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ABSTRAKT

Predmétem této prace je izolovat aktivni bakteridlni kuolt schopnou aktivovat a podporovat
mineralizaci dvou zvolenych polut@nt herbicidu mecoprop (MCPP) a metabolitu herbicidu
dichlobenil - 2,6—dichlorobenzamidu (BAM), jeZ jsewsowasnosti hoj# identifikovany ve zdrojich
pitnych vod v Dansku. Pro tuto kulturu platiedpoklad, Ze je izolovana ze sediniema nichz je
piirozergé vazdna, coZz umozni nasledné vyuziti sedimentuholiisého tuto aktivni kulturu jako jednu

z vrstev vodarenského vicevrstvého filtru. Schoprmroorganismi pritomnych v sedimentech
mineralizovat zvolené polutanty je &evana pomoci laboratorniho experimentu vyuZivagiditv.
.mineralizanich bawk", tedy sterilniho uzaeného systému obsahujiciho vodu, pisek, vzduch a
znamé mnozsti'C—zna&eného polutantu. Schopnost mikroorgariismineralizovat dany polutant je
pak méfena na zakladmnoZstvi“CO, vznikajiciho @i mineralizaci v tomto uzaeném systému.

NejvétSi mineralizani potencidl byl pozorovan pro mikroorganismy pasjii ze sedimentu
pivodem z francouzského Brévillegzeného z hloubky 4,50 — 4,65m pod povrchem. V
mineraliz&nich baikach obsahujicich tento sediment byla pozorovarem 4% produkce’CO,
béhem 123 denni inkubace s 28 denni fazi zdrZefeidedi pivodniho sedimentu se ukazalo jako
faktor ovliviwujici rychlost degradace. V Za&dném ze systému alfisén metabolit herbicidu
dichobenilu BAM nebyla pozorovana mineratindaktivita.

ABSTRACT

The mineralization potential of the herbicide meogpand metabolite of the herbicide dichlobenil
BAM has been studied. The aim of the project isstdate active cultures able to degrade pollutants
frequently identified in the sources of drinkablater in Denmark. The culture is expected to be
sticked on the sediment which makes possible ttgduisage as a part of the waterworks sand filter.
In the batch experiment, the microcosms with sedimailuted, sand and tap water have been
incubated at 10°C. The [ring—tf€] labeled contaminant has been added into theemmgst The
evolved'“CO, has been measured by scintillation technique.

The highest mineralization potential has been ofeskfor the sediment from Bréville, acquired from
4.50 — 4.65mbs. In the batch containing this sediman approximate production of 48%0, during
123 days of incubation and a lag phase of 28days been reported. The dilution of the original
sediment has been found to be a factor influenttiagate of biodegradation. No degradation potkentia
has been observed in microcosms with BAM.
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Mineralizace, biodegradace, pesticid, metabolitizeonni voda, mecoprop (MCPP), dichlobenil, 2,6—
dichlorobenzamid (BAM), izolace
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Mineralization, biodegradation, pesticide, metakeolgroundwater, mecoprop (MCPP), dichlobenil,
2,6—dichlorobenzamide (BAM), isolation
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Microbial pesticide degradation in water works sélters

1. INTRODUCTION

Since the second half of the"26entury, agrochemicals such as pesticides andcideb are widely
used all over Europe. The increase of pesticidagaibas been announced by the need of higher food
production, which increases together with the pafiah on the Earth. It has been found later that
some of the pesticides pollute the surface watethbyoutflow from the fields. For a relatively long
period, it was expected that the layer of sedimamid minerals present between the surface (the
agriculturally used ground) and the undergroundewatorldwide is a sufficient barrier against
pesticide leakage into the groundwater. Later aring the last decades of the™gentury, herbicides
from the group of phenoxy acid herbicide have beequently detected in ground water worldwide
[35]. This pollution could come from landfills orgaculturally used grounds, where herbicides
concentrations typically range from 10 to @g0* [6, 23]. The concentration of mecoprop found
during the pesticide research in groundwater intéfasEurope showed values up to |@0" in deep
groundwater [33].

The pesticide monitoring programs have been evghdaring last decade in all of the European
countries. The systematic monitoring programs tcaliae pesticides in groundwater have been
realized in Denmark since 1993 [14]. By contrds, first monitoring of 14 pesticides has been done
in Czech Republic in 2002 [11]. In 1998 the Eurgp&opmmission set up rules aiming to provide
healthy and clean drinking water to all of the Htizens. The quality of the drinking water has ® b
monitored by the Member States and reported tcEtimepean Commission at three years intervals
[12].

This project is focused on two of the contaminafts first is herbicide mecoprop (MCPP) from the
group of phenoxy acid herbicide, which is one & thost frequently used groups of herbicides. The
second contaminant is 2,6-dichlorobenzamide (BAM@tabolite of the herbicide dichlobenil. BAM
is one of the most frequently detected contaminantgroundwater in Denmark. The usage of its
mother compound dichlobenil has been banned in @dnsince 1997.

The aim of this study is to find and isolate baelesultures having the potential to degrade meappr

and BAM and verify that sediments from Danish sitddovre and French site Bréville are able to
degrade tested contaminants. This active cultuegpected to be stuck on the sediment. It is ergect
that cultures like that can be later on used apdséicide treating part of the waterworks sartdrsl.
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Microbial pesticide degradation in water works sélters

2. THEORY

2.1 Water supply system in Denmark and in the CzecRepublic, the European
Union monitoring system of drinkable water quality

To secure the quality of drinking water in the wh&U the Drinking Water Directive (98/83/EC) sets
the most common substances possibly found in drinkiater. Each of the national legislations of the
Member States of the European Union is able toladggwalso other substances according to regional
needs. The DWD is based on standards given by WWG@rld Health Organization) guideline for
drinking water, European Commission, 98/83/EC. DNéD sets the limit for individual pesticides to
0.1pg.L™* and the limit for Pesticides — Total to PbL™, where the term ‘Pesticides — Total' means
the sum of all individual pesticides detected andmiified in the monitoring proceduf23].

2.1.1 The water supply system in Denmark and in th€zech Republic

99 % of the Danish drinking water is drawn from grdwater supplies. Surface water is used as a
supplement to groundwater in Copenhagen only. Taeidh standards for the drinking water quality
are reached mostly by a simple process containéngtian followed by filtration through multilayer
sand filter [3]. Additional methods are used in soofi the waterworks to reach optimal drinking water
quality.

The water supply system is not based only on greatetr sources in the other parts of Europe. This
breeds more complicated system for the drinkingewpte-treatment. In contrast with Denmark, only
around 45 % of the drinking water in Czech Repubtimes from underground sources [29]. The rest
is taken from artificial lakes, rivers and otherfaone water sources. According to the differences i
drinking water sources, different pre-treatmenthuds are used and therefore various pre-treatment
procedures are used in Czech Republic. Each abta authorities chooses their own way to reach
Drinking Water Directive standards. On the othendhahere are few common denominators used in
all of the drinking water pre-treatments. Those saad filter filtration at the beginning of the pre
treatment process and final disinfection by UV4igaddition of chlorine or chloramines, or use of
ozone at the end of the pre-treatment.

In the case of a water source polluted by pestgitwo ways can be considered as a treatment
technique. One of them is the widely used sorptbotie activated carbon filter. This method is fdun
sufficient for a pesticide treatment. It is basedtbe physical properties of activated carbon. The
pesticide is how bonded on the solid phase of atid/ carbon, but no change in the total pesticide
mass happens. The disadvantage of the activatdmbrcagorption is the limited capacity of the
activated carbon. The used activated carbon caadenerated for example by thermic reactivation. It
can be also dried and burnt. The pesticides argledaly burnt into C@and HO, and the residues
can be used as a carbon source. This method isessfat but due to the limited activated carbon
capacity, the energy needed for regeneration obfoning of carbon filters is relatively high. The
other treatment technique for water polluted bytipeles is the biodegradation mineralization. The
products of a complete mineralization are ,C&ad HO. If the microorganism able to degrade
pesticides is stuck on the sediment, then it isipésto use this sediment as a part of the watesvo
sand filter. Because no accumulation of pesticideurs in this case, the capacity of the filtergs a
long as the microorganism keeps its reproductiahityalinlimited. This water treatment needs less
energy and the problem with pesticide contaminatiosolved in one system. Thus, this method is

13
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considered sufficient and the researches led @ dirculture which is possible to use as a part of
waterworks sand filters is one of the widely folksvtopics.

2.2 Monitoring system in Denmark

In Denmark, pesticides in groundwater have beenitored for the last 15 years (beginning in 1993)
and all the data are collected in the national gdetater database JUPITER. The topic centre for
Danish Groundwater Monitoring is GEUS — Geologisalvey for Denmark and Greenland. By
GEUS [14] 1n groundwater monitoring areas the percentage el wcreens with pesticides their
metabolites, above and below the MAC of@y1L" for drinking water has increased once again since
2004. One of the reasons for this is the fact thanitoring for pesticides and their metabolites now
only occurs in screens with young groundwat&te wells with content of pesticides and metabslite
are closed down.Today the larger water works primarily abstractsntiing water from aquifers with
old water. “

During the years 2001 and 2002 the dat&Gsfindvandsovervagning 200ate presented from two of
the monitoring pesticide monitoring programs: GRUM®&ational ground water monitoring) and
LOOP (the wells collected water from agriculturatershed). The fact that the data from years 2001
and 2002 are the last one available in Englishimers the reason why those data are chosen to be
presented to describe pesticide situation. Thela@EUS are collected in Table 1 and in Table 2.

Table 1 Pesticide monitoring by GEUS — yearly monitoringuis

Amount of
. Amount of . :
Type of well Details pesticides/metabolites (%) pesticides/metabolites
over MAC (%)
All of the wells In 2000 21.4 6.8
In 2001 27.2 8.5
Ground water wells In 2000 34.8
In 2001 31.0¢
Period 1990-2001
Depth 0-20 mbgs 50
Depth 60-70 mbgs 10
Domestic wells In 2000 50 1/3 of 50

*The most frequently detected substances are BAMzm and metabolites of triazins, as well as rf@pinop
and dichlorprop

Table 2 Finding of Pesticide by GEUS in yearly monitoringgram [36]

GRUMO LOOP Water works
Finding of 36 60 26
pesticides/metabolites (%)
Finding of
pesticides/metabolites in 12 20 10
concentration > 0,ig.L™ (%)

14
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2.3 Mecoprop (MCPP), 2,6-Dichlorobenzamide (BAM) physical chemical
properties, fate in environment, removal mechanisms

2.3.1 Mecoprop (MCPP)

2.3.1.1 Mecoprop - physical chemical properties

Mecoprop is a selective hormone-type pesticideprigghg to the group of chlorphenoxyalkanoic
herbicides. This pesticide is applied post emergeard it is used to control the growth of surface
creeping broadleaf weeds (clovers, chickweed, flgntain etc.). Mecoprop is applied on the surface
of plants, where it is absorbed by the leaves efglant and afterwards transferred to the planisroo
Here the enzyme activity and the growth of plaetafected [25]

Mecoprop is a usually mixture of two mirror stemawhers, isomer R- and isomer S-, where the
isomer R- ("mecoprop-P") possesses the herbicalality (Figure 1). Today is possible to order only
one of the isomers. The properties of mecoprop@anmmarized in Table 3.

Figure 1 Structure of mecoprop: A) isomer R-, B) isomer S-

2.3.1.2 Mecoprop - toxicity

No acute toxicity for humans is reported. For téstaimals, acute toxicity is low (L§=930-
1210 mg.kd rats, oral exposition and ls§> 4000 mg.k{ rats, dermal exposition). Mecoprop is skin
irritator, causes swelling and redness. Eyes asobe irritated by mecoprop which can cause cloudy
visions.

Buss et al. [6] mentioned that the toxicity in atjri@cosystems has been reported. Mecoprop is toxic
for several species and fresh water bacteria. @6k reported that a concentration of igz.L™ kills
diatoms i.e. unicellular plants which are the nfamd resource for aquatic animals.

Buss et al. [6] also mentioned the toxicity to aguarganism of the primary initial biodegradation
product of mecoprop 4-chloro-2-methylphenol (4-CM#&Jute toxicity to fish Lg = 2.3 — 6.6 mg/L).

In most of the studies, the transformation of 4-Cixii® environmental benign products is found to be
a rapid complete process.

Teratogenic, mutagenic and carcinogenic effectmefoprop are not well described by any study.
Mammals are eliminating unchanged mecoprop in urine

15
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2.3.2 2,6-Dichlorobenzamide (BAM)

2.3.2.1 2,6-Dichlorobenzamide - physical chemicebperties

BAM is the degradation product of the herbicidehtbbenil: 2, 6-dichlorobenzonitrile, formed by
hydrolysis of dichlobenil [5]. The structure of hatompounds is shown in the Figure 2. Dichlobenil i

a worldwide used herbicide, pre-emergent herbiaided in granules. Dichlobenil is used for killing
weeds on places like railroads, roads, parkingsasea other non-agricultural zones [24]. It is used
just after winter on the dry soil. Dichlobenil cant be used during summer, when temperatures are
higher because of its relatively high volatilizatif24].

Cl - S Ll Cl x}/ﬁ

- [

A) B) N
Figure 2 Structures A) dichlobenil, B) BAM

By Clausen et al. [9] dichlobenil has a relativiligh sorption distribution coefficient (K= 2.6-
126.0 L.kg") which makes the herbicide immobile in soil. Inntast BAM has a low sorption
distribution coefficient (i = 0.10-0.93 L.kg). That causes leaching of BAM through the soilthi®
groundwater. BAM is much more persistent and mothitn dichlobenil [14], [36]. The published
degradation studies of dichlobenil include only doi’ “Dichlobenil is degraded to BAM by
hydrolytic reaction. “[9]. The properties of BAM are summarized in TaBle

2.3.2.2 2,6-Dichlorobenzamide - toxicity

BAM is slightly toxic for mammals including humabg oral route [38]. The risk of carcinogenity is
lower than in the case of dichlobenil, which isssified as a member of a Group C -possible human
carcinogen. BAM is not toxic for fish and aquatiganisms.

16



Microbial pesticide degradation in water works sélters

Table 3 Physical-chemical properties of mecoprop and BAN] [230]

CAS Number 93-65-2 2008-58-4
) 2-(4-chloro-2-methyl phenoxy) ) )
Chemical name (IUPAC) . ) 2,6-Dichlorobenzamide
propionic acid
Abbreviation MCPP BAM
odorless, white to light brown ) i )
Appearance ) , odorless, white crystalline solid
crystalline solid
Molecular Formula CyoH1:CIO; C;HsCI,NO
Molecular Weight 214.65 g.mot 190.03 g.mot
Melting Point 94 -95°C 196 - 199 °C
. ) Decomposes before reaching
Boiling Point .
boiling [37]
Water Solubility (25°C) 734 mg.L* 2730 mg.[*
Log Kow (25°C) 3.2 0.77
Vapor Pressure(20°C) 0.31 mPa 4.34 mPa
pKa (20 - 25°C) 3.78
Henry's Law Constant 1.74.10" atm.ni/ mole 1. 22.18 atm.ni/ mole
UN Classification UN Hazard Class: 6.1
UN Pack Group: Il
Symbol: Xn, N
R: 22-38-41-50/53
S: (2-)-13-26-37/39-60-61
Do not transport with food and
feedstuffs.

2.4 Pesticide removal process

Two processes, biodegradation and sorption, arsidered in the most of the studies focused on
pesticide removal processes.

2.4.1 Sorption

Sorption as a pesticide removal process is bagieatombination of two actions: adsorption — the
pesticide sticks to the surface of sediment padichnd absorption — diffusion of the pesticide thie
pores of the sediment particles. During sorptitke, ¢contamination is transferred from one phase to
another, but the total mass of contaminant in thérenment is not changed.

Sorption is a process without attendance of migaoisms. The process is influenced mainly by
physical and chemical properties of the pesticiug @articular aquifer. Sorption can take up to 15 %
of mecoprop initial concentration [9]. However siwp is not studied in this project.

2.4.2 Biodegradation

Microorganisms are able to transform many orgaroiutants. Thus biotransformation plays an
important role in contaminant removal processesos€hprocesses are carried out by different
organisms such as fungi, algae, eukaryotic orgaiand bacteria, where bacteria, micro-fungi and
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protozoa were found in the groundwater zone [1} Tiost focused group of organism studied in
pesticide removal processes are bacteria.

Cheng [7] divided the removal of pesticides inte flve processes: biodegradation, co-metabolism,
polymerization or conjugation and accumulation.eehof those processes are considered as possible
ways of biodegradation: Imineralization processes the pesticide is used as a substrgtersug
bacterial growthCo-metabolismuses transformation of pesticide by metabolictieacbut pesticide
does not support growth of bacteria. Btcumulation the pesticide is absorbed into the
microorganism. The other two processes playing itolpesticide removal are chemical processes:
polymerization and conjugation or hydrolysis.

The biodegradation is the most relevant processtlaunsl is the one discussed in most of the studies
focused on MCPP removal and BAM removal. Therefardy biodegradation is followed in this
project.

Biodegradation needs the presence of microorganmimsh “generally utilize organic contaminants
asan energy source, or as an electron acceptors duiliggradation”[1].

Biodegradation can cause reactions, where the fireuct or one of the semi finished products can
be more stable or mobile in the environment or naaregerous than the mother compound. This is the
case of the herbicide dichlobenil and its metaBoBAM discussed in this project. Therefore
mineralization as one of the possible biodegradapathways is suggested as the safe way of
pesticide removal.

Mineralization means complete degradation, wheeefital products are CQwater and inorganic
salts (Figure 3). Those products are harmlessriargd

organic matter + electron acceptor ——» CO, + H,O + inorganic salts + energy

Figure 3 Short scheme of mineralization

By Nilsson et al. [26] biodegradation can take plamder aerobic as well as under anaerobic
conditions, although some of pesticides such aopiep are reported as persistent under anaerobic
conditions.

The biodegradation process consists of severatrdiit phases. The first phase is the adaptation
(acclimation) of the microorganisms in the envir@micontaining contaminants. The acclimation
period can occur at a significant rate (usuallisia matter of days) [20]. The acclimation peried i
different for each combination of the pesticide amdroorganism. This period finishes with the first
significant growth of microorganisms. The growth rafcroorganisms requires specific species of
microorganisms and specific enzymes.

Different factors can influence the rate of biodetstion. Pre-exposure of the microorganisms to a
contaminated environment resulted in the case ofopr@p in reduced lag time before rapid
degradation [34]. Also the initial number of spacable to degraded pesticide plays an importast rol
in the time of lag phase and the rate of biodedrala

The biodegradation of pesticides in aquifers idugriced by several abiotic factors, where the most
important are pH, temperature, concentration ofigide and redox conditions.
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2.5 Fate of mecoprop and 2,6-Dichlorobenzamide imé& environment

2.5.1 Fate of mecoprop in the environment

Due the water solubility and mobility of mecoprapsioils, mecoprop is able to reach low-level soils
and groundwater. By Fletcher et al. [13] most o tierbicide is degraded aerobically within the
topsoil soon after application. Two main mechanisane considered as the removal routes of
mecoprop from soils and ground water in the mosthef studies. The first mechanism is sorption,
which is possible due to presence of organic mattesediment and partitioning between the solid and
aqueous phase. Sorption is not discussed in thatrel he second mechanism is degradation, in most
of the cases supported by microorganisms. Thigprdg focused on this reaction, on biodegradation.

2.5.1.1 Mecoprop biodegradation

As mentioned previously, biodegradation can takeglunder aerobic as well as anaerobic conditions.
Nilsson et al. [26] reported mecoprop to be pegsisin anaerobic conditions. By Buss et al. [6] imos
of the studies are focused on aerobic biodegradaianecoprop. The half life of mecoprop in top
soils is reported to be less then 25 days. Mangiesushow the influence of pesticide concentration,
temperature, redox conditions, pre-exposure of eoiganism and depth on the mecoprop
biodegradation rate.

Most of the studies focused on biodegradation ofapeop are using samples of sediments from
different aquifers. The reason is the presumptitvat the organism able to efficiently degrade
mecoprop comes from natural aquifer and the migarism is bonded to the aquifer sediment.

These sediments can be later on used as part @wamks sand filter reducing the amount of
mecoprop in drinking water and fill the Drinking YéaDirective limits.

Buss et al [6] also stated putative chemistry a@frddation process, where MCPP is used as a carbon
source for growth of microorganism. The first phaséhe process, the acclimation period takes place
before the biodegradation processhis acclimation period may be the result of timettaken fors
degradative microbial population to grow to a sibat can degrade the contaminant at a clearly
measurable rate, or the need for natural genetid Aiochemical changes in the microorganism, or
both” [6]. Different studies show different time of theclimation period. E.g. Heron & Christensen
[40] reported a lag phase of 20 - 110 days in latooy batch studies with sandy sediments from an
unpolluted aquifer. This lag phase is followed laghdation of 50 % of mecoprop; after the second
lag period the remaining mecoprop is degraded.

By Bitton & Gerba [4], cases exist, when the migablpopulation can preferentially degrade other
substances before mecoprop (polyauxic effect).

Figure 4 shows the putative metabolic pathway oftopeop biodegradation by Buss et al. [6]
estimated in laboratory culture with soil and grdwater. Primary transformation product of
mecoprop biodegradation is 4-chloro-2-methylphgdeCMP), which is found as toxic to aquatic
organisms [6]. The further transformation of 4-CiRlone by hydroxylation at the 6-position of its
ring structure and it is followed by the disconimettof the aromatic ring. In aerobic conditionghiss
transformation rapid. The biodegradation in anaerobnditions is less successful and the mechanism
is not fully described.
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In several studies, numerous mecoprop degradaterssalated and specified. A short overview
documenting the amount of degradators present ffereint subsurfaces and their parts found in
projects where a different concentration of MCPPR Ib@en used is shown in the Table 4. By Lindberg
[22] are the MCPP degradatorsofeobacteria where seven of the defined genes are involved in

phenoxyalcaloi@cid degradation. Those genes are not specifidgudrproject. The aim of the project
is the isolation of active bacterial culture, whémne identification can be considered as a follawin

project.

Table 4 Short overview of the isolated degradators fronfiedéint subsurfaces and their parts in projects avher
different concentration of mecoprop is used

) No of degradators (cell/g MCPP conc.
sediment ) i ) reference Method
sediment) Used in project
Aquifer 10-10 All of bacteria Lindberg [22] Microscopy
10* - 1C present only in
_ ) contaminated part of aquifer 1 _
Vejen aquifer i . <40pug.L Lindberg [22] MPN/method
(in non-polluted sediment
<l1cell/g sediment)
Sjolunf landfill —
narrow plume 10° - 1d 220pg.L*! Tuxen et al. [35] MPN-method
fringe
Bréville
Topsoil >100 1 pg.Ltin the Lindberg [22] Laboratory microcosr
Subsurface > 14 000 microcosm mineralization
Limestone content - 25 ug.L’l in the And MPN-method
MPN
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Figure 4 Buss et al. [6]:" Biodegradation pathway for meayprPutative metabolic pathway based on Smith
(1989), Tett et al. (1994) and Nickel et al. (1997)

Factors influencing rate of mecoprop biodegradation

The main factors influencing mecoprop biodegradatée: Pesticide concentration- most of
laboratory studies are recently taken at mecopomgentration less than f@.L ™. This concentration

is thought to be representative of aquifer condgioThe effect of pesticide concentration has been
reported many times. In some of the studies, areasing rate of biodegradation with increasing
concentration of mecoprop is reported [32]. In sartieer studies an opposite trend is observed, e.g.
Helweg [15] describes increase in degradationaateshorter half-life for a concentration 0.2 mg kg
then for 2 mg.kg. No general attitude for a relation between mespmoncentration and the rate of
biodegradation is reportedfemperature - by Helweg [15] the rate of mecoprop degradation
increases with the temperature (increasing fact®f@ each 10 °C)Redox conditions- the amount

of nature electron acceptor such gs RO;" etc. present in the aquifer influences a bactgaah of
energy from organic matter and thus the degradatiten As described previously, biodegradation
takes place mainly under aerobic conditions. THuws $trong reducer is present in the system, the
growth of microorganisms, thus aerobic degradatisrinhibited or stopped [1]JPre-exposure of
microorganism to mecoprop- the previous exposure of an aquifer to mecopeojpices the lag time
before the onset of the rapid biodegradation. Alsdaboratory microcosms repeated spikes of
mecoprop are degraded rapidly without any lag pf@&is®epth - by Buss et al. [6] studies comparing
degradation rates vertically from topsoil reportedecrease in the degradation rate with depth. The
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mecoprop degradation is reported in topsoil andowes or no degradation is reported in the
unsaturated zone. E.g. Albrechtsen et al. [2] tepor decrease in degradation with depth in the
unsaturated zone of a limestone at Bréville, Frate@mer degradation - R- and S- isomers of
mecoprop have according to several studies differates of biodegradability. However no clear
attitude is reported in this problematic.

2.5.1.2 Fate of mecoprop in the environment - camgbn

Two main mechanisms are considered as possible efagecoprop removal processes — sorption and
mineralization supported by microorganism presentthe natural sediments. The biologically
supported mineralization is considered as the madsvant method, as the only method by which the
problem of the mecoprop pollution is solved comglietSediments taken from different aquifers are
studied, because of the presumption, that theestatilve culture is bonded to the aquifer sediments
The sediment with active culture can be later eduwss part of the waterworks sand filters.

2.5.2 Fate of 2,6-Dichlorobenzamide in the environemt

To describe fate of metabolite BAM in the envirommét is necessary to consider also the fate of
mother compound dichlobenil in the environment. Take of dichlobenil is the factor influencing
concentration and thus the fate of BAM in the epwment.

2.5.2.1 Dichlobenil application - 2,6-Dichlorobengade pollution relationship

Due to the relatively high Henry’s law constanttdobenil is partly evaporated from the surface and
from the upper layer of topsoil [16]. This can ocau the case of application during months with
higher temperature than the winter one [24]. ByuSém et al. [9] non-evaporated dichlobenil is
strongly sorbed to sediment. This is possible dgerelatively high value of K(7.4-17.4 L.kg in
topsoil and 2.7-126 L.kgin clayey till sediment). However not all of therbicide is sorbed and
dichlobenil is partly degraded to its metaboliteBAMost of the published studies are focused on the
degradation in topsoil.

The degradation mechanism of dichlobenil to BAMnigcrobially catalyzed hydrolysis and the
process is reported in topsoil and upper unsatiratee. The degradation of dichlobenil is limited i
deeper unsaturated zone and no degradation istedpior aquifers. Thus in the case of dichlobenil
leaching into the groundwater source, this leaclgéngot increasing the level of BAM pollution in
groundwater. The half-life of dichlobenil is inange of 106-2079 days [16].

In opposite to dichlobenil, the sorption of BAM ssrongly limited, due to the low Jvalue, e.g.
Clausen et al. [9] reported valug=0.07-0.93 L.k in topsoil and clayey till sediment. The main
factor influencing sorption is change in TOC. Thisecess is not discussed in this project.

2.5.2.2 2,6-Dichlorobenzamide biodegradation

Several studies reported the degradation of BAMiraged [8], or reported BAM as a metabolite
resistant to degradation process [2]. Clausen.€Bhlreported slow but significant degradation of
BAM in topsoil, upper part of unsaturated zoneandy sediments with calculated half life 3-16 years
No degradation is reported in clayey till and inuiégys. Also degradation with pure bacteria culture
was reported as unsuccessful. That limits the abadtenuation of BAM in aquifers.

Holtze [16] says that the common characteristimost of the previous studies is that sediments used
in experiments were not pre-exposed to dichlobmmBAM.
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During the last few years Holtze, Sgrensen and Aameeported several studies with rapid

biodegradation of BAM in dichlobenil or BAM pre-eaxged sediment [19]. In the same project, no
biodegradation of BAM is reported in non-pre-exgbsediments. In pre-exposed sediments BAM
degradated rapidly after a lag phase of less titaa¥s in the pre-exposed soils with, 0.5 —

4.5 days. The rapid degradation was found in pposed sediment from the courtyard of a plant
nursery in Hvidovre, Zeeland, Denmark. Sedimenmfthis area is one of the sediments used in this
project.

Holtze [16] reported the degradation pathway of BABAM is in first step hydrolyzed to 2,6-
dichlorobenzoic acid (2, 6-DCBA). This hydrolysis bbserved in higher range in pre-exposed
sediments, but it is possible also in non pre-eegagediments in trace amount. This is probably due
to the presence aimidases which are not able to catalyze the hydrolysishaitt adaptation —
previous pre-exposure to dichlobenil or BAM. Itnecessary to mention, that 2, 6-DCBA is also a
degradation product of the BAM’s mothers compouiahldbenil. The study shows, that the BAM
hydrolysis product 2,6-DCBA was completely minezafl to CQ. The dechlorination of BAM to
ortho-chlorobenzamide (OBAM) and its further mineaion to CQ was also observed during this
experiment. The Figure 5 shows the complete prapbps¢hway of degradation of dichlobenil and
thus BAM [18].

The rate of mineralization is probably affectedthg initial concentration of BAM and by the type of
sediment. Holtze [16] reported different ratesdidferent initial concentrations during the degrizoia

in clayey till topsoil, but no difference in raterfdifferent initial concentrations during the dagdation

in sandy topsoil.

One of the necessary conditions of the biodegradaif BAM is the presence of microorganisms.
Holtze [19] found that ¢ommunity DNA analysis of the mineralizing cultuesd subsequent
sequencing of dominant DNA revealed phylogenetdagiities with Psychrobacter spor (92 %) or
unculturedy—Proteobacterig97 and 98 %).”Simonsen et al. [31] isolated for the first tima&N3
mineralizing bacterium, which is identified as/Aaminobactersp.
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Figure 5 Proposed pathways of the dichlobenil (DCB) degiaddtl8] (a) Shows hydrolysis with BAM as the
product, and also possible direct way to BAM degtixh product 2,6-DCBA. (b) Shows dechlorinatiornl 0)
non-specified mineralization steps. Holtzeride black arrows indicate pathways demonstratesl phesent
experiment, while the white arrows indicate pathsvdgmonstrated in other studies and white narrovo\as
are based on the literature regarding analogous pounds.”

2.5.2.3 Fate of 2,6-Dichlorobenzamide in the enviroent - conclusion

Two main mechanisms are considered as possible wayBAM treatment — sorption and
mineralization supported by microorganism presemtthe natural sediments. The biologically
supported mineralization is considered as the masvant method as an only method by which the
problem of the BAM pollution is solved completel$ediments taken from different aquifers are
studied, because of the presumption, that theestatilve culture is bonded to the aquifer sediments
The sediment with active culture can be later edwss part of the waterworks sand filters.
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3. MATERIALS & METHODS

3.1 Description of the sampling site

Sediments for this experiment were taken from ngilieation incubations made by Gry Sander
Janniche (2006/07), and used in the project “Pieany attempt to isolate degrading bacteria” which
is not published yet.

The reason to use sediments from the previous iexpet is to confirm the theory which says that
sediments containing microorganisms which are gpmsed to a pesticide polluted environment are
able to degrade this pesticide with a higher efficy and a higher degradation rate. On the othat ha
there is a risk of failure of this theory, becattse time from June 2007 to December 2007, when the
sediments were placed in mineralization incubatimttles without any control, is giving some
uncertainty. The growth of biodegradating microoiges in this period was not checked at all.

3.1.1. Sediment for MCPP degradation — Bréville, Fance

The sediments used in the experiments focused aatian of mecoprop degradators are from the
French field site Bréville. Bréville is a small chtment area. The size of this area is approximately
3knfand it is situated 70 km Northwest from Parisselto Montreuil-sur-Epte, Val d Oise, Figure 6.
Bréville is an agricultural area where 50 % of treund is used for cereals and 10 % for corn
production. The pesticides atrazine, diethylatraztracers of isoproturon and chlortoluron havenbee
detected in the underground of this area.

The area is geologically a sandy aerobic aquifeerlaid by unsaturated limestone (thickness
approximately 18 m) and groundwater table betwe®B and 41.9 mbs [41]. The sediments used in
this experiment are taken out from the unsaturamie. The cores Pz17a and Pzl7c where the
sediments are taken from are located 4 m from etwdr.
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Figure 6 Locallzatlon of the Bréville site

The sediment was previously used in a research.siidy made by Janniche [41] shows ability to
degrade mecoprop mainly in core Pz17c in depth-8.80n, where mineralization takes place from
31 % to 0.5 %. Janniche reported no lag phase copmep degradation. The rate of degradation in
this sediment is reported in the first order kioeéixcept for a concentration of 1 mg,lwhere the
mineralization is faster. In the project from whigediments are transferred is reported 25 %
mineralization of MCPP for sediments from core Reziuith 1 % production of COand 32-91 %
(control 7 %) mineralization for sediments fromedz17c with C@production 4-29 %(control 0 %),
within 104 days . Within 178 days is reported 34rfifieralization of MCPP for sediment from core
Pz17a with 3 % of COproduction and 44 — 96 % (control 17 %) of MCPPenalization for
sediments from core Pz17c with 5-42 % (control Opg¥g@duction of C@ Appendix 1 shows a table
with the results from this experiment. The chanazé¢ion of the sediments, incubation mineralizatio
and labeling in this project is shown in Table 5.

Table 5Characterization of sediments used for isolatiome€oprop degradators

Used sediment and batch data
Experlment Core Depth (mbs) !ncubgtlo_n Us_egl Description of texture
labeling mineralization pesticide
1 Pz17c | 4.65-4.80 3040 MCPP Crumbly limestone (white
calcarenite) and marls
2 Pz17a | 10.50-10.80 7003 MCPP Isn’t exactly known
3 Pz17c 4.50 - 4.66 3038 MCPP Crumbly limestone (white
4 Pz17c | 4.50-4.65 3035 MCPP calcarenite) and marls
5 Pz17c 19.40-19.45 7020 MCPP Dark silty clay
6 MCPP Control
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3.1.1. Sediment for BAM degradation — Hvidovre, Demark

The sediments used for this part of the projectuised on the isolation of BAM biodegradators were
taken from the Danish courtyard of plant nurseryiddvre, Zeeland, located 10 km South West from
Copenhagen, Figure 7. The sediments used in tbjegtrare from two cores, taken just above and just
bellow a water-bearing layer.

By Clausen et al. [9] and Holtze et al. [17], dadtenil was used on this site frequently until 1997,
before its use was forbidden in Denmark. At Hvidogite, BAM was detected in the underlying
aquifers in concentrations above the limit given BY DWD, 0.1ug.L’. The sediments from
Hvidovre are clayey till deposits covering limestomwith significantly oxidized upper layer (2.5-
6 mbs) below which the clayey till is transitionedreduce gray material. The upper layer of sail (0
0.3 mb3 consists of broken stones and pebbles which amewed by sieving.

The same sediment was also previously used in n@dse&imonsen et al. [31] reported 54.8 %
mineralization of BAM within 47 days in topsoil fro Hvidovre and 5.6 — 35.8 % of mineralized
BAM within 50 days in layer 0.7-2.0 m in sedimeimsluding Hvidovre one.

In the project from which the sediments are tramete20 % mineralization in core HV-C and 34%
mineralization in core HV-D within 35 days are repd, 20 % mineralization in sediment from HV-C
and 25 % mineralization in HV-D sample are repontgthin 98 days and 27 % mineralization in
sample from HV-C and 47 % mineralization in HV-Dvgde are reported within 177 days. Appendix
1 shows a table with the results from this expenime
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3.2 Overview of laboratory experiments

During the last years, a description of the sedisiéem both sites and mineralization incubatios ha
been done. The’transfer of those sediments was done by Gry Salateriche as a laboratory batch
test. The bacterial activity was followed from Fedmy 2007 to the end of June 2007 in mecoprop
degrading incubation. The BAM incubation was folemhfrom October 2006 to the end of June 2007.
In the period July - December 2007, bacteria irtlb®twere stored in the same conditions as those
used during the following experiments.

Two main mineralization experiments, meaning twansfers of the sediment containing cultures
possibly able to mineralize mecoprop, are donéénperiod December 2007 — May 2008. In the same
period, one transfer of sediment containing cuiiiele to mineralize BAM is done.

The first isolation of bacterial culture mineratigi mecoprop is done at the beginning of March and
after the following mineralization, the second &iwmn is started in the second half of April. The

following mineralization takes place until th&'af June, when the last isolation is started. The
mixture of bacteria mineralizing mecoprop is cdaektand frozen in the middle of June.

The first isolation of bacterial culture possiblyneralizing BAM is done at the end of April. The
following mineralization takes place before theibamg of June.

In December 2007, five batches from the tlansfer experiment containing sediments showing
significant mineralization of mecoprop, and two isgehts showing significant mineralization of
BAM are chosen for the"2transfer. The goal of the"2transfer incubation is to determine the
biodegradation potential of the chosen sedimerts. Biodegradation potential of the sediments used
in the 2° transfer should correspond to the biodegradataertial reported for the same sediments
during the ' transfer.

After 43 days of incubation, thé"3ransfer of biologically active suspension of seelit is done. This
transfer contains only sediments able to degradmprep. The bottles of thé“aransfer are used as
source bottles. Four different concentrations otopeop are added into thé 3ransfer incubation
bottles: 0.1ug.L™, 10ug.L?, 50pg.L™* and 10Qug.L’. The method used for this transfer is very
similar with one difference. When the batches amamieted, the filtered air is used to flush sao,

the possibly present from the previous transfeis Thdone to see if the chosen method is working
well or if flushing can prove some positive effectthe rate of mineralization.

The 2 transfer of sediment with culture potentially mal&zing BAM is done the same day than the
3" transfer of mecoprop degradators. The flushingsed also in this experiment.

After 103 days of the" transfer incubation, water and substrate are adffeter is added because of
the low water level and the substrate is added¢otise effect of repeated mecoprop pollution in the
same batch with the same culture. Before this afgi2 x 0.5 g of the sediment from the most active
batch, batch No.4, is transferred into new stexrilibatches. The sterilized water is added in amimunt
keep ratio sand: water used in all of the experimeRinally mecoprop is added in concentration
2ug.L™
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The active culture isolation is begun by the pltof suspension from the2and the 3 transfer
batches containing sediment No.4 in different dig to the mecoprop polluted R2A plates. The
following incubations are done by the same way has frevious mineralizations without using
flushing. If the final volume of the bottle is nibte same, than the ratio of water and the sandeobnt
is kept. In these bottles the sediment is not teared. Only one colony of bacteria cultivated ba t
agar plate is added into the bottles as the safrbéodegradating bacteria. In most of the follogvin
mineralization incubations the concentration qn‘gﬁL‘l is used, due to thé%ransfer results.

The detail plan and timeline of laboratory expenmisds shown in Appendix IV.

3.3 Chemicals

3.3.1 Pesticides

For biodegradation experiment, a mixture ‘&&-labeled and non-labeled pesticides is used. This
mixture is also partly used for the isolation paftthe experiment. In some of the degradator’s
isolation parts of experiments only non-labeledipiekes are used as described later.

3.3.1.1 Mecoprop — MCPP

The [ring — U-C]-mecoprop with a specific activity of 23 mCi.mNoby Institute of Isotopes,
Budapest, Hungary is used. The chemical purityeiseb than 94 %. The used solution is taken from
an already prepared water stock solution with ecentration of 29Qug.L™ in water. 3.4 mL of this
stock solution is filtered through a Quén hydrophilic PTFE-membrane to a sterile 10 ml batod
filled up to the guideline by sterilized deminezali water to reach a concentration close toiiD.

A 50 uL sample is taken out and the amount of DPM™nid_counted by Liquid Scintilation analyzer
(Packard, TRI-CARB, 1600-TR).

The non-labeled pesticide has a purity of 99.1 % Ehrenstorfer GmbH) and a 1000 mg.stock
solution is prepared by dissolving this pesticideai sterile 100 mL batch and filling up the to
guideline by sterile demineralized water. This soluis properly mixed and filtered to a new seeril
batch through 0.A@m hydrophilic PTFE-membrane.

According to the need in specific parts of the eipent, those two stock solutions are mixed to lheac
the needed concentration and a sufficient valuaR€.mL™.

3.3.1.2 2, 4-dichlorobenzamide — BAM

The [ring — U-*C]- BAM with a specific activity of 24.2 mCi.mMoldivered by the Institute of
Isotopes, Budapest, Hungary is used as‘¥ddabeled BAM. 1 mL of the stock solution in metbhn
with a concentration of 3§.L" is taken and transferred through a {@n2 hydrophilic PTFE-
membrane to a 10 ml sterile batch and the solugidlmshed with a gas mixture ofL,ALO, to flush out
the methanol. This 1 ml of solution is transfertedthe stock solution of non-labeled pesticide
prepared in a second sterile batch.

The non-labeled pesticide is weighted and transfieto the 10 mL sterile batch. The demineralized

sterile water is added to reach a volume of 6ml thedsolution is mixed. After the dissolving of all
the pesticide, the solution is filtered through.am hydrophilic PTFE-membrane to a new sterile
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batch, where 1 mL of*C-labeled pesticide is also added. This solutioa &asufficient value of
DPM/ml and it is used as a stock solution in the phexperiment focused on BAM degradation.

The 29 transfer of sediment with culture potentially migezing BAM is done the same day as tffe 3
transfer of mecoprop degradators. The flushingedalso in this experiment.

3.3.2 Other used chemicals
During the experiment, some other non-labeled cbalsiare used.

In the biodegradation part of the project, threensicals are used. To strip out the {gesent in the
subsamples taken out from the incubation batchesuat change in'C-pesticide level andCO, is
used 37 % HCI p.a. (Riedel-de Haén). Ff@0, stripped out is in the same part of the experiment
caught by NaOH, purity > 98 % (Fluka Chemika). Theasure change in th&C-compounds ratio is
added to the both of the phase scintillation liqu@ptilphase Lhifase (Valac).

In the isolation part of experiment, R2A (Fluka Gfilea), Glycerin (Urtegaardens) and NacCl, purity >
99,5 % (Fluka Chemika) are used.

3.4 Laboratory experiments

3.4.1 Biodegradation — set up

The mineralization in the"2transfer is followed as a laboratory batch experitrin pre-sterilized
18 mL serum bottles and the technique is kept ftbenJanniche’s experiment [41]. Clean 118 mL
serum bottles are filled with 30 g ww (wet weighf)sand (Dansand No.p,= 1.5 g.cm), 60 mL of
water (tap water delivered by the public networlbiBU). The bottles are covered by 1 cm of rubber
stick and aluminum crimp cap. All of the bottleg aterilized (autoclaving, 20 minutes in 1¥% to

be sure that all the possible present microorgan@ra killed. Once the bottles are cooled down the
transfer of the suspension from th@ ttansfer bottles containing active bacterial agtean take
place. The bottles from thé' &xperiment are gently shaken. Then the 10 mL speusion are taken
out using a sterile set of syringe and needle emsferred into the"2transfer bottles. Finally, 1 mL
of pesticide solution containing a mixture of lazkland non-labeled pesticide with a concentration
able to reach the final chosen concentration issddd@he concentration which is used in tHé 2
transfer bottles is Ag.L™. An inactive control batch is done by almost taeme way, where the only
difference is that the transfer of biologicallyimetsuspension is not added. Bottles are gentlijesha
and the subsample to estim&i@ level in pesticide as well as ifCO, fraction at point zero is taken
out. During the incubation period, batches areestan the dark room at a temperature of 10 + 0.1 °C
(basement storage, building 115, DTU).
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3.4.2'C analysis - method

For the following subsamplings, the batches are edomto the microbiological lab for the time
necessary for subsampling. The batches are gdrdkea 30 minutes before subsamples are taken. A
2 mL of suspension for measuring t€-activity is transferred through a hydrophilic ud PTFE-
filter into a 20 mL polyethylene vial. A 6 mL viaontaining 1 mL of 0,5 M NaOH is put into this
20 mL vial. Then 0.1 ml of 37 % HCI is added to #@&mL vial in order to strip out the present £LO
which is caught in the NaOH (in the 6 mL vial). Byis way, it is possible to distinguish th
present in pesticide form and th€ present in the mineralization product C®he set of vials is
stored for 48 hours in the dark. After 48 hourg, ifner vial is removed and a scintillation codktai
(Optiphase "HiSafe” 3, Wallac) is added into boftpolyethylene vials. All of the vials are mixeddan
the “C-activity is measured by Liquid scintillation ayzér (TRI-CARB, 1600-TR, Packard). The
BAM mineralization batches are done by the same way

3.4.3 Optimization of the methods

The influence of sample filtration through 2um hydrophilic PTFE-filter during the transfer ofeth
subsample to a vial fdfC counting on the final measur& values is studied. The filtration is done
before acidifying, during the transport of the sarmple from the mother’s bottle to a 20 mL testing
polyethylene vial. This experiment is done at thd ef the most active phase (according to the tesul
of the 29 transfer), during subsampling of the day 39 of3Hdransfer. Only 6 bottles are used. The
goal is to verify the method used. One of the tesemples is from a batch of th& fransfer —
sediment 5. The other samples are taken from theahsfer series of batch containing the initial
mecoprop concentration 10@.L™.

In all cases, higher concentrations*#¢-carbon are found in non-filtrated samples (sepelix I1).

The difference is within range of 0-19 % in thed#dmd vial, in vial containing NaOH is the
difference in range of 0—4 %. It is obvious, tha tifference is more significant in the liquiddified
phase containinfC-mecoprop than in based phase contaifl6@, stripped out by acidification and
caught in NaOH. Reported values are supportinghhery that bacteria are fed by pesticide. Thus
mecoprop is retained on bacteria cells during tloeldgradation process. This fact increases the
amount of**C-carbon present in non-filtered samples. On therdtand, the reported increasé“af-
carbon could be given by another process run ibityass and could be part of the organic waste or
other by-products which are produced by the bacthuiing the time of incubation.

The difference of the'*C activities in the 3 layers shown in the mineraliation batches In the
most of the mineralization batches are shown 3callyi different layers. Therefore the sample is
taken out from each of the shown layer to obsefrteere is some difference {iC activities in those

3 layers. This is studied in the samples of tHaransfer. The reason why no samples are taken from
2" transfer which is significantly more active is fegel of liquid in the batches at the time, whee t
layers are significant. FdfC-counting batches are usually shaken 30 minutésrédeub-sampling
and then the suspension of small particles andigh@l part are taken out fdfC-counting. In the
batches which are staying some time and which ershraken, it is possible to see really clearlgehr
different layers in the batches — liquid layer dawith some organic matter, which is easy to mithw
liquid layer and finally sediment layer. For thigperiment batches are taken from the series
containing an initial concentration of mecoprofl60pg.L™ from the & transfer.
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The influence of flushingis studied by comparison of the activities in rilushed and flushed
batches.

Both of the experiment where the flushing is udealrslow, if any, biodegradation activity of present
microorganism. The most active sediment of tfeaid the 8 “mecoprop” transfers, sediment No. 4,
is used in the isolation part of experiment. Sorheaonies growth on R2A plates polluted by
mecoprop shows high mecoprop mineralization paénti following biodegradation experiment
which is part of the isolation experiment. In ttese of BAM transfers any biodegradation activity is
not reported, thus the influence of flushing is regtorted.

The flushing by filtrated air is considered as taetor negatively influencing the biodegradation an
thus the mineralization rate in the batch whers done. The flushing is probably inhibiting baaér
activity without killing the cultures. Thus it isopsible to use their mineralization potential i th
following non-flushed experiments.

The flushing is not used again in following expesnts.

3.4.5 Isolation of the active bacterial culture

The subsample, from which the needed dilution isedm be plated on the surface of the mecoprop
polluted R2A plates are taken from all of tH¥ &nd &' transfer batches containing sediment No.4.
This is done with knowledge of the mineralizatiativities observed during thé'and the ¥ transfer
incubation. The sediments from th& 8ansfer batches are also covered in this expetineven
though less rapid mineralization is reported. Téason is hope, that the different concentrations of
mecoprop or flushing at the beginning of the expernt affected the rate of mineralization.

The first part is a plate experiment, i.e. theigatton of the bacteria present in the suspensiakesn
out from the 2 and ¥ transfer bottles. As a medium for plates R2A isdusThe main source of
carbon supporting growth of bacteria is the pedticiThus to minimize the influence of R2A on the
growth, the pesticide is added in a relatively highcentration. The chosen concentration is 50 mg/L
Two ways of MCPP addition are followed. In the fficeise, a 4QL stock solution of MCPP with a
concentration of 50 mglis plated to dry R2A plates. In the second caanP of stronger stock
solution MCPP is added to liquid autoclaved R2Aimtyrcooling to reach a final concentration of
50 mg.L* in R2A. The way used for the isolation of BAM bemgadating bacteria is the plating of
40 pL of the BAM stock solution.

Tested inoculums are transferred from the batch#s avsterile syringe to a sterile eppendorf tube.
100uL of the chosen suspension are plated on the sudadry R2A plate in different dilutions.
During all the isolations, dilutions 1x, 10x, 10@nd 1000x are used. When the inoculum is dry, the
set is moved into the dark room with a temperatir&0+0.1 °C. After one week of incubation, the
colonies are documented.

The second part is the new mineralization set-upere/ the source of microorganism is colony
isolated from the R2A plates. From the plates wliteigepossible to isolate one colony, this colasy
taken and transferred into the new mineralizatiaictn. 24 colonies are finally isolated and
transferred. The complete provenance of transfarolmhies is shown in Appendix IlI.

The method of preparation is kept as is describdgtie biodegradation experiment chapter, with the
same water-to-sand ratio. The real values are dfGsgnd (Dansand No.0) and 20 mL of sterilized tap
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water. Instead of the 10 mL suspension from theipus transfer, the source of microorganism is now
only this one grown colony.

New mineralization incubation is started. In theeaf mecoprop after significant mineralizatiore th
isolation process is repeated with the most adiaeterial culture. The"2series of R2A plates are
done the 38 day of incubation of batches contain colonies fitva £' set of the R2A plates. After
one week of incubation the colonies grown on tlagsl are documented. 7 colonies are chosen from
the second R2A plates and transferred to the newnalization batches. The batches are done by the
same way as in the previous case. The provenaricansferred colonies is shown in Appendix 1.

When the ¥ R2A plate isolation are plated, 2 mL of suspensiom three of the most active batches
of the ' mineralization containing colonies from th& R2A series are transferred to the new batches
with the same initial conditions as in the origibatch.

Finally the pesticide is added in concentratiqrgd_” into the five active batches of th& ibcubation
mineralization of batches with R2A grown colonigfis experiment is done to prove the effect of
using the microorganisms pre-exposed to pestiodaning the repeated pesticide pollution.

Finally the most active cultures are chosen and fapfollowing projects. The cultures are kept by

two different ways:

- Cultures are deeply frozen(-80 °C) — 250 mL of shispension is transferred by sterile syringe
into 1mL cryotubes which contain 750 mL of sted&% glycerol.

- Cultures are kept in the mineralization incubati@iches in the dark room with temperature 8-
10 °C

In the BAM experiment the suspension from all & batches is taken out for the isolation of baateri
After one week of incubation, a growth of white tegi on all the plates is shown. Thus the second
mineralization batches are set-up and colonies flRBA plates are added as the source of
biodegradation activity.

3.5 Data analysis

The*C-mecoprop concentration estimated during the é@xyeerts is presented as % ratio of the initial
“C-mecoprop concentration. TH&O, concentration is also presented as the % ratithefinitial
“C-mecoprop concentration.

3.5.1 Mecoprop degradation*CO, production

The initial **C-mecoprop concentration is considered in all ef ineralizations carried out in this
project as equal to 100 %.

Then the changes in th& concentration in the batch systems are reposted/id ways:
a) As the changes in tHéC-pesticide level, i.e. the radioactivity of thespeide phase. When the
C counting is done, all of théC-carbon which is not stripped out from the subdenas
“C0O, is considered as radioactivity belongind8-pesticide.
b) As the changes iCO, concentration, meaning all th&CO, which is stripped out from the
subsample and caught by NaOH present in the iriaeduring*“C counting.
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The amount of evolvet!CO, calculated as a percentage of the radioactivitheftotal amount of the
initially added radioactivity is a function of tirecubation time. The evolveldCO, corresponds to the
amount of mineralized pesticide.

In the ideal case, both ways lead to the sametrddalvever, this is usually not valid for a real
conditions laboratory experiment; tH€0, production is then considered as the main parameted
for further calculations.

3.5.2 Degradation rate, pesticide half-time

The empirical degradation rate is derived fromdhquired experimental data. The degradation rates
are calculated between two points: the beginninthefexperiment, and the beginning of the period
where the degradation stabilizes, meaning that e HCO, is produced.

The degradation rate is a mathematical functiorcritiag the change of concentration of the
compound of interest in time. The degradation itiefined by the rate law (equation (1)).

A first order rate law is expected for the rapidd#gradation. The first order rate law is expressed
mathematically by the differential equation:

dc

===kt 1

ot 1
wherek [day’] is the first order kinetic constant.
If the equation is integrated from= ¢, @tt = 0) toc = ¢ (at t)the mathematical observation of the

biodegradation curve is yielded (2).

c, =c, @™ (2)
By presenting the equation in a logarithmic form {8is easy to find the definition of the halfdiof

the compound i.e. the time at which the concemtnatf the compound equals half of the initial
concentration.

In%:k[ﬂ (3)

A
The half-life (d") is independent of the concentration and it isnaef (4):

_In2_ 0693
T TR Tk *

Thek value is estimated graphically from the linearesgion of the curve describing progress of the
log of the MCPP concentration (100960, production (100%)) in time of incubation. If thegla
phase is present before the rapid biodegradatimm this lag phase is covered also in khealue
estimation. The first point of the curve of the MZPBrogress which is not covered in thealue
estimation is the second point in the equilibriuantp- where no more mineralization takes place.

However theT,, is calculated to illustrate the ability of cultarpresented in Bréville and Hvidovre

sediment to degrade applied pesticides. The goathef project is not the comparison of the
degradation rate but the isolation of cultures abléegrade the chosen pesticide.
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4. RESULTS AND DISCUSSION
4.1. Mecoprop mineralization in the 2“and the 3° transfer batches

4.1.1 Mecoprop mineralization in the 2 transfer batches

4.1.1.1 Overview

TheC activity of the 2 transfer after 29 days of incubation is comparét the **C activity of the
1* transfer after 32 days of incubation. The tablthwésults from the *itransfer measurements is in
the Appendix |, the table with results from tH& t2ansfer incubation is in Appendix V

The amount of“C carbon present in the acidified liquid phaseresenting*“C mecoprop, and the
amount of*“C carbon present in the basic phase, represehi&ifaO, stripped out and caught shows
that all of the sediments prove some mineralizatamivity within 30 days incubation. This
mineralization activity is for the "2 transfer sediments in range of 7-20 % of mineedli/C-
mecoprop and 2—6 % of produced and catlfid,.

The mineralization activities of the"transfer have the same progression as the minatiafi
activities of the T transfer batches with lowéfCO, production. The most active sediment in both
transfers is the sediment No. 4 and the sedimetit thie smallest mineralization activity is the
sediment No.2.

The values of thé*C-distribution after 39 days of incubation showexrmase in th&'C-mecoprop
concentration of 6 — 21 % in four of the batchethwiroduction of*CO, of 2 - 3 %. In the last batch
— batch with sediment No.4, a decrease of 45 %@t*C-mecoprop concentration and a production
of *CO, of 28 % is shown. According to those results,ohlthe sediments are covered in tHe 3
transfer. The 3 transfer is begun on the@8ay of the 2 transfer incubation.

The complete progress of the biodegradation agtofitthe bacteria present in the sediments used in
the batches of thé'2transfer is shown in the Figure 8 and in the Apjpel.
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Figure 8 Complete progress of the mineralization activitytia 2 transfer batches

4.1.1.2 Details

Two groups of sediments divided by the decreaséQrmecoprop concentration are shown during
29 days of incubation of the"2transfer. The “faster” group contains sedimentsnd 5. For the
slower group of sediments, sediments 1, 2 and 3sigwificant activity is shown during the first
29 days of incubation (Figure 8). In those thredirsents no significant mineralization activity is
shown within 103 days of incubation.

The most active group of sediments, sediments Nand}5, consumes during the first 29 days 15-
23 % of'C — mecoprop initial concentration witfCO, production of 2-6 %, Figure 8. Consequently,
the progress of the mineralization activity of #sliment No. 5 is slower. Only small, if any, chesig

in *C—mecoprop concentration and tH€0, production are reported during the next 74 dayse T
mineralization activity of the sediment No. 4 shoavsincrease of the rate of mecoprop degradation
after the first 28 days of incubation. The fastesteralization is shown between the days 29 and 50.
During this period, th&*C-mecoprop concentration in batch decreases froto 88 % and thé&'CO,
production increases from 6 to 30 %. The halftiifiee of mecoprop calculated in this sediment is 231
days. During the incubation period between daysaBfl 103 no significant change in tht-
mecoprop concentration antCO, production is shown. In this time, the system pinp reaches the
equilibrium. This assumption is supported by thapyr of the'*CO, production (Figure 9). It is
expected for the next experiments, that the mdsteaphase is taking place between days 28 and 38
of the incubation.

In the Figure 9 comparisons of the progr&&mecoprop concentration adtCO, production for
sediment No.4 in the®land the ¥ transfer batches is shown.
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Figure 9 Detail progresses of tH&C-MCPP and concentration alf€O, production in the ? transfer batches

4.1.1.3 Biotic vs. Abiotic (control) batches

The change iff*C- mecoprop is reported in both cases. In the ofsdiotic control, this change is
really slow and the maximum change is 9 % withi #ys of incubation. The insignificalCO,
production is reported in abiotic control. The nmanm **CO, production is 1 %. In biotic samples,
the smallest decrease ifC-mecoprop concentration is reported (13 % witHGO, production of
5%). The smallest“CO, production is 3% in the case of an 18 % decrezs&C-mecoprop
concentration within 103 days. Thus the decreas&emecoprop concentration in abiotic control can
not be the result of non-biological mineralization.

The difference in biotic and abiotic batches is meatly significant in the case of th& gansfer where
no significant biodegradation activity is reported.

4.1.2 Mecoprop mineralization in the & transfer batches

The first subsampling is done the™day of the incubation. No significant changei& mecoprop
concentration ot*CO, production is shown. After 36 days of incubatiastjone of the sediments, in
all the three concentrations, shows more than Ikesease in the level 6fC-mecoprop and more
than 3 % increase in the concentration'6fO, produced compared to its initial concentrationisTh
active sediment is the No.4. No significant charige*C-mecoprop concentration andCoO,
production is reported between days 36 and 50.

Some uncertainty is given to the biodegradatioiviagof sediments in the'8transfer by the fact that
one of the most significant decreases {8-mecoprop concentration shows control batches in
concentration 0,fug.L™* and 10Qug.L™ (day 36 of incubation). The degradation ratesnatecounted

for the 3 transfer. Complete data are shown in the Appextix

In the ¥ transfer, the biggest decrease reportetf@amecoprop concentration of 18 % is shown in
the batch containing sediment No. 4 and mecopropeattration 1qug.L™" The biggest production of
“CO, (24%) is reported in the batch containing the rsedit No.4 and mecoprop concentration
0.1pglL™
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Thus the sediment No. 4 for which the biggest naheation activity is reported in all of the three
transfers is considered in comparison of ¥@concentration progress and it is the only sedimen
which is used in the part of the experiment focusethe isolation of active mineralizing culture.

4.1.3 Comparison of the progresses of the mineradition activities during the 1, 2" and
in the 39 transfer incubation- batches with diluted original sediment

The Figure 10 shows the progress‘6f activities of the sediment No. 4 in th the 2¢ and the 3
transfer. The real concentration is plotted inldgescale to show the real progress. In the Appesdi
, V and VI the progress in percentage of charfd@ds shown.
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Figure 10 The progress of*C-mecoprop concentration aftCO, production for the sediment No.4 during the
1% transfer incubation (initial MCPP concentration ¥0ug.L™), the 29 transfer incubation (initial MCPP
concentration of fig.L™) and during the incubation of thé“3ransfer (initial concentration of MCPP of
100pg.L™) The real concentration is plotted in the log sdalshow the progress in real concentration.

In the F'transfer batch, rapid biodegradation is shown reéea lag phase is shown in théteansfer
batch before the rapid biodegradation starts aritlér8” transfer only small mineralization activities
are reported, if any. Only 10 % of the initial ambof the*C-mecoprop is reported as remaining in
the 1st transfer batch within 123 days of incubratla the batch of the 2nd transfer, a concentnatio
40-50 % of the initial"*C-mecoprop concentration is reported within 103sdaf incubation and
finally in the 3° transfer batch, a decrease in the concentratidfCafecoprop of less than 20 % is
reported within 50 days of incubation.

The comparison of'CO, production shows that almost the same amoufitQ, is produced in the

1% and the 2 transfer batch. If we consider that the mineraliaenount of mecoprop is equal to the
amount of**CO, produced, then the final concentration reachethbymineralization activity present

in those two batches is almost the same. The eufitgsent in the*ltransfer batches is mineralizing
faster with Ty, of mecoprop 150 days and without any lag phasan the culture in the second
transfer, where th@,, is 231 days. In the third transfer only productioelow 3 % of*CO, is
reported.

Only a part (10 mL) of the sediment suspension fibm first transfer batches is used for second
transfer batches, where the final volume of thehed is the same and the same process is repeated
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for the 3° transfer. That means that the culture and itsraagnvironment are diluted 9 times with
each new transfer. This can explain that the aaltorthe 2 transfer batch needs more time (lag
phase) to grow to the amount of bacteria able da sapid biodegradation. The dilution connected
with flushing used for preparation of th& 8ediment is probably the reason why no biodegi@ulat
activity is reported.

It is necessary to consider that data of the &irgt the second transfer are not completely comfgarab

due following reasons:

a) The concentration of substrate is changed to réfaelgyoal of the thesis, i.e. to find active
cultures degrading mecoprop in water sources. Tmeentration possibly present in the drinking
watersources is lower than the one used in previousrempats (10Qug.L™). Thus the concentration

for the 29 transfer is chosen to beug. L™.
b) The biodegradation, thus mineralization activitytbé sediments, has not been controlled

during the previous six months.

4.2 Effects possibly influencing the rate of minerization studied in the 2 and
the 3¢ transfer batches

4.2.1 Effect of different mecoprop initial concentation - comparison of the progresses of
the mineralization activities during the 3° transfer incubation

The progresses of th¥C-concentration for the sediment No.4 in batcheth wdifferent initial
concentration of mecoprop (Outy.L™, 10pg.L™" and 10Qug.L™) is shown in the Figure 11.
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Figure 113" transfer of MCPP - initial concentration 0.1, @00 mg.[* - sediment No.4
No significant difference, in between the progressithe’*C-concentreation in batches is shown. In

all of the batches only small mineralization adyivis shown and thus is not possible to document
significant differentiation for different initialancentration of mecoprop in the batches.
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4.2.2 Effect of using microorganisms pre-exposed feesticide, repeated pesticide
pollution

Comparing mineralization rates in the origindf fransfer batches and in the same batches with
repeated mecoprop pollution, no significant differe in the biodegradation progress for sediments 1,
2, 3 and 5 is shown. This could be due to alreaniglisbiodegradation potential of these sediments.
Thus only the most active sediment (No. 4) is ater®d in the results. In the original batches,ga la
phase of approximately 20-28 days with mecoprop tivae 231 days was observed, whereas in the
same batch after repeated mecoprop pollution nphege is reported and the half time of mecoprop
decreases to 87 days.

The progress of mineralization of the origindf #ansfer and of the"2transfer sediment after the
incubation time and following addition of water asubstrate is shown in Figure 12. Detail data ef th
progresses are shown in the Appendix VI.

110

__1oo
=S 901 —u
S5 80
23 70/
[
55 60
c C
82 50 \\'\‘\/'
c®
8= 40

[5)
% S 30 -
s 8 20
P g 10
<
- O

] 0 .L ‘ + & £ S = A— A— A ‘ —h

0 10 20 30 40 50 60 70 80 90 100 110
incubation time (days)
—+— 4 MCPP ——4CO2 —a&— control MCPP —a&— control CO2
4 MCPP pa 4 CO2 pa —o— control MCPP pa —— control CO2 pa

Figure 12 Effect of repeated pesticide pollution: progress t@-mecorpop concentration and th&O,
production in the original™ transfer batch No.4 and in the same batch, whemtkcoprop pollution is repeated
in the non-active phase

4.2.3 Transfer of sediment without liquid presentm the mineralization incubation bottle

A significant decrease of the lag phase, comparélet original 2 transfer batches, is shown after 47
days of incubation. The lag phase in the origifialtransfer batches is reported approximately to 20-
28 days whereas in the batches with transferreidneed, a shorter lag phase about approximately 18-
23 days is reported. The lag phase in the both nalization incubation is shorter than in th¥ 2
transfer case, but longer than in repeated contdinim of the sediment by mecoprop. The
mineralization is not as rapid as in both otheesa3he final concentration §iC-mecoprop reached
within approximately 50 days of incubation seemdé¢ohigher in the case of transferred sediment.
TheCO, production is almost the same as in tiftransfer case. The half life time for mecoprop is
not calculated and considered in this experimerg the significant difference i'C-mecoprop
concentration in batches.
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Figure 13 The progress in th&'C-mecoprop concentration arCO, production in the original " transfer
sediment No. 4 and in the batches, where 0,5 dhisf gediment where transferred and in the batchds w
repeated pesticide pollution

4.2.4 3 layers in biodegradation batches

The significant three layer separation in unshakatcthes — liquid layer, layer with some organic
matter easily mixed with a liquid layer, and filyadlediment layer, is shown in the Figure 14.

Figure 14 3layers experiment: batches with significant tHesers fragmentation
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The results from this experiment didn’t show argndicant difference in the level dfC-mecoprop
concentration o“CO, production in any of the phases. The results #&secto each other. The
interesting fact is that the highest concentratbmecoprop is usually shown in the mixture sample.
This value is also higher than the average of #iaes in the three simply layers. The complete data
are shown in the Appendix VII.

4.3 Isolation of the active bacterial culture

4.3.1 Bacterial growth on mecoprop polluted R2A pltes |

After 7 days of incubation in the dark room withieanperature of 10 + 0.1 °C, the growth of some
bacterial culture is shown on the surface of altted R2A plates excluding the control plate (no
culture added).

The amount of colonies which have grown on eachhef R2A plates is >60 000 CFU.flNo
difference in the growth is reported for the R2Atpk with plated mecoprop and R2A plates with
supplemented R2A. The only difference that coulccbesidered is that on the supplemented R2A,
bacterial colonies are concentrated close to rirRaifi dish. Zones with no bacteria or with just fe
colonies are shown on the most of the plates.

Round white colonies without sharp margins are gram all of the plates. The colonies have
different sizes and three different shades of whbittor are shown - light white, milk white and
intensive white. The colonies are flat and opticatem to be more 2D than 3D.

A significant difference is shown when using arbdidilution of bacterial culture, a 10 times and a
50 times (Figure 15 and Figure 16).

7,

Figure 15Documented growth on the plates of tikséries isolation
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Figure 16 Documented growth on the plates of tiesgries isolation

The plates are taken out from the temperature 6Cl® the laboratory after 7 days of incubatiod an
the colonies are documented. Some of the colothiese which can be isolated from other colonies,
are transferred into following mineralization bash

During this time, at a temperature of approxima@dy°C, a new kind of colonies growth is shown.
Two new types of colonies are shown. The first bae a yellow color (Figure 17). On one of the
other plate, a colony with stick shape has growguie 18).

Figure 17 The reported yellow colonies Figure 18The reported stick shape colonies

43



Microbial pesticide degradation in water works sélters

4.3.2 Incubation mineralization of batches with RA grown colonies |

After 15 days of incubation, no significant chanigethe ““C-mecoprop concentration dfCO,
production is shown. The 13 % decrease is repamtéte most active batches within this time.

After 28 days of incubation, a significant decreasethe **C-mecoprop concentration artéCO,
production is shown in five of the batches (Figli8. In those batches th&C activity is measured
again on day 33 and the mineralization activitythaf bacteria present in those batches is confirmed.
The decrease iH'C-mecoprop concentration in the active batchegp®nted about 37 — 45 % with
“CO, production 21 - 29 % within 33 days incubation.eThalf life time of mecoprop is reported
about 123-288 days.

The following R2A plate isolation is done on thé"3fay of incubation, since the systems are reported
currently active. The counting dfC-mecoprop concentration afitCO, production of the day 33
proves the similarity of the mineralization progresith the active batches of thé® aransfer.
According to this similarity, a decrease in the emalization activity is expected. This decreasing
trend is already confirmed by th&C values of the day 33 and it is shown in FigureTi® complete
data are shown in the Appendix VIII.

According to the result of the mineralization fellog the R2A plate’s isolation, no significant
influence of the three shades of white coloniesrcoh the mineralization progress is reported. sThu
it is assumed that the difference in white shadkiesto the amount of bacteria in the colony.
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Figure 19 The progress of thC-mecoprop concentration aftCO, production during the incubation of th& 1
series of batches containing colony growth on pelipolluted R2A plate

44



Microbial pesticide degradation in water works séhers

4.3.3 Bacterial growth on mecoprop polluted R2A plees Il

A significant difference is shown for plated 100xdal000x dilution. The amount of colonies grown
on the top of the plates with plated dilution 18§ all the cases > 6 000 000 CFU ln the case
of 1000x dilution of the mother suspension, a gtoat 760 000 CFU.rl — 3 000 000 CFU.nit is
reported. Only in the case of two plates with pladéution 1000x the same amount of CFU:ds in
the case of 100xs dilution is grown.

The colonies appear to have the same characteribia the colonies in the first isolation. Twodsn
of colonies have grown on the plates, the whiteamthe yellow one. The yellow colonies growth is
documented also in the room with a temperature0a01l °C and the growth of those colonies is
more frequent than on the first isolation platdgyFe 20).

Figure 20 Documented growth on the plates of th&s&ries isolation

4.3.4 Incubation mineralization of batches with R2Agrown colonies |l

No change in thé‘C-mecoprop concentration aitCO, production is reported within 42 days of
incubation as shown in Figure 21. This can be duké high dilution used for the plating of culture
That increases the possibility that pure culturespgesent in the colonies grown on the R2A plates,
and thus the risk that colonies which don’t contiy culture mineralizing mecoprop are transported
into the mineralization batches is higher. In tobate no mineralization activity can be reported.
Detailed data are shown in Appendix IX.
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Figure 21 The progress of th€C-mecoprop concentration aiCO, production during the incubation of th&' 2
series of batches containing colony growth on peipolluted R2A plate

4.3.5 Stabilization of the active bacterial culturdor following experiments

Due to the lack of any mineralization activity difiet twice isolated colonies, no clear strain
conservation is done. The suspensions from thelfatehes of the first series of batches containing
cultures grown on the first series of mecoprop ytetl R2A plates are chosen to be kept. Also
suspensions from their transfer and the most abtieh from the ¥ transfer are kept.

4.4 Effects possibly influencing the rate of minerd&ation studied batches
containing culture grown on the mecoprop polluted RA plates

4.4.1 The suspension transfers effect — R2A

The data of this experiment focused on the traredffeuspension from the batches containing a colony
grown on the R2A plates, are compared after 48 a@dyimcubation with the data of the original
batches containing a colony grown on the R2A platesthe batches containing transferred
microorganisms, a shorter (or no) lag phase befoeerapid biodegradation is shown, while a
significant lag phase of approximately 15 — 20 dayshown in the original batches, Figure 22.

The Ty, in the original batches is reported between 123 &B88 days with a lag phase of
approximately 15 - 20 days, the,;in batches with transferred suspension is repdrételeen 85 and
106 days with no lag phase.
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Figure 22 The suspension transfer effect: progress‘@fmecoprop concentration antCO, production in the
original * series of batches contain colony grown on R2Aepatd in the transfer made from those batches

4.4.2 Effect of using microorganisms pre-exposed fmesticide, repeated pesticide
pollution

The comparison of mineralization rates in the oayjbatches containing a colony grown on the R2A
plate and the same batches with repeated mecomthgign is shown in Figure 23 and 24. In the
Figure 23, the progress of tH&C-mecoprop concentration ariCO, production in the original
batches is shown with a significant lag phase pr@admately 15-20 days and mecoprof, of 123-
288 days. In the Figure 24 the progress of‘tBemecoprop concentration aH€O, production in the
same set of batch after repeated mecoprop polligishown. No lag phase is reported in this case an
the mecoprop J,decreases to 113-187 days. Detail data of progg@sseshown in the Appendix VII.
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Figure 23 Effect of repeated pesticide pollution: progredstC-mecorpop concentration and th&€O,
production in the original®iseries of batches containing a colony grown on RR#e.
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Figure 24... and the same batch, when the mecoprop pollutiogpisated in the non-active phase

The repeated mecoprop pollution of the same sediordmacterial culture leads to a rapid elimination
of the lag phase before its own mineralization. Thape of thé*C-mecoprop degradation curve as
well as the curve of th&'CO, production matches in both cases. The final canaton of *'C-
mecoprop is in both cases around 35 % of the irétacentration lower, than the concentration of
“C-mecoprop at the point where a rapid mineralirat®starting. The final concentration €0,
produced is in both cases close to 40 % of thalribncentration with respect to the same rula as
“C-mecoprop concentration.

4.5 BAM mineralization

A decrease of th¥C-BAM concentration of 11-17 % and*4 0O, production of 1-26 % is shown in
this experiment within 68 days of incubation. Ire teontrol batch 12 % decrease TiC-BAM
concentration and 1-13 % production*€0, is shown. Thus no significant mineralization aityivs
reported in this experiment.

In the second mineralization batches, which areedas the result of bacterial isolation, no
mineralization activity is shown within 28 daysin€ubation.

Detail data of both incubations are shown in Apjreixd.
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5. CONCLUSION

So far, the effect of dilution of the sediment @ning active culture able to degrade pesticides ha
not been studied. The main goal of this project twwaBvestigate if the sediments used in previous
experiments and containing cultures with biodegiadgotential were still active, possible to bedis

in a diluted microcosm, able to degrade mecoprppatedly and isolate this active culture. Based on
the data acquired from experiments and presentdgqusly, the general conclusions are:

= One of the Bréville site sediments contains cufiable to aerobically mineralize mecoprop,
in its different dilutions and repeatedly. Thistauk is localized in core Pz17c in depth 4.50 —
4.65 mbs with crumbly limestone structure of sufese. This culture is able to aerobically
degrade mecoprop in low concentrations with 40 fisiehcy within 50 days.

= The dilution of active mecoprop biodegradating ungs into the new microcosm results in a
decrease of the biodegradation activity, meanirg the time needed for the acclimation is
longer and that the final amount of mineralized apgop is lower.

= A repeated exposition of the same microcosm systemecoprop minimizes the acclimation
period, keeping the same mineralization capacibe Gulture is able to degrade around 40 %

of mecoprop in low concentration.

= The isolated active culture is able to degrade megoin an environment of sterile sand
instead of its natural sediment.

= The culture present in the sediment and grown atoprep polluted R2A plates is a group of
microorganisms, where just some of them are abiie¢wade mecoprop.

= No monoculture is isolated and identified in thisjpct.
= No biodegradation activity is reported for BAM begtadating cultures.

The results obtained in this project are giving edaoture perspectives in research of used sediments
containing cultures able to degrade mecoprop:

= The need of sediment in the system needs to beedtddrther. Can the culture degrade
mecoprop without sticking to the sediment or sads the sediment one of the mandatory
parts of the system?

= The second isolation to obtain purer cultures néett® repeated and should result in setting a
bigger amount of mineralization microcosms. Thesaclculture able to degrade mecoprop

can be isolated and identified.

The ability of the Hvidovre sediments to degradeMBAepeatedly needs to be confirmed or
excluded by another investigation.
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This project shows that the biodegradation on tlagemworks sand filters is a possible way of
pesticide removal and in future can be consideredira alternative technique to the current
pesticide treatment technique, the sorption tcatttevated carbon filter. However a long research

way still needs to be achieved before this techmitan take place in drinking water pre-treatment
practice.
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7. LIST OF USED ABBREVIATIONS

BAM 2,6-Dichlorobenzamide

DWD Drinking Water Directive

EC European Commission

EU European Union

GEUS Nationale Geologiske Undersggelser for Danmark ognfand (Geological Survey of
Denmark and Greenland)

CHMU  Cesky Hydrometeorologicky Ustav (Czech Hydrometemyial Institute)

Kow Water/ octanol partition coefficient

LD50 Dose at which 50% of subjects will die

MAC Maximum Allowed Concentration

mbs meters bellow surface

MCPP  Mecoprop

MzZP Ministerstvo Zivotniho Prosedi Ceské Republiky (Ministry of the Environment of the

Ccz Czech Republic)

pKa —logio Ka, Where Ka is acid dissociation constant

US EPA United States Environmental Protection Agency

WHO World Health Organization
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APPENDIX | — Overview of the biodegradation activiies in the £'transfer
sediments

1% transfer of sediments potentially contains microoganisms biodegradating mecoprop,
pesticide concentration 10qug.I"

1* transfer of sediments - Gry 2007

day 0 - 26.1.2007 day 32 - 27.2.2007 day 77 - 13.4.2007 day 123 - 29.6.2007

% MCPP %CO, % MCPP %CO, % MCPP %CO, % MCPP %CO,
100 0 47 29 43 29 46 26
100 0 79 2 75 1 66 3
100 0 40 19 33 18 20 22
100 0 30 29 9 19 4 42
100 0 76 3 68 4 56 5
100 0 95 0 95 0 83 0

1* transfer of sediments potentially contains microoganisms biodegradating BAM, pesticide
concentration 700pg.I"

% BAM
Time 25.X.06 20.X.06 | 31..07 | 20.IV.07 29.V1.07
(day) 0 35 98 177 247
Blind 100 84 80 77 26
HV-C 100 79 81 74 1
HV-D 100 66 75 53 4

% CO,
Time 25.X.06 29.X.06 | 31..07 | 20.v.07 29.V1.07
(day) 0 35 98 177 247
Blind 0 2 2 4 0
HV-C 0 2 2 6 16
HV-D 0 2 6 13 10







APPENDIX Il - The influence of sample filtration to the measured‘C-activities

batch non - filtered filtered batch non - filtered filtered
DPM/ml| % MCPP |DPM/ml| % MCPP DPM/ml | % CO, | DPM/ml | % CO,
5 52.442 108 49.169 102 5 2.226 5 2.429 5
1/100 | 55.197 100 51.813 94 1/100 1.429 3 1.698 3
2/100 | 54.918 102 54.479 102 2/100 1.716 3 1.820 3
3/100 | 58.088 107 54.426 100 3/100 2.568 5 2.655 5
4/100 | 35.123 110 29.015 91 4/100 | 14.779 46 14.346 45
5/100 | 59.961 118 49,542 98 5/100 3.191 6 2.478 5







APPENDIX Il - Provenance of the transferred colonies into the batches contain
colony grown on R2A plate | and I

A) Batches contain colony grown on R2A plate |

No of batch Colony added(mother batch, R2A+plated MCPP/supplemented R2A, pited
dilution - kind of transferred colony)
1 10ug/L, R2A 10x — light white colony
2 10pg/L, supl. R2A, 1xA — light white colony
3 10pg/L, supl. R2A, 10xB — light white colony
4 10pg/L, supl. R2A, 10x A — light white colony
5 10pg/L, R2A, 1x A — yellow colony
6 10pg/L, R2A, 1x A — milk white colony
7 10 pg/L R2A, 1x B —intensive white colony
8 10pg/L R2A, 1xB - light white colony
9 2 pg/L, supl R2A 1x B — yellow colony
10 2 ug/L, supl R2A 1x B — light white colony
11 2 pg/L, R2A 10x A — light white colony
12 2 ug/L, R2A 1x A — light white colony
13 2 ug/L, R2A 1x B - light white colony
14 2 pug/L, supl R2A 1x A — light white colony
15 2 ug/L, R2A 1x A — intensive white colony
16 100pg/L, R2A 10 x A — intensive white colony
17 100pug/L, supl R2A 1 x A — intensive white colony
18 100pug/L, supl R2A 10 x A — light white colony
19 100pg/L, supl R2A 10 x A — milk white colony
20 100ug/L, R2A 1 x B — intensive white colony
21 100pg/L, R2A 1 x A — light white colony
22 100ug/L, R2A 1 x C — intensive white colony
23 100pug/L, supl R2A 10 x B — yellow colony
24 100pug/L, R2A 10 x B — light white colony
control No colony

Note 1: The pink one are batches where mineralizatiowitis reported

B) Batches contain colony grown on R2A plate |

Batch No. Mothers batch Plate - dillution Kind of @lony
1 2" transfer batch 4 1000x White small
2 20 1000x White small
3 20 1000x White big
4 12 1000x White small
5 17 1000x White small
6 21 1000x White big
7 17 100x White small
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APPENDIX IV — Laboratory experiment overview



APPENDIX V — Overview of the biodegradation activites in the 29 transfer
sediments potentially contains microorganisms biodgadating mecoprop

2" transfer 2ug/L
Concentration of pesticide:approximate Ag.L™:1ml of 10Qug.L™in 100ml batch (30g sand, 60ml water, 10 ml subsamp
point 0- 17.12.07 day 29 - 15.1.08 day 39 - 25.1.08 Day 50 - 5.2.2008
batch No. DPM/ml % MCPP DPM/ml % MCPP DPM/ml % MCPP DPM/ml % MCPP
1 464.080 100 394.470 85 380.738 82 388.809 | 83,8
2 484.774 100 449.821 93 436.571 90 421.157 86,9
3 448.746 100 413.454 92 422.416 94 414.390 92,3
4 466.633 100 388.519 83 258.207 55 221.921 47,6
5 477.020 100 382.999 80 377.694 79 373.364 78,3
control 522.302 100 491.473 94 498.681 95 486.395 93,1
day 57 - 12.2.08 day 64 - 22.2.08 day 64 - 22.2.08 day 103 - 29.3.08
batch No. DPM/mlI % MCPP DPM/mlI % MCPP DPM/mlI % MCPP DPM/ml | % MCPP
1 393.370 85 371.976 80 391.863 84 380.185 82
2 401.002 83 370.520 76 388.466 80 403.540 83
3 402.595 90 383.126 85 427.242 95 390.299 87
4 214.849 46 203.752 43 192.800 41 215.065 46
5 355.569 75 354.818 74 347.692 73 345.557 72
control 478.383 92 449.165 86 472.853 91 477.146 91
point 0- 17.12.07 day 29 - 15.1.08 day 39 - 25.1.08 Day 50 - 5.2.2008
batch No. DPM/mlI % CO2 DPM/mlI % CO2 DPM/mlI % CO2 DPM/mlI % CO2
1 524 0 6.998 2 8.235 2 9.248 2
2 532 0 7.325 2 9.346 2 10.917 2
3 597 0 12.877 3 15.612 4 9.975 2
4 598 0 27.344 6 129.477 28 135.293 29
5 475 0 15.786 3 16.472 4 18.450 4
control 423 0 952 0 1.379 0 2.009 0
day 57 - 12.2.08 day 64 - 22.2.08 day 64 - 22.2.08 day 103 - 29.3.08
batch No. DPM/mlI % CO2 DPM/mlI % CO2 DPM/mlI % CO2 DPM/mlI % CO2
1 9.890 2 11.192 2 11.385 3 13.267 3
2 10.690 2 11.144 2 13.605 3 15.834 3
3 17.644 4 17.297 4 18.948 4 20.638 5
4 146.511 31 130.436 28 157.790 34 166.826 36
5 18.072 4 19.378 4 19.959 4 23.006 5
control 2.084 0 2.651 1 2.758 1 3.738 0







APPENDIX VI - Overview of the biodegradation activities in the 3% transfer

sediments potentially contains microorganisms biodgadating mecoprop

3" transfer: 0,1pg/L, 10pg/L, 100 pug/L and 50 pg/L

MCPP 0,1pg/L

day 0 - 29.1.08 day 7 - 5.2.08 day 14 -12.2.08 day 24 - 22.2.08 day 36 - 5.3.08 day 50 - 29.3.08
nd
traﬁsfer batch % % % % % %
batch No. DPM/m| | MCPP | DPM/ml | MCPP | DPM/ml | MCPP | DPM/ml | MCPP | DPM/ml | MCPP | DPM/ml | MCPP
1 1/0,1 | 51.786 | 100 | 50.886 98 51.390 99 51.208 98 49.493 | 96 | 48.975 95
2 2/0,1 | 56.136 100 | 55.116 98 55.893 99 57.277 102 55.111 98 53.942 96
3 XX
4 4/0,1 | 33.331 | 100 | 33.698 | 101 | 31.038 93 30.140 90 29.834 | 89 27.909 84
5 5/0,1 | 48.376 100 | 51.379 106 48.435 100 49.169 102 | 47.567 98 47.747 88
C c/0,1 | 76.562 | 100 | 65.963 86 71.763 93 71.519 93 72.126 | 94 | 68.170 89
CO, 0,1 mg/L
day 0 - 29.1.08 day 7 - 5.2.08 day 14 - 12.2.08 day 24 - 22.2.08 day 36 - 5.3.08 day 50 - 29.3.08
2nd
transfer batch
batch No. DPM/ml | % CO, | DPM/ml | % CO, | DPM/ml | % CO, | DPM/ml % CO, | DPM/ml | % CO, | DPM/ml | % CO,
1 1/0,1 1.357 3 1.098 2 1.192 2 1.365 3 1.764 3 2.363 5
2 2/0,1 | 1.649 3 1.354 2 1.452 3 1.545 3 2.898 5 2.633 5
3 XX 0
4 4/0,1 | 11.945 36 17.742 53 18.907 57 19.334 58 20.328 61 20.107 60
5 5/0,1 | 2.336 5 2.112 4 2.312 5 2.429 5 422 1 2.712 6
C c/0,1 536 1 393 1 323 1 313 4 418 1 683 1
MCPP 10,0 mg/L
day 0 - 29.1.08 day 7 - 5.2.08 day 14 - 12.2.08 day 24 - 22.2.08 day 36 - 5.3.08 day 50 - 29.3.08
nd
traﬁsfer batch % % % % % %
batch No. DPM/ml MCPP | DPM/mI MCPP | DPM/mI MCPP DPM/ml MCPP | DPM/ml | MCPP | DPM/m| | MCPP
1 1/10 | 39.897 | 100 |40.929 | 103 | 39.992 | 100 | 40.243 | 100 | 39.863 | 100 | 38.890 98
2 2/10 | 53.067 | 100 | 56.938 | 107 |53.863 | 101 | 52.422 99 51.930 | 98 | 52.029 98
3 3/10 | 57.344 100 | 55.483 96 54.605 95 55.352 96 55.950 98 53.681 94
4 4/10 | 32.714 | 100 | 32.295 98 31.188 95 30.201 92 290.981 | 92 27.088 83
5 5/10 | 51.554 100 | 53.582 104 51.803 100 51.172 99 51.312 99 49.432 96
C XX







APPENDIX VII - Using of microorganisms pre-exposedo pesticide, repeated

pesticide pollution

A) 2nd transfer batches

2" transfer batches - substrate added 16.4.08
day 0 - 16.4.08 day 20 - 6.5.08 day 47 - 2.6.08
batch % % %
No. DMP/mI MCPP DMP/ml MCPP DMP/mI MCPP
1 301.905 100 301.809 100 281.334 93
2 267.054 100 260.853 98 268.239 100
3 308.393 100 308.613 100 309.704 100
4 273.342 100 168.874 62 162.186 59
5 298.248 100 296.667 99 280.752 94
control 223.405 100 218.238 98 230.312 103
day 0 - 16.4.08 day 20 - 6.5.08 day 47 - 2.6.08
batch DMP/mI %CO, DMP/ml %CO, DMP/mI %CO,
1 6.300 2 8.939 3 10.386 3
2 7.271 3 5.725 2 10.417 4
3 8.546 3 13.850 4 14.328 5
4 32.763 12 106.594 39 114.405 42
5 13.428 5 15.834 5 18.450 6
control 3.290 1 2.045 1 2.085 1
B) Batches contain colony from R2A plates
1°' R2A Batches - substrate added 16.4.2008
day 0 - 16.4.08 day 20 - 6.5.08 day 47 - 2.6.08
DMP/ml % MCPP DMP/ml % MCPP DMP/mI % MCPP
12 116.438 100 77.337 66 75.873 65
17 108.155 100 82.613 76 75.454 70
18 110.130 100 83.083 75 82.228 75
20 93.865 100 73.256 78 72.974 78
21 118.023 100 76.712 65 79.924 68
cap 138.685 100 133.379 96 136.304 98
day 0 - 16.4.08 day 20 - 6.5.08 day 47 - 2.6.08
DMP/ml %CO, DMP/mI %CO, DMP/mI %CO,
12 20.204 17 34.661 30 43.150 37
17 19.631 18 35.829 33 47.450 44
18 21.765 20 39.681 36 39.827 36
20 21.049 22 38.777 41 39.031 42
21 21.210 18 44,773 38 46.231 39
cap 1.920 1 1.367 1 2.512 2







APPENDIX VIII - 3 layers experiment results

| mixture water bacteria layer sediment
day 0 - 29.1.08 day 36 - 5.3.08 day 36 - 5.3.2008 | day 36 - 5.3.2008 | day 36 - 5.3.2008
batch No. DPM/ml | % MCPP | DPM/ml | % MCPP | DPM/ml | % MCPP | DPM/mI | % MCPP | DPM/ml | % MCPP
1/100 55.013 100 49.657 90 52.624 96 51.109 93 52.604 96
2/100 53.673 100 53.229 99 53.937 100 47.446 88 51.525 96
3/100 54.524 100 58.465 107 54.031 99 53.087 97 55.780 102
4/100 31.955 100 28.320 89 28.016 88 29.372 92 28.320 89
5/100 50.741 100 51.238 101 47.221 93 50.145 99 51.171 101
c/100 70.772 100 67.118 95 61.412 87 62.319 88 61.050 86
day 0 - 29.1.08 day 36 - 5.3.08 day 36 - 5.3.2008 | day 36 - 5.3.2008 | day 36 - 5.3.2008
batch No. DPM/ml | % CO, |DPM/ml| % CO, |DPM/ml| % CO, |DPM/ml| % CO, |DPM/ml| % CO,
1/100 1.150 2 1.734 3 1.924 3 1.733 3 1.898 3
2/100 1.616 3 1.788 3 2.043 4 1.674 3 1.967 4
3/100 2.299 4 2.752 5 2.581 5 2471 5 2.468 5
4/100 16.221 51 20.363 64 20.654 65 19.763 62 20.052 63
5/100 2.326 5 2.558 5 2.823 6 2.817 6 2.900 6
¢/100 569 1 456 1 528 1 546 1 549 1
the lowest value the highest value







APPENDIX IX - 1 series of batches contain colonies grown on mecapr
polluted R2A plates

day 0 - 12.3.08 day 16 - 28.3.08 day 28 - 9.4.08 day 33 - 14.4.08
batch DMP/m %CO, DMP/m %CO, DMP/m %CO, DMP/ml | %CO,
1 158 0 358 1 620 1
2 87 0 389 1 946 2
3 162 0 212 0 877 1
4 101 0 305 0 531 1
5 149 0 259 0 518 1
6 180 0 323 0 781 1
7 445 1 668 1 513 1
8 368 1 230 1 480 1
9 330 1 218 0 389 1
10 786 1 724 1 660 1 540 1
11 268 0 334 1 400 1
12 256 0 1.615 3 14.748 24 17.984 29
13 248 0 507 1 776 1
14 282 0 553 1 647 1
15 245 0 298 0 610 1
16 280 0 325 0 541 1
17 212 0 994 1 17.690 26 21.078 31
18 256 0 567 1 3.410 4 19.767 21
19 202 0 303 1 392 1
20 281 0 3.506 5 19.963 28 14.474 21
21 240 0 845 1 18.032 27 22.774 34
22 163 0 462 1 1.049 2
23 173 0 281 0 796 1
24 180 0 274 0 768 1
control 170 0 258 0 577 1 1.324 2







APPENDIX X - 2" series of batches contain colonies grown on mecaoyr
polluted R2A plates

2" R2A plates batches (isolation of bacteria from 1% AP experiment)
day 0 - 22.4.08 day 14 - 6.5.08 day 41 - 2.6.08
batch DMP/mlI % MCPP DMP/mlI % MCPP DMP/mlI % MCPP
1 77.091 100 73.805 96 75.056 97
2 75.062 100 81.975 109 81.795 109
3 74.359 100 72.193 97 73.494 99
4 66.699 100 68.441 103 65.841 99
5 75.315 100 79.205 105 76.783 102
6 60.162 100 63.432 105 64.314 107
7 59.890 100 71.172 119 70.218 117
day 0 - 22.4.08 day 14 - 6.5.08 day 41 - 2.6.08
batch DMP/ml %CO, DMP/ml %CO, DMP/ml %CO,
1 477 1 1.072 1 514 1
2 500 1 1.347 2 619 1
3 487 1 979 1 692 1
4 411 1 1.166 2 517 1
5 458 1 1.391 2 493 1
6 384 1 994 2 430 1
7 333 1 1.035 2 758 1







APPENDIX XI - Overview of the biodegradation activities in the 3% transfer
sediments potentially contains microorganisms biodgadating BAM

day 0-29.1.08 | day 14 - 12.2.2008 | day 36 - 5.3.2008 | day 50 - 29.3.2008 | day 68 - 15.4.2008
batch No. | DPM/ml | % BAM | DPM/m| | % BAM | DPM/ml | % BAM | DPM/ml | % BAM | DPM/m| | % BAM
BAM 1100 | 842 100 756 90 810 96 770 91 748 89
BAM 2100 | 971 100 829 85 861 89 817 84 843 87
BAM C 100| 535 100 518 97 527 98 583 109 634 119
BAM 1700 | 34.958 100 | 32.553 93 31.496 90 33.030 94 29.163 83
BAM 2 700 | 28.819 100 | 29.561 103 29.265 102 29.476 102 28.669 99
BAM C 700 | 33.991 100 | 33.216 98 33.610 99 32.510 96 30.003 88

day 0-29.1.08 | day 14 - 12.2.2008 | day 36 - 5.3.2008 | day 50 - 29.3.2008 | day 68 - 15.4.2008
batch No. | DPM/ml | % CO, | DPM/ml | % CO, | DPM/ml | % CO, | DPM/mI | % CO, | DPM/ml | % CO,
BAM1100| 189 22 132 16 157 19 295 35 407 48
BAM 2100 | 220 23 146 15 196 20 231 24 404 42
BAM C 100| 180 34 41 8 53 10 136 25 250 47
BAM1700| 258 158 0 165 302 700
BAM 2700 | 233 163 1 149 280 233
BAM C 700| 120 36 0 50 136 452




