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MULTIDISCIPLINARNi HODNOCENi PRUBEHU REDUKTIVNi
DEHALOGENACE CHLOROVANYCH ETHYLENU

MULTIDISCIPLINARY EVALUATION REDUCTIVE DEHALOGENATION OF
CHLORINATED ETHENES
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Chlorované etheny (CE)

Cl Cl' tetrachloroethene 2 c, g
perchloroethene (PCE) /C=C\

Cl Cl

Chemické cisténi ; o ] o
Anestetikum Odmast’ovani Barveni textilii
(TCE) (TCE)

» Celosvétoveé druhy nejrozsirenéjsi kontaminant

Polygraficky prumysl
(TCE)
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The problem to be solved — coming from remediation
companies’ practice

Site with groundwater and soil contaminated by widely used degreasers (PCE, TCE)

1. Current method of the problem solution: Enhanced reductive

dehalogenation (ERD)

* One of used remedial approach

 Managed in-situ anaerobic bioreactor - stimulation of active autochthonic
microflora

* Organic substrate addition necessary

e transformation of PCE + TCE to non-toxic final products

perchloroethene (PCE)— trichloroethene (TCE) — cis1,2- dichloroethene (cis 1,2-DCE)

— vinylchloride (VC) — ethene, ethane
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2. Bottle neck of the ERD technique: “DCE stall”

* acessation of the transformation resulting accumulation of cis 1,2-DCE or
carcinogenic VC

e occurs only at some sites

* |eads to significant increase of the remediation costs
 not determined reasons yet
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3. Future method of the problem solution: TECHTOOL
project

« Multidisciplinary cooperation (contaminated site characterization,
field analysis, nanomaterials, chemical analysis, microbiology,
molecular-genetic methods, statistical data evaluation)

* a better insight into the process of complex transformation of
chlorinated ethenes

 Comprehensive supporting degradation capacity of the autochthonous
microbial communities

* new approach towards reducing the risk of the “DCE stall”

* minimizing financial losses of the remediation companies
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4. Material & Methods

* Validation of the new approach has to be based on a large
volume data evaluation

* Unified method for site characterization, sampling, field

measurement and site database-format is strictly adhered to by
all partners

* Investigated 8 sites contaminated by chloroethenes

6 x ERD + 1 x nZVI (nano-zero valent iron) + 1 x MNA (monitored natural attenuation)
AECOM — 4 sites, AQUATEST — 1 site, EPFL — 1 site
KHSANACE — 1 site, VODNI ZDROJE - 1 site
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Strategie reseni projektu

AE, AQ, Charakterizace lokalit Molecular eco-genetic data Zﬁtj'
KH, VZ (databé&ze monitorovani) (pFitomnost OHR potencidlu) TUL
AQ, | Nanovidknové samplery Anaerobni kultivace | EPFL,
TUL (vzorkovaci alternativa) (mikrobidinf aktivita a diverzita) | EPS

Statisticka analyza multivariabilnich parametri
vyvinuté v EPFL

l Pilotni testy

Integraéni technologie pro hodnocenf a podporu Gpiného

odstranéni chlorovanych etylénd z podzemni vody
(manual pro remediacni spolecnosti, smérnice pro kontrolni organy)
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Charakterizace a monitorovani lokalit

) e Stratigrafie
e Uplna charakterizace e Zrnitost / pérovitost
¢ Hranice

e Standardizované a unifikované
vzorkovani

Hydraulické charakteristiky
Proudéni podzemni vody
Sezdnni variabilita

e Databazova matice — vybrané
environmentalni parametry

Chemickeé distribuce a
vyskyt
Chemie | e Transformace latek
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Sampling overview:

e contaminant & daughter products analysis
» electron-acceptors analysis

* hydrochemical parameters

e organic substrate content

* metabolic gases content

* nanosamplers

* samples for anaerobic cultivation

* samples for DNA isolation and molecular genetic analysis
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Molekularné-biologické nastroje

Mikro
biologie

Polymerazova retézova reakce (PCR)

DNA extrakce

Detekce organohalid-respirujicich bakterii

— -  a katabolickych gent (vcrA, bvcA
R R

Podzemni voda (filtry) Stépeni Separace
— restrikénimi enzymy vyslednych
—_—— produktt
g b
Maxwell™ 16 System = $t —
(Promega, USA) Znacené DNA ‘ ry —
Nanovlaknové samplery _ . 16S rRNA geny fragmenty | ——
Standardizovana izolace z + fluorescentni primery g —
vysokého poétu vzorkii: =
261 vzorkl, 1083L, 8 lokalit i
Fluorescence
intensity l A A

100 200 300 400 500 600 700 $00 900
Fragrment length (nucleotides)

gPCR funkénich gent a
16S rRNA aenﬁ T-RFLP fingergrintx
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Modelova lokalita

+ Srotisté (20 x 45 m) v arealu
primyslového podniku

« Strojni vyroba od r.1922

 Kontaminace PCE a
ropnymi latkami zjisténa v
okolnich studnach v r. 1998

« 2 komunikujici zvodneé —
ovéreno fluoresceinem,
hladina podzemni vody cca
2mp.t.
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Groundwater flow
]

direction

Recovery wells of
draining waters

@ Monitoringwells 380 — Groundwaterisohypse

Infiltration water
- L 5
draining Groundwater level

Sewerage pipe

Site limits:
Sum DCE

TCE
PCE

Cheese-whey application

Date (M_YY) | volume (M3)
1. 7'10 6;0
8-10 6,0
3 11-11 6,0
1-12 6,0
5 5'12 6;0
Sum of chlorinated ethenes >100 pg/! 6 9-13 7,7

- Sum of chlorinated ethenes >1000 pg/I

Totaly Applied
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NA-1: Daughter products development
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* Instalace nanosamplertd 04/2014
Nanosamplery — test stabilizace Test z péti vrtd na péti riiznych
DNA p¥i transportu (TUL) lokalitach
* Provytézek a kvalitu DNA
zachycené na nanonosicich nemél
zpUsob konzervace vzorku zdsadni

DNA izolovana z nanosamplert ve

tu NA-14 vyznam

12,00 VItU NA- * Vice zéaleZi na postupu pfi izolaci
= 10,00 ® srpen DNA,z r}manonosiée o |
2 800 ® fijen . Prvokazan trendvvl?a,rustu biomasy
= béhem dvoumeésicniho intervalu
% 6,00  Z PCR z DNA z nanonosicl
= 400 - identifikovany bvcA, vcrA,
%ﬁ ’ Dehalococcoides sp., i ostatni
= 2,00 - sledované skupiny

0,00 - mikroorganismu obdobné jako
CO2 N2 RNA later RT v izolatech z filtrované podzemni
vody
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Anaerobni kultivace (EPS)

Respiracni aktivita
spolecenstev
pritomnych ve
* vrtech (= podzemni
vodé) modelové
lokality

£
.g ONA-1 , ,
aws e Porovnava se
: WNA-15 O bj e m
produkovanych
plynl za
i anhaerobnich
10g/|
lactic acid g p Od m Iln e k
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MFA-multiple
factor analysis
(EPFL)

MFA analyza
vzajemného vztahu
vétsiny parametru
sledovanych
béhem
monitoringu
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Transient competition

between VC degradation
and sulfate reduction,
but ethene is produced
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MFA analyza zmény
kvality vody v
jednotlivych vrtech v
case

Kazdy bod odpovida tézisti Ctyr
matic (Terminal Electron
Acceptors, Ostatni
environmentadlni parametry,
Vystupy z T-RFLP a Vystupy z
PCR . Kazdy bod obsahuje nazev
vrtu (NA-X) a Cislo odpovidajici
monitiorovaci kampani . Stav
lokality na zaCatku sanace =
cervené body, stav béhem
aktivni sanace = zelené body,
modré body = rebounding,
cerné body = pozadovy vrt
NA-16 bez kontaminace
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Zaver
Na prikladu konkrétni lokality sanované metodou ERD byly prezentovany
dosavadni vysledky projektu Techtool:

* Molekularné-geneticka analyza DNA izolované z podzemni vody, identifikace
klicovych mikroorganismu reduktivni dehalogenace véetné dvou vinylchlorid
reduktaz (vcrA a bvcA)

e Vyuziti nové vyvijenych nanosampleru pro izolaci DNA + identifikace
mikroorganismu ERD véetné vcrA a bvcA

* Predstaveni modifikované metody anaerobni kultivace optimalizované pro
provozni laboratore

* Interpretace Sirokého souboru dat z monitoringu sanované lokality pomoci
multivariabilni statistické analyzy: Multiple Factor Analysis (MFA). Tato metoda
ma velky interpretacni potencial, ktery se mlze stat silnym nastrojem pro
bioremediacni praxi
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