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ARTICLE INFO ABSTRACT
Editor: Karina S.B. Miglioranza Two new classes of PCB metabolites were recently discovered: sulfonated-polychlorinated biphenyls (sulfonated-
PCBs) and hydroxy-sulfonated-polychlorinated biphenyls (OH-sulfonated-PCBs). These metabolites, originating
Keywords: from PCB degradation, seem to possess more polar characteristics than their parent compounds. However, no
Sulfonated-polychlorinated biphenyls other information, such as their chemical identity (CAS number) or their ecotoxicity or toxicity, is available so

Hydroxy-sulfonated PCBs

A far, although more than about one hundred different chemicals were observed in soil samples. In addition, their
Water extraction

physico-chemical properties are still uncertain since only estimations are available. Here we show the first ev-

Bioconcentration

Leaching idence on the fate of these new classes of contaminants in the environment, producing results from several
experiments, to evaluate sulfonated-PCBs and OH-sulfonated-PCBs soil partition coefficients, degradation in soil
after 18 months of rhizoremediation, uptake into plant roots and earthworms, as well as a preliminary analytical
method to extract and concentrate these chemicals from water. The results give an overview of the expected

environmental fate of these chemicals and open questions for further studies.
1. Introduction 34], and the sulfate-PCBs [15,16,6]. Metabolic reactions in animals were
mainly investigated, although plant role in the interconversion of
PCB metabolites were object of lot of attention in the past 40 years, different forms was recently studied [26,50,51]. Other categories, for

especially the methoxylated-PCBs [3,37], the hydroxy-PCBs [14,17,19, example the methyl-sulfone derivatives were studied for their chirality
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[11], while the hydroxy-PCB were explored as occupational markers of
exposure as well as for their toxicity [35,38]. Among PCB metabolites,
sulfonated-polychlorinated biphenyls (sulfonated-PCBs) and
hydroxy-sulfonated-polychlorinated biphenyls (OH-sulfonated-PCBs)
are two recently discovered classes of environmental contaminants,
originating from PCBs [1]. Sulfonated-PCBs were identified for the first
time by Liu and coworkers [27] in polar bear serum. It was postulated
that PCBs could reach the Arctic foodweb through long-range transport,
being then accumulated and transformed to sulfonated metabolites.
Sulfonated-PCBs (together with OH-sulfonated-PCBs) were also recently
identified by Bagnati and coworkers [1], in agricultural soil samples
collected from the National Priority Site (SIN) for Remediation SIN
Brescia-Caffaro, located in Northern Italy [7,9]. These agricultural areas
received irrigation water contaminated by PCBs, discharged by Caffaro
chemical plant, a former PCB producer. Since no measured
physico-chemical properties were available, [1] estimated these prop-
erties, which revealed a general more polar nature than the corre-
sponding same-chlorinated parent compounds. At present, no
information exists on their environmental formation, including the or-
ganism(s) responsible for their formation. However, Li and coworkers
[25] investigated the importance of the intestinal microbiome in PCB
biotransformation by feeding mice with an environmental PCB mixture
and analyzing their feces. The authors observed that for
sulfonated-PCBs, the levels were higher in mice with a microbiome than
in the germ-free ones, suggesting that microorganisms could play a role
in sulfonated-PCB formation. It was also observed that the biotransfor-
mation of PCBs into sulfonated-PCBs could also occur as a detoxification
process through a P450-mediated oxidation and the activity of some
enzymes, including the Glutathione-S-transferase [27]. Therefore,
further studies are needed to investigate which metabolic pathway leads
to the formation of sulfonated and OH-sulfonated-PCBs and the organ-
isms responsible. For example, earthworms were recently shown to be
able to bioaccumulate these metabolites from soil [32]. However, no
information on PCB metabolization in these organisms is available yet.

The objective of this work is to show the first evidence on the envi-
ronmental fate of these new classes of contaminants in the environment.
Here the results of several experiments are presented: the evaluation of
soil partitioning, degradation, uptake into organisms, as well as a pre-
liminary analytical methods for extracting sulfonated and OH-
sulfonated-PCBs from water. Some of these activities were possible
thanks to a sulfonated PCB standard, recently synthesized by our group
[29]. The results allow to shed some light on their properties and the
environmental fate, to address further studies, such as model their fate
with multimedia models, at different scales [13,30,43].

2. Materials and methods
2.1. Chemicals and reagents

Dichloromethane (ACS reagent. > 99.8%) was obtained from Sigma-
Aldrich, Ammonia (28%) from VWR Chemicals and Methanol from
Riedel-de Haen (Seelze, Germany). HPLC solvents and reagents were of
pesticide or LC-MS grade: water (in house Milli-Q apparatus), acetoni-
trile, acetone, formic acid and ammonium acetate (Carlo Erba Re-
agents). Standards of OH-PCBs (4-hydroxy-2,3,3',4',5
Pentachlorobiphenyl, OH-PCB-107; 4-hydroxy-2,2',3,4',5,5,6-Hepta-

chlorobiphenyl, OH-PCB-187; 3-hydroxy-2,2',3',4,4',5-Hexa-
chlorobiphenyl OH-PCB-138 and !3C;y-4-hydroxy-2,2/,3,4',5,5',6-
Heptachlorobiphenyl, 13C;,-OH-PCB-187) were purchased from

Wellington Laboratories (Guelph, ON, Canada). A hexa-sulfonated-PCB
standard (corresponding to sulfonated-PCB 155, or 2,2'4,4'6,6'-hexa-
chloro-[1,1’-biphenyl]—3-sulphonic acid) was synthesized by our group
and described in a companion paper [29], whereas Supelcosil LC-NH;
and Supelclean ENVI-18 3 mL cartridges were purchased from Merck
(Darmstadt, Germany).
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2.2. Analysis of sulfonated-PCBs and OH-sulfonated-PCBs in
environmental matrices

Sulfonated-PCBs were extracted from earthworm, soil and root
samples using 4 mL of a solution acetone:water (95:5% v/v), containing
1% formic acid, for 30 min using a sonicator. The same procedure was
repeated using 4 mL of dichloromethane. Then, samples were recon-
stituted with 600 uL of acetonitrile and analyzed with an HPLC-HRMS
using a LC system coupled to an Orbitrap Q Exactive mass spectrom-
eter. More details on the extraction and the analytical procedure are
reported in [32]. Water samples from all experiments but the leaching
behaviour one (Section 2.9), were directly injected (100 uL) after
centrifugation. These samples were analyzed with LC-HRMS using an
UHPLC Thermo Fisher Vanquish coupled to a Thermo Fisher Orbitrap
Exploris 120 mass spectrometer at 60,000 resolution.

2.3. Extraction of the synthesized sulfonated-hexa-PCB from water

For the leaching behaviour experiment (see Section 2.9), two types of
samples (deionized water (2 replicates per cartridge) and tap water
added with dissolved organic carbon (DOC) (one replicate per cartridge)
were extracted with a solid phase extraction (SPE) technique using LC-
NH; and ENVI-C18 cartridges (TEXT SI-1 and Table SI-1). The ENVI-C18
cartridges were used to preferentially adsorb the undissociated sulfo-
nated and OH-sulfonated-PCBs. On the other hand, the LC-NH, was used
as an ion exchange phase to capture the ionized species from the
aqueous phase. Samples extracted with the ENVI-C18 were first acidified
with 0.1% formic acid and then the cartridge was eluted with 10 mL of
methanol and 10 mL of cyclohexane. Replicate water samples extracted
with the LC-NH; were eluted as is using 20 mL of a solution methanol:
water (60:40% v/v) containing 0.03% NH3 to reach a pH = 10 or 0.02%
NH; to obtain a pH = 12. Before the extraction, each sample was spiked
with 100 ng of the synthesized hexa-sulfonated-PCB to evaluate the
recovery of the method. Then, the extracts were concentrated using a
vacuum rotary evaporator up to 1 mL. The synthesized-sulfonated-hexa-
PCB was then quantified with an HPLC-HRMS using an Agilent-1200 LC
system (Agilent Technologies) coupled to a Thermo Fisher Orbitrap Q
Exactive mass spectrometer, operating in ESI negative ion full scan MS
(120 —1200 u) at 35,000 resolution and in data-dependent MS2 at
17,500 resolution (see TEXT SI-1 for more details). The recovery was
determined by comparing the peak area of the hexa-sulfonated-PCB
spiked to samples before extraction (A) and the peak area of the same
analyte spiked to samples after extraction (B) and calculated as follows:
% Rec = B/A x 100.

2.4. Potential for rhizoremediation/degradation in soil

In the current study, soil samples from a previous rhizoremediation
greenhouse experiment [45] were analyzed for sulfonated and
OH-sulfonated-PCBs to evaluate the potential for biodegradation. More
specifically, the experiment [45] was performed to select the best plant
species and soil management for the bioremediation of weathered PCBs,
using the contaminated soil of the national priority site for remediation
(SIN) “Brescia-Caffaro” in Italy [7,9]. To evaluate the persistence in soil,
here soil samples from pots cultivated with Festuca arundinacea together
with Cucurbita pepo ssp. pepo and Medicago sativa alone were selected for
the evaluation of sulfonated-PCB metabolite biodegradation. These soils
were selected since these plant species showed the best effect on rhi-
zoremediation of PCBs [42,45].

2.5. Determination of soil-water partition

In the current study, samples from previous studies on contaminated
soils [1] and infiltration water [46] in a soil column experiment, were
analyzed for sulfonated-PCB metabolite determination. In this latter
experiment, the soil sample column C-TO (unplanted soil) and the
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corresponding leaching water concentrations, were used to calculate the
soil-water partition coefficient. The columns were leached with tap
water and samples were collected after 7 days of soil/water contact.

2.6. Bioaccumulation in plants and earthworms

In the current study, data on earthworm accumulation of sulfonated-
PCBs from [32] on Aporrectodea caliginosa Savigny specimens were used
to compare the bioaccumulation of sulfonated and OH-sulfonated-PCBs
in earthworms and plant roots. Briefly, grassland topsoil (0-30 cm) and
earthworms were collected in a highly contaminated agricultural field
located in the SIN Brescia-Caffaro and analyzed for sulfonated-PCBs and
OH-sulfonated-PCBs. The Bioconcentration Factor (BCF) was then
calculated. In the same agricultural field, a root sample, and an addi-
tional soil sample (0-10 cm) were collected, measured, and used to
calculate the Root Concentration Factor (RCF) for sulfonated and
OH-sulfonated-PCBs. More specifically, samples were collected in a
polyphyte permanent meadow [7] where the predominant species were
Medicago sativa and Festuca arundinacea.

2.7. Calculation of partition coefficients and bioconcentration factors

Soil-water partition coefficients (Kd) were first calculated for the
different chlorination families which were detected (for sulfonated-
PCBs: from tetra to hepta chlorinated congeners; for OH-sulfonated-
PCBs: for tetra and penta chlorinated congeners) using respective soil
and water concentrations from [1,46]. Kd was also calculated for the
synthesized hexa-sulfonated-PCB and for all the PCB chlorination fam-
ilies, as illustrated in [32]. The organic carbon-water partition coeffi-
cient (Koc) was then calculated as Koc= Kd/foc where fo( is fraction of
organic carbon in experimental soil, corresponding to 0.017 [45]. Koc
was also estimated for all PCB congener homologues families using the
Karickhoff equation [22]. Root Concentration Factors (RCFs) were
calculated by dividing the measured concentration in fresh roots by the
freely dissolved concentration in water (see Table SI-2 for details), while
for PCBs the RCF was estimated using the equation developed in a
previous work for Festuca arundinacea [44]. Similarly, BCFs were
calculated for earthworms as ratio of concentration in earthworms to
freely dissolved concentration in water (see [32] for more details)
(Table SI-2).

2.8. Characterization of leaching behaviour

A column experiment was performed to investigate the mobility of
sulfonated and OH-sulfonated-PCBs in soil using a sulfonated-hexa-PCB
standard (sulfonated PCB-155), newly synthesized by our group [29]. A
glass column (ID: 2.66 cm; length: 50 cm) with a 250 mL reservoir at the
top and a Teflon stopcock at the bottom, was filled (from bottom to top)
with: 2 g of glass wool, 25 g of sand, 54 g of background soil, 25 g of PCB
contaminated soil (from the SIN Brescia-Caffaro) spiked with 645 g of
sulfonated-PCB-155 dissolved in 1 mL of deionized water and additional
25 g of sand. Soil total length in the column was 14.5 cm, and volume
was 81 cm® (Fig. 1). The soil was wetted with about 10 mL of tap water
to reach field capacity conditions. Three days after the spike, tap water
was added to the reservoir and water samples were collected at specific
incremental times (0, 1, 2, 4, 24, 25, 28, 29, 30, 31, 35 and 37 days).

2.9. Quality assurance/quality control (QA/QC)

As analytical standards are not available yet for all these chemicals,
we used the signal intensity of the internal standards (OH-PCBs) to
evaluate the robustness of the analysis, considering acceptable a coef-
ficient of variation (CV %) within 15% between different batches.
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O Sand
E Contaminated soil

H Not contaminated soil
O Glass wool

14.5cm

Fig. 1. Sketch of column layering (from bottom to top): glass wool (grey), sand
(yellow), background soil (brown), PCB contaminated soil (from the SIN
Brescia-Caffaro) (red).

2.10. Statistical analyses
All regression analyses were performed with R Studio v.4.2.1 [36].
3. Results and discussion

While much information exists for PCBs fate in the environment [18,
28,48,7], little is known about the fate of PCB metabolites in the envi-
ronment [32,40,41,49] since metabolites are often measured in organ-
isms after exposure to parent PCBs [16,23,31,33]. For this reason, it is
important to characterize the occurrence and fate of PCB metabolites to
evaluate their environmental behaviour, persistence as well as the bio-
accumulation and toxicological features.

3.1. Extraction of sulfonated-PCBs from water

The analytical method presented here is the first one dealing with the
extraction of sulfonated and OH-sulfonated-PCBs from an aqueous
phase. Analytical methods available in the literature regard the extrac-
tion of sulfonated-PCBs from biological matrices (serum and feces) [25,
271, soil and earthworms [1,32].

Given the generally low pKa of sulfonated-PCBs (0.48-0.56) [32]
these chemicals are expected to be dissociated at environmental pHs.
Therefore, it is peculiar to evaluate the dissociation status when
extracting these chemicals from water to select the proper cartridge
phase and extraction conditions. The best result, with a complete re-
covery of the sulfonated-PCB 155 (139% + 15%), was obtained using
the ENVI-C18 SPE cartridge, after sample acidification. When using the
LC-NH;, cartridge, recovery was considerably lower and more variable
among replicates (52% =+ 29%). In particular, the recovery at pH 10 was
only 27%, while at pH 12 was much higher (46-84%). (TEXT SI-2 and
Table SI-1). For these reasons it is recommended, when extracting
sulfonated-PCBs from water, to use C18 cartridges using the specified
procedure.

3.2. Adsorption to soil

Log Ko was plotted against the number of chlorine atoms (Fig. 2, top
chart), Log Kow (Fig. 2, middle chart) and Log D (Fig. 2, bottom chart).
The regression lines generally show an increasing trend with the
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Fig. 2. Linear regressions between Log Koc and n° of chlorine atoms (top), Log
Kow (middle) and Log D (bottom). Log Koc was estimated using Karickhoff’s
equation for PCBs, whereas for sulfonated and hydroxy-sulfonated-PCBs it was
calculated from measurements.

increase of number of chlorine atoms (although not statistically signif-
icant) for both sulfonated and hydroxy-sulfonated-PCBs, similarly to
what happens for the parent compounds, PCBs. However, Kocs for PCB
metabolites are about a hundred times smaller than the corresponding
PCBs with the same number of chlorine atoms, highlighting the higher
polarity of metabolites, their reduced partitioning to soil and, therefore,
the enhanced affinity for the water phase. Another indication of the
lower hydrophobicity of sulfonated PCBs is given by the regression lines
in Fig. 2 (middle chart), where Log Kocs correspond to lower values of
Log Kow. In the last chart (Fig. 2), Log Koc was also plotted against Log
D, which is the apparent pH dependent Log Kow (calculated as the ratio
of the sum of the concentrations of all forms of the compound, ionized
and un-ionized in each of the two phases) [32]. This value coincides
with Log Kow for non-dissociated chemicals such as PCBs.

The results shown here are obtained at chlorination family level and
are of course to be used as such. As soon as more single congeners of
these chemicals will be available at mg level, it would be possible to
measure, directly or indirectly, the physical chemical properties such as
Kow, solubility in water, etc., and estimate their variability with tem-
perature, to gain insight on the chemical behaviour in realistic envi-
ronmental conditions [12]. However, the results obtained here show a
relatively lower affinity for soil compared to PCBs [7], as hypothesized
in a previous paper [1].
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3.3. Degradation in soil

Concentrations obtained for sulfonated and hydroxy-sulfonated-
PCBs in soils from a greenhouse experiment [45] are shown in Fig. 3.
The graphs report the chemical species in columns (sulfonated- vs.
OH-sulfonated-PCBs) while from top to bottom concentrations at the
different conditions (control vs. species cultivated in each pot) and times
(from time = 0 to time = 18 months) are reported. “Festuca + Cucurbita
soil” and “Medicago soil” are samples of soil cultivated for 18 months
with different plant species, Festuca arundinacea in consociation with
Cucurbita pepo spp. pepo and Medicago sativa, respectively. Being a
long-time contaminated soil, sulfonated and OH-sulfonated PCBs were
already present in the control soil, at the beginning of the experiment.
However, the temporal trends of the different metabolite families for
both samples, compared to the control, suggest a limited or very slow
degradation of sulfonates, having shown no apparent decrease in 18
months, neither in the control at t = 18 months, nor in the plant-treated
soil. Therefore, despite sulfonated and hydroxy-sulfonated-PCBs are
metabolites, their long persistence in soil appears to be similar to that of
their parent compounds [42,45,47], information which triggers the
need of further and specific studies on the halflives of these new classes
to evaluate and model their fate.

3.4. Accumulation in plant roots

Log RCFs were plotted against the number of chlorines (Fig. 4, top
chart), Log Kow (Fig. 4, middle chart) and Log D (Fig. 4, bottom chart)
and were compared to those estimated for PCBs. Although bio-
concentration values of sulfonated and hydroxy-sulfonated-PCBs were
lower than those estimated for PCBs by a factor of 100-200, respec-
tively, they also increased with the increase of hydrophobicity.

Previous studies showed that the translocation of chemicals into
plants is generally restricted to chemicals with a Log Ko, between 1 and
3 [4], while more hydrophobic chemicals are generally just accumulated
in roots. It is therefore possible that some lower chlorinated or dissoci-
ated sulfonated- and OH-sulfonated-PCBs could be translocated to aerial
parts of the plants, such as lower chlorinated OH-PCBs [39]. This in-
formation is crucial because PCBs are known for being accumulated in
roots [44] but no or little translocation is expected to aerial part of the
plants due to the high Kow [4], with the exception of plants belonging to
Cucurbitaceae family [20,21]. If sulfonated- and OH-sulfonated-PCBs
are translocated into plants from soil, an additional burden for the
terrestrial (and human) food chain is to be expected. More investigations
are needed to verify this condition.

3.5. Accumulation in earthworms

Bioaccumulation of PCBs and their metabolites was investigated in a
recently published paper [32]. To show some results from this experi-
ment, we selected the earthworm Aporrectodea caliginosa, since it is an
endogeic species, typically living within the first 20 cm of soil [10,2,24]
and therefore representing metabolite accumulation in top soil. Results
were reported (Figure SI-1) to compare the accumulation of PCB sulfo-
nates in earthworms to that in roots. Log BCFs for PCBs and PCB me-
tabolites were plotted against the number of chlorine atoms (Figure SI-1,
top chart) Log Kow (Figure SI-1, middle chart) and Log D (Figure SI-1,
bottom chart). Unlike the uptake of sulfonated-PCBs in roots, bio-
concentration in earthworms seems to be independent of hydrophobic-
ity. In particular, the hydroxy-sulfonated-PCBs show a statistically
significant (p-value=0.023). decreasing bioaccumulation trend with
Kow. is When the Log BCF is related to the Log D, the decreasing trend
for this class is maintained albeit with a smaller slope. On the contrary,
sulfonated-PCBs show a reverse trend, which increases with the Log D.
This behaviour might perhaps be explained by an additional mechanism
of partitioning: [27] showed the presence of sulfonated-PCBs (together
with other chemicals) in polar bear serum. This may suggest a potential
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Fig. 3. Concentrations (ug/kg dw) of four samples: Control soil t = 0 (soil collected at the beginning of the experiment) [1], Control soil t = 18 months (soil collected
at the end of the experiment), Festuca + Cucurbita soil (soil treated with Festuca arundinacea in consociation with Cucurbita pepo spp. pepo for 18 months) and
Medicago soil (soil treated with Medicago sativa for 18 months). Bars show the analytical error. LOD = limit of detection.

adsorption and transport mediated by blood proteins, which could be
due by the interaction of the sulfonated group with proteins. However,
more studies are needed to evaluate the mechanisms of bioaccumulation
of these metabolites and their potential role in toxicity.

3.6. Leaching behaviour

Having shown in the previous experiments the lower affinity for soil
and the long persistence of these metabolites, it was important to eval-
uate their behaviour in a soil column with mostly uncontaminated soil to
have a grasp of the potential leachability of these chemicals in topsoil.
This is possible using the hexachlorinated-sulfonated PCB (sulfonated-
PCB-155) as a model compound. The conditions simulated are those of a
soil initially at field capacity, which receives rainfall water. When water
saturates the porosity, it starts to move vertically (gravitational water),
carrying dissolved chemicals through the column. The experiment

showed that the highest concentrations in water leaving the column
were measured within the first 32 h of water flow, during which about
43% of the initial amount in soil was collected (Fig. 5). Then, concen-
trations level started to decrease, probably due to equilibration with soil.
After 115h of water flow, about 30% of the added synthesized
sulfonated-hexa-PCB was still inside the soil column.

The results of this experiment confirm the high leachability of sul-
fonated PCBs compared to the parent compounds, as desumed by the
higher Kow and therefore higher Koc and Kd [22] of the corresponding
PCB chlorination families.This also shows the capacity to move verti-
cally in soil even after a long equilibration time; although peak con-
centrations were about 0.3 mg/L after 26 h, after a period of 790 h
(about a month) and 21 L of percolating water, concentrations were still
around 0.1 pg/L. This much higher mobility of sulfonated-PCBs (and
possibly also of the OH-sulfonated-PCBs, more polar because of the
additional OH- group) in water could be responsible of potential
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contamination of groundwater and surface water at appreciable levels,
especially in contaminated areas, such as the agricultural areas of the

SIN Brescia-Caffaro [8,9] or of other areas worldwide.

4. Conclusions

The findings reported here allow us to gain some insight on the
environmental fate and properties of these sulfonated PCB metabolites.
These chemicals, although similarly chlorinated as the parent com-
pounds, due to the presence of one or more polar groups do change their
properties and mobility in soil. Their bioaccumulation in plant roots is
much lower than PCBs and may also be reflected in potential for
translocation in the upper parts, especially for the lower chlorinated
counterparts. Their biodegradability, in an 18 months rhizoremediation
experiment in soil, does not seem to be very different from PCBs. This
fact, together with the relatively high vertical mobility in soil during
water leaching, confirms that these chemicals could be potential can-

didates for groundwater and surface water contamination. Although
some evidence on their environmental behaviour is present, much is still
to be done on the identification of single congeners in the two classes.
While tens of these metabolites [1] were found in soil, we do not pre-
cisely know how many they are and their chemical identification in-
formation such as CAS number, EINECS, etc. Additionally, although
some physical-chemical properties were estimated [1,32], experimental
measurements of Log Kow, Log D, pKa, solubility at different pHs, etc.,
are not yet available. Additionally, the organism(s) responsible for their
formation in the environment and the halflives in the different envi-
ronmental phases were not identified. Finally, information on the world
general environmental contamination is still scarce and above all no
information exists on their toxicological and ecotoxicological properties.

This is particularly important also considering the recent evidence on

the toxicity, especially chronic, of other polar metabolites of PCBs, such

as the hydroxy-PCBs [5,38].

Environmental implication

In this paper we present the first evidence on the environmental fate

in
/ID N
+ v
3.56+05 [
. SR
I’ b \
! \
! \
| \
\
3.0E+05 ! \
! \
! \
|
! §
! =
256405 | b
! an
— ! i}
A ! \
— |' \
o0 1 .
5 2.0£405| | N
el h \
\
[ 1 \
I} | \
© 1 \
i
2 156405 | \
{= 1 \
£ ! \
! \
s | \
8 | \
N
© 1.0E+05 | | "
Bt ! \\
i
S i .
o ' AR
c ! N 3
| -
8 5.06404 |1 2 N ~o. & - o Q b
¥ ™ S~a b =3 o F +
U w S~ao o + + w w
N ~-as o w w o ~
© 3 3 q =
s B BN T B ~ ha ©
oop+ool b o9 & 000O0O0Oo----tee o A
N % 8 I 2L LY IS BIITS T TS D3 BRI RIIRISIETANRILTIBISIRIIE ST
“““"‘““"\mmNNNﬁmmva<r<r<r<f<r33mmm%wmmmmwv\r\v\r\?ggnme(h)
(-} o o~ o o o o o o o~ a o™ — < wn < (2} wn ~ o
o o © S o S Q S N 0 o ) ~ ; < " ] ~ 3 : : o
s, & 5 & & d e X & & g o o g @wm g 95 @ g g J Volume(l)
f—+ it f—t f— f—t =ttt

Fig. 5. Concentration ng L' of the synthesized sulfonated-hexa-PCB in water samples represented as a function of the time (h) (X-axis above) and the volume (L) (X-
axis below) of water that was flushed through the column. Both volume and time are cumulative. Where the amount is not shown, water was flushed but not
collected. Green and red bars represent the opening (green) and closing (red) of the soil column in terms of time (h): the column was opened for some hours to flush

the added water and then closed until the next water addition.
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of sulfonated-polychlorinated biphenyls and hydroxy-sulfonated-
polychlorinated biphenyls, two new classes of contaminants, recently
discovered in soil by our group. These chemicals (more than a hundred
counted so far) are truly candidate for being hazardous materials with
potentially negative ecotoxicological and toxicological properties, at
least comparable to other PCB metabolites (such as OH-PCBs). These are
the first results ever on the environmental behaviour of sulfonated- and
OH-sulfonated PCBs chemicals. In a companion paper we produced a
new standard (a sulfonated-PCB 155) which was employed in this paper
to study mobility in soil.
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