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Abstract

Thanks to growing environmental concerns in public opinion, bioremediation processes are
more and more used to decontaminate soils from organic compounds. Polychlorinated
biphenyls (PCBs) are known to be world wide spread persistent organic pollutants (POPs).
The white rot fungus Phanerochaete chrysosporium is able to degrade PCBs in water, and
soil As POPs, PCBs can also be adsorbed onto organic matter, such as Phanerochaete
chrysosporium mycelium. This study aims at estimating the fractioning of truly degraded
PCBs, adsorbed PCBs and residual PCBs in an aqueous bioremediation assay with
Phanerochaete chrysosporium. Di-, tri- tetra-, penta-, hexa-, hepta-chlorinated biphenyls
(IUPAC numbers: PCB28, PCB52, PCB101, PCB118, PCB138, PCB153, PCBI180) are
extracted from 500 mL aqueous bioremediation assays using a liquid-liquid extraction with n-
hexane. Analyses are performed on a high resolution gas chromatography coupled with a low
resolution mass spectrometry. The study reveals that the adsorbed PCBs fraction ranges from
42% to 54%, whereas the degraded one ranges from 39% to 49%. No PCBs were detected in

the residual water (limit of detection: 13 ng.L'l).

Keywords: Bioremediation — Polychlorinated Biphenyl — Phanerochaete chrysosporium —

adsorption.



1. Introduction

PCBs are composed of aromatic structure connected by chemical bonds [1] [2]. The general
formula is Ci2H(10.n)Cl, (Figure 1) where n is the number of chlorine atoms, from 1 to 10. The
formulae of the 7 PCBs studied are given in table 1. These molecules are chemically,
physically and biologically stable and have an extremely low solubility in water especially the
more chlorinated members [3]. These properties made their success in the past in heat transfer
and dielectric fluids uses. These same properties make them today ones of the most watched
Persistent Organic Pollutants (POPs) [4]. Moreover, they are soluble in oils and most organic
solvents and have a very high environmental mobility due to their high vapor pressure [5].
Due to inconvenient storages, industrial incidents or handling oversights, PCBs have
contaminated the environment. Thus, French Environment Ministry, through the BASOL
database (http://basol.environnement.gouv.fr/home.htm), lists more than 240 PCBs
contaminated sites. Public Authorities from Rhone river’s area have forbidden the
consumption of fish caught in the Rhone river due to high levels of PCBs in fishes flesh [6].
The main destruction process for PCBs is high temperature incineration which can cause
releases of highly toxic compounds like PolyChloroDibenzoDioxins (PCDDs) and
PolyChloroDibenzoFurans (PCDFs). Developing alternative treatment for PCBs-
contaminated soils become an environmental challenge. Biologic processes are environmental
friendly and low cost. They can be a good alternative to incineration for PCBs-contaminated
soil. Some microorganisms, such as Burkholderia xenovorans [7] [8] or Phanerochaete
chrysosporium [9] [10] are known to degrade PCBs in presence of an additional source of
carbon. Some studies report bioremediation assays but a little is known about PCBs sorption
onto fungus with degradation activity like Phanerochaete chrysosporium. Consequently, this
work aims to assess PCBs partition within an aqueous bioremediation assay leaded with

Phanerochaete chrysosporium.



2. Materials and methods

2.1. Materials

2.1.1. Reagent:

Mineral salts K;HPO4, KH,PO4, NH4Cl, MgSOy4, and CaCl,come from Sigma-Aldrich
(Steinheim, Germany) and are at least 98 % pure. FeSOy4 purity 95 % come from Prolabo
(Fontenay-sous-bois, France). A stock solution of liquid mineral medium containing K;HPOy4:
44 gL' KHPO,: 1.7 gL', NH4CL: 2.14 gL', MgSO,: 0.2 gL', FeSOy4: 0.01 gL' and
CaCl,: 0.003 g.L™" is prepared [11]. Yeast extract and D(+)-Glucose-monohydrate come from
Merck (Darmstadt, Germany).

PCBs standards of di-, tri- tetra-, penta-, hexa-, hepta-chlorinated biphenyls (PCB28, PCB52,
PCB101, PCB118, PCB138, PCBI153, PCB180) (10 mgL™" in acetone) and 2,4,5,6
tetrachlorometaxylene (TCMX) are provided by Cluzeau Info Labo (200 mg.L™" in acetone)
(Sainte-Foy La Grande, France).

Extraction solvent is n-hexane suprasolv Merck (Darmstadt, Germany). Clean up is
performed using 1g SPE Florisil cartridges from Supelco (Bellefonte, United States). Samples
filtrations are made thanks to 11 pum-diameter filter Whatman purchased from Bioblock

France (Illkrich, France).

2.1.2. Fungus strain:

Phanerochaete chrysosporium is provided by the Laboratory of Cryptogamy from the
National Museum of Natural History (Paris, France), under LCP 51 995 nomenclature. Malt
extract is provided by Merck (Darmstadt, Germany). Phanerochaete chrysosporium is grown
in a liquid malt medium (malt extract 3 %) at 35°C on rotary shaker. Pellets are divided in 8

parts to provide inoculii.



2.2 Methods

2.2.1. Bioremediation assay

500 mL of liquid mineral medium are placed in 1 L glass erlenmeyer and sterilized by
autoclaving at 120°C, under 1 bar during 25 minutes. D(+)-Glucose-monohydrate (2 g.L™),
yeast extract (0.5 g.L ") and PCBs (10 pug.L™" for each of the seven congeners) are sterilely
added. Amended liquid mineral medium are inoculed with Phanerochaete chrysosporium as
described previously. 100 mL of liquid mineral medium are taken at t=0 day. Cultures are
placed at room temperature under magnetic stirring for 7 days. Experiments are led in

triplicates.

2.2.2. Samples preparation and PCBs extraction

After reactions, the remaining media are filtrated through filter Whatman (pore size 11 um) to

separate the fungus from the aqueous phase.

Aqueous samples are extracted by liquid-liquid extraction with n-hexane (ratio sample:solvent
=2.5:1). A 10 minutes period of manual stirring is repeated three times. Both of organic and
mineral phases are collected in the same 1 L-glass vessel and are sonicated during 5 minutes.
Organic phase is dried by freezing and concentrated with rotative evaporation then under
nitrogen flow to a final volume of 1 mL. The fungal organic matter is dried overnight at room
temperature. Dry mycelia are separated from filters to be weighted. Both of mycelia and
filters undergo a solvent extraction with n-hexane. A 10 minutes period of manual stirring is
repeated three times. The organic phase is sonicated during 5 minutes. Both of residual

mycelia and organic phase is frozen to separate them.

All samples are purified through a Superclean LC-Florisil SPE tube conditioned by 10 mL of
n-hexane [12]. The extract is deposed in column head. The elution is made with 8 mL of n-
hexane at 5 mL.min™" rate. The elution product is concentrated under nitrogen flow to a final
concentration of 1 mL. Fifty pL of TCMX solution (10 pg.L™ in n-hexane) are added as

internal standard before analysis.



2.2.3. PCB analysis

PCBs extracts are analyzed by high resolution gas chromatography coupled with low
resolution mass spectrometry (HRGC-LRMS) on electron impact mode. It is the most widely
used technique for these compounds [13-17]. Ionization by this technique is the most sensitive
and reproducible. The apparatus is a Thermo-Finnigan Trace 2000 series coupled with a
Thermo-Finnigan Trace MS with a quadrupole type analyzer, entirely computer-controlled
with data acquisition and processing using XCalibur software. The chromatograph is fitted
with a Restek RTX-5MS (5% diphenyl; 95% dimethylpolysiloxane) column 30 meters long,
0.25 mm in diameter and with a 0.25 pum film thickness. Helium (Alpha 2, Air Liquide,
France) carrier gas is used, flow rate 1.2 mL.min". A 1 pL sample is injected into the
split/splitless inlet in splitless mode at 250°C. The temperature of the HRGC-LRMS interface
is 250°C, and the oven temperature program starts at 50°C for 1 minute followed by a rise of
20°C.min"" to 310°C, this temperature being maintained for 6 minutes. The full scan electron
impact data is obtained under the following conditions: solvent delay 5 minutes, electron
impact energy 70 eV, source temperature 200 °C, emission current 150 pA, detector voltage

350 V.

The HRGC-LRMS temperatures ramp, injection and detection parameter are listed in table 1.

Single Ion Monitoring method for detection is detailed in table 2.



3. Results and discussion

3.1. PCB analysis and degradation rate

The limit of detection (3 standard deviations) for each PCBs are 13 ng.L" for final aqueous
samples and 150 ng.L™' for initial aqueous samples. LOD for organic matter is 13 ng.g” dry
matter. The limits of quantification (10 standard deviations) are 42 ng.L™' for final aqueous
samples and 500 ng.L" for initial aqueous samples. LOD for organic matter is 42 ng.g”' dry

matter.

Analysis of initial aqueous sample (chromatogram shown Figure 2-a) reveals a total amount
of 14.34 + 3.45 mg PCBs. After 7 days, no PCBs were longer detectable in aqueous sample
(chromatogram shown Figure 2-b) whereas 6.95 + 2.81 mg have been quantified onto organic
matter. Figure 3 presents the percentage of individual PCBs. It shows that our method does
not induce selectivity toward any PCB. We can assume that the adsorption process is not
influenced by numbers of atoms of chlorine.

After 7 days, the fungus have been weighted at 400 = 115 mg of dry matter. The specific
sorption rate of total PCB average 17,375 mg.g” DM. The average of specific sorption rate
per day is 2,48 mg.g™.d”".

3.2. Fractioning assessment

For this calculation, LOD (42 ng.L'l) are taken for the determination of PCBs amount in final

aqueous sample. Degraded PCBs are deducted according to this calculation:

Degraded PCBs = Initial PCBs — (Adsorbed PCBs + Residual PCBs)

Results, presented in table 4 , reveal that the adsorbed PCBs fraction is the main fraction with
percentage ranging between 42 % and 54 %. The second fraction is the degraded one with
percentage ranging from 39 % to 49 %. The residual fraction represents only 5 % to 9 % of

initial PCBs content. These results indicate that despite the well-known abilities of



Phanerochaete chrysosporium to degrade organic compounds by extra cellular oxidation, a
large part of them can just be adsorbed onto fungus mycelium.

These results are coherent with former studies. Ruiz-Aguilar et al. [18] show degradation rate
ranging from 34 % to 73 % for 10 days incubation, on high concentration of soil extracted
PCBs (from 600 mg.L" to 3000 mg.L™"). Nevertheless, no estimation of adsorbed fraction is
made. Solvent from fungal mycelium washing phase is mixed with solvent from water
extraction to form the residual fraction. Kamei et al. study [19] exhibit degradation rate about
50 % for 14 days on low concentration of 4,4'-dichlorobiphenyl (about 5 mg.L™"). Fungal
mycelium is separated from liquid by centrifugation but organic matter and aqueous phase are
extracted with the same solvent. No information on adsorption ability from Phanerochaete
chrysosporium is shown. In an industrial process, residual and adsorbed fractions have to be
handled. The sorption capacity can be used to quickly remove PCBs from water as the
degradation ability could be used in long term bio treatments. Phanerochaete chrysosporium
shows efficiency and wide range of degradation abilities.

These results confirm that Phanerochaete chrysosporium can degrade highly chlorinated
PCBs. De et al. reported that the Nitrate reductase gene from Phanerochaete chrysosporium
could be involve in dechlorination of PCB 153 under non-ligninolytic condition (nitrogen-rich
condition) [9] which is the case in our study.

Besides, such calculations are useful to understand extra cellular degradation of PCBs by
Phanerochaete chrysosporium. This phenomenon has to be explored to understand the
degradation rate limits. Are adsorbed PCBs available to Phanerochaete chrysosporium extra

cellular enzymes?



4. Conclusion

Biologic processes can be a good alternative to incineration for PCBs-contaminated soil. This
study consists in assessing bioremediation of PCBs in an aqueous assay with Phanerochaete
chrysosporium. Truly degraded PCBs, adsorbed PCBs and residual PCBs have been
monitored. This work underlines the fact that fungus based bioremediation in aqueous media
involve two phenomenon i)Biofiltration; ii)Biodegradation. After 7 days of process, an
important fraction of PCBs is adsorbed onto organic matter. Further studies are led to check if
a longer exposition would induce better degradated PCBs/adsorbed PCBs ratio. In case PCBs
are not degraded, an aqueous PCBs bioremediation process using this fungus an additional

destructive process must added to the global process to remove PCBs from fungus mycelium.
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Tables

Compound TPAC n® Molecular formula structural formula
[
2.4 4 trichlorobiphenyl PCE 28 C2H7Cl5 C'WC'
CT I
2,27 5 5 tetrachlorobiphenyl FPCER 52 CaHgCly Q—Q
Cl |
TEl
22" 4.5 Spentachlorobiphenyl FCE 101 C12HsCls cl -
cl [
T
2,327.4.4° Spentachlorobiphenyl FCE 118 C12HsCls Cl _r; —LI
cl [
T TTCT
2,27.344° 5 hezachlorobiphenyl FPCE 138 CaHaCls C@—Q—CI
TTET
2,27 447 5 5 hexachlorobiphenyl FPCE 153 CaHaCls Cl _!r —LI
cl [
T T
2,27 3447 5 5 heptachlorobiphenyl FCE 180 C12HzCl; cl _,H' —CI

o

Table 1: PCB congeners studied: molecular and structural formula and ITUPAC numbers.



Injection Parameters

Temperature 250 °C

WVolume 1 pL

Mode Splitless Tmin then split 50 mL min-1
GC parameters

Tas flow 1,2 mL. min-1

Temperature ramp

Initial step: 50 *C =5 min
Eamp 1: 16°C min-1 - 230 °C
Eamp 2: 5 °C.min-1— 280 °C
Final step : 280 °C — 1 min

Detection parameters
Delay

Source temperature
Emission current
Detection voltage
sweep speed
Electrons impact

10,5 min
2002
150 pd
250
dm. s-1
TV

Table 2: GC-MS analysis parameters.



Time (min}) Compound Characteristic mass (mn/z)

10,50-12,5 TOWEE 1536, 171 244

12,50-14.5 PCE 28 150186 ; 258, 292
PCE 52

14,5-15,65 PCE 101 184, 254, 326

15,65-18,0 PCE 115 184, 218, 254 ; 250, 326 , 360
PCE 135
PCE 153

18,0-20,0 PCE 180 162, 252, 324 ;, 334

Table 3: MS detection method.



Chlorine Fractioning
nuniher
FCB 28
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Table 4: PCBs fractioning results.



Figures captions

1. Figure 1: Polychlorobiphenyls general formula.

2. Figure 2: Chromatograms from (a) initial aqueous sample, (b) final organic matter
sample and (c) final aqueous sample.

3. Figure 3: Individual PCB fractioning in analysed and calculated compartments.
*: Estimated with LOD.

4. Figure 4: Fractioning of trichlorobiphenyl PCB 28.

5. Figure 5: Fractioning of tetrachlorobiphenyl PCB 52.

6. Figure 6: Fractioning of pentachlorobiphenyls PCB 101 and 118.

7. Figure 7: Fractioning of hexachlorobiphenyl PCB 138 and 153.

8. Figure 8: Fractioning of heptachlorobiphenyl PCB 180.



Figures

Figure 1 : Polychlorobiphenyls general formula.
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Figure 2 : Chromatograms from (a) initial aqueous sample, (b) final organic matter sample
and (c) final aqueous sample.
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Figure 3 : Individual PCB fractioning in analysed and calculated compartments.

*. Estimated with LOD.
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Figure 4 : Fractioning of trichlorobiphenyl PCB 28.
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Figure 5 : Fractioning of tetrachlorobiphenyl PCB 52.
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Figure 6 : Fractioning of pentachlorobiphenyls PCB 101 and 118.
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Figure 7 : Fractioning of hexachlorobiphenyl PCB 138 and 153.
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Figure 8 : Fractioning of heptachlorobiphenyl PCB 180.
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