruce assimilation
organs, the whole first- and second-year branches were cut, not just the needles. Every
single tree chosen for the analysis was also assessed visually; the assessed criteria were
the tree health condition and its contamination potential (Semoradova 2003). For each
spruce tree, the first- and the second-year branches were collected and put separately
in paper bags. The samples were dried at room temperature and ground on a cutting

mill.
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4.2.2 Chemical analysis

The following procedure was used to determine the concentration of sodium,

calcium, potassium, and magnesium ions:

About 0.4 g of homogenised plant material was digested in a mixture of nitric
acid ultrapure and hydrogen peroxide ultrapure using Teflon vessels and a high pressure
and high temperature microwave digestion system SW-4 (Beghof). Duplicate
digestions of each sample were prepared in parallel. The digested samples were diluted

to a final volume 50 ml with ultrapure water (Millipore).

The following procedure was used to determine the concentration of chlorine

ions:

To determine the concentration of chlorine ions in the assimilation organs, first,
the homogenised sample (adjusted to the size < 2 mm) was mixed with ultrapure water
at a ratio of 1:10, then it was stirred and boiled. Boiling granules were added to the
sample to stir it. The samples were left to cool down after about a minute of boiling.
The leachate was poured into clen wessel after 30 minutes of leaching and the chlorine

ions were determined.

Soil sample preparation for determination of concentrations of sodium,

calcium, potassium, and magnesium ions:

A plastic container of 500 ml volume was filled with 25.0 g of dry sieved soil
sample and 250 ml of ultrapure water. The whole soil sample is air-dried according to
the procedure of ISO 11464: 1994 (ISO 11464: 1994 Soil quality - Pre-treatment of
samples for physico-chemical analyzes). The containers were put into a shaker (Reax
20 rotary shaker) and left shaking for 24 hours at laboratory temperature and the
rotation speed of 5 rpm. After the extraction, the samples were set aside for 20 minutes
before being further processed. Soil samples extracted with water were centrifuged

(Universal 320 R benchtop centrifuge) for 20 minutes at the rotation speed of 4000
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rpm. If needed, the samples were further filtered through 0.45 um membrane filter. The

samples thus prepared were used for the analysis.

The concentrations of sodium, calcium, potassium, magnesium, and chlorine
ions were determined using an ICPQQQ spectrometer (Agilen Technologies). The
quality of the analytical results was checked via frequent analyses of reference

materials (NIST Pine Needles 1575a, NIST Trace elements in natural water 1640a).

4.2.3 Statistical evaluation of the analyses results

Software R (R Development Core Team, 2010) was used for statistical
analysis. At the beginning, the data was summarised and the basic characteristics for
visualisation of element content in the spruce needles and soil were calculated. To
assess the dependence of the contamination potential and the concentration of ions in
the needles, the nonparametric Kruskal-Wallis test was performed. First, the data
normality was tested (Shapiro-Wilk test) on the significance level a = 0.05; HO = the
data distribution is normal. The normal data distribution was not confirmed, the HO
hypothesis was rejected. Nonparametric tests are applied for the data with abnormal
distribution, for that reason the Kruskal-Wallis test was chosen. The higher class of the
contamination potential supposed higher sodium and chlorine concentration in the
Norway spruce needles and in the soil. Null hypothesis was established on the
significance level a= 0.05; HO = the ions concentrations (in first- and second-year

needles and soil) are independent of the contamination potential.

The Kruskal-Wallis test was used to assess the dependency of the tree health
condition and the elements concentration in the first-year and the second-year needles.
The tree health condition was supposed to deteriorate with a higher sodium and chlorine
ions concentration in the assimilative organs. Null hypothesis was established on the
significance level a= 0.05; HO = the ions concentrations (in first- and second-year

needles and soil) are independent of tree health state.
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The Wilcoxon pair test was used to compare the sodium and chlorine ions
concentrations (in the assimilative organs and in the soil samples) in the proximity of
the roads and in the areas further from the roads. The choice was based on the
confirmation of abnormal data distribution using the Shapiro-Wilk test. The test
calculation derives from pair values of two measurements — in the proximity of the road
and further away. The areas further from the road are supposed to contain smaller
amount of chlorine and sodium ions than the areas near the road. Null hypothesis was
established on the significance level o= 0.05; HO = the i1ons concentrations of soil
samples collected near the road do not differ from those of soil samples collected

further from the road.

The relation of the elements concentrations (sodium, chlorine, calcium,
magnesium, potassium) in the first- and the second-year needles was also assessed. The
nonparametric Wilcoxon pair test based on the abnormal data distribution was chosen
for this comparison as well. Null hypothesis was established on the significance level
a= 0.05; HO = the 1ons concentrations values do not differ in the first- and second-year

samples.
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4.3 Results

The concentrations of the individual ions content in the analysed needle
samples range from 0-6 mg.g"! Na, 0-7 mg.g”' Cl, 0-2 mg.g”! Mg, 0-19 mg.g"' K and
0-15mg.g" Ca. The basic parameters of the descriptive statistic are shown in the Table

4.1.

Table 4.1: Numeric data characteristic for individual ions of elements (Sodium,
Chlorine, Magnesium, Potassium, Calcium). Concentration (mg.g-1) in first-year and
second-year needles of the Norway spruce and soil samples (* the values below the

limit of detection, SD — standard deviation).

Na (mg.g™) Cl (mg.g?)
Ityear 2™ year  Soil Ityear 2™ year  Soil
Number of samples 32 32 32 32 32 32
minimum * 0.0250 0.0022 * * *
15t quartile 0.0427 0.0689 0.0108 0.2939 0.4238 0.1083
median 0.0831 0.1405 0.0185 0.6323 0.6521 0.2592
average 0.4589 0.6359 0.0311 0.8704 1.1272 0.2297
3" quartile 0.1231 0.4482 0.0529 1.2233 1.1951 0.3263
maximum 3.7700 5.1066 0.1013 4.0688 6.3273 0.6072
SD 0.9775 1.1236 0.0270 0.8569 1.3132 0.1413
Mg (mg.g*) K (mg.g”)

Ityear 2™ year  Soil Ityear 2™ year  Soil

Number of samples 32 32 32 32 32 32
minimum 0.0004 0.2647 0.0023 * 0.9414 0.0006
15t quartile 0.6731 0.5467 0.0037 3.9893 3.4295 0.0059
median 0.8553 0.8304 0.0051 5.5563 5.1949 0.0099
average 0.9640 0.8621 0.0065 6.2028 5.1620 0.0125
3" quartile 1.2370 1.1102 0.0077 7.2714 6.6976 0.0155
maximum 2.0056 1.8770 0.0235 18.7791 9.1051 0.0470
SD 0.4441 1.1346 1.3139 3.3671 2.1623 0.0107
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Ca (mg.g?)
Ityear 2™ year  Soil

Number of samples 32 32 32
minimum * 1.0440 0.0029
1%t quartile 2.6973 2.8666 0.0062
median 3.2632 3.9706 0.0151
average 3.9481  4.9263 0.0206
3" quartile 4.8042 59738 0.0255
maximum 12.6679 14.6580 0.0804
SD 2.5121 3.1731 0.0182

The results of the elements concentration were evaluated based on four factors:

the contamination potential,
the health condition,

the distance from the road,

b=

the age of needles (first-/second-year).

4.3.1 The relation between the concentration of elements

in the needles and area contamination potential

The samples were divided into three classes per the sodium and chlorine ions

concentration and the contamination potential:

1% category - lowest contamination potential, a tree with the lowest possibility of

contamination,

2"d category - medium contamination potential, a transitional zone with minor

contamination,

34 category - highest contamination potential, the trees immediately next to the road.
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Figure 4.1: Average chlorine and sodium ions concentration in the first-year needles
in dependency on the contamination potential shows the tendency of growing

concentration with the increasing contamination potential.

The average sodium and chlorine concentration in the first- and the second-
year needles shows that the concentration increases with growing contamination

potential.
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Figure 4.2: Average chlorine and sodium ions concentration in the second-year

needles in dependency on the contamination potential.
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The average sodium concentration in soil shows the slightly growing tendency

at increasing contamination potential.
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Figure 4.3: The average concentration of chlorine and sodium in soil depending on

the contamination potential.

The testing of the significance of sodium and chlorine ions concentration
differences between the particular contamination potential categories was done by the
Kruskal-Wallis test. The test confirmed statistically significant dependency of the
contamination potential on the sodium ions concentration in the first-year and the
second-year needles. Such dependency was not confirmed for chlorine ions and for the

soil samples (Table 4.2).

Table 4.2: Dependency of the contamination potential on concentration of the elements
(sodium and chlorine) in the first- and the second-year needles of the Norway spruce
and in the soil samples. Results of the Kruskal-Wallis test (p-value). Values < 0.05

confirm the dependency.

1t year 2" year Soil
Na 0.000001338 0.000372 0.4236
cl 0.06851 0.4244 0.2944
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4.3.2 Relation between the elements concentration in

needles and the tree health condition

The samples were divided into five categories for the evaluation of the relation

between sodium and chlorine ions concentration and the tree health condition:
1 category — healthy tree,

2" category — slightly damaged tree,

3" category — moderately damaged tree,

4'h category — damaged tree,

5t category — severely damaged tree.

The average sodium ions concentration in the first-year needles increases with
deteriorating health condition of the tree. For chlorine ions, the situation is similar
except for the first category where the average concentration exceeds the concentration
in the second category. The average sodium ions concentration in the second-year
needles also increases with deteriorating health condition of the tree. For chlorine ions,
such regular growing trend is not evident. Even though the trends are apparent from the
average concentration, these results must be considered tentative due to the small

number of samples in each health condition category.

The testing of the significance of sodium and chlorine ions concentration
differences between the health condition categories was done by the Kruskal-Wallis
test. The test confirmed statistically significant dependency of the tree health condition
on the sodium ions concentration in the first- and the second-year needles and on the
chlorine ions concentration in the first-year needles of the Norway spruce (Table 4.3).
The dependency of chlorine ions concentration in the second-year needles on the tree

health condition was not confirmed (Table 4.3).
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Figure 4.4: The average sodium and chlorine concentration in the first-year needles

depending on the tree health condition.
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second-year needles and the tree health condition.
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Table 4.3: The dependency of tree health state on the concentration of the elements
(sodium, chlorine) in the first- and the second-year needles of the Norway spruce. The

results of the Kruskal-Wallis test (p-values). Values <0.05 confirm the dependency.

1t year 2" year
Na 0.00001188 0.000429
cl 0.003753 0.591

4.3.3 The comparison of the elements concentration

depending on the distance from the road

The samples were divided in two categories for the evaluation of relation of
sodium and chlorine ions concentration in needles of trees growing near the road and

in trees growing further from the road:
1. category — samples collected from up to 5 m from the shoulder of traffic lane,
2. category — samples collected at least 40 m from the shoulder of traffic lane.

The distance was determined by two factors. The first factor is the presence of
trees (selected conifer) and the second is the probability of an increased salt
concentration at this distance. At 5 m distance, selected conifers are already occur, it is
the immediate distance from the road where samples could be collected and the

increased concentration of de-icing salts is assumed here.

The average sodium ions concentration in the first- and the second-year needles
and the soil was lower for the samples collected in the areas further from the road.
Chlorine ions in the first-year needles is present in a higher average concentration in
the areas further from the road; for the second-year needles and the soil, the chlorine

ions concentration is higher near the road.
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Figure 4.6: The average sodium ions concentration in the first- and the second-year
needles and the soil depending on the distance from the road (1" category - <5 m, 2™

category: > 40 m).
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Figure 4.7: The average chlorine ions concentration in the first- and the second-year
needles and the soil depending on the distance from the road (1" category - <5 m, 2™

category: > 40 m).
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The Wilcoxon pair test was carried out to test the significance of sodium and
chlorine ions concentration differences depending on the distance from the road (Table
4.4). The test confirmed the statistically significant distinction in the ions concentration
between the areas near the road and more distant areas; for chlorine ions, the distinction
was confirmed in the first-year needles and for sodium ions in the second-year needles

and the soil (Table 4.4).

Table 4.4: Comparison of elements (sodium, chlorine) content in areas close to and
distant from the road in the first- and the second-year needles and in the soil extract.
The results of the Wilcoxon pair test (p-values). The values < 0.05 confirm the

significant distinction in concentrations.

Na cl

Ityear 2™ year Soil Ityear 2" year Soil

p-value 0.099 0.01855 0.01221 0.03418 0.2061 0.791

4.3.4 The comparison of the ions concentrations in the

first-year and the second-year needles

The samples were divided by years to evaluate the relation between the
concentration of sodium, chlorine, magnesium, potassium, and calcium ions in needles

depending on the needle year.

Sodium, chlorine, and calcium ions have a higher concentration in the second-
year needles, where as magnesium and potassium ions have higher concentration in the

first-year needles.
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Figure 4.8: The average concentration of each ions (sodium, chlorine, magnesium,

potassium, and calcium) in the first- and the second-year needles of the Norway spruce.

The Wilcoxon pair test was used to test the significance of differences in the
concentration of sodium, magnesium, potassium, calcium, and chlorine ions,
depending on the needle year (Table 4.5). The test confirmed statistically significant

distinction in sodium and potassium ions concentration (Table 4.5).

Table 4.5: The comparison of the ions contents (sodium, magnesium, potassium,
calcium, and chlorine) in the first- and the second-year needles. The results of
Wilcoxon pair test (p-values). The values < 0.05 confirm the significant distinction in

concentrations.

Na Mg K Ca Cl
p-value 0.001235 0.1716 0.04754 0.1106 0.4776
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4.3.5 Contamination evaluation scale

Based on the evaluation of the results and analysis of literature, a scale with
framework concentration values was designed (Table 4.6), which can be used for
practical evaluation of the degree of contamination. The scale was designed specifically
for sodium ions content and specifically for chlorine ions content in the first- and the

second-year needles of the Norway spruce (Table 4.6).

Table 4.6: The proposed scale of sodium and chlorine ions concentrations in the first-
and the second-year needles of the Norway spruce for the practical assessment of the

level of contamination.

closs level of tree Na (mg.g”) Cl (mg.g*)
concentration condition 1tyear 2"™vyear 1tyear 2" year
1 normal healthy <0,6 <0,7 <0,7 <11
2 slightly SIghtly 57 10 08-29 08-20 1,2-24
higher damaged
3 high damaged >2,0 >3,0 >2,1 >2,5

4.4 Discussion

The dependency of the sodium ions concentration (both in the first-year and
the second-year needles) on the contamination potential was confirmed. The average
sodium ions concentration in the needles increased with growing contamination
potential (Figure 4.1; 4.2). This fact also confirmed Kayama et al. (2003) in their study,
where the content of sodium ions in the Norway spruce needles collected in areas
further from the road with smaller contamination potential were lower than in needles
of trees with higher contamination potential. This fact was not confirmed for chlorine
ions, however, the average concentration values show a similar tendency of growing

concentration with increasing contamination potential (Figure 4.1; 4.2). This
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phenomenon can be caused by high solubility and subsequent high mobility of chloride
anions in the soil and in the plant body (Pavlova 2006). Therefore, it is more easily and

quickly washed out from the soil than the sodium ions.

The health condition of a tree is an important indicator of contamination
(Langen, Prutzman, 2006). The dependency of the tree health condition and sodium
ions content in needles was confirmed (Table 4.3). The increasing average sodium ions
concentration becomes apparent with the deteriorating health condition of the tree
(Figure 4.4; 4.5). According to the study by Kayama et al. (2003) it was also discovered
that sodium ions contents are higher in damaged trees with worse health condition. This
increasing trend was confirmed for chlorine ions as well, but
only in the first-year needles (Table 4.3). The second-year needles show various ions
concentrations depending on the health condition of particular tree (Figure 4.5). This
can also be caused by the high mobility of chloride anions (Pavlova 2006) or by the
direct spraying of salt solution on the tree (Semoradova 2003; Langen, Prutzman 2006).
In such cases (contamination by direct spraying) some needles can show high values of
chlorine ions concentration, however, it may not be visible on the overall health state

of the tree (Figure 4.5).

In the comparison of sodium and chlorine ions concentrations based on the area
proximity to the road, the differences in chlorine ions concentrations in the first-year
needles and sodium ions concentrations in the second-year needles were confirmed
(Table 4.4). The distinct sodium ions concentrations were confirmed in the soil samples
(Table 4.4). The significant difference in chlorine ions concentrations in the first-year
needles between the areas near the roads and those further away point out that according
to the average ions concentrations in needles there was an increased amount of chlorine
ions in the more distant areas. However, Semoradova (2003) argues that even areas as
far as 30 — 70 m from the road can be critical for the accumulation of salt solutions due
to various factors such as steep hillside, outfalls of road draining installations and
waterlogged foot of a hill. Cain et al. (2001) also states that accumulation of ions from

salt-based de-icing materials can occur even at greater distances from the road as a
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result of many influences. The accumulation of chlorine ions in such areas can be
greater due to its high mobility in the soil environment and in plants. For sodium ions,
no significant differences in the first-year needles were confirmed (Table 4.4). The
average sodium ions concentration in the areas further from the road shows certain
decrease in its concentration in the first- and the second-year needles and in the soil

(Figure 4.6).

After a comparison of the ions content (sodium, chlorine, magnesium,
potassium, and calcium) in the first- and the second-year needles, a statistically
significant difference in the concentrations of sodium and potassium ions was
confirmed by a test (Table 4.5). The average concentrations of each element in
collected samples show certain distinction of these concentrations for all the elements
(Figure 4.8). Sodium, chlorine, and calcium ions show lower values in the first-year
needles than in the second-year needles. The transport of calcium ions in plants is sparse
and its redistribution from older needles is limited (Lhotakova 2012). The calcium
concentration is lower in the first-year needles, as Kayama et al. (2003), Truparova,
Kulhavy (2011) and Bouchal (2012) confirmed in their studies. The concentrations of
sodium and chlorine ions are also lower in the first-year needles than in the second-
year needles. The research by Kayama et al. (2003) and Suchara et al. (2011) also
confirmed this tendency. The average potassium ions content in the first-year needles
was higher than in the second-year needles (Figure 4.8). The potassium content in
needles decreases with needle age (Truparova, Kulhavy 2011). The Bouchal (2012)
study also registered higher potassium content in the first-year needles (5 —9 mg.g™)
than in the second-year needles (4 —7 mg.g!). This trend was also confirmed by
Kayama et al. (2003). The average content of magnesium was also higher in the first-
year needles than in the second-year needles (Figure 4.8) which was confirmed in

studies by Kayama et al. (2003) and Bouchal (2012) as well.
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4.5 Conclusion

The research into the effects of winter road maintenance on selected conifer,
the Norway spruce (Picea abies), confirmed the increased sodium and chlorine ions
concentrations in trees growing in the areas with higher contamination potential. A
deterioration of health condition of the Norway spruce trees depending on the
increasing sodium and chlorine ions concentration in needles was also observed. This
research paper describes and evaluates the negative influences these chemical elements
have on the ambient vegetation and it confirms their accumulation in the assimilative
organs of the trees. The Norway spruce is a suitable for bioindication of winter chemical
road maintenance because of its increased sensitivity to salting and its abundance in the
area of interest. Proposed scale with framework values of ions concentrations of
substances in the spruce needles can be used for a practical assessment of the level of
contamination and for winter maintenance control. To increase the practical utility of
such bioindication, it would be beneficial to create similar scales for other species of

abundantly growing trees and to verify their validity in other areas.
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Abstract

Evaluation of the impact of transport on the surrounding environment requires
an ecosystem approach: to analyze components that provide information about the
distribution of concentrations of the monitored contaminants and to allow an estimate
of the dynamics of movement of these substances in the environment. Trees are used
for biomonitoring for wide range of contaminants, coming not only from air pollution
from industry or transport but also from winter chemical road maintenance. The
research paper presents the determination of sodium and chloride ions content in
assimilative organs of conifers and evaluates the influence of the contamination
potential on these ions contents in needles of the Scots pine (Pinus sylvestris) and
Norway spruce (Picea abies). Scots pine is studied a useful bioindicator for different
tip of trace elements, but in the case of influence of winter maintenance, there is not so
deep focusing as in the case of spruce. We have used this species of conifers for their
usual occurrence. To assess the differences between sensitivity of salinity of different
type of needles, the results of analysis of first- and second-year needles of Scots pine
needles and samples of the Norway spruce were compared. The study was conducted
in two different areas (for Scots pine and Norway spruce) in the Czech Republic.
Samples of soils were collected near each tree of interest. The results of ions
concentrations (Na, Cl) were evaluated depending on two factors: the distance from the
road and the age of the needles. For evaluation of the impact of transport on the
surrounding environment also the concentrations of wide range of elements were
measured. The study confirmed a higher sensitivity of Norway spruce to salinity than
in Scots pine. Given the confirmed increased sensitivity of spruce stands to the effects
of winter road maintenance, spruce is not an appropriate tree species for the immediate
vicinity of road infrastructure. Increased NaCl accumulation in the assimilation organs
of the conifer trees near the road was confirmed and scales with concentrations were

established to assess the degree of contamination.

Keywords: needles; winter road maintenance; NaCl; sodium ions; chloride ions;

assimilation organs
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5.1. Introduction

Transport and its networks affect the form and quality of ecosystems (Bil et al.
2019; Keken et al. 2016; Rhodes et al. 2014; Roger et al. 2011) as well as human health
(Kusta et al. 2017; Trombulak, Frissell 2000; Wei et al. 2014). Ecosystems around
transport infrastructure can be influenced from close by or up to thousands of metres
away (Keken et al. 2019). The extent of the final influence is determined by both the
type of pollutant (Zitkova et al. 2018) and the structure of the surrounding habitats
(Keken, Kusta 2017; Kusta et al. 2014) or the type of receptor on which the pollutant

acts.

Many studies have shown the adverse effects of pollutants generated by
transport on the environment, including winter maintenance products, especially salts
such as sodium chloride (NaCl) (Ramakrishna, Viraraghavan 2005). The use of NaCl
is one of the most common de-icing methods. According to Lundmark, Olofsson (2007)
and Cunningham et al. (2008), at least 90% of the total deposition of Na + and CI- in
the soil occurs within 20 metres of roads. These salts are often used for de-icing roads,
pavements and public areas, and they can gradually accumulate in the environment and
affect water quality (Godwin et al. 2003), the structure and vitality of aquatic
ecosystems (Sanzo, Hecnar 2006), soil quality (Dai et al. 2012; Ordonez-Barona et al.
2018) and microorganisms and fungal organisms occurring therein (Calvo-Polanco et
al. 2008; Day et al. 2010; Yi et al. 2008), as well as the structure and vitality of
surrounding habitats (Collins and Russell 2009; Hanslin 201 1; Langen, Prutzman 2006;
Sienkiewicz-Paderewska et al. 2017).

Studies also confirm that the use of salts for de-icing can affect the condition
of trees (Ordonez-Barona et al. 2018; Cekstere et al. 2008; Equiza et al. 2017). Soil is
normally capable of effectively maintaining its density (Page et al. 2015; Biuhler et al.
2017); however, winter maintenance practices such as regular application of salts can
change soil chemistry, which can alter soil's ability to create conditions for successful

tree growth (Ordonez-Barona et al. 2018). The effects of de-icing salts on vegetation
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may include direct exposure to leaves, needles, buds, or bark of a stem or branches to
sprayed water contaminated with salt, or indirect exposure through increased salt
concentrations in the soil. Such exposure may cause damage to the leaves, needles,
buds, or root system. Increased salinity can affect both the growth of root systems and
their function (Hanslin 2011; Neumann 1995) and significantly affect the health or
viability of individual trees (Graves, Gallagher 2003; Paludan-Miiller et al. 2002;
Jonsson 2006).

Salts that enter the soil can further seep into groundwater. The amount of
infiltrated salt depends on the permeability of the soil. Compared to surface waters
(Maxe 2001), groundwater has less chance of diluting an infiltrated salt solution,
therefore groundwater is more vulnerable than surface water (Lundmark, Olofsson
2007; Serrano, Gaxiola 1994). Water supplies are contaminated most often, changing
the characteristics of drinking water (salty taste). In addition, salts can increase the
hardness, alkalinity, and total dissolved solids content of water (Scholz, Grabowiecki

2007; Sgberg et al. 2016; Szota et al. 2015).

In the context of biomonitoring and monitoring the progressive development
of the state of the individual components of the environment, it is necessary to use
appropriate methods and samples to identify the characteristic contaminants and
determine their concentrations to assess the dynamics of their movement in the
environment. Suitable types of samples used for biomonitoring of the environmental
burden by transport or winter maintenance include biomass from vegetation around
transport infrastructure, more specifically tree leaves or needles (Kayama et al. 2003;

Klink et al. 2018; Zitkova et al. 2018).

This paper aims to evaluate and compare the use of Norway spruce and Scots
pine biomass for biomonitoring of environmental contamination due to winter road
maintenance. The aim of the study was to identify the number of ions from saline
solutions in Scots pine biomass from the available data and compare them with the

results of accumulation of these ions in Norway spruce (Zitkova et al. 2018). In order
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to increase the practical usefulness of bioindication, it is also appropriate to create a
scale with framework values for assessing the degree of contamination by saline

solutions for Scots pine and comparing it with the scale for Norway spruce.

5.2 Material and methods

5.2.1 Sampling

The samples of first-year and second-year Norway spruce and Scots pine and
samples of soil material were collected from the vicinity of researched trees. The
samples were collected in September 2015 in areas where these trees grow close to the
roads and where the potential danger of contamination exists. These are areas where
salting is used and are not excluded from chemical winter maintenance (eg. protected

areas, protection of water resources, etc.).

Scots pine needles and samples of soil were collected in area north of Prague
along 1st, 2nd and 3rd class roads. Norway spruce needles and samples of soil were
collected in the north of the Czech Republic in the south-eastern part of the Liberec
Region also along 1st, 2nd and 3rd class roads. Traffic intensity was varied depending
on the class of roads (1st, 2nd and 3rd). In the lower ones, annual average daily traffic

(AADT) ranged from 1000 to 3000 in the higher from 6000 to 30 000.

Those two areas were chosen for this research for its abundant presence of these
species and because the de-icing salt materials are used for the winter road maintenance

here.

According to winter maintenance, roads are divided into 4 categories. The
roads selected for the study are into the first two categories that require intensive
maintenance. The amount of salt applied depends on local conditions (snow cover,

icing, etc.). The amount of salts used for disposal here is in the range of 20 - 40 g/m?2.
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The application of salts on one intervention day should not exceed the amount of 60

g/m?2.

A total of 32 samples of the first-year needles and 32 samples of the second-
year needles from the same trees were collected together from Norway spruce with 32
samples of soil collected from up to 5 m from the roadside. Some areas further from
the road (at least 40 m from the roadside) were chosen as well for comparison; from
these areas 12 samples of the first-year assimilation organs, the same number of the

second-year needles and 12 samples of soil material were collected.

A total of 30 samples of the first-year needles and 30 samples of the second-
year needles from the same trees were collected together from Scots pine with 30
samples of soil collected from up to 5 m from the roadside. Also, in Prague areas were
collected needle samples at a distance of 40 m from the roads for comparison. The

distance (5 and 40 meters) was always measured perpendicularly to the roadside.

The soil samples were collected up to the distance of 1.5 m (from the stem)
from individual tree which the assimilation organs had been collected. The sample
consist of about 100 g of soil collected at a depth of 0 — 25 cm, which was later dried
at room temperature. After drying, the samples were sieved and milled. To acquire the
Norway spruce and Scots pine assimilation organs, the whole first- and second-year
branches were cut, not just the needles. For each tree, the first- and the second-year
branches were collected and put separately in paper bags. The samples were dried at

room temperature and ground on a cutting mill.

5.2.2 Chemical analysis

Chemical analysis was performed equally for both species of conifers.
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5.2.2.1 Determination the concentration of Na, Ca, K, Mg and trace elements

About 0.4 g of homogenised plant material was digested in a mixture of nitric
acid ultrapure and hydrogen peroxide ultrapure using Teflon vessels and a high pressure
and high temperature microwave digestion system SW-4+ (Beghof). Duplicate
digestions of each sample were prepared in parallel. The digested samples were diluted

to a final volume 50 ml with ultrapure water (Millipore).

5.2.2.2 Determination the concentration of chloride ions

To determine the concentration of chloride ions in the assimilation organs, first,
the homogenised sample (adjusted to the size < 2 mm) was mixed with ultrapure water
at a ratio of 1:10, then it was stirred and boiled. Boiling granules were added to the
sample to stir it. The samples were left to cool down after about a minute of boiling.
The leachate was poured into a clean vessel after 30 minutes of leaching. The chloride
ions were determined by spectrophotometry using Spectroquant Prove 300 (Merck-
Milipore) with selective test Spectroquant® Test for chloride determination by
photometry, measuring range 2.5 —250 mg.I-1 CI-1. The quality of the analytical results
was checked via frequent analyses of reference material (RM ION-96.4 A natural river

water with certificate value of Chlorides).

5.2.2.3 Determination of concentrations of chloride ions in soil

A plastic container of 250 ml volume was filled with 10.0 g of dry sieved soil
sample and 100 ml of ultrapure water. The containers were put into a shaker (Reax 20
rotary shaker) and left shaking for 24 hours at laboratory temperature and the rotation
speed of 5 rpm. After the extraction, the samples were set aside for 1 hour before being
further processed. Soil samples extracted with water were centrifuged (Universal 320

R benchtop centrifuge) for 20 minutes at the rotation speed of 4000 rpm. If needed, the
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samples were further filtered through 0.45 pm membrane filter. The samples thus

prepared were used for the analysis.

5.2.2.4 Determination of concentrations of macro and trace elements in soil

Soil samples were prepared according ISO 11466 (Soil quality — Extraction of
trace elements soluble in aqua regia). About 1.0 g of homogenised (sieved, milled) soil
samples were digested in 10ml of aqua regia using Teflon vessels in microwave system
SW-4+ (Berghof) at a temperature 200°C and pressure 30 bar. Duplicate digestions of
each sample were prepared in parallel. The digested samples were diluted to a final

volume 50 ml with ultrapure water (Millipore).

Concentrations of elements (except chloride) were determined with an
ICPMS/MS (Agilent 8800 ICP-QQQ, Agilent Technologies, Japan). The quality of the
analytical results was checked via frequent analyses of reference materials (NIST Pine

Needles 1575a, NIST Trace elements in natural water 1640a, QCM Metranal 34 - soil).

5.2.3 Evaluation of the analyses results

First, the data were summarized and the basic characteristics were calculated
to visualize the concentration of individual element ions in Norway spruce and Scots

pine needles and in soil.

To compare the concentration of Cl, Na, Mg, Ca, and K ions, the average
concentration of these ions in needles and soil samples was calculated in the category
up to 5 m from the road and the concentration of ions in needles in the category 40 m
from the road. The relationship of ion concentration (CI, Na, Mg, Ca, and K) in the first
and second year of needles was also assessed. For comparison, average concentrations

of these ions in the first and second years of needles were calculated.
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5.3 Results

In order to obtain an overview of the concentration ranges of analyzed ions of
the elements (Cl, Na, Mg, Ca and K) in the evaluated set, the basic parameters of
descriptive statistics are presented in the following tables (Table 5.1; 5.2). Ions
concentrations in the needles of Scots pine analyzed ranged from: 0.002-0.043 mg.g!
for Cl; 0-2.22 mg.g"! for Na; 0.329-1.59 mg.g™! for Mg; 0.002-9.90 mg.g™! for Ca; and
0.006-3.58 mg.g"! for K (Table 5.1). Concentration ranges of contents of individual
elements in analyzed samples of Norway spruce needles range from:
0.294-6.33 mg.g™! for Cl; 0-5.11 mg.g"! for Na; 0-2.01 mg.g"! for Mg; 0-14.7 mg.g™! for
Ca; and 0-18.8 mg.g™! for K (Table 5.2).

Table 5.1: Numerical characteristics of data for individual ions of elements (Cl, Na,
Mg, Ca, and K). Concentration (mg.g”') in first-year and second-year needles of the

Scots pine and soil samples near roads (SD — standard deviation).

Cl (mg.g?) Na (mg.g™)

1tyear 2™ year  Soil 1tyear 2™ year  Soil
Number of samples 30 30 30 30 30 30
minimum 0.002 0.004 0.009 0.020 0.000 0.069
1°t quartile 0.005 0.007 0.025 0.073 0.173 0.109
median 0.009 0.009 0.054 0.273 0.541 0.170
average 0.011 0.014 0.056 0.356 0.737 0.284
3 quartile 0.014 0.018 0.072 0.543 1.26 0.270
maximum 0.031 0.043 0.165 1.41 2.22 2.05
SD 0.008 0.010 0.036 0.327 0.646 0.368
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Mg (mg.g*) Ca (mg.g?)

Ityear 2" year  Soil I1tyear 2™ year  Soil
Number of samples 30 30 30 30 30 30
minimum 0.612 0.329 0.427 1.36 0.002 0.633
1t quartile 0.831  0.868 0.905 2.32 4.05 2.92
median 1.10 1.08 1.61 3.29 5.29 6.61
average 1.03 1.01 1.59 3.10 5.21 11.2
3" quartile 1.19 1.18 1.83 3.70 6.44 12.3
maximum 1.59 1.54 6.10 5.06 9.90 61.7
SD 0.241 0.275 1.08 1.02 2.00 13.9

K(mg.g™)

Ityear 2" year  Soil

Number of samples 30 30 30

minimum 1.64 0.006 0.641
1°t quartile 2.05 1.61 1.49
median 2.18 1.84 3.14
average 2.28 1.81 3.50
3" quartile 2.47 200 5.25
maximum 3.58 2.66 8.07
SD 0.384 0.484 2.06
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Table 5.2: Numeric data characteristic for individual ions of elements (Cl, Na, Mg, Ca,

and K). Concentration (mg.g”") in first-year and second-year needles of the Norway

spruce and soil samples near roads (* the values below the limit of detection, SD —

standard deviation).
Cl (mg.g*) Na (mg.g™)

Ityear 2" year Soil Ityear 2™ year  Soil
Number of samples 32 32 32 32 32 32
minimum * * * * 0.025 0.002
1* quartile 0.294 0.424 0.108 0.043 0.069 0.011
median 0.632 0.652 0.259 0.083 0.141 0.019
average 0.870 1.13 0.230 0.459 0.636 0.031
3 quartile 1.22 1.20 0.326 0.123 0.448 0.053
maximum 4.07 6.33 0.607 3.77 5.11 0.101
SD 0.857 131 0.141 0.978 1.12 0.027

Mg (mg.g™) Ca (mg.g™)

Ityear 2"year  Soil Ityear 2™ year  Soil
Number of samples 32 32 32 32 32 32
minimum * 0.265 0.002 * 1.04 0.003
1°t quartile 0.673 0.547 0.004 2.70 2.87 0.006
median 0.855 0.830 0.005 3.26 3.97 0.015
average 0.964 0.862 0.007 3.95 4.93 0.021
3 quartile 1.24 1.11 0.008 4.80 5.97 0.026
maximum 2.01 1.88 0.024 12.7 14.7 0.080
SD 0.444 1.13 1.31 2.51 3.17 0.018
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K (mg.g”)

Ityear 2" year  Soil

Number of samples 32 32 32

minimum * 0.941 0.001
1t quartile 3.99 3.43 0.006
median 5.56 5.19 0.010
average 6.20 5.16 0.013
3" quartile 7.27 6.70 0.016
maximum 18.8 9.11 0.047
D 3.37 216  0.011

The expended measurement uncertainties are 10% for all elements and are
calculated for each actual measurement from two parallel pairs of measurement results
of the same sample, or reference material (from digestion to analysis) as 2*RSD of
these replicates. From a long-term point of view, the uncertainties for these selected
elements are always in the maximum range of + -10% (Figure 5.1; 5.2; 5.3; 5.4; 5.5;
5.6). The results of element ion concentrations were evaluated according to two factors:

1) distance from the road and ii) age of the needles.

5.3.1 Comparison of element ion concentration

depending on distance from the road

To evaluate the relationship of Na and Cl ions concentrations in needles in
individual trees near the road and individual trees more distant from the road, the

samples were divided into two categories:

Category 1 — samples taken within 5 m of the road,

Category 2 — control samples taken at least 40 m from the road.
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A basic summary of the results for Scots pine is given in the graphs (Figure

5.1; 5.2); for Norway spruce (Figure 5.3; 5.4).

Average concentrations in the first and second years of needles were lower in
the more remote locations than in the closer ones (Figure 5.1). The same was true for

soil samples, where lower concentrations occurred in Category 2 locations (Figure 5.1).

Concentrations of chloride ions in the second year needles and in soils also
showed lower concentrations in more remote locations; however, in the first year it was
the opposite and the concentration of chloride ions was higher in samples from more

remote locations (Figure 5.2).
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Figure 5.1: Sodium ions concentrations in needles of Scots pine depending on the

distance from the road.

Average concentrations of sodium ions in the first and second years of Scots
pine needles and soil depending on distance from the roadside (1st category: <5 m, 2nd

category: > 40 m).
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Figure 5.2: Chloride ions concentrations in needles of Scots pine depending on the

distance from the road.

Average concentrations of chloride ions in the first and second years of Scots
pine needles and soil depending on distance from the roadside (1st category: <5 m, 2nd

category: >40 m).

Average ion concentrations in the first and second years of Norway spruce
needles and soil were lower in sodium in more remote locations (Figure 5.3). Chloride
in the first year of needles shows a higher average concentration value in more remote
locations; in the second-year needles and in soil the concentration of chloride is higher

near the road (Figure 5.4).
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Figure 5.3: Sodium ions concentrations in needles of Norway spruce depending on the

distance from the road.

The average sodium ion concentrations in the first- and the second-year needles
of Norway spruce and the soil depending on the distance from the roadside (1st

category - <5 m, 2nd category: > 40 m).
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Figure 5.4: Chloride ions concentrations in needles of Norway spruce depending on

the distance from the road.
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The average chloride ions concentrations in the first- and the second-year
needles of Norway spruce and the soil depending on the distance from the roadside (1*

category - <5 m, 2" category: > 40 m).

5.3.2 Comparison of element ion concentrations

depending on the age of the needles

To evaluate the relationship of Na, Cl, Mg, K, and Ca ion concentration in Scots
pine and Norway spruce needles depending on the year of needles, the samples were

divided into first and second years.

The average concentration of individual element ions in both years of Scots
pine needles shows the difference in these concentrations. Chloride, sodium and
calcium show higher concentrations in the second year of needles, while potassium
shows a higher concentration in the first year. For magnesium, these concentrations are

approximately the same (Figure 5.5).
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Figure 5.5: Concentrations of Na, Cl, Mg, K, and Ca in needles of Scots pine.
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Average concentrations of Na, Cl, Mg, K, and Ca in first- and second-year

needles of Scots pine at a distance of <5 m from the roadside.

In Norway spruce, the concentrations of all ions in the first- and second-year
needles are similar to those of Scots pine. In sodium, chloride and calcium, the
concentrations in the second year of needles are higher. Magnesium and potassium

show higher average concentrations in the first year (Figure 5.6).
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Figure 5.6: Concentrations of Na, Cl, Mg, K, and Ca in needles of Norway spruce.

Average concentrations of Na, Cl, Mg, K, and Ca in the first- and second-year

needles of Norway spruce at a distance <5 m from the roadside.

5.3.3 Scale for contamination assessment

Finally, based on the results and evaluation of the literature data, a scale with
frame values of Na and ClI ions concentrations was proposed for possible practical use

in assessing the degree of contamination. The scale was created separately for Na
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content and for CI content in the first and second years of Scots pine needles (Table

5.3) and compared with the scale for Norway spruce (Table 5.4).

Table 5.3: Proposed scale of Na and Cl ion concentrations in first and second years of

Scots pine needles for practical assessment of the degree of contamination.

Na (mg.g™) Cl (mg.g?)
class  level of concentration
Ityear 2" year 1t year 2" year
1 normal <04 <0.8 <0.010 <0.013
2 slightly higher 0.5-0.7 0.9-13 0.011-0.015 0.014-0.020
3 high >0.8 >1.4 >0.016 >0.021

Table 5.4: Proposed scale of Na and CIl concentrations in first and second years of
Norway spruce needles for practical assessment of the degree of contamination

(Zitkova et al. 2018).

Na (mg.g*) Cl (mg.g”)
class level of concentration
1t year 2" year It year 2" year
1 normal <0.6 <0.7 <0.7 <11
2 slightly higher 0.7-1.9 0.8-2.9 0.8-2.0 1.2-24
3 high >2.0 >3.0 >2.1 >2.5

5.4 Discussion

Analysis of Scots pine needles confirmed higher concentrations of Na ions in
locations adjacent to roads in both the first and second years (Figure 5.1). Norway
spruce was also confirmed to have a higher average concentration of Na ions in needles

at places with a higher potential for contamination (Figure 5.3), i.e., near roads, than in
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more remote locations (Zitkova et al. 2018). According to Kayama et al. (2003),
Norway spruce needles at locations more distant from roads also showed lower
concentrations of Na ions. Chloride anions show a higher concentration in Scots pine
near the road in the second year and in the soil (Figure 5.2); however, they are much
more mobile and therefore their increased concentrations may also occur at more
distant locations where they are washed out more rapidly than Na. Cain et al. (2001),
Semoradova (2003) and Zitkova et al. (2018) point to higher concentrations of Cl ions
at more distant locations from roads (Figure 5.4). Semoradova (2003) shows that the
accumulation of chloride ions also depends on other factors (steep slopes, drain device
outlets from roads, terrain changes, soil structure, etc.), which may be the reason for

different concentrations of mobile chloride ions in the environment.

When comparing the content of ions (Cl, Na, Mg, Ca, and K) in the first and
second year of Scots pine needles taken near the road (Figure 5.5), there are some
differences in concentrations for all elements. Na, Cl, and Ca ions show lower values
in the first year of needles than in the second year. The Norway spruce needles also
confirm the higher concentration of Ca ions in the second year of needles (Figure 5.6).
Lower levels of Ca ions in the first year are also shown in studies by Kayama et al.
(2003), Truparova, Kulhavy (2011), Bouchal (2012) and Zitkova et al. (2018). This
phenomenon is explained by Lhotakova (2012): the transport of Ca ions in the plant
body is more limited than the transport of other elements, and the subsequent

redistribution of this element to younger needles is limited.

Na and ClI also show lower concentrations in the first year of Scots pine needles.
This trend is also confirmed in the studies by Kayama et al. (2003) and Suchara et al.
(2011). The same tendency can be observed in the study by Zitkova et al. (2018). In
Norway spruce needles (Figure 5.6), the ions of elements (Na, CI and Ca) show higher
average concentrations than pine; however, they show the same tendency in lower

accumulation of these ions in earlier years.
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For Mg and K, the average ions concentration in pine needles (Figure 5.5) and
Norway spruce (Figure 5.6) was higher in the first year of needles than in the second.
In general, these ions are more readily bound than, for example, Ca ions, and therefore
move more easily (Czerniawska-Kusza et al. 2004). Higher concentrations in the first
year were also found in Kayama et al. (2003) and Bouchal (2012). According to Fostad,
Pedersen (2000), NaCl exposure causes an increase in the concentration of K ions in
plant assimilation organs. Townsend (1980) describes the same tendency. For Norway
spruce, however, the values of K ions were significantly higher than for Scots pine,
which might be explained by the high sensitivity of spruce to increased exposure to

saline solutions.

The accumulation of Na ions in the assimilation organs is lower than the
accumulation of Cl ions, as confirmed by Lumis et al. (1976) and Townsend (1980).
This was not confirmed in Scots pine (Figure 5.5), where Cl ions showed lower
assimilations. However, Cl ions showed higher concentrations than Na ions in Norway
spruce (Figure 5.6). The concentration of both ions in the assimilation organs varies
significantly between species (Fostad, Pedersen 2000). The highest concentration and
needle damage are confirmed in Norway spruce (Fostad, Pedersen 2000, Zitkova et al.
2018). Lower concentrations can be observed in Scots pine (Figure 5.5) or Norway

maple and silver birch species (Fostad, Pedersen 2000).

The sensitivity of Norway spruce to salinity has been shown in several studies
(Dragsted 1979; Semoradova, Materna 1982; Fostad, Pedersen 2000; Suchara et al.
2011; Zitkova et al. 2018). Despite the fact, that Scots pine does not have as high
sensitivity to salinity as Norway spruce, the accumulation of ions from the de-icing
mixtures in the assimilation organs can also be observed and can therefore be used to
indicate de-icing salt contamination. Based on the results and research, a scale was
created for the first and second years of Scots pine (Table 5.3), which can be compared
with a similar scale created for assessing the degree of contamination of spruce stands
along roads (Table 5.4). The scale for spruce stands shows higher values than the scale

for Scots pine.
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5.5 Conclusion

The study of accumulation of de-icing salt ions used for winter road
maintenance confirmed higher concentrations of Na and CI ions in Scots pine
assimilation organs in the locations immediately adjacent to roads. The study evaluates
the negative effects of de-icing salts and its accumulation in needles. The results of
Scots pine needle analyses were compared with the results of the study of winter
maintenance bioindication on Norway spruce. According to the comparison, an
increased sensitivity of Norway spruce to salinization can be confirmed; however,
Scots pine also shows increased concentrations in locations near roads. For a possible
comparison with the scale for Norway spruce, proposed in a previous study, a scale
with concentration values was created based on the results for Na and Cl ions
concentrations in Scots pine to assess the degree of contamination. For greater practical
use, it would be advisable to validate this in other areas as well or analyze other

widespread species and create similar scales.

5.5.1 Application and practice

The management of a biotopes which are in the vicinity of the road
infrastructure is very specific. In case of forest stands they are often same age and
monocultural character, which are increasingly inhibited by the effects of climate
change such as decreasing the grand total rainfall and its fluctuations during individual
months, increasing the temperature, or the associated intensifying of dissemination the
spread of non-native species. The change resulting by salinization may thus contribute
to exceeding the acceptable level of negative impact on these stands and these biotopes
may be at a higher risk of mix of negative effects in the future than they can cope with.

This will then lead to their lose.
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For these reasons, it is necessary to restored or reconstructed of existing road
infrastructure in the context of its surrounding environment in such a way that the
ecosystems affected by transport are adapted as much as possible to the potential

climate change as well as to the traffic and maintenance.

Given the confirmed increased sensitivity of spruce stands to both abiotic and
biotic agents, their high exposure and sensitivity to future climate change and the
current high sensitivity to the effects of winter road maintenance, spruce is not an
appropriate tree species for the immediate vicinity of road infrastructure. Even with
regard to safe and continuous transportation, for the biotopes which surround roads

should be plant by trees with lower sensitivity to all negative effect.
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Abstract

Residential, commercial, and infrastructural construction is a worldwide
phenomenon that is monitored and evaluated in various details in different countries in
terms of environmental impact. The prediction verification approach in the sense of
principles of post-project analysis (PPA) within the EIA process for a residential
complex was performed in this study. Re-analyses for selected environmental factors
were done, the results of which were compared with reference values measured,
modelled, or predicted during the EIA process. Hydro chemical changes and noise
levels were selected as the most important factors. The results of the comparison of
individual predictions and measurements of noise levels indicate the accuracy of former
EIA outcomes. However, it is possible to identify an ever-increasing rate of noise level
loading, which is caused by an overall cumulative effect, due to which the predicted
values will most probably be exceeded in upcoming years. The results of the
comparison of hydro chemical parameters show certain changes after the
implementation of the project for some measured factors, such as water saturation by
oxygen or pH. In some parts of the monitored water profile, significantly higher values
of chlorine ions, sulphates, or surfactants were measured. Results show that the
prediction and conclusions regarding selected parameters of EIA evaluation were
accurate for the construction phase and the first year’s use of the residential complex;
however, they could not precisely identify medium to long-term cumulative effects.
Similar studies in the sense of EIA PPA principles focuses on urban development are
an opportunity for improving predictions within the EIA process and from the lessons

gain more sustainable development could be achieved.

Keywords: EIA follow-up; sustainability development; ex-post evaluation; human

environment interaction; urbanization; cities
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6.1 Introduction

Residential, commercial, or infrastructural construction development is a
worldwide phenomenon. Economic development, both nationally and transnationally,
is considered as not sustainable in the long-term. For this reason, environmental
policies have been developed, the aim of which is primarily the sustainable

development of society (Moldan 1992).

The Environmental Impact Assessment (EIA) process is applied in every
country of the World (Bond et al. 2020). This tool was developed 50 years ago to
consider the environmental consequences of development before approval decisions
were made (Morrison-Saunders, Arts 2004a; Keken et al. 2022). Its gradual
development and improvement will be a crucial factor in preventing, reducing, or
compensating for the risks associated with significant global changes (so-called global
megatrends) which the world faces in the 21st century. The effects of these local, but
especially global, changes are also collectively referred to as the Anthropocene (Steffen

et al. 2015; Retief et al. 2016).

Post-project analysis within the EIA process (EIA-PPA) can be understood as
a process of monitoring and evaluating the real environmental impact (Wood 2003;
Polonen et al. 2010; Jalava et al. 2015) for projects that were evaluated in the EIA
process during planning and permission (Partidario, Fischer 2004; Marshall et al. 2005;
Morrison-Saunders et al. 2007).

6.1.1 General tasks of the study

Residential, commercial, or infrastructural construction is a worldwide
phenomenon that is monitored and evaluated at various detail in different countries in
terms of environmental impact. Construction is carried out similarly around the world,

so this study may be internationally relevant to practitioners in the field of impact

97



prediction and impact assessment specialization. This study aimed to evaluate the real
impact on the environment in the field of noise pollution and hydro chemical change
of an implemented residential project using a mutual comparison of predicted and real
impacts. The article presents what the EIA predictive accuracy was and to what extent

the EIA conclusions contributed to achieving greater sustainability.

6.1.2 History and evolution of post-project analysis

within EIA process

Although the implementation of EIA-PPA is not often required by the
legislative framework (nor under European Directive 2014/52/EU on the assessment of
the effects of certain public and private projects on the environment), its principles and
basic parameters of application have been shaped for a long time: 1) first definitions
were provided by e.g. Bisset (1980), Tomlinson, Atkinson (1987), Wilson (1998), Arts,
Nooteboom (1999); i1) the significance and rationale for EIA-PPA has been formulated
by e.g. Bisset (1980), Sadler (1988), Dipper et al. (1998), Arts et al. (2001); ii1) the
methodology approaches for EIA-PPA has been published by e.g. Bailey et al. (1992),
Wilson (1998), Baker, Wood (1999); iv) evaluation of technical aspects of EIA-PPA,
such as the accuracy of impact predictions, were published by e.g. Sadler (1987),
Bisset, Tomlinson (1988), Lee (1998); and v) the linkages between the results of
EIA-PPA and environmental management have been published by e.g. Glasson (1994),
Marshall (2001), Morrison-Saunders, Arts (2005).

6.1.3 EIA post-project analysis in the 21. Century

EIA Follow-up can be conceptualized depending on different levels
(Morrison-Saunders et al. 2021): micro level (individual project — the effectiveness of

the extent to which the EIA process has contributed to preventing, eliminating,
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reducing, or compensating for environmental risks); macro level (EIA system — the
experience of the extent to which the EIA process has the power to influence
subsequent authorization processes, as well as the overall decision-making process, i.e.
how much the EIA process affected the final design and authorization of the project);
and the meta level (EIA concept itself — the usefulness and sustainability of the extent
to which the EIA process has contributed to a higher level of sustainability). According
to Zhao et al. (2012), EIA-PPA consists of monitoring and evaluating the impact of
projects on the environment after their implementation, and it falls under the type of
evaluation that deals with impact analysis. It compares predicted expectations with the
real impact and becomes a key tool for testing EIA predictive power, or its accuracy
(Branis, Christpoulos 2005; O’Faircheallaigh 2007). EIA-PPA allows for a formal and
factual review of the EIA process, its resulting recommendations, and permitted
conditions (Alan et al. 1998; Arts et al. 2001; Retief et al. 2016, Loomis, Dziedzic 2018;
Pinto et al. 2019; Keken et al. 2022). Post-project analysis is necessary to determine
the results of EIA. Incorporating feedback into the process allows us to learn from

experience (Morrison-Saunders et al. 2007; Morrison-Saunders et al. 2021).

6.1.4 Linkages between EIA and EIA Follow-up

EIA implementation, the variability of the assessed activities, and the details of
evaluation are constantly discussed factors worldwide. Some countries (such as the
United Kingdom, Finland, Denmark, the Netherlands, Lithuania, Estonia, and
Australia) have conducted detailed studies on the effectiveness of the EIA process and
defined issues to be addressed (Simpson 2001; Ahammed, Nixon 2006; Christensen
2006; Polonen 2006; Kruopiene et al. 2008; Heinma, Poder 2010; Polonen et al. 2010;
Runhaar et al. 2013). The EIA process has been examined primarily from the legal,
procedural, and fiscal point of view and, simultaneously, regarding the quality of
individual output (Sadler 1996; Hickie, Wade 1998; Marsden 1998; Baker, Wood 1999;
Rees 1999; Baker, McLelland 2003; Cashmore et al. 2004; Bina 2007; Retief 2007;
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Zhu, Ru 2008; Keken et al. 2022). Other studies have also dealt with the quality of EIA
documents, the effectiveness of their process implementation (Bailey 1997; Baker,
Wood 1999; Pinho et al. 2006), and the role of EIA in development planning (Sadler
1996; Hickie, Wade 1998; Hacking, Guthrie 2008; Kolhoff et al. 2013); however, little
attention has been paid to whether the EIA process is effective, efficient, and useful in
what it really needs to achieve, namely to protect the environment, achieve a higher
level of sustainability, and help achieve higher awareness, higher participation rates,

and an overall balance in decision-making (Arts et al. 2012).

6.1.5 Human environment interaction in case of

infrastructure development

Due to the constant growth of the world's population, achieving sustainable
urban development and functioning is becoming a global challenge (Newman, Jennings
2008; Wu 2014). For example, in China, the proportion of urbanized population
increased from 19.92% in 1978 to 49.95% in 2010, causing many problems in terms of
traffic organization, social inequalities, reduced and threatened biodiversity, and
deteriorating water and air quality (Ke et al. 2014). It is estimated that in 2014, 56% of
the world's population was living in an urban environment and the assumption for 2050
is an increase in the number of people living in cities to 66% (United Nations 2015).
Existing cities are responsible for significant depletion of natural resources and
significant loss of agricultural land (FAO 2011). The adverse impact of urbanization
on the environment is mainly caused by the density of centralized infrastructure
elements and heavy traffic (McKinney 2002; EPA 2016). The urban environment has
different biophysical characteristics compared to the open landscape, such as increased
and accelerated surface runoff, hydrological characteristics (piping, regulation, and
straightening of watercourses), changes in surface infiltration properties, reduced

biodiversity, rising temperatures and development of urban heat island (Gill et al. 2007,
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Zhang et al. 2009; Fletcher et al. 2013). All of these issues limit sustainable urban
development and the question remains how to develop urban environments in a

sustainable way (Ke et al. 2014).

6.2 Materials and methods

6.2.1 Study location

The residential complex studied (Milicovsky h4j) 1s located on the south-
eastern edge of Prague, the capital of the Czech Republic (Figure 6.1). A significant
part of the affected land has been ecologically burdened in the past. Before construction
of the residential complex, there was a construction yard for construction of a
neighbouring panel housing estate, which included sheet metal halls, paint warehouses,
solid fuel boiler room (including asbestos load), landfill, and a waste sorting room
(Figure 6.2). The total area was approximately 65,502 m2. A total of 36 three- to five-
storey apartment buildings were built with a planned capacity of 750 apartments, for
which there were 742 underground garage parking places and 103 surface parking
places. The planned population was about 1750, with a maximum of 2204 inhibitions.

Construction began in 2010 and was completed in 2016.

6.2.2 Data collection and analysis

The mission of the work is applying to principles of post-project analysis
therefore we followed comparison of predicted and real impacts. In the first phase, the
documents prepared during the EIA were analysed: Notification, Conclusion of the
Screening and Scoping Procedure, Environmental Impact Assessment Report (EIS
Reporting), Expert Report (EIS Review), comments from all stakeholders on these

documents, and the conclusion on the significant effects of the project on the
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environment (Conclusion on EIA). This first phase was important for obtain of
categorization and quantification of predicted impacts. A partial result of the analysis
was the identification of selected factors/impacts of the project on the environment,
which were selected for detailed monitoring and mutual comparison: (i) noise level;
and (i1) changes in hydro chemical parameters. The current state of these parameters
was identified by repeated new measurements (noise) and sampling (hydro chemical

parameters).

6.2.2.1 Noise level and traffic intensity

Based on the Study of Noise pollution from road traffic and construction
activities for the project of the residential complex "Mili¢ovsky haj" (Novak, 2007),
the same noise measurement (PNM1) site was selected as for the elaboration of the
Environmental Impact Assessment Report (Figure 6.1) (predicted values). In addition,
a site PNM2 was selected which was in a newly built street. A total of 7 measurements
and 1 prediction were taken at PNM1, with 4 measurements at PNM2 (Table 6.1; 6.2).
Simultaneously, during the measurements, traffic intensity in the affected street profiles
was also determined. Measurements were always taken at night, between 22:00 and
06:00 (LAeq,8h), thus eliminating the inclusion of noise from the construction site, and

the study could focus purely on change caused by the existence of residential complex.
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® Place of Noise Mesurement D Sites of Community Importance Milicovsky les 0 0,25 U,im
® Water Sampling Site D Natural Monument Milicovsky les a rybniky
Nature Park border E Storm-sewage tank

[:‘ Housing Complex Milicov

Figure 6.1: Study location and wider linkages.

6.2.2.2 Hydro chemical conditions

According to the Hydro chemical Study Mili¢ovsky les (Supikova 2007), the
monitored chemical parameters of surface water quality were selected according to the
most probable contaminants that could enter the pond system. A total of 3 samplings
were performed (one during the elaboration of the Environmental Impact Assessment

Report, and two after the project was completed).
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The following chemical parameters were monitored at all sampling points:

e Chemical pollution indicators: Anionic surfactants, Non-polar extractive
substance (C10 — C40); BTEX, PAH, MTBE;

e  Water chemistry parameters: Cl-, SO42-;

e Heavy metals: Al, Pb, Ni, Zn, Fe;

e Parameters measured in-situ: pH, oxidation reduction potential, amount of

dissolved oxygen; and water saturation by oxygen.

Surface water quality was assessed at 7 water sampling sites (WSS) (Figure
6.1). During the resampling of hydro chemical parameters, there was not enough water
for sampling at WSS2 for both dates and not enough water for sampling at WSS3 on

the second date (i.e. data are not available for these time periods).

6.2.3 Methodological approach of sampling and

measuring

Noise measuring and water sampling occurred in both phases of the study (pre-
and post-assessment) according to the same rules, with a uniform methodological
approach to guarantee maximum compatibility and relevance of data. The methodology
of water sampling is based on the internal regulations of the SOP and was specified for
the conditions of the project evaluation. Analyses concerning hydro chemical
conditions were provided in the laboratories of the Czech University of Life Sciences
Prague. Noise measurements in both phases of the study (pre- and post-assessment)
were performed by the same accredited testing laboratory, Akustika Praha, s.r.o. The
methodological procedure was in full compliance with CSN ISO 1996-2 “Acoustics —
Description, measurement and evaluation of environmental noise — Part 2:
Determination of sound pressure levels” and the Methodological instructions for
measuring and evaluating noise in the nonworking environment, issued by the Ministry

of Health of the Czech Republic.
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6.2.4 Content and scope of performed EIA process

The evaluation started with the submission of a Notification to Competent
Authority. Based on Conclusion from Screening and Scoping Procedures, the project
of the residential complex should have been subject to a full-scale EIA process. The
Competent Authority requested the preparation of an Environmental Impact
Assessment Report with a focus on: (1) site drainage; (i1) evaluation of the transport
service of the area and capacity assessment of the surrounding communication network;
(ii1) effects on protected areas situated at the vicinity of the given territory; and (iv)
effects on public health. The conclusion of the assessment stated that the project is in
accordance with the use defined in the valid zoning plan and project implementation
would cause an increase in traffic load and thus deterioration of the noise situation in
residential buildings along access roads. It was predicted that the increase in noise load
would be a maximum of 3 dB. The runoff conditions of rainwater and the catchment
area of MiliCovsky stream with the Mili¢ov ponds and wetland system will also be
change. The conclusion of the assessment stated that Milicovsky les a rybniky Natural
Monument and Milicovsky les SCI will not be affected by the implementation and
operation of the assessed project. Overall, the assessed project could therefore be

considered as acceptable in terms of environmental and public health impacts.

6.3 Results

Part of the land affected by the construction of the residential complex was
already ecologically burdened before the start of construction work; there was an old
ecological burden, see Chapter 6.3.1. (Figure 6.2, 2003 and 2006). The construction of
the project contributed to the elimination of this burden, and thus to the elimination of
the risks that were associated with it and endangered individual components of the

environment.
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6.3.1 Noise level and traffic intensity

Measurement of noise level pressure during the construction and operation
phase of the project show the accuracy of the EIA predictions. It can be stated that the
rate of predicted noise load was partially overestimated according to the actual
measurement (the real measured values of noise levels during construction and the first
years of use were lower than the predicted values). However, it is also necessary to
focus on the ever-increasing rate of noise level load (see individual measurements in
Table 6.1), which can be attributed to the overall cumulative effect, due to which the
real situation begins to approach the predicted values and will probably exceed them
(Table 6.1; 6.2). For both sites for noise measurement, a significant increase in traffic

intensity can be identify (Table 6.1; 6.2).

Figure 6.2: Study location — temporal development of the condition of the site between
2003-2018 (red line).
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Table 6.1: Results of noise measurement and traffic intensity calculation at site PNM 1.

Noise level

Difference to

Accounted traffic volume

Date 22:00 - 06:00 first
Lneoont 0 (dB) measurement  m Wi PRE =3 off
Aeq,8h AL (dB)
B 28.-29.06. 47+18 - 17 0 0 0 0
2007
P 28.-29.06. 48+1.8 a1 33 0 0 0 0
2007
C  26.-27.06. 436+18 34 58 0 0 0o 1
2012
C  25.-26.00. 440+ 1.8 3 52 0 0o 17 0
2012
C  19.-20.06. 441+18 2.9 115 0 0 5 0
2013
C  03.-04.00. 435+1.8 35 % 0 0 30
2014
A 22.-23.11. 452+18 18 174 0 0 g 0
2016
A 04.-05.09. 46.6+1.8 04 138 0 0 7 a4
2019

B — measurement before construction; P — prediction of the impact; C — measurement during construction;

A — measurement after construction during use of the buildings.

Table 6.2: Results of noise measurement and traffic intensity calculation at site PNM?2.

Date

Noise level
22:00 - 06:00
LAeq,ghi' u (dB}

Difference to
the first
measurement
AL (dB)

Accounted traffic volume

PN )

E S o

B Thisis a street that was created by construction, which means that no measurements or control

p

C 19.-20.06.
2013

C 03.-04.009.
2014

A 22.-23.11.
2016

A 04.-05.09.
2019

42.1+1.8

41.6+1.8

46.7+1.8

46.6+1.8

calculations were taken here within the EIA.

+4.6

+4.5

36

44

79

88

0

0

5

0

B — measurement before construction; P — prediction of the impact; C — measurement during construction;

A — measurement after construction during the use of the buildings.
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6.3.2 Hydro chemical conditions

The results of individual measurements for three time periods are presented in

Table 6.3 (04/2007 (B), 05/2019 (A1), and 10/2019 (A2)).

Table 6.3: Results of in-situ measurement of selected hydro chemical parameters.

Water Oxidation
sampling Date of Hy reduction Dissolved O, O, saturation

sites sampling p potential Eh (mg/L) (%)

(WSS) (mV)

1 B 04/2007 7.400 270.800 3.680 38.000
Aq 05/2019 7.340 192.000 2.970 29.000
A; 10/2019 7.170 138.000 1.050 9.200

2 B 04/2007 7.380 332.200 7.670 68.700
Ay 05/2019 N/S N/S N/S N/S
A, 10/2019 N/S N/S N/S N/S

3 B 04/2007 7.400 208.000 5.630 48.300
Ay 05/2019 7.360 -20.000 1.510 13.800
A, 10/2019 N/S N/S N/S N/S

4 B 04/2007 7.860 291.000 9.810 94.000
Ay 05/2019 8.460 51.000 8.910 86.100
A; 10/2019 8.400 99.000 11.200 99.700

5 B 04/2007 7.670 277.500 8.010 73.400
Aq 05/2019 8.690 17.000 12.120 115.700
Ay 10/2019 7.740 38.000 7.810 74.100

6 B 04/2007 7.880 313.600 7.830 71.000
Ay 05/2019 9.600 59.000 9.970 95.800
A; 10/2019 7.490 -13.000 3.500 31.700

7 B 04/2007 7.940 170.880 6.940 67.200
Ay 05/2019 8.870 75.000 11.010 108.200
A; 10/2019 7.830 169.000 7.310 68.800

B — measurement before construction; A — measurement after construction during use of the buildings;
N/S — Not sampled.

Oxygen saturation has a diverse tendency, both along the observed profile of
the pond system and at different times. However, very low oxygen saturation is
observed in many places. The lowest values were measured at WSS1 (newly built pond
within the compensation in relation to the environment) and, after project
implementation, they had a declining trend at other time periods. At the same site, a

gradual decrease in pH values can be seen (Table 6.3).
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Figure 6.3: pH along the monitored profile of the pond system (April 2007, May 2019,
and October 2019) (* not sampled).
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Figure 6.4: Dissolved oxygen content in water along the observed profile of the pond
system (April 2007, May 2019, and October 2019) (* not sampled).

Values of oxygen saturation also correspond to the values of dissolved oxygen
(Figure 6.4), which have a similar tendency. The lowest values were measured at
WSS1. However, lower values can also be observed in other sites (e.g., WSS3). pH
values in the first period (04/2007) ranged from 7.38 to 7.94, while the tendency of
increasing values can be observed in the direction of the monitored profile of the pond

system (downstream) (Figure 6.3). The results of individual concentrations of metals
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(Al, Fe, Ni, Pb, Zn) and other parameters determining water chemistry in all three time

periods are summarized in Table 6.4.

Table 6.4: Results of hydrochemical sampling of water quality — heavy metals and

water chemistry parameters.

sa"l/n‘;f;;g Dateof Al Fe Ni Pb Zn S0 ct
sites (WSS) sampling ~ (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
1 B 04/2007  0.081 0.510 0.006 <0.1 <0.01 345.000 53.300
A;  05/2019  <0.10  0.03111  0.00365  0.00001  0.00928  168.675  120.110
A,  10/2019  <0.10  0.14082  0.00506  0.00042  0.00717 61.67 113.79
2 B 04/2007  0.094 0.980 0.013 0.015 <0.01 294.000  42.800
A,  05/2019 N/S N/S N/S N/S N/S N/S N/S
A,  10/2019 N/S N/S N/S N/S N/S N/S N/S
3 B 04/2007  0.088 0.330 0.011 <0.1 <0.01 182.000  42.100
A,  05/2019  <0.10  0.84558  0.00623  0.00001  0.00442  134.684  46.395
A,  10/2019 N/S N/S N/S N/S N/S N/S N/S
4 B 04/2007  0.303 1.080 0.010 <0.1 0.013 191.000 37.000
A, 05/2019 0.44 0.02983  0.00453  0.00588  0.00330  335.469 61.747
A,  10/2019 0.15 0.02900  0.00318  0.00199  0.00568 44453 53.25
5 B 04/2007  0.299 1.390 0.010 <0.1 0.033 190.000 37.400
A,  05/2019  <0.10  0.03495  0.00382  0.00557  0.02063  332.595 63.949
A,  10/2019 0.13 0.02352  0.00499  0.00002  0.08775 518.87 69.47
6 B 04/2007  0.317 1.240 0.009 <0.1 0.013 165.000 37.700
A;  05/2019 1.5 0.03726  0.00176  0.00510  0.00274  235.128 67.910
A,  10/2019 0.1 0.05795  0.00501  0.00746  0.00938 534.84 54.41
7 B 04/2007  0.040 0.240 0.006 <0.1 <0.01 168.000 35.800
A, 05/2019  <0.10  0.15153  0.00403  0.01124  0.00371  164.447 55.848
A,  10/2019  <0.10  0.01890  0.00432  0.00011  0.00406 151.08 61.25

B — measurement before construction; A — measurement after construction during use of the buildings;

N/S — Not sampled.

Chloride concentration along the monitored watercourse has decreasing trend
(downstream, see Table 6.4, WSS 1B to 7B) in the first period (before project
implementation— April 2007). Higher values are observed at the beginning of the pond
system in the tributaries (Figure 6.5). In the following two time periods (after project
implementation — May and October 2019), the values of chloride concentration
increased with a peak in the spring (after winter maintenance). The highest values were
measured in WSS1 at approximately 120 mg/L in May 2019 and approximately 114
mg/L in October 2019 (Figure 6.5). This is the first measured site in the direction of

110



the surface water inflow from the affected area. Sulphate concentration along the
monitored watercourse has also decreased trend (downstream, see Table 6.4, WSS 1B
to 7B) in the first period (before project implementation — April 2007) (Figure 6.6). The
highest value was measured at the inflow of WSS1 345 mg/L. In the next two time
periods (after project implementation — May and October 2019); however, there is a
gradual increase along the monitored pond profile and at the end it decreases again
(Figure 6.6). The highest values in the second period (May 2019) are observed at
WSS4, namely about 336 mg/L, and the third period (October 2019) at WSS6, with a

concentration of 535 mg/L.
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Figure 6.5: CIl- ion concentration in water along the observed profile of the pond

system (April 2007, May 2019, and October 2019) (* not sampled).
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Figure 6.6: Sulphate concentration along the monitored profile of the pond system
(April 2007, May 2019, and October 2019) (* not sampled).

The results of the concentrations of individual organic pollutants in the
monitored profile of the pond system are summarized in Table 6.5 and Table 6.6. The

most significant changes in concentrations are mainly observed in surfactants (Table

6.5) and PAHs (Table 6.6).

Table 6.5: Results of hydrochemical sampling of water quality — chemical pollution

indicators - A

Water

; NEL*
sampling Date of benzene toluene  ethylbenze  xylene (C10-C40) surfactants MTBE
sites collection — (ug/L) (ug/t)  ne(ug/t)  (ug/l) (mg/L) (ug/1)
(WSS) (mg/L)
1 B 04/2007 <0.2 <0.2 <0.2 <0.2 <0.1 0.060 <0.2
A1 05/2019 <0.1 <0.1 <0.1 <0.1 0.270 0.230 <0.1
A; 10/2019 <0.1 <0.1 <0.1 <0.1 <0.2 0.450 <0.1
2 B 04/2007 <0.2 <0.2 <0.2 <0.2 <0.1 <0.05 <0.2
A1 05/2019 N/S N/S N/S N/S N/S N/S N/S
A, 10/2019 N/S N/S N/S N/S N/S N/S N/S
3 B 04/2007 <0.2 <0.2 <0.2 <0.2 <0.1 <0.05 <0.2
Aq 05/2019 <0.1 <0.1 <0.1 <0.1 0.160 0.360 <0.1
A, 10/2019 N/S N/S N/S N/S N/S N/S N/S
4 B 04/2007 <0.2 <0.2 <0.2 <0.2 <0.1 <0.05 <0.2
Aq 05/2019 <0.1 <0.1 <0.1 <0.1 <0.1 0.240 <0.1
A, 10/2019 <0.1 <0.1 <0.1 <0.1 <0.2 0.510 <0.1
5 B 04/2007 <0.2 <0.2 <0.2 <0.2 <0.1 <0.05 <0.2
Aq 05/2019 <0.1 <0.1 <0.1 <0.1 <0.1 0.280 <0.1
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Water

NEL*

sampling Date of benzene toluene ethylbenze  xylene (C10-C40) surfactants MTBE
sites collection  (ug/L) (ug/t)  ne(ug/l)  (ug/L) (mg/L) (ug/L)
(WsS) (mg/L)
A, 10/2019 <0.1 <0.1 <0.1 <0.1 <0.2 0.500 <0.1
6 B 04/2007 <0.2 <0.2 <0.2 <0.2 <0.1 <0.05 <0.2
Aq 05/2019 <0.1 <0.1 <0.1 <0.1 <0.2 0.430 <0.1
A, 10/2019 <0.1 <0.1 <0.1 <0.1 <0.2 0.650 <0.1
7 B 04/2007 <0.2 <0.2 <0.2 <0.2 <0.1 <0.05 <0.2
A1 05/2019 <0.1 <0.1 <0.1 <0.1 <0.2 0.330 <0.1
A, 10/2019 <0.1 <0.1 <0.1 <0.1 <0.2 0.550 <0.1

B — measurement before construction; A — measurement after construction during use of buildings, N/S -

Not sampled, * Non-polar extractive substance.

Surfactant concentrations (April 2007) were below 0.05 mg/L, except for

WSS1 (Figure 6.7). In the second period (May 2019), concentration values were higher
and reached the highest values at WSS3 and WSS6. In the third period (October 2019),

concentrations along the observed profile had a similar tendency; however, the

concentration values were even higher (Figure 6.7).
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Figure 6.7: Surfactant concentration along the observed profile of the pond system
(April 2007, May 2019, and October 2019) (* not sampled, # values <0.05).
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Figure 6.8: PAH concentration along the observed profile of the pond system (April
2007, May 2019, and October 2019) (* not sampled, # values <0. 01).

Concentrations of PAHs showed the highest values in the first period (April
2007) and reached the highest values at WSS1 and WSS6 (Figure 6.8; Table 6.6). In
the second period (May 2019), the measured values for almost all WSSs were <0.01
ug/L; the highest values were reached for WSS1 and WSS4. In the third period
(October 2019), PAHs concentrations in the whole monitored profile were <0.01 ug/L,
except WSS7, where the value was higher and reached about 0.035 pg/L (Figure 6.8;
Table 6.6).

6.4 Discussion

Much of Europe can be characterized as a constantly expanding urbanized area.
Strong urbanisation process can even be observed in China (Ke et al. 2014). The direct
consequence of these trends in urban and suburban areas is the loss of natural and
seminatural habitats. The process of urbanization of the suburban environment in most
cases contributes to the development of a number of adverse effects that reduce the
quality of the environment (Tzoulas et al. 2007; UN 2018). At the same time,

environmental conditions in cities are also constantly deteriorating (Gill et al. 2007;
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WHO 2016). The trend in gradual degradation of certain environmental components
can also be observed within our study area, both in the context of noise load and
selected hydro chemical parameters. From our results we can concluded that, from a
mid- to long-term perspective, the overall cumulative and synergic impact became

more important and in future going to be kea for given territory.

In the context of future planning and design, it is desirable to provide ongoing
feedback on implementing EIA processes through EIA-PPAs, thereby assessing their
role within the search for more sustainable solutions for overall development (Wilson
1998; Wood 2000; Wood et al. 2000; Stewart-Oaten, Bence 2001; Marshall et al. 2005).
The results of our analyses show that, for the construction phase and the first years of
residential complex use (short-term perspective), the predictions within the EIA
process were of a high level, with sufficient preventive potential; however, in the mid-
to long-term horizon (after finalisation of project), the accuracy of impact prediction
decreased, especially in the context of overall cumulative and synergistic effects. The
development of the suburban and urban environment is dynamic, and all factors are
fundamentally influenced by the context of overall development designed by zoning
planning, thereby predefining the extent and intensity of environmental impact and the
overall sustainability framework. Closer and more effective cooperation between
zoning planning and designing and assessing planned projects could overtake these

mid- to long-term cumulative and synergistic changes.

6.4.1 Context of the assessment

The results of our study clearly state that, in terms of formal requirements, the
EIA was properly applied in all legal requirements. The content and scope of the
documents prepared during the EIA complied with the requirements set out in the
Conclusion of the Screening and Scoping Procedure, and, simultaneously, all

documents were sufficiently consulted with all stakeholders, including answering their
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comments. From the point of view of material requirements of the EIA process, a
methodological shortcoming in the assessment of hydro chemical changes is evident.
During the EIA, individual parameters of the hydro chemical status were measured in
the examined sites (reference status) interpreting the situation before the construction;
however, there was no prediction of a change in hydro chemical parameters. For these
reasons, it is currently almost impossible to identify to what extent the residential
complex itself contributes to the growing cumulative effect of changes in hydro
chemical parameters and to what extent the overall development of the surrounding
region. Our conclusions confirm the relatively high accuracy of partial EIA analyses
for noise loading, i.e., that the actual impacts measured in the project operation phase

corresponded in their parameters to those predicted.

6.4.2 Post-decision and post-realisation actions

The basic principles for ensuring the sustainability of landscape and water
features in urban and suburban environments are multifunctionality, interconnection,
biodiversity, consideration of urban environment factors, and cooperation with local
stakeholders or groups (Pauleit et al. 2011; Ely, Pitman 2014; Mell 2014; Davies et al.
2015; Wang, Banzhaf 2018). Local stakeholders or local communities must be involved
in management and maintenance plans after the completion of the projects, or after their
submission, so that the responsibility for any changes or gradually increasing
cumulative effects passes to the users of these projects or their owners and local
authorities. According to the zoning plan, land occupied by the construction of the
residential complex was intended for development, and, according to the Conclusion
on EIA, the proposed measures (retention reservoir and drainage ditches) should
contribute to the overall stabilization of the wetland ecosystem in the protection zone

of the Milicovsky les a rybniky Natural Monument.

116



6.4.3 Prediction verification in the sense of EIA PPA

principles

According to Morrison-Saunders, Arts (2004a), Morrison-Saunders et al.
(2003), one of the important parts of post-project analysis is monitoring, which is done
to verify that the implemented activities are in accordance with the conditions set before
implementation and whether the impacts of the project are within the range expected.
Based on the results of our study, we can say that the implemented EIA process in the
case of our followed parameters contributed to the reduction of risks to the environment
and helped to positively influence the final project design and overall decision;
nevertheless, the impact predictions in context of cumulative and synergistic effects
need to improve. For example, it is possible to look in more detail at chloride
concentrations, higher concentrations of which are usually attributed mainly to the
effect of winter maintenance (Zitkova et al. 2018; Zitkova et al. 2021). The results of
further studies show that chloride concentrations in water draining from streets, roads,
and motorways reached 4-699 mg/L in Germany (Gobel et al. 2007), 43-110 mg/L in
Slovenia (Gotvjan, Zagorc-Konc¢an 2009), and 1.7-884 mg/L in the USA (Tucillo
2006). The values of the highest chloride concentrations before implementation of the
residential complex within the area studied by us reached approximately 53 mg/L, and
after implementation (during use of the residential complex) approximately 120 mg/L
and 114 mg/L, respectively. The mutual comparison suggests that there are no unusual
chloride concentrations in the area in question; on the contrary, they are rather low. It
is also possible to consider the noise load, the values of which before implementation
were 47 dB £ 1.8, while the prediction for construction and operation was 48 dB + 1.8.
The real values of the noise load ranged from 43.6 dB + 1.8 to 46.6 dB + 1.8. Many
infrastructure projects have problems delivering sustainability commitments made
earlier in the planning process (Arts, Faith-Elll 2012; Wessels et al. 2015).
Implementation of similar EIA post-project analysis of suburban development can help

to improve this situation.
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6.5 Conclusion

The conclusions of the EIA assessment and its predictions for our followed
parameters were accurate for the construction phase and the first years of use of the
residential complex; however, it failed to precisely identify the medium to long-term
cumulative and synergistic effects, which are and will, to some extent, reflect strategic
planning (the level of urbanisation designed by zoning plan). Closer and more effective
cooperation between zoning planning and designing and assessing planned projects
could overtake these mid- to long-term cumulative and synergistic changes. In the
future, it is necessary to strengthen complementarity between Strategic Environmental
Assessment (SEA) which evaluate the environmental integrity of strategies which form
the framework for future development in given territory and EIA processes which
evaluate final project solution in given territory from the development point of view
The sites affected by construction are not isolated from each other and the provision of
EIA-PPAs represents an opportunity to improve future predictions of possible
cumulative and synergistic effects and, at the same time can provide a strong dataset

for proper and more sustainable design of zoning planning and development strategies.
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Table 6.6: Results of hydrochemical sampling of water quality — chemical pollution indicators - B

indeno(1,2,3- . Total
Water sampling sites Date gf naphthalene phenanthrene  anthracene  fluoranthene  pyrene arl::rr;zc(:r)w o chrysene fIS::;:{:r)w o flf::;:{:r)w e b;;rz;(z) ca() ’ bi;zrfll(g;wl;’ ) PAHs
(WSS) collection (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) ;;yrene (ug/L) MoE
ug/L) (ug/L)
1 B 04/2007 <0.01 0.034 0.003 0.005 0.015 0.004 0.004 0.023 0.001 0.001 <0.001 0.001 0.082
AL 05/2019 0.008 0.014 0.003 0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.016
A 10/2019 0.007 0.007 0.005 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.01
2 B 04/2007 0.020 0.016 0.001 0.012 0.007 0.002 0.003 0.002 0.001 0.002 0.001 0.002 0.046
A 05/2019 N/S N/S N/S N/S N/S N/S N/S N/S N/S N/S N/S N/S N/S
A 10/2019 N/S N/S N/S N/S N/S N/S N/S N/S N/S N/S N/S N/S N/S
3 B 04/2007 <0.01 0.013 0.001 0.012 0.006 0.004 0.004 0.003 0.002 0.003 <0.001 0.003 0.047
AL 05/2019 0.011 0.006 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.01
A 10/2019 N/S N/S N/S N/S N/S N/S N/S N/S N/S N/S N/S N/S N/S
4 B 04/2007 <0.01 0.012 0.001 0.006 0.001 0.002 0.001 0.001 0.001 0.001 <0.001 0.001 0.023
AL 05/2019 0.01 0.011 0.003 0.003 0.003 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.017
A 10/2019 0.006 0.004 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.01
5 B 04/2007 <0.01 0.013 0.002 0.012 0.002 0.002 0.004 0.004 0.002 0.002 <0.001 0.003 0.040
AL 05/2019 0.01 0.007 <0.002 <0.002 0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.01
A 10/2019 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.01
6 B 04/2007 <0.01 0.012 0.001 0.010 0.014 0.006 0.004 0.003 0.002 0.003 <0.001 0.003 0.054
AL 05/2019 0.014 0.008 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.01
A 10/2019 0.007 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.01
7 B 04/2007 <0.01 0.012 0.002 0.005 0.005 0.001 0.001 0.003 0.001 0.001 <0.001 0.001 0.026
AL 05/2019 0.009 0.006 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.01
Az 10/2019 0.007 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 0.035

B — measurement before construction; A — measurement after construction during use of the building; N/S — Not sampled.
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Abstract

Environmental Impact Assessment (EIA) is undoubtedly one of the world's
most successful environmental policy tools for managing and controlling dynamic
development schemes. The aim of our study was to evaluate the numerical and type
variability of projects included in EIA. Furthermore, our study focused on identifying
possible links to post-project auditing, both selective and predictive EIA power. Data
on initiated EIA process were used (13,984 of issued conclusions on Screening and
scoping Procedures and 1,418 of reasoned conclusion on EIA). The study identified ten
types of projects by whose gradual changes in wording and limits in their description
in legislation had the impact on the total number of their initiated EIA process. Based
on the results, we are able to recommend which types of projects should be focused on
when testing EIA selective accuracy (when Competent authority have to determine
whether EIA is required or not) and which types of projects we should focus on when
testing EIA predictive accuracy (in the case of projects with reasoned conclusion by
the Competent authority on the significant effects of the project on the environment).
To test EIA selective power, the ten types of projects we selected (their sum between
2002-2017) represent approximately 58% of all submitted project by developers to EIA
(of the total 13,984). To test EIA predictive power, the five selected types of projects
with the most frequently issued reasoned conclusions on EIA (their sum between 2002—
2017) represent approximately 48% of all issued reasoned conclusions on EIA (of the
total 1,418). For the optimal legislative setting of post-auditing, it would not be
necessary to create audits for each individual project, but only for selected types of

projects based on the analysis of numerical and type variability.

Keywords: EIA follow-up; EIA effectiveness; evaluation; environmental policy;

sustainability; development
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7.1 Introduction

Planning, development and all interactions between man and the environment
(living and non-living) have been growing dynamically, globally, and de facto since
the beginning of the 18th century. The increasing demands of society have been and
still are reflected in growing environmental changes and risks, which has shaped the
societal demand for measures (processes) that could prevent, eliminate, minimize, or
compensate for environmental degradation. The concept of Environmental Impact
Assessment (EIA) was first enacted in the United States in the 1970s by the so-called
"NEPA" (Morrison-Saunders, Arts 2004a). At the beginning of the 21st century, the
concept of EIA can be found in every country of the World (Bond et al. 2020).
Environmental Impact Assessment is a process that analyses and evaluates the potential
impacts that human activities can have on the environment. Main purpose is to
guarantee a sustainable development that is in harmony with conservation of
ecosystems, protection of human health, and with consideration of social aspects.
(Wood 1993; Wathern 1994; Morrison-Saunders et al. 2001; Morrison-Saunders, Arts
2004b; Jay et al. 2007; Toro et al. 2010; Morgan 2012; Toro et al. 2013). It assumes
that consequences and future developments can be predicted and formally planned
(Retief et al. 2016). However, the results of the EIA will always be predictions, and the

real impacts may differ from them more or less.

The implementation of EIA has been discussed worldwide and has long been
one of the important topics of expert studies (Loomis, Dziedtic 2018). Its gradual
development and improvement in the sense of achieving more accuracy of the
predictions will be a crucial factor in preventing, reducing, or compensating of
environmental risks associated with the development. Post-project analysis within the
EIA process (EIA-PPA) or in other words EIA Follow-up can be understood as a
process of monitoring and evaluating the real environmental impact (Wood 2003;
Polonen et al. 2010; Jalava et al. 2015) for projects that were evaluated in the EIA

process and thus their potential impacts were predicted. In the context of planning and
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designing EIA-PPA allows for a formal and factual review of the EIA process, its
resulting recommendations, and permitted conditions (Retief et al. 2016; Loomis,
Dziedzic 2018; Morrison-Saunders et al. 2021; Pinto et al. 2019). It compares predicted
expectations with the real impact and becomes a key tool for testing EIA predictive
power, or its accuracy (Branis, Christpoulos 2005; O’Faircheallaigh 2007). it is
desirable to continuously provide feedback on implemented EIAs, assess their
effectiveness (Wood 2000; Stewart-Oaten, Bence 2001; Marshall et al. 2005), and thus
gain new knowledge, experience, lessons, and examples of good practice which can
improve the whole concept of evaluation in future. The remaining question is, how the
post-auditing should be legislatively design in the linkages to EIA process in temporal

and material context.

7.1.1 EIA legislative background in Czechia

The introduction of EIA in the Czech Republic took place in the following

steps:

e On Ist July 1992 the Environmental Impact Assessment (EIA) process was
implemented into the Czech Republic’s legal system, upon the entry into force
of Czech National Council Act No. 244/1992 Coll., on environmental impact
assessment. The process constitutes both an important element in the system
of preventive environmental protection instruments and, simultaneously, a
significant component of environmental policy.

e As of Ist January 2002, Czech National Council Act No. 244/1992 Coll.,
namely, its section pertaining to impact assessment of projects, was superseded
by Act No. 100/2001 Coll., on environmental impact assessment and amending
some related regulations.

e On Ist May 2004, the Czech Republic became a member of the European

Union, so the legislative background of EIA process was harmonized with the
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EU Directive on the assessment of the effects of certain public and private
projects on the environment (now Directive 2014/52/EU of the European
Parliament and of the Council of 16 April 2014).

e On 1st November 2017 the last relevant amended of Act No. 100/2001 Coll.,
to this study was provided by Act No. 326/2017 Coll.

The Czech EIA Act (No. 100/2001 Coll.) requires that development consent
(or, in other words, license) for public and private projects which are likely to have
significant impacts on the environment, shall be only granted after prior assessment of
its “likely significant” environmental impacts. The EIA Act provided two sets of
projects in Annex No. 1, Category I and II (Table 7.1 Detailed overview of initiated
process “submitted project by developers” in the period 2002—-2017 within individual
projects for each category of projects and the year of the monitored period; in each year
there is a listed number of issued conclusions on Screening and scoping Procedures for

a given type of project).

Projects listed in Category I of Annex No. 1 to this Act and changes to these
projects where the change in capacity or scope in itself meets the relevant threshold, if
specified; these projects and changes to projects are considered as having significant
effects on the environment and are always subject to an EIA “full scale EIA” (Annex
1, Category I in Czech EIA Act is similar as Annex 1 in EU Directive). Projects listed
in Category II in Annex No. 1 to this Act and changed to these projects if, in terms of
its own capacity or scope, the change meets the relevant threshold, if specified, or which
may have a significant adverse effect on the environment, especially if the capacity and
scope of the project is to be substantially increased or if its technology, management of
operation or manner of use is to be substantially changed; these projects and changes
to projects are subject to an EIA if so determined in the Screening and scoping
Procedure (a case-by-case examination) “small scale EIA” (Annex 1, Category II in

Czech EIA Act is similar as Annex 2 in EU Directive).

124



The objective of the Screening and scoping Procedure (a case-by-case
examination) for projects and changes of projects listed in Annex 1, Category I is to
further specify the information that should be included in the Environmental Impact
Assessment Report in other words in EIS reporting (full scale EIA). The objective of
the Screening and scoping Procedure for projects and changes of projects listed in
Annex 1, Category II is to determine whether the project may have a significant
environmental impact and thus it shall be subject to an EIA (small scale EIA). If the
projects cannot have significant effects on the environment, the evaluation is
terminated. If the projects can have significant effects on the environment, the
Competent authority have to specify of the information that should be included in the
Environmental Impact Assessment Report (EIS reporting) (full scale EIA). Based on
the Notification (information provided by developer), comments on the Notification
and the written conclusion on Screening and scoping Procedure (issued by Competent
authority), the developer shall ensure the preparation of the Environmental Impact

Assessment Report (EIS reporting) by an authorized person.

When the Environmental Impact Assessment Report is submitted to the
Competent authority, the Competent authority shall ensure the preparation of the EIS
Review (Expert Report by an independent person authorized to this effect). The expert
shall prepare the EIS Review based on the Environmental Impact Assessment Report,
and all received comments thereon, considering the conclusions of the public hearing
(if the public hearing took place). Based on the Environmental Impact Assessment
Report, the comments received thereon, public hearing (if the public hearing took
place), and the EIS Review, the Competent authority shall issue a reasoned conclusion
on the significant effects of the project on the environment (Conclusion on EIA) (Figure

7.1).

Through Czech Environmental Information Agency (CENIA), the Competent
authorities have to publish the following at the internet (within Information System of
EIA).: Notification (basic information on the characteristic of the project, state of the

environment in given territory and anticipated adverse effect of project on environment
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provided by developer); conclusion of the Screening and scoping Procedure;
Environmental Impact Assessment Report (identification and evaluation of all adverse
effects on the environment); information about where and when the public hearing on
a project is to be held, if ordered; EIS Review (Expert Report, independent review of
quality and completeness of all information regarding to evaluation, provided by the
developer); and a reasoned conclusion on the significant effects of the project on the
environment (Conclusion on EIA). This ensures the accessibility of all information and
all related documents on the assessment to everyone. Based on this, the public, public
concerned, NGOs, affected administrative bodies, affected local governments, may

submit written comments or their requirements for assessment.

7.1.2 General tasks of the study

In the Czech Republic, an EIA covers almost 120 types of projects with
different details of their capacity. The analysis of the projects included in the EIA (both
small scale — annex 1 category II and full scale — annex 1 category I), their numerical,
and type variability is a basic prerequisite for the rational continuation and deepening
of the discussion on the possibility of performing post-project auditing as a tool for
development, improvement, and optimization of EIA concept. The aim of our study
was to evaluate the numerical and type variability of projects the most often included
in the EIA process (both small scale — annex 1 category II and full scale — annex 1
category I) between 2002 and 2017 (submitted by developers to Competent authority),
and to identify possible links to post-project auditing, both selective (small scale EIA
— annex 1 category II) and predictive power (accuracy) (full scale EIA — annex 1

category I).
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7.2 Materials and methods

7.2.1 Dataset background

The study includes data about initiated (EIA) process (submitted by developers
to Competent authority, both small scale — annex 1 category II and full scale — annex 1
category I) within the entire Czech Republic (Central Europe) from 2002 (the current
law has entered into force) to 2017 (last relevant amended of law to this study was
provided in this year) (see chapter 7.1.1). The data used were provided by the Czech
Environmental Information Agency (CENIA, which is a subordinate organization of
the Ministry of the Environment of the Czech Republic). The information provided
contained data on the initiated (EIA) process, in more detail, the number of conclusions
on Screening and scoping Procedures (hereinafter "Conclusions on SSP"), and the
number of reasoned conclusions on the significant effects of the projects on the
environment (hereinafter "Conclusions on EIA"). For each project, the following
information was provided by CENIA: 1) Project identification code; ii) Identification
of Competent authority; iii) Localization of the project; iv) Name of the project; v)
Classification of the project according Annex 1, if the project belongs to Category I or
Category II; vi) Identification information about developer; vii) Date of issued
Conclusions on SSP and its outcome; viii) Date of reasoned conclusions on the
significant effects of the projects on the environment and its outcome (if the full scale
EIA was required); and ix) Valid wording of the law (version) for assessment of given

project.

The total number of Conclusions on SSP was 13,984. The total number of
Conclusions on EIA was 1,418. Next, we worked with the individual amended versions
of Act No. 100/2001 Coll., On Environmental Impact Assessment for the period under

review (with valid wording of the Annex 1 for given years).
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7.2.2 Selective and predictive accuracy of EIA in
linkages to post-project auditing

The term selective accuracy is used for the projects belonging to Annex 1 -
Category II in the context of Conclusions on SSP. The mission is the identification
whether the project may have a significant environmental impact and whether it should
be subject to an EIA or not. The result is a sorting of projects into two groups: 1) EIA
is required, and 1i1) EIA is not required. If we want to evaluate the correctness of these
decisions, made by Competent authority, we are testing the selective accuracy (power)

of the assessment (small scale EIA process), respectively of Screening Procedures.

The term predictive accuracy is used for the projects belonging to Annex 1 -
Category I in the context of Conclusions on EIA (full scale EIA process). The EIA
process is completed by the Conclusion on EIA which can be positive or negative.
Negative conclusion means impossibility of realisation of the given project. Positive
conclusion means consent to realisation and are supply with recommendations and
binding conditions for the phase of construction and phase of operation of the given
projects. If we want to evaluate the correctness of conclusions on EIA, made by
Competent authority and next functionalities as accuracy of the impact predictions and
efficiency of mitigation measures designed in Conclusions on EIA, we are testing the

predictive accuracy (power) of EIA.

7.2.3 Data processing

All data about initiated (EIA) process (both small scale — annex 1 category II
and full scale — annex 1 category I) (submitted by developers to Competent authority)
were categorized in terms of: 1) number of Conclusions on SSP and Conclusions on
EIA in individual years; (ii) distribution of the number of Conclusions on SSP and

Conclusions on EIA by region; ii1) representation of individual types of projects within
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the Conclusions on SSP and Conclusions on EIA; and (iv) representation of different

results of Conclusions on SSP and Conclusions on EIA.

7.2.4 Data analysis

Ten types of projects were selected for which the diction of the project
definition/description in legislation changed (in terms of factual content or limit values)
due to legislative amendments. Simultaneously, these changes could have an impact on
the absolute number of initiated (EIA) process. The ten types of projects analysed in
detail include: 1. Livestock breeding of specified amount; 2. Wastewater treatment
plants for a specified number of equivalent inhabitants; 3. Wind farms of specified
power and hub height; 4. Surface finish of metals and plastic materials, including paint
shops, of the specified treatment area; 5. Production or processing of polymers,
synthetic rubbers, and elastomer-based products within a specified limit; 6. New
construction, widening, and relocation of roads of all classes and local roads; 7.
Facilities for the storage, treatment, or recovery of hazardous waste; 8. Storage of
selected hazardous chemical substances and chemical preparations of specified
capacity; 9. Warehouses or shopping complexes, including shopping centres of
specified size and number of parking spaces; 10. Other infrastructure projects of
specified size. The individual types of projects are listed in a general wording (without

limits) so that their description is valid for all analysed versions of the law.

7.3 Results

The ten types of projects analysed represent approximately only 8% out of all
types of projects listed in Annex 1 (overall almost 120 types of projects, which belong
to EIA evaluation both small and full scale of evaluation) but (their overall sum of

Conclusions on SSP) include approximately 58% of all issued Conclusions on SSP
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between 2002 and 2017 (exactly 8,092 out of a total of 13,984). Within Figure 7.2 to
Figure 7.11, we present ten selected types of projects with an overview of how the
number of Conclusions on SSP, (issued by Competent authority) and the number of

Conclusions on EIA (issued by Competent authority) changed in individual years.

Simultaneously, changes in the description or capacity of projects (from Annex
1 EIA Act) and their time validity can be identified in the tables situated below the
Figure 7.2 to Figure 7.11. Thus, the numbers of Conclusions on SSP in individual years
can be linked to individual valid description/definition of the type of project in the valid

version of legislation for the given time period.
100
74
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50 20 37 32 57 29
26 22 23
I 18 I 13 18 16
1I2 1I2 2 olo 1 1Io Io 1I1 1 3 0
. 0 1 1 i

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
B Number of conclusions on Screening Procedure B Number of Conclusions on EIA

Valid description of the project in legislation Valid description of the project in legislation
until 2015 between 2015-2017

Livestock breeding with a capacity of 50 to 180 | Facilities for intensive livestock breeding with a
livestock units (1 livestock unit = 500 kg live | capacity from 50 livestock units (1 livestock unit
weight). =500 kg live weight)

Figure 7.2: Number of Conclusions on SSP and Conclusions on EIA for Livestock

breeding of a specified amount.

In the monitored period, the description or capacity of the type of the project
was amended in 2015, which can also be identified in the number of Conclusions on
SSP, which have substantially increased since that amendment. The total number of
Conclusions on SSP was 535. The total number of Conclusions on EIA was 16. On
average were, 33.4 Screening procedures (small scale EIA) per one Conclusion on EIA

(full scale EIA) (Figure 7.2).
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Valid description of the project in legislation
until 2017

Wastewater treatment plants with a capacity
exceeding 10,000 PE, if it does not belong to
category |, and sewerage for more than 5,000
connected inhabitants.

Wastewater treatment plants with a capacity of
10,000 to 100,000 equivalent inhabitants,
sewerage from 5,000 to 50,000 connected
inhabitants, or industrial sewerage with a

diameter of more than 500 mm.

Figure 7.3: Number of Conclusions on SSP and Conclusions on EIA for wastewater

treatment plants of specified capacity.

In the monitored period, the description or capacity of the type of the project
was amended in 2004, which probably did not have an impact on the number of
Conclusions on SSP. It can be concluded that the number of submitted project to
evaluation was mostly influenced by the targeting of the subsidy policy in the area of
environment and the possibility to draw funds from the EU structural funds for co-
financing the construction of wastewater treatment plants after the Czech Republic's
accession to the EU (1st May 2004). The total number of Conclusions on SSP was 165.
The total number of Conclusions on EIA was 4. On average were, 41.3 Screening

procedures (small scale EIA) per one Conclusion on EIA (full scale EIA) (Figure 7.3).
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Figure 7.4: Number of Conclusions on SSP and Conclusions on EIA for wind farms of
specified capacity.

In the monitored period, the description or capacity of the type of the project
was amended in 2004, which probably did not have an impact on the number of
Conclusions on SSP. The targeting of the subsidy policy in the area of environment and
the state-guaranteed purchase and price of energy generated by wind farms had a
fundamental influence on the number of submitted project to evaluation. The total
number of Conclusions on SSP was 73. The total number of Conclusions on EIA was

108 (Figure 7.4).

132



80

60

73
58 58
40 " ad
2
13

20

R Il 0 1 0 0 2 4
O — — - ||

56
52
42 42 41 44
31 35
1 0 0 Io 0 2 1 Il

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
B Number of conclusions on Screening Procedure B Number of Conclusions on EIA

Valid description of the project in legislation
until 2004

Valid description of the project in legislation
between 2004-2017

Surface finish of metals and plastic materials by
electrolytic or chemical processes from 10,000 to
500,000 m2/year of treatment area.

Surface finish of metals and plastic materials,
including paint shops, from 10,000 to 500,000
m2/year of total treatment area.

Figure 7.5: Number of Conclusions on SSP and Conclusions on EIA for metal surface

finish of a specified area.

In the monitored period, the description or capacity of the type of the project

was amended in 2004. The total number of Conclusions on SSP was 643. The total

number of Conclusions on EIA was 13. Can be identify a high number of initiated

evaluations however a relatively small number were fully assessed. On average were,

49.5 Screening procedures (small scale EIA) per one Conclusion on EIA (full scale

EIA) (Figure 7.5).
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Figure 7.6: Number of Conclusions on SSP and Conclusions on EIA for the production

or processing of polymers of specified capacity.

In the monitored period, the description or capacity of the type of the project
was amended in 2004. Simultaneously, the trend of increasing numbers of the
Conclusions on SSP for the rest of the monitored period with a fluctuating character
can be observed since 2004. The total number of Conclusions on SSP was 478. The
total number of Conclusions on EIA was 32. On average were, 14.9 Screening

procedures (small scale EIA) per one Conclusion on EIA (full scale EIA) (Figure 7.6).
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Figure 7.7: Number of Conclusions on SSP and Conclusions on EIA for road

construction and reconstruction.

In the monitored period, the description or capacity of the type of the project
was amended in 2004 and then in 2006. With the second amendment, increasing
numbers of the Conclusions on SSP can be observed. Simultaneously, the number of
the submitted project to evaluation could be affected by the possibility of co-financing
infrastructure construction from the EU structural funds. The total number of
Conclusions on SSP was 527. The total number of Conclusions on EIA was 93. Can be
identify that a relatively large number of projects were fully assessed. On average were,

5.7 Screening procedures (small scale EIA) per one Conclusion on EIA (full scale EIA)
(Figure 7.7).
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Figure 7.8: Number of Conclusions on SSPs and Conclusions on EIA for waste

facilities of specified capacity.

In the monitored period, the description or capacity of the type of the project

was amended in 2004, and then in 2006 and 2015. Simultaneously, from 2004 a gradual

increase of the number of Conclusions on SSP can be observed, which remained at

relatively balanced high numbers in the remaining years. The total number of

Conclusions on SSP was 1207. The total number of Conclusions on EIA was 37. On

average were, 32.6 Screening procedures (small scale EIA) per one Conclusion on EIA

(full scale EIA) (Figure 7.8).
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Figure 7.9: Number of Conclusions on SSP and Conclusions on EIA Storage of selected

hazardous chemicals.

In the monitored period, the description or capacity of the type of the project
was amended in 2004; simultaneously, an increase of the number of Conclusions on
SSP can be observed since 2005, which remained at high numbers in the remaining
years. The change in the number of submitted project to evaluation can be connected
to the amendment of the description or capacity of the project in 2004. The total number
of Conclusions on SSP was 1345. The total number of Conclusions on EIA was 16.
Can be identify that a very small number of projects were fully assessed. On average
were, 84.1 Screening procedures (small scale EIA) per one Conclusion on EIA (full

scale EIA) (Figure 7.9).

137



600

400

20

o

394 391
271 250
1o8 210 210 211 186
19 o, 136 192
77 51 20
0 7 6 5 2 6 12 8 14 17 7 7 7 I 5 10 5
0 [ | [ ]

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

B Number of conclusions on Screening Procedure

Number of Conclusions on EIA

Valid description of the
project in legislation until

Valid description of the
project in legislation between

Valid description of the project
in legislation between 2015—-

centres with a total area of
more than 3,000 m2 of built-up
area; parking areas or garages
with a built-up area of over
1000 m2.

centres, with a total area of
more than 3,000 m2 of built-up
area; car parks or garages with
a capacity of over 100 parking
spaces in total for the entire
building.

2004 2004-2015 2017
Industrial and commercial | Warehouses or commercial | New industrial zones and
zones, including shopping | complexes, including shopping | development projects for

industrial areas with an area of
over 20 ha. Urban development
projects with an area of over 5
ha. Construction of warehouse
complexes with a total area of
over 10,000 m? of built-up area.
Construction of commercial
complexes and shopping centres
with a total area of over 6,000 m?
of built-up area. Car parks or
garages with a capacity of over
500 parking spaces in total for
the entire building.

Figure 7.10: Number of Conclusions on SSP and Conclusions on EIA for industrial,

warehouse, and commercial complexes of specified capacity.

In the monitored period, the description or capacity of the type of the project

was amended in 2004 and then in 2015. This is the type of project with the highest

number of Conclusions on SSP for the monitored period. The total number of

Conclusions on SSP was 3010. The total number of Conclusions on EIA was 118. The

differences in numbers of submitted project for evaluation in individual years (increase

after 2005 and decrease since 2009) can rather be attributed to the economic situation

and the global economic crisis (between 2007 and 2015) than legislation amendments.

On average were, 25.5 Screening procedures (small scale EIA) per one Conclusion on

EIA (full scale EIA) (Figure 7.10).
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Figure 7.11: Number of Conclusions on SSP and Conclusions on EIA for other

infrastructure projects of specified capacity.

In the monitored period, the description or capacity of the type of the project
was amended in 2004 and then in 2015. The total number of Conclusions on SSP was
109. The total number of Conclusions on EIA was 3. On average were, 36.3 Screening

procedures (small scale EIA) per one Conclusion on EIA (full scale EIA) (Figure 7.11).

7.3.1 Selective and predictive power of EIA

Between 2002 and 2017, a total of 13,984 Conclusions on SSP and 1,418
Conclusions on EIA were issued by Competent authorities. Selected 5 types of projects
with the highest number of issued Conclusions on EIA in individual years (out of a
total of about 120 types of projects from Annex 1), represents less than five per cent
from all types of projects which can be relevant for EIA process (Table 7.2). Sum of
Conclusions on EIA of these five types of projects is in total 680 out of a total of 1,

418, which represents approximately 48% of all issued Conclusions on EIA) (Table
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7.1). Based on this, can be identify which types of projects from Annex 1 are most often
assessed in full scale EIA. Therefore, their inclusion in post-project analysis can cover
the highest number of issued Conclusions on EIA within testing the predictive power
of EIA, thus analysing whether the EIA process was effective, efficient, and useful (see
Table 7.2), overview of the types of the projects with highest number of issued
Conclusions on EIA. On the other hand, we can identify that a total of 13,984 of project
was submitted by the developer to Competent authority for Screening and Scoping
Procedures and only 1,418 of them was finished by Conclusion on EIA; this means that
in the case of 12,566 submitted projects, the result of Screening Procedures was that
EIA was not required, or the assessment was terminated for another reasons. The
overall sum of Conclusions on SSP from our ten selected projects represents
approximately 58% of all issued Conclusions on SSP between 2002 and 2017. Based
on this, can identify which types of projects from Annex 1 are most often the subject
of Screening and Scoping procedures for given years; therefore, their inclusion in post-
project analysis can cover the highest number of issued Conclusions on SSP within
testing the selective power of EIA, thus analysing whether the decision to carry out an

EIA or not to carry out an EIA was correct.

As supplementary material we would like to show the overall overview of all
types of projects submitted for Screening Procedures between 2002—-2017 (see Table
7.1).
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Table 7.1: Total number of issued Conclusions on EIA in a given year and the total
number of Conclusions on EIA for the 5 types of projects with the highest sum of issued

Conclusions on EIA.

2002-2009
Years
02 03 04 05 06 07 08 09
SCT5/Y 10 38 52 50 41 49 67 61
83% 58% 54% 44% 38% 45% 48% 42%
SC/Y 12 65 95 114 107 109 139 145
2010-2017
Years
10 11 12 13 14 15 16 17
SCT5/Y 63 46 40 31 28 40 34 30
53% 56% 43% 42% 49% 59% 60% 48%
SC/Y 120 101 93 74 57 68 57 62

> CT5/Y, the total number of Conclusions on EIA issued for the five most frequently represented types of
projects per year; next is given the percent ratio of the total number of Conclusions on EIA issued for the
five most frequently represented types of projects from the total number of all Conclusions on EIA issued

peryear. > C/Y, the total number of all Conclusions on EIA issued per year.

7.4 Discussion

The EIA process is a globally recognized tool in the field of environmental
protection and is one of the world's most successful tools for managing and controlling
dynamic development schemes (Morgan 2012). Although it has existed for about 50
years, it is constantly evolving and its changes seek to respond to new challenges and
global megatrends (Steffen et al. 2015; Retief et al. 2016). The gradual development,
improvement, and adaptation of the EIA concept will be an essential prerequisite for
reducing the risks associated with the major global changes the world is facing today
(Steffen et al. 2015; Retief et al. 2016). Due to its global reach, we can find dozens of
studies on the topic of its development, quality of output, or process problems. These
include, for example, studies evaluating the format and quality of EIA in Finland
Polonen et al. (2010), Turkey Bilgin (2015), and Denmark Lyhne et al. (2017).

Furthermore, the authors of the studies focus on the individual parts that make up the
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EIA process Ulibarri (2019), or meeting the goals set by the EIA process Simpson
(2018).

Whether a more general approach evaluating the whole framework of the EIA
process is more desirable, or an approach that focuses only on parts of the EIA, we
cannot say; however, both approaches must have a common basis in the relevance of
real data obtained by post-project monitoring, both predictive and selective EIA power.
The results of analyses of both these levels can more clearly present the concept of the
EIA and its focus, thus contributing to a deeper understanding and increase in
environmental awareness and wider integration of environmental criteria into decision-
making. EIA PPA should be an essential component of Environmental Impact
Assessment (EIA) if the success of EIA in improving the sustainability of a project

once implemented is to be determined (Pinto et al. 2019).

7.4.1 Range of covered activities and their quantitative

changes due to amendments of law

The strongest link between the change in the description or capacity of the
project in Annex 1 and the total number of projects submitted by the developers for
evaluation (both, small- and full-scale EIA) can be identified, for example, in the
storage of selected hazardous chemicals (see Figure 7.9). Before the legislative change
until 2004 the number of submitted projects for Screening Procedures reached only
single figures, while after the legislation change (after 2004), the number of submitted
projects for Screening Procedures was almost permanently in the hundreds. Other
aspects that influenced the number of submitted projects for Screening Procedures
include changes in the subsidy policy at the European, national, and regional level of
planning, such as the project concerning wind farms (Figure 7.4), or infrastructure
construction (Figure 7.7), differences within the economic situation of regions, and the

overall international economic situation, for example the project concerning industrial
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zones, commercial zones, and warehouses (Figure 7.10), as well as changes in other
legislative norms or changes in trends and behaviour of society (generally residential

or commercial construction).

Some studies also point to the fact that the number of submitted projects for
Screening Procedures may also be influenced by political lobbying. Due to the
interconnectedness of state administration and self-government, there may be
"pressure” on Competent Authorities to influence the final outcome of the evaluation
process (McCullough 2017; Williams 2017). One of the most frequently mentioned
problems in the EIA process is the quality of national legislation (El-Fadl, El-Fadl
2004; Gatas 2015). Our study showed that the quality of the legislation is also related
to its amendment conected with description of the projects and their limit values and
thus, de facto, to influence the scope of the types of the projects and overall number of

projects submitted for Screening Procedures.

The results of EIA audits are a necessary feedback for environmental
management and the optimization of the EIA process itself (Retief 2007; Morrison-
Saunders et al. 2015), especially in controversial projects attracting considerable public
attention (Bisset 1984). Studies on the EIA process and its problems can provide
important information, insights, and experience that can be used to optimize it (Alton,
Underwood 2003; Morrison-Saunders, Retief 2012; Loomis, Dziedtic 2018). The
results of our study indicate that, from the point of view of finding the optimal
legislative setting of post-auditing within the EIA (for investors as well as for
regulators, state administrations, and self-government units as well as public and
nongovernmental organizations), there would not be an obligation to carry out audits
for each individual project, which could be quite problematic and in principle rejected.
Based on our findings, it is possible to identify the suitability of given projects for
testing the EIA predictive power, which can be the projects for which Conclusions on
EIA are most often issued. Due to our approach, we can identify quite low number of

types of projects which cover almost half of issued Conclusions on SSP and half of
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issued Conclusions on EIA. Their inclusion to post-project analysis can have the largest

impact on optimisation of the whole concept.

7.4.2 Analysing of types and overall numbers of project
submitted for Screening Procedures and potential

scheme of linking to post-project auditing

The results of our study encourage the possibility of defining monothematic
meta-post-audits within one type of project (more similar intentions could be assessed).
The solution can be that the Ministry of the Environment, as the central Competent
Authority in the area of EIA, can continuously assess which types of projects are most
submitted for Screening Process (small scale EIA) and which types of projects are the
most often include in the EIA (full scale EIA). Within the system thus defined, and in
cooperation with national grant agencies, the Ministry of the Environment could
announce grant calls for monothematic meta-post-audits focusing on both selective
(small scale EIA) and predictive EIA power (full scale EIA) for individual types of
projects currently most included in the Screening Procedures and EIA, and thus obtain
much-needed and relevant data which are a basic condition for the possible
development and improvement of the concept of impact assessment and thus achieving
a higher degree of sustainability. It would be necessary to design monothematic meta-
post-audits into two levels: 1) analyse Conclusions on Screening procedures and test in
more detail the EIA selective power; and ii) analyse Conclusions on EIA and test EIA

predictive power.

Similar mechanisms for linking the EIA process to post-project monitoring
could help overcome the main problems thus far in the context of their application.
According to Brani§, Christopoulos (2005), these problems include a lack of
professional, institutional, personal, and financial support for the subsequent

management of the required information.
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7.5 Conclusion

The EIA concept has undergone major development in the Czech Republic,
with a number of changes. The most important of these have often been in response to
updates made in the European Directive. However, for its further improvement and
development, a broader legislative approach and the use of post-project analyses will
be necessary. The results of our study show that, to provide feedback on the EIA
implementation, it is appropriate to use nationwide databases interpreting the numerical
and type variability of projects included in the EIA in individual years. From our
results, we are able to recommend which projects should be focused on to test EIA
selective accuracy and which projects should be focused on when testing EIA
predictive accuracy. Simultaneously, we find that for testing EIA selective accuracy,
10 types of project out of approximately 120 (Annex 1, EIA Act) are enough to cover
approximately 58% of all submitted projects (issued Conclusions on SSP), and within
predictive accuracy, testing the 5 types of the projects with the highest number of issued
Conclusions on EIA out of about 120 (Annex 1, EIA Act) will cover approximately
48% of all issued Conclusions on EIA.

The EIA concept has and will have its limits, whether in terms of time, human
resources, financial resources, or general credibility and acceptance by all stakeholders.
However, it is still evolving, and if legislators, regulators, and impact analysis
professionals are able to learn from previous decisions, they can find ways to optimize
the shortcomings identified worldwide and the EIA concept can become a better and

more widely accepted tool of environmental protection.
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Figure 7.1: Schematic illustration of the EIA process in the Czech Republic.
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Table 7.2: List of five types of projects with the highest number of issued Conclusions on EIA in given years.

TOP

TOP

(2) Surface
finish of metals
and plastics,
including paint
shops of
specified
capacity [Cat.
1]

(12)
Hazardous
waste
disposal

facilities [Cat.

1]

(12)
Hazardous
waste
disposal
facilities [Cat.
1]

2005

2006

(16)
Hazardous
waste
disposal
facilities [Cat.
1.]

(12) Wind
farms of
specified
power and
hub height
[Cat. 11.]

(13) Surface
finish of
metals and
plastics,
including
paint shops of
specified
capacity [Cat.
1]

2009

2010

(17) Wind
farms of
specified
power and
hub height
[Cat. 11.]
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(22) Wind
farms of
specified
power and
hub height
[Cat. 11.]

(8) Wind
farms of
specified
power and
hub height
[Cat. 11.]

(8) Wind
farms of
specified
power and
hub height
[Cat.11]

(8) Wind
farms of
specified
power and
hub height
[Cat. 11.]

2016 2017
(11) Surface (8) Surface
finish of finish of
metals and metals and
plastics, plastics,
including including
paint shops of | paint shops
specified of specified
capacity [Cat. | capacity [Cat.
1] 1]

(6) Surface
finish of
metals and
plastics,
including
paint shops of
specified
capacity [Cat.
1]




2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
(1) Hazardous (4) Surface (6) Hazardous (8) Wind (12) Wind (5) Surface (4) Hazardous
waste disposal finish of waste farms of farms of finish of waste
facilities [Cat. metals and disposal specified specified metals and disposal
1.] plastics, facilities [Cat. power and power and plastics, facilities [Cat.
TOP including 1] hub height hub height including 1]
4 paint shops of [Cat. 1] [Cat. 1] paint shops of
specified specified
capacity [Cat. capacity [Cat.
1] 1]
(1) Livestock (3) Overhead (8) Surface (6) Livestock (6) Surface (4) Surface (3) Livestock
breeding of power lines of finish of breeding of finish of finish of breeding of
specified specified metals and specified metals and metals and specified
TOP capacity [Cat. voltage [Cat. plastics, capacity [Cat. plastics, plastics, capacity [Cat.
11.] 1.] including 1.] including including 1]
5 paint shops of paint shops of paint shops of
specified specified specified
capacity [Cat. capacity [Cat. capacity [Cat.
1] 1] 1]

At the beginning of the project descriptions we present the number of issued Conclusions on EIA for a given project in a given year (X) indicates the total number of Conclusions on EIA issued
by Competent authority for the type of project in a given year), and at the end of the project descriptions we present information on, whether project belongs to Annex 1 Category I (full scale

EIA), or Category Il (small scale EIA) of EIA Act. For better orientation same type of project in individual years are indicate by same colour therefore can be easily identify how projects with

the highest number of Conclusions on EIA change according to their overall sum in given year.

148



Kapitola 8

Diskuse a zaver

Presentovana disertacni prace obsahuje Ctyf1 publikované studie predstavené
v predchozich kapitolach, které jsou zamétrené na post-projektova hodnoceni v ramci
analyzy impaktt. Prvni dvé publikované studie se zabyvaji moznou indikaci dopadu
zimni udrzby silnic na vybranych jehli¢nanech, ktera je jednim z vyznamnych impakta
provozu silni¢nich staveb na zivotni prostiedi. Tieti publikovana studie je zaméfena na
dva vyznamné impakty rezidencni vystavby a jejich hodnoceni v ramci post-projektoveé
analyzy v procesu EIA. Ctvrta studie se vénuje podetni a typové variabilité projekt,
které byly hodnoceny v ramci posuzovani vlivii na zivotni prostredi a zjisténi moznych

souvislosti s naslednou post-projektovou analyzou.
Na jednotlivé studie bude v textu odkazovano nasledovng:
Studie I: Bioindication of road salting impact on Norway spruce (Picea abies).

Studie I1: Impact of road salting on Scots pine (Pinus sylvestris) and Norway

spruce (Picea abies).

Studie III: Applying principles of EIA Post-project analysis in the context of

suburban infrastructure development.

Studie IV: Environmental Impact Assessment —the range of activities covered and

the potential of linking to post-project auditing.

Nasledujici c¢ast disertacni prace obsahuje komentare k jednotlivym
vyzkumnym tématim, zaveéry a shrnuti disertacni prace, stejné tak jako moznou
aplikaci a vyuzitelnost v praxi a navrh na mozny dal§i vyzkum v oblasti post-
projektovych hodnoceni. Kompletni diskuse a zavéry jednotlivych studii jsou obsazeny
v presentovanych publikovanych ¢lancich v Kapitolach 4 — 7. V této kapitole tedy
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budou pouze shrnuty vysledky a diskuse, uvedeny komentare autora k jednotlivym

vyzkumnym témattim a diskuse o tom, jak byly naplnény cile diserta¢ni prace.

8.1 Bioindikace chemické zimni udrzby

Soleni komunikaci je jednim z vyznamnych impakti dopravnich staveb na
zivotni prostiedi. Zimni udrzba je vSak nezbytna pro bezpecny, plynuly a spolehlivy
provoz. Dulezitym ukazatelem kontaminace prostiedi zimni udrzbou muze byt
zdravotni stav vegetace rostouci v okoli komunikaci. Ve Studii I byl hodnocen
zdravotni stav na smrku ztepilém (Picea abies). U jednoletych 1 dvouletych jehlic se
potvrdila zavislost obsahu 1ontii sodiku na zdravotnim stavu stromii (Table 4.3) (Figure
4.1;4.2), stejné tak tomu bylo 1 ve studit Kayama et al. (2003), kde obsahy 1ontt sodiku
byly vyssi u jedinct vykazujicich horsi zdravotni stav. Tato tendence zhorsujiciho se
zdravotniho stavu s rostoucim obsahem 1onti v jehli¢i se potvrdila 1 u chloru, avsak jen
v pripadé prvnich ro¢nikt jehli¢i (Table 4.3), coz mlze byt spojeno se zvySenou
mobilitou 1ontt chléru v prostredi 1 rostlinach a jeho rychlejsim vyplavovani (Pavlova
2006) ¢1 napt. primym ostiikem jehlic solnym roztokem (Semoradova 2003; Langen,

Prutzman 2006).

Byla hodnocena také zavislost koncentrace 1onti v prvnich a druhych ro¢nicich
jehli¢i na potencialu kontaminace. U 1ontii sodiku se tato zavislost potvrdila (Table 4.2)
— koncentrace byly vyssi v jehli¢i z jedinct, ktefi se nachazeli na mistech s vysSSim
potencialem kontaminace (Figure 4.1; 4.2). tuto zavislost potvrdila také studie Kayama
et al. (2003). V pripadé 1onti chloru se tato skutecnost nepotvrdila, ale z prumérnych
hodnot lze pozorovat, ze se zvySujicim se obsahem koncentraci je 1 potencial

kontaminace vyssi (Figure 4.1; 4.2).

P11 hodnoceni zavislosti obsahu 1ont chloru a sodiku na vzdalenosti jedince
od komunikace se potvrdila zavislost, ktera by se na prvni pohled mohla zdat zvlastni.

Potvrdil se vyznamny rozdil koncentrace iontti chléru v prvnich ro¢nicich jehlici mezi
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jedinci vyskytujici se v tésné blizkosti u komunikace a jedinci ze vzdalen€jSich lokalit
(Table 4.4), kde koncentrace byly vyssi u jedinct z vétSich vzdalenosti (Figure 4.7).
Semoradova (2003) vSak uvadi, ze kritickymi lokalitami pro akumulaci solnych
roztokl mohou byt 1 mista vzdalena 30 - 70 m od komunikace a n¢kdy 1 dale a to kvuli
nekolika faktoriim, jako jsou napt. prudké svahy, vyusténi odtokovych zarizeni ze silnic
¢1 podmacené paty svahti. Cain et al. (2001) také uvadi, ze ke kumulaci solnych
rozmrazovacich materiali mize dochézet 1 ve vétsich vzdalenostech od silnic vzhledem

k mnoha vliviim a vyssi mobilité nékterych iontu.

Studie I popisuje a hodnoti negativni vlivy rozmrazovacich soli, konkrétné
chloridu sodného na smrk ztepily (Picea abies), ktery se potvrdil 1 jako vhodny
bioindikator tohoto impaktu vzhledem k jeho zvysSené citlivosti na zasoleni. Byla pro
n¢j proto vytvorena stupnice sramcovymi hodnotami koncentraci pro mozné

hodnoceni stupné¢ kontaminace prostiedi v okoli komunikaci (Table 4.6).

8.2 Impakt soleni silnic na borovici lesni (Pinus

sylvestris) a smrk ztepily (Picea abies)

Studie II tematicky navazuje na Studii I a vénuje se vlivu soleni silnic a
srovnava hodnoceni koncentraci v zavislosti na dvou faktorech u borovice lesni (Pinus
sylvestris) a smrku ztepilého (Picea abies). Koncentrace chloridu sodného fesi
v zavislosti na vzdalenosti jedince borovice nebo smrku od komunikace a na stari
jehlici (prvni a druhé roéniky). Chemické analyzy jehli¢i borovice lesni (Pinus
sylvestris) potvrdily vyssi koncentrace iontd sodiku v lokalitach tésné sousedicich
s komunikacemi (Figure 5.1). U jehlici smrku ztepilého (Picea abies) byla také
potvrzena vyssi koncentrace iontii sodiku u jedinct, ktefi se vyskytovali v blizkosti
komunikaci (Figure 5.3) (Zitkova et al. 2018). To bylo potvrzeno i ve studii Kayama et
al. (2003).
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Prvni ro¢niky jehlic¢i borovice lesni vykazuji obdobny necekany trend, stejné
jako smrk ztepily ve Studii I a to, ze vysSsi koncentrace ionta chloru se vyskytuji ve
vzdalengjSich lokalitach od silnice (Figure 5.2; 5.4). Jak bylo tfeCeno, mize to byt
(2003) a Zitkova et al. (2018) také poukazuji na vyssi koncentrace 1ontl chléru 1 ve
vzdalengjSich lokalitach od komunikaci a Semoradova (2003) uvadi, ze akumulace
chloridovych 1ontd zavisi 1 na dalsich ¢initelich (prudké svahy, vyusténi odtokovych

zarizeni z komunikaci, terénni zmény, struktura ptad apod.).

Pi1 hodnoceni koncentrace v zavislosti na stafi jehlic byly porovnany 1 dalsi
tonty prvka (Mg, K a Ca), které¢ mohou byt ve vzajemném ovlivnéni s koncentracemi
NaCl. U borovice lesni 1onty sodiku, chléru a vapniku vykazuji nizsi hodnoty v prvnich
rocnicich jehlici nez v druhych (Figure 5.5). U jehlici smrku ztepilého se také potvrzuje
vys$si koncentrace vapenatych iontl v druhych roé¢nicich jehli¢i (Figure 5.6). Kayama
et al. (2003), Truparova Kulhavy (2011), Bouchal (2012) a Zitkova et al. (2018) ve
svych studiich také potvrzuji nizsi hodnoty 1ontti vapniku v prvnich ro¢nicich jehlici.
To muze byt vysvétleno tak, ze transport vapenatych iontii v rostlinném téle je vice
omezeny, nez dalSich prvkl a nasledna redistribuce tohoto prvku do mladsich ro¢nikt

jehli¢i je limitovana (Lhotakova 2012).

U hoiciku a drasliku byla primérna koncentrace 1ontt v jehli¢i borovice lesni
(Figure 5.5) 1 smrku ztepilého (Figure 5.6) vyssi v prvnich ro¢nicich jehlici nez v
druhych. Dle Czerniawska-Kusza et al. (2004) jsou tyto 1onty lehcej1 vazané, napriklad
oproti 1iontim vapniku, a proto se snadnéji distribuuji. Vyssi koncentrace v prvnich
rocnicich jehli¢i byly zjistény 1 ve studiich Kayama et al. (2003) a Bouchal (2012). Dle
Fostad, Pedersen (2000) expozice NaCl zptisobuje zvyseni koncentrace draselnych
tontll v asimilacnich organech rostlin, coz popisuje i Townsend (1980). U smrku
ztepilého byly hodnoty draselnych ionti vyrazné vyssi, nez je tomu u borovice lesni,

coz by mohla vysvétlovat praveé vysoka citlivost smrku na zvysSenou expozici NaCl.
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Koncentrace 1ontli chléru a sodiku v jehlici se vyznamné 1151 mezi jednotlivymi
druhy (Fostad, Pedersen 2000). Nejvyssi koncentrace a poskozeni jehlic se potvrzuje u
smrku ztepilého (Fostad, Pedersen 2000; Zitkova et al. 2018). Niz§i koncentrace
muzeme pozorovat u borovice lesni (Figure 5.1; 5.2), nebo u javoru mléc (Acer
platanoides) a btizy bélokoré (Betula pendula) (Fostad, Pedersen 2000). Citlivost
smrku ztepilého na NaCl se ukazala v n¢kolika studiich (Dragsted 1979; Semoradova,
Materna 1982; Fostad, Pedersen 2000; Suchara et al. 2011; Zitkova et al. 2018). Presto,
ze borovice lesni nema tak vysokou citlivost na zasoleni, stale mize byt vhodnym
druhem k moznému hodnoceni stupné¢ kontaminace prostfedi kolem komunikaci
vzhledem ke kumulaci iontl v jejich asimila¢nich organech. Na zakladé vysledki byla
navrzena obdobna stupnice (Table 5.3) pro hodnoceni impaktu soleni silnic jako pro

smrk ztepily.

8.3 Principy post-projektového hodnoceni

v kontextu rozvoje priméstské infrastruktury

Studie III se veénuje principim post-projektového hodnoceni v kontextu
rezidenc¢ni vystavby. U konkrétniho zaméru byly studovany vyznamné vlivy jako
akusticky tlak a zmény chemismu vod v okoli zaméru ve smyslu zajisténi zpétné vazby
procesu EIA. Expandujici urbanizované uzemi zplisobuje ovliviiovani stavu
jednotlivych slozek zivotniho prostfedi, vefejného zdravi 1 pohody obyvatel (Tzoulas
et al. 2007) a prispiva tak k rozvoji fady negativnich impaktd, které snizuji kvalitu
zivotniho prostiedi (United Nations 2018). V tomto kontextu predstavuji preventivni
povolovaci procesy moznost, jak dopadim na zivotnitho prostfedi piedchazet,
popiipadé je eliminovat, minimalizovat, ¢1 kompenzovat. Pro budouci planovani a
projektovani je zadouci priubézné zjistovat zpetnou vazbu skrze post-projektoveé

analyzy a tim posuzovat U¢innost (Wilson 1998; Wood 2000; Wood et al. 2000;
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Stewart-Oaten, Bence 2001; Marshall et al. 2005) k dosahovani vy$si urovné ochrany

zivotniho prostiedi a celkové udrzitelnosti.

Béhem procesu EIA byly méteny jednotlivé parametry hydrochemického stavu
ve zkoumanych lokalitach (referencni stav) interpretujici situact pred vystavbou a poté
pro srovnani a zpé€tnou vazbu po realizaci projektu. Detailnéji se mizeme podivat
naptiklad na koncentrace chloridd, jejichz vyssi koncentrace byvaji piisuzované
zeyména vlivu zimni udrzby (Zitkova et al. 2018; Zitkova et al. 2021). Jiné studie
ukazuji, ze koncentrace chloridii ve splachovych vodach z ulic, silnic a dalnic
dosahovaly napt. v Némecku 4-699 mg.1"! (Gobel et al. 2007), ve Slovinsku 43-110
mg.I" (Gotvjan, Zagorc-Konc¢an 2009) nebo v USA 1.7-884 mg.l"! (Tucillo 2006).
Hodnoty nejvyssich koncentraci chloridii pred realizaci obytného souboru v ramei nami
feSeného Gzemi dosahovaly ptiblizné 53 mg.I'! a v priib&hu uzivani obytného souboru
piiblizné 120 mgl'. Vzijemné srovnani naznauje, z¢ v nami feSeném uUzemi
nedochazi k neobvyklym koncentracim chloridd, naopak jsou spise v nizsich arovnich.
Z hlediska pozadavka procesu EIA lze poukazat na metodicky nedostatek, kdy byly
mefeny jednotlivé parametry hydrochemického stavu ve zkoumanych lokalitach
(referencni stav) interpretujici situaci pred vystavbou, avSak absentovala predikce
zmény hydrochemickych ukazateld, ktera by byla vyvolana pouze vystavbou a
uzivanim obytného souboru. I to je divodem, pro¢ je v soucasnosti témer nemozné
identifikovat do jaké miry se na narastajicim kumulativnim efektu zmén
hydrochemickych parametrii podili obytny soubor samotny a do jaké miry celkovy

rozvoje okolniho regionu.

Meéteno bylo 1 akustické zatizeni, jehoz hodnoty pred realizaci odpovidaly
urovni 47 dB £ 1.8, pricemz predikce pro vystavbu a provoz byla na urovni 48 dB =+
1.8. Realné hodnoty akustického zatizeny se pohybovali (z faze realizace az do 5 let

uzivani) v rozmezi 43.6 dB+ 1.8 az46.6 dB + 1.8.

Dle Morrison-Sauderse, Artse (2004a) je jednou z nejdulezitéjSich casti post-

projektové analyzy monitoring, ktery je provadén s cilem ovéfeni, zda je realizace
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projektu v souladu s podminkami, které byly stanoveny pied realizaci a zda jsou dopady
projektu v rozmezi, které bylo predpokladano. Studie miize potvrdit relativné vysokou
presnost dil¢ich analyz EIA pro akustické zatizeni, tedy ze skute¢né impakty namérené
ve fazi uzivani projektu odpovidaly svymi parametry tém predikovanym. Zasadni
slabiny celého konceptu analyzy impakti v kontextu infrastrukturni vystavby lze

pozorovat v oblasti kumulativnich a synergickych vlivi.

Meéstska vystavba se nachazi v pomyslném priuseciku spotieby zdrojii, rustu
populace, aplikace modernich technologii, kultury a ekonomiky, a proto mize mit
jedinecnou pozici k feSeni problému udrzitelnosti, které vsak vyzaduji dlouhodobé
politické tivahy a koncepce (Vof3 et al. 2009). Legislativni uchopeni post-projektovych
analyz v ramci procesu EIA by umoznilo ziskavat realnou a kontinualni zpétnou vazbu
k predchozim rozhodnutim v ramci projektového planovani a hodnoceni a poucit se tak

z nedostatkd pro u¢inngjsi a presn€jsi hodnoceni projektd budoucich.

8.4 Rozsah zahrnutych aktivit v ramci posuzovani
vlivi na zivotni prostifedi a moznost propojeni
S post-projektovou analyzou

Studie IV se zabyva rozsahem typu projektti zahrnutych do procesu posuzovani
vlivil na zivotni prostfedi a mozné propojeni s post-projektovou analyzou. Proces EIA
je celosvétoveé uznavanym nastrojem v oblasti ochrany zivotniho prostiedi a jednim
z nejucinngjSich nastrojl fizeni a kontroly rozvoje vystavby projektt (Morgan 2012).
Rozvoj, zdokonalovani a prizpisobovani EIA bude nezbytnym predpokladem pro
snizeni rizik spojenych s velkymi globalnimi zménami, kterym dnesni svét celi (Steffen
et al. 2015; Retief et al. 2016). Post-projektova analyza by méla byt nezbytnou soucasti
posuzovani vlivii na zivotni prostfedi, pokud ma byt zajisténa uspésnost EIA,

zlepSovani udrzitelnosti projektu a jeho realizace (Pinto et al. 2019).
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Zménou legislativy doSlo ke zménam v poctu posuzovani urcitych typa
zamért. Zmeéna popisu nebo kapacity projektu v Priloze ¢. 1 zakona 100/2001 Sb.,
ovlivnila pocet predlozenych projektl k posouzeni, toto lze pozorovat naptiklad
u typového zameéru ,skladovani vybranych nebezpecnych chemickych latek™
(Figure 7.9). Pred zménou legislativy (do roku 2004) dosahoval pocet predlozenych
projekti k posouzeni pouze jednocifernych Cisel, zatimco po zméne¢ legislativy (po roce
2004) se pocet predlozenych projektl pohyboval témér trvale ve stovkach. Mezi dalsi
aspekty, které ovlivnily mnozstvi predlozenych projekti k posouzeni patii zmény
v dotacni politice na evropské, narodni 1 regionalni urovni planovani, napt. projekty
tykajici se vétrnych elektraren (Figure 7.4) nebo vystavby infrastruktury (Figure 7.7),
rozdily ekonomické situace regiont a celkové mezinarodni ekonomické situace, napft.
projekty tykajici se prumyslovych zon, komer¢nich zén a skladt (Figure 7.10), a také
zmeény dalSich legislativnich norem nebo zmény trendii a chovani spolec¢nosti (obecné

rozvoj bytoveé nebo komeréni vystavby).

Nekteré¢ studie soucasné poukazuji na skuteCnost, ze pocet projekta
predlozenych k posouzeni miize byt ovlivnén také politickym lobbingem (McCullough
2017; Williams 2017). Jeden z nejCastéjSich problému, ktery je v ramci posuzovani
vlivi na zivotni prostfedi zminovan, je kvalita statnich legislativnich predpisii (El-Fadl
a El-Fadl 2004; Gatas 2015). Tato studie prokazala, ze kvalita legislativy také souvisi
s jeji novelizaci spojenou s popisem projektu a jejich limitnich hodnot. Tim tak mtze
de facto ovlivnit rozsah typt projekti a celkovy pocet projekti predkladanych

k posouzeni.

Post-projektova analyza je nezbytnou zpétnou vazbou pro environmentalni
tfizeni a optimalizaci samotného procesu EIA (Retief 2007; Morrison-Saunders et al.
2015) a muze poskytnout dulezité informace, poznatky a zkusenosti, které l1ze vyuzit k
jeho optimalizaci (Alton, Underwood 2003; Morrison-Saunders, Retief 2012; Loomis,
Dziedtic 2018). Pro vhodné legislativni nastaveni post-projektovych analyz by na
zakladeé zavéru této studie bylo vhodné identifikovat typy projektt, u kterych by bylo
vyhodné testovat ucinnost EIA. Takovymi typy projekti by byly ty, které jsou
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nejcastéj1 posuzovany ohledné dopadii na zivotni prostiedi a je pro n€ vydané zavérecné
stanovisko. Diky tomuto pristupu mizeme identifikovat pomérné nizky pocet typu
projekts, které vSak pokryvaji pfiblizné polovinu projektli, pro které¢ byla vydana

zaveéreCna stanoviska v ramci posuzovani vlivil na zivotni prostredi.

8.5 Zavér

Vsechny c¢tyf1 publikované studie se zaméfuji na urcitou formu post-
projektového hodnoceni v ramci analyzy vybranych impakti na zivotni prostiedi.
Studie I a II 1dentifikovaly vyznamnost hodnoceni chemické zimni udrzby a potvrdily
negativni vliv solného roztoku na rostouci vegetaci kolem komunikaci a akumulact
téchto prvka v asimilacnich organech vybranych jehli¢nanti. Byla identifikovana 1
zvysena citlivost smrku ztepilého (Picea abies) k zasoleni, a tedy jeho nevhodnost
vysadby pi1 obnoveé vegetace kolem silni¢nich struktur. V zavéru Studii I a II byly
navrzené ramcoveé stupnice (Table 5.3; 5.4) na zaklad¢ vysledkli koncentraci ionti
sodiku a chloru v jehli¢i vybranych jehlicnant. Tyto stupnice je mozné vyuzit pro
budouci post-projektova hodnoceni stupné kontaminace prostiedi podél komunikaci

solnym roztokem nebo ke kontrole zimni udrzby.

Studie III na konkrétnim zameéru reziden¢ni vystavby identifikovala vyznamné
impakty a porovnala vysledky novych méfeni s predikovanymi hodnotami pred
vystavbou zameéru. Zaveéry EIA posouzeni byly ve svych predikcich pomérné presné
pro fazi vystavby a prvni roky uzivani rezidenéniho objektu, avSak nedokazaly
dostatecné citliveé 1dentifikovat strednédobé az dlouhodobé kumulativni efekty.
Vysledky studie ukazuji 1 na aplikovatelnost post-projektové analyzy jako nastroje
zpétné vazby pro troven planovani a hodnoceni. Post-projektova analyza predstavuje
moznost, jak zdokonalovat budouci predikce moznych kumulativnich a synergickych
impaktii a overila prinos jeji aplikace a potrebu urc¢itého legislativniho uchopeni a Sirsi

integrace. Dil¢i post-projektové analyzy jednotlivych infrastrukturnich staveb by
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mohly vytvaret celek evaluace strategického planovani a rozhodovani a poskytovat tak
k implementovanym strategickym dokumenttim, respektive k jejich rozvojovym ciltim,
dostate¢né mnozstvi relevantnich, meétitelnych a vécnych indikatort o jejich realném
dopadu na zivotni prostiedi, podle kterych by Slo presnéji nastavovat ramce budouciho
vyuziti tizemi. I Studie IV ovérila vyznamnost a prinos post-projektové analyzy a
budouci nezbytnosti jejiho Sirsiho legislativniho pojeti a vyuzivani, pokud se ma proces
posuzovani vlivli na zivotni prostiedi zdokonalovat a rozvijet. Vysledky studie ukazuyji,
ze pro zajisténi zpétné vazby procesu EIA je vhodné vyuzit celostatni databazi projekta
posouzenych v ramci procesu EIA. Na zaklade vysledkl 1ze tici, na které typy projekta

se zamerit pro budouci post-projektova hodnoceni.

Post-projektova analyza je obecné nastrojem jehoz aplikaci ziskavame zpétnou
vazbu nezbytnou k hodnoceni at’ uz procesu, ¢innosti, projektu ¢1 konkrétniho postupu
a na zaklad¢ jejich vysledki moznost dané procesy zlepSovat a prizptisobovat
souCasnym potiebam a pripadn€é navrhnout mozné postupy pro budouci post-
projektovd hodnoceni. Analyzy a jejich vysledky Studii I — IV identifikovaly
vyznamnost a overily nezbytnost post-projektovych analyz, jako uzitecného nastroje

ke zlepseni efektivnosti procest v oblasti ochrany zivotniho prostiedi.

8.7 Budouci vyzkum

Post-projektové analyzy jsou Siroce vyuzivanym environmentalnim nastrojem
k hodnoceni procest, projektd, postupt apod. a ziskani zpétné vazby. Ve ctyfech
publikovanych studiich této disertacni prace byla urcita forma post-projektového
hodnoceni aplikovana v kazdé z nich a lze s jistotou fici, ze byla ovéiena nezbytnost

tohoto hodnoceni a jeho implementace 1 do budoucna.

Ze zaveéru Studie I a Studie I byly vytvorené ramcové stupnice, které je mozné
vyuzit pro indikacit stupné kontaminace solnym roztokem v prostiedi kolem

komunikaci. Tyto stupnice jsou vytvorené pro smrk ztepily (Picea abies) a borovici
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lesni (Pinus sylvestris). Do budoucna by bylo vhodné ovérit tyto vysledky 1 v jinych
lokalitach a dle metodiky vytvorit stupnice 1 pro jiné hojne se vyskytujici druhy dievin.

Nezbytnost post-projektového hodnoceni v ramei procesu EIA je stale Siroce
diskutovanym tématem napti¢ vSemi staty. Studie III 1 IV ukazuji nezbytnost tyto
analyzy aplikovat. Spolehlivé a prikazné vysledky post-projektovych analyz tak
mohou prispét k rozvoji diskuse o moznostech jejiho legislativniho ukotveni a Sirsi
integrace. Aplikace post-projektovych analyz je nezbytna, jak ukazuje i Studie III a jeji
provadéni 1 na dalSich projektech je mozné vzhledem k dostupnosti potiebnych
dokumentli a analyz z procesu EIA, které jsou verené piistupné. Jak ukazala studie IV
pro optimalni legislativni nastaveni a provadéni post-projektovych analyz by nebylo
nutné vytvaret tato hodnoceni pro kazdy jednotlivy projekt, ale pouze pro vybrané typy
projektt, které maji nejvyssi zastoupeni (10 typu projekti z celkem cca 120 pokryva
priblizne 48 % veskerych projektt, které byly hodnoceny v ramci procesu EIA a bylo
pro n¢ vydané zavérecné stanovisko). Do budoucna je vhodné aplikovat post-
projektovou analyzu na tyto typy projektt a ziskat tak zpétnou vazbu a dalsi relevantni

data pro jeji implementaci jako dilezitého nastroje ochrany zivotniho prostredi.
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