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In sediments contaminated by hydrophobic organic compounds, the total concentrations are
less indicative of potential exposure and distribution than the associated freely dissolved
concentrations (Cg.e) or chemical activity, being recently proposed chemical activity as a key
parameter for the baseline toxicity. Measurements of Cgee can also be multiplied by an
appropriate factor (BCF or BSAF) in order to predict bioconcentration/bioaccumulation. In
this work, Cge. and chemical activity associated to PAHs of marine sediments from a
chronically polluted area have been studied to predict baseline toxicity and potential
bioaccumulation from these sediments into target organs of flatfish. This new approach allows
predicting the concentration in biological tissues under the study of Cge in sediments, as a
useful tool in risk assessment.
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Abstract

In soils and sediments contaminated by hydrophobic organic compounds (HOCs), the total
concentrations are less indicative of potential exposure and distribution than the associated freely
dissolved concentrations (Cge) or chemical activity. Therefore, these two parameters are
increasingly used to assess sediment contamination with regards to their (1) partitioning into the
water column, (2) bioaccumulation and (3) baseline toxic potential. In this work, sediments from a
chronically polluted coastal area, with similar total PAH concentrations, were studied using PDMS
coated glass jars (obtaining Cgee (sw) and chemical activity) to predict baseline toxicity and potential
bioaccumulation from these sediments. Results indicate that, on one hand, the chemical activity of

the sediments differed by up to one order of magnitude and were below the level at which lethal
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baseline toxicity is expected, but are still a cause for concern due to the presence of other pollutants
and different mechanisms of action. On the other hand, the combination of Cge. measurements and
Biota to Sediment Accumulation Factors (BSAFs) allowed concentrations in different target organs
of benthic flatfish, hypothetically exposed to these chronically polluted sediments, to be estimated.
This new approach allows to predict the concentration in biological tissues under the study of

Chieesw) 1n sediments, as a useful tool in risk assessment.

l. INTRODUCTION

Due to their properties and the environmental implications, 8 polycyclic aromatic hydrocarbons
(PAHs) are included in the list of Priority Pollutants of the European Water Framework Directive'”
and 16 PAHs in the United States Environmental Protection Agency (USEPA) Priority Pollutant
List’. Levels of PAHs in the environment are characterized by low solubility in aqueous media, and
once dissolved in water they tend to partition into organic phases including living organisms®.
PAHs levels in marine sediments have a highly heterogenic spatial distribution depending on
several characteristics of the study location, i.e., source, abundance, local atmospheric/marine
circulation regime, sediment properties (grain size, content of organic carbon and black carbon),
etc. Not only there is heterogeneity in concentrations within a region, but also the composition of
the PAH mixture profile varies. This is rarely addressed in traditional risk assessment and
management, which focus on the exposure and effects of single compounds and might lead to an

underestimation of the actual risks.

Hydrophobic pollutants such as PAHs accumulate in biological membranes, disturbing their

structure and function. This type of acute toxic action is called baseline toxicity or nonpolar

2
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narcosis’. Although baseline toxicity is the minimal toxicity that a compound may elicit, it is
relevant for assessing the risk of complex mixtures in the environment®. According to several
authors”™’, total concentrations of hydrophobic organic compounds (HOCs) in soils and sediments
are less indicative of potential exposure and distribution than the associated freely dissolved
concentrations (Cgee) or chemical activity. Cge. can be understood as the concentration of freely
dissolved molecules (not sorbed or bound to other phases). Chemical activity is not related to total
concentrations, but to Cge.. The chemical activity is a measure of the “effective concentration” of a
species in an environmental compartment (e.g., water, sediment, biota, air). It has recently been
proposed and experimentally confirmed that chemical activity is a key parameter for the baseline
toxicity of hydrophobic organic chemicals, and that some highly hydrophobic substances can exert
baseline toxicity at low aqueous concentrations but at relatively high chemical

- ... 910,11,12,13,14,15
activities™ 7 7 7"

. These, and other studies, suggest that exposure to hydrophobic organic
substances is better described by freely dissolved concentrations and chemical activity than the total
chemical concentration, since partitioning and diffusive uptake are spontaneous processes that are
driven by differences in chemical activity. Because they can accumulate in sediments, PAHs have
often been examined in this environmental compartment, in relation to their role in exposure and
their effects on aquatic life. On the other hand, some PAHs are considered to be mutagenic and
carcinogenic, and, consequently, their bioaccumulation is relevant and of special interest because it

16,17 Furthermore, even without detectable acute or

provides information about long-term toxicity
chronic effects, bioaccumulation should be regarded as a hazard criterion in itself, since some
effects may only be recognized in a later phase of life'®. Cfee is not only useful to determine the

partitioning of pollutants among marine compartments, but also is interesting to determine other

parameters. Measurements of Cge. can be multiplied by an appropriate bioconcentration factor
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(BCF) in order to predict bioconcentration in, for example, soil and sediment living

: 19,20,21
organisms

, according to:

Corganism = Cgree * BCF [ 1]

with Corganism being the lipid-normalized concentration in the biota, and BCF being the lipid-
normalized aqueous bioconcentration factor. In turn, K, allows us to relate BCF and BSAF (Biota
to Sediment Accumulation Factors).

Due to all of this, in this work, Cge and the chemical activity of PAHs were determined in
sediments from a chronically polluted environment, in order (1) to study the baseline toxic potential
of these sediments and (2) to determine if it is possible to assess and predict bioaccumulation in the

target organs of fish hypothetically exposed to them.

2. MATERIAL AND METHODS

2.1. Sampling area

The Bay of Algeciras (36°7°51.91°°N, 5°23°45.63°’W) is located in the south of Spain, on the Strait
of Gibraltar (Figure S1). This coastal area has suffered chronic anthropogenic impact for several
decades from urban and industrial sources. It is an important industrial area of the Mediterranean
Sea, with a large refinery (capable of processing twelve million tons of crude annually) and its
associated petrochemical industry, in addition to steel, and power production (4 thermal power
plants, natural gas and one with coal). Another significant source of pollution is the intense
maritime traffic associated with the transportation of oil to and from the refinery, bunkering
activities in the Bay and the commercial shipping activities of the Port of Algeciras, ranked among

the most important in the world*, which handled 43 million tons of goods in 2007. Five large

4
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population clusters are also located around the Bay, comprising more than 250,000 inhabitants (a

population ‘agglomeration’ according to EU Directive 96/62/CE>).

2.2. Sample collection

Three sediment samples were obtained with a Van-Veen grab at depths ranging from 10 to 16
metres, from different locations in different sampling campaigns, during three consecutive years
(P1A in 2007, P2A in 2008 and P2B in 2009), being P2A and P2B in a very close location (Figure
S1). These samples were selected after the analysis of total PAHs in a previous study (Rojo-Nieto et
al** and supplementary data). The three sediments analysed were chosen from a wide set of samples
for being representative of a chronically polluted coastal area (close to the main sources of
pollution) and because they present similar concentrations of total PAHs (on a dry weight basis).
From each sampling point, approximately 400 g of sediment was placed in amber borosilicate
containers with PTFE top and stored at -20°C for subsequent analyses. Additionally, an extra 400 g

was collected in plastic bags for purposes of sediment characterisation.

2.3.  Analytical procedure for total PAHs
In the sediments, PAH analysis was based on the analytical procedures proposed by the USEPA**2°

and described in Rojo-Nieto et al.**?’

. These data of total PAHs, on a dry weight basis, are from a
previous study”* and can be found in the supplementary material. Briefly, approximately 4 g of
sediment was weighed to an accuracy of 0.001 g, Soxhlet-extracted with dichloromethane-acetone,
purified on Florisil columns, and concentrated using a rotary evaporator after changing the solvent
from dichloromethane-hexane to acetonitrile. The concentration of 16 US EPA priority list of PAHs

was determined by gas chromatography-mass selective detection (GC-MSD) using a Voyager

(ThermoElectron) gas chromatograph, according to Rojo-Nieto et al. ***’. A reference material (soil

5
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LGC6182) was analyzed with 81-102% of certified value of PAHs obtained, excepting Benzo

(g,h,1) perylene.

2.4. Artificial seawater

Artificial seawater was prepared by dissolving NaCl (21.03 g L"), Na,SO4 (3.52 g L"), KCl1 (0.61
g L™, KBr (0.088 g L"), Na,B407 x 10H,0 (0.034 g L"), MgCl, x 6H,0 (9.5 g L"), CaCl, x
2H,0 (1.32 g L"), SrCL x 6H,0 (0.02 g L"), and NaHCO; (0.17 g L") in Millipore water as
recommended by the USEPA for acute toxicity tests with marine organisms®. The final total salt

concentration was 0.45 M.

2.5. Sediment characterisation

All the samples were dry-sieved in laboratory using a Ro-Tap machine and seven sieves at 1 phi
intervals; this procedure provided the statistical parameters described by Folk and Ward® for
granulometry characterization. Following Garcia-Robledo et al.*°, organic matter was determined
by loss on ignition (LOI). Carbon content was analysed using a LECO CHNS 932 Analyser.
Inorganic carbon content was quantified by analysing carbon content in samples burned at 550°C
for 5 h. The organic fraction (TOC, total organic carbon) was determined as the difference in the

carbon content between the initial dried and the ashed samples. Five replicates were used.

2.6. Coated glass jars

120 mL amber glass jars were coated with nominal 2, 4, and 8 um layer of silicone
polydimethylsilosane (PDMS) Silastic ® (Dow Coning Corporation, Midland, MI). The coating
procedure has been described in detail by Reichenberg et al’'. Jars were filled with each sediment

(79+9 g fresh weight), and with 40 mL aqueous solution of sodium azide (0.5 g L") in artificial

6



Page 9 of 30

©CoO~NOUTA,WNPE

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

Environmental Science: Processes & Impacts

seawater to inhibit microbial activity and to create a suspension. For each sediment, 6 jars were
studied, including duplicates for each coating thickness. The jars were sealed with aluminium foil
and capped airtight. The analytes were allowed to equilibrate for two weeks at 20°C, rotating
horizontally at 8 rpm. After this period, the sediment was removed, and the jars rinsed with a little
distilled water, then cleaned and dried with lint-free tissue. The analytes were extracted from PDMS
with hexane, by rolling the solvent in the capped jars for 30 min, repeating the extraction 3 times
and combining the aliquots. The extracts were concentrated using a rotatory evaporator after
changing the solvent to acetonitrile. The composition and concentration of 16 different PAHs were
determined by gas chromatography coupled with mass spectrometry detector (GC-MS/MS). This
passive sampling method allows disclosing artefacts as sample depletion and polymer surface
adsorption. The equilibrium between the sediments and the PDMS was demonstrated using

8,31,32,33

different coating thicknesses. The approach have been successfully applied elsewhere to

sediments and soils, determining different HOCs, such as PCBs and PAHs.

2.7.  Data analysis
A schematic representation of this section can be found in figure 1, allowing a better comprehension

of the data calculation procedure.

2.7.1. Calculation procedure to obtain C feesm)
With coated glass jars, Cppys, the concentration of analyte in silicone, was obtained. Using equation

2, it can be translated to C freesw):

Chreesw) = Crpms/ Kppms:sw [2]
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where Kppwms:sw (L L") is the PAH equilibrium partitioning ratio between PDMS silicone and the
seawater used in this study, and C geesw) 1s free concentration of analyte in the seawater. However,

these specific Krpms:sw were not available, so there were calculated using the following equation:

- Ksalt x Csal
Kppms:w = Kppms:sw * Crreesw) / Crreew) = Kppms:sw * 1o Ksaltx Csal 13

where Kppms:w is the PAHs equilibrium partitioning between this specific PDMS (Silastic) and
MilliQ water, obtained from Smedes et al 34, Ciart 1s the molar concentration of electrolyte, Kgy is
the Setschenow constant and Cpreeisw) / Crree(w) 1S the ratio between concentrations in equilibrium in
Seawater and in MilliQ water (from Rojo-Nieto et al** and Jonker and Muijs*®). Jonker and Muijs*®

and Rojo-Nieto et al*® used the exactly same artificial seawater as this study.

2.7.2. Calculation procedure to obtain chemical activity (a)

To translate the concentrations of the individual PAHs in the silicone into chemical activities,
activity coefficients (Yppms) of this specific PDMS from Reichemberg et al’! were used, through the

following equation:

a="Yprpms X Cepms [4]

For two PAHs (benzo(b)fluoranthene and benzo(ghi)perylene), activity coefficients were not
available, so the activity coefficients of an isomer with same molecular weight and similar Ky,
(benzo(k)fluoranthene and indene(123-cd)pyrene respectively) were used in this case, as an

approximation.
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2.7.3. Calculation procedure to obtain Generic and Site-specific Sediment organic carbon
partition coefficient (K,.)

According to DiToro et al’’, for non-ionic chemicals, the partitioning between sediment and pore
water (Creesw)) 18 primarily determined by the organic carbon concentration of the sediment (as
long as equilibrium between pore water and sediment is achieved). Generic sediment organic
carbon partition coefficient (K,.) can be estimated, and several authors reported log K, to be close
to log K,yw. In fact, according to USEPA*® and DiToro et a17, Generic-K,. can be estimated as a

function of K, as follows:

Log (Koc,estimated) =0.00028 + 0.983 log (Kow) [5]

140, Van der Hoop et al41, and Katagi42,

On the other hand, according to Maruya et al*’, Pardue et a
Site—specific K. values, more accurate and rigorous, can be calculated from measurements of

pollutant concentrations in sediment and pore water concentrations according to:

I<oc,calculated= Kp/ fOc [6]

Kp = Csediment/ Cfree(SW) [7]

Where K, is the sediment-pore water partition coefficient, . is the mass fraction of organic carbon

(sediment) and Cqegiment 1S the concentration of studied chemical in the sediment.

2.7.4. Calculation procedure to obtain concentration in organisms (Corganism)
Corganism Of organisms hypothetically exposed to these sediments can be calculated from Cpreesw) and

BCF using equation 1. On the other hand, according to Kraaij et al*, the equilibrium partitioning
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model assumes that the concentration of HOCs in the pore water (Cgee) is related to the HOC
concentration in the organic carbon-normalized sediment (Cgedimentoc) SO knowing that K, can be

expressed as Csediment,oc / Cree(sw), BCF can be calculated through the following equation:

BCF = Corganism / Cfree(SW) = (Corganism / Csediment,oc ) X (Csediment,oc / Cfree(SW)) =BSAF x I<oc

[8]

BSAF is the specific Biota to Sediment Accumulation Factors (BSAFs) for a fish species, being:

BSAF = Corganism / Csediment,oc [9]

where Corganism 18 the lipid-normalized tissue concentration and Cgedimentoc 15 the organic carbon-
normalized sediment concentration. The site/species-specific BSAFs used were determined in
previous studies®, where these factors were calculated for two target organs (muscle and liver) of

feral Senegalese sole (solea senegalensis) living in the study area.

3. RESULTS AND DISCUSSION

3.1. Total concentration of PAHs and Cye

The three samples chosen for this study presented a similar total concentration of the 16 PAHs
(ng/Kg dry weight) studied, being 1732.00 pg Kg”', 1728.34 pg Kg' and 1432.77 pg Kg' in
samples P1A, P2A and P2B respectively. Concentrations of individual PAHs can be found in Table
S1, in the supplementary material. The three sediments studied can be classified as sandy
sediments, having a fine fraction (<0.063 mm) of 0.88%, 1.65% and 2.55%. According to Mucci

and Ederborn*, these sediments can be classified as having organic-poor carbon content, the TOC

10
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obtained being, respectively, 1.1%, 0.2% and 0.7%. However, the TOC value for P1A could have
some interference in its determination, due to the presence of some small algae fractions in this

sediment sample. In fact, previous samples taken in this point reported TOC values of 0.2-0.4% *.

Although at first glance these sediments might seem as nearly pristine according to NOAA
SQuiRTs" regarding their dry weight concentration, taking into consideration the low content of
organic carbon and correcting the total chemical concentration based on this, it can be observed that
the sediments are not “pristine”, being, on the contrary, Moderately Polluted according to Kamer

and Swartz guidelines®.

For the sediments, Cgeosw) Of equilibrium with artificial seawater was determined, using coated
glass jars (using six jars for each sediment, duplicates of nominal thickness 2, 4, and 8 pm). Results
obtained for individual PAHs are shown in Figure 2, with total Cge.. (sum of 16 PAHs) of 73.67 ng
L' inPIA, 6.62ng L" in P1B and 9.22 ng L' in P2B. In this figure it can be observed that, despite
the sediments having a similar total concentration of PAHs, Cpesw) differ by one order of
magnitude between first sediment (P1A) and the two others (P2A and P2B). It is extensive to some
individual PAHs that, despite having similar total concentration in the samples, differ by one order
of magnitude according to their Cge., or even are below the detection limit. In this figure it can also
be noticed that in sediment P1A besides having higher concentrations of Cpeesw) also present a
higher variety of PAHs above the detection limit. In addition, in this figure it can be observed that
P2A and P2B, which are sediments from very close places in different sampling campaigns, have
very similar profiles, both in composition and in concentrations. It is interesting to note that in all
samples, individual PAHs with higher free concentrations were Phenanthrene and Pyrene, together

with Fluorene and Fluoranthene. Other studies®”*® have obtained similar profiles of Cpeesw) from

11
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superficial marine sediment, with a predominance of Pyrene and Phenanthrene, together with

Fluoranthene.

3.2.  Chemical activity and baseline toxicity

Diffusion across membranes occurs spontaneously across chemical activity rather than down
concentration gradients, with equilibrium partitioning being defined by equal chemical activities'*.
In this study, chemical activities of PAHs were calculated, and are shown in Figure 2. The sum of
chemical activities is an indicator of the baseline toxic potential of the mixture'’. In this figure it is
represented a grey area, which shows the chemical activity range where baseline toxicity is

10,11,14,15,35
lethal ™ ">

. In all cases, chemical activity was below the baseline lethal area. However, it is
interesting to remark that the chemical activity of sediment P1A is above the 1% contribution to
baseline toxicity line. According to Mayer and ReichenbergM, the contribution of a chemical (or a
family of chemicals) to the baseline toxicity of a mixture can be kept low when keeping its
chemical activity less than a certain threshold level, which could be set to less than 1%. This would
protect the aquatic environment against baseline toxicity. In a chronic polluted site such as the
studied area this result above 1% is of special concern, due to the existence of other pollutants
different from the 16 measured PAHs"***  some of them exerting nonpolar toxicity (as PCBs,
PBDEs, alkylated PAHs, etc). It is important to highlight that this grey zone indicates the chemical
activity range where baseline toxicity is lethal, and this is a very severe and drastic end point, so
sublethal effects might occur below these values. Further studies should be conducted to establish
chemical activity ranges for sublethal effects. These chemical activities and concentrations also are

of concern because although they may not exert nonpolar narcosis, some of these compounds are

carcinogenic.

12
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3.3.  Partition coefficients for sediment organic carbon

In Table 1 are shown log Kow, log Koc, estimated (Generic-Sediment organic carbon partition
coefficient), average (across the samples) of log Ko, calculated (Site—specific-Sediment organic carbon
partition coefficient) and its variation coefficient for those individual PAHs which appeared in the
three samples. Results showed a very good concordance, in most of the PAHs studied, between
theoretically estimated and experimentally calculated values of K, in these organic-poor carbon
content sediments and using artificial seawater. As has been proposed by several authors’*, the use
of K,y (or an equation based on it) is a good and quick approximation to K, However, as is shown

in table 1 and was highlighted by Baker et al>® and Witt et al*®

, the estimated or Generic-K,, values
are only approximations, which could underestimate the actual sediment to water distribution of
HOCs by one to two orders of magnitude. So, despite estimated or Generic K, being a good
approximation, Site-specific K, and Cyeosw) are required for accurate determinations (for example,
to determine toxicity or bioaccumulation), being necessary to measure and experimentally calculate
these parameters whenever possible.

3.4. Application of Cg. to estimate concentration in different target organs of feral fish
hypothetically chronically exposed to sediments

According to Ribeiro et al’', Pyrene is frequently used as a marker of the total PAH contamination
in fish, with Naphthalene and Phenanthrene also being abundant in them. In previous studies,
Site/species-specific Biota to Sediment Accumulation Factors (BSAFs) of Phenanthrene and Pyrene
from sediment were calculated for two target organs (muscle and liver) of a species of feral fish,
Solea senegalensis, living in the Bay of Algeciras™ (supplementary data). These BSAFs were
calculated through the measurement of concentrations of Phenanthrene and Pyrene in the sediment

at the exact location where the fish were collected and measuring concentrations of PAHs in

different organs of the fish. Samples used to obtain these BSAFs were taken in two sampling

13
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campaigns in different points of the bay, in 2008 and 2009* (supplementary data), during the
spawning period of this species (May-June), as the lipid content of different organs changes through
the reproductive cycle and therefore the lipid-normalized concentration changes, and using adult
specimens of very similar length and weight. In those fish, the main PAHs found were
Phenanthrene and Pyrene43, which also is in agreement with the Cgee profile of the three sediments
object of this study (Figure 2).

18,52

Although traditionally the fish are not used as biomonitors of contamination by PAHs ~~“, under

chronic exposure situations (like adult Senegalese sole in the case of the area under study) it leads

to accumulation of PAHs from sediment or food>>**3

, with fish, especially benthic species such as
flatfish (as Solea sp.), being used as indicators of PAHs sediment pollution®®. These BSAFs used
were calculated from a data set of sediments and fish different from the data set of sediments used
in the present study, but from the same study area and under the same environmental conditions.
The sediments used in the present study were collected during the same sampling campaigns of
those used to calculate BSAFs, but in the case of the sediments of the current study, there were no
target-fish captured associated to the sediment, so there is a lack of data on bioaccumulation in
organs of S. Senegalensis at these sampling points. It is therefore very interesting, in order to obtain
a complete picture of the study area, to apply novel techniques to estimate the concentration in

target organs of fish hypothetically exposed to sediments in those points where samples were not

available.

Table 2 shows the average values of these BSAFs for muscle and liver, from 25 S. senegalensis
individuals, from the study of Rojo-Nieto et al*>. Most of these BSAFs are lower than theoretically

predicted (1-2)°". Solea senegalensis is a benthic fish, which is in closer contact with sediment than
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pelagic or demersal fish. A relative difference among the individual BSAFs can be observed
(Standard Deviation of the Mean in table 2), due to this being experimental data from field long
term exposure under non-standardized conditions. According to Wong et al’® the BSAF model may
be applicable to benthic fish in environmental situations, with the caveats that this model assumes
that HOCs are in equilibrium between sediments, pore water and organisms. In the environment,
biota concentrations will often deviate from equilibrium, and equilibrium partitioning predictions
can then serve as a reference value for the evaluation and comparison of monitoring data.
Monitoring data below the equilibrium partitioning level might indicate biotransformation or that
the fish have migrated from a less polluted area. In that regard the BSAF model assumes that the

chemical analyte is not transformed in the sediment or the biota. It is known that fish metabolize

59,60,61,62,63 58
d>7-0v01.0% 1

PAHs, with high molecular weight PAHs being the most metabolize . Wong et a
obtained results below the predicted values of the model for some organochlorines that are
metabolized by fish. Despite these limitations, BSAFs have been proposed as a simple screening

18,58,64
2

tool to estimate bioaccumulation in fish, as the first tier of a multi-tier evaluation and

experimental site/species-specific BSAFs are highly recommended for this purpose.

These experimentally calculated BSAFs have allowed estimating concentrations in two target
organs for individuals of S. senegalensis hypothetically exposed to the sediments of this study,
through the equation 1, knowing the Cgeesw) associated with the sediments obtained using the
coated glass jars and the Site-specific K. Table 2 shows the predicted concentrations of these two
PAHs in liver and muscle (during the sparring period) if some individuals of adult Senegalese sole
of 25-30 cm were long-term exposed to these sediments. These lipid-normalized concentrations are
of the same order of magnitude of those found previously in Senegalese sole from the study zone™,

by direct measuring in biological tissues. This concordance between estimated concentrations and
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measured concentrations reported by Rojo-Nieto et al** from same study area confirms the potential
of using Cgeesw) and BSAFs as a tool to estimate concentrations in organs of benthic feral fish
exposed to polluted sediments. However, these BSAFs should be calculated with very high
accuracy for each species, and for each stage of life, reproductive period, etc, in order to be able to
use them, in combination with Cgeesw), to estimate the concentration in biological tissues. The
determination of HOCs in organs of feral organisms is laborious and expensive (because it requires
fishing campaigns), and it is sometimes difficult to obtain a representative number of specimens of
the same length and weight, etc. The estimation of biota concentrations on the basis of Cee
measurements in combination with BCF or BSAFs values might thus be an alternative and a useful

screening tool in site specific risk assessments.

4. CONCLUSIONS

In the study of marine sediments from a chronically polluted area (the Bay of Algeciras) and with
similar total concentration of PAHSs, the Cygeesw) differ by one order of magnitude, highlighting the
importance of study this parameter in addition to the traditional ones, such as total chemical
concentration. In all cases the chemical activity of these sediments (related to the 16 PAHs
analyzed) was below the level at which lethal baseline toxicity is expected. However, in one case
the sum of chemical activities was above the 1% contribution to lethal baseline toxicity, being this
of special concern due to the presence of other pollutants (the contribution to the chemical activity
of a chemical (or a family of chemicals) of a mixture should be less than 1%, to protect the aquatic
environment against baseline toxicity). It has been confirmed that K,. can be approximated as a
function of K,y in these organic-carbon poor content sediments, but for accurate determinations

(needed to calculate toxicity or bioaccumulation) Ceeesw) and Site-specific K, should be measured
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and experimentally calculated whenever possible. Using Cgeesw) Obtained by sediment passive
sampling, and previously established well-defined Site/species-specific BSAFs, the lipid-
normalized concentrations in different target organs of benthic flatfish hypothetically exposed to
these sediments under specific environmental real conditions can be estimated, allowing us to
predict the concentration in biological tissues under the study of Cgeosw) in sediments, as a useful

tool in risk assessment.
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Table 1: Log Ko, Log Ko, estimated (generic sediment organic partition coefficient), and
average Log K calculated (Site specific sediment organic partition coefficient) and its
coefficient of variation (CV). FLUO Fluorene, PHE Phenanthrene, ANT Anthracene,
FLUOR Fluoranthene, PYR Pyrene, B(a)A Benzo(a)Anthracene, CHRY Chrysene, B(b)F
Benzo(b)Fluoranthene, B(k)F Benzo(k)Fluoranthene, B(a)P Benzo(a)Pyrene, B(ghi)P
Benzo(g,h,i)Perylene, I(123)P Indeno(1,2,3-cd)Pyrene.

©CoO~NOUTA,WNPE

11 Average

12 LOg Kow Lo“gG':ﬁ,eersitz:’ated |-09 Koc, calculated
13 “Site specific”

14 FLUOR 5.22 513 5.31 0.21
15 PHE 457 4.49 4.80 0.18
16 PYR 5.18 5.09 517 0.16
17 B(b)F 5.80 5.70 6.18 0.09
18 B(ghi)P 6.4 6.29 7.02 0.10
19 I(123cd)P 6.65 6.54 6.64 0.05
20 FLUO 4.18 411 3.85 0.03
21 B(K)F 6.00 5.90 5.94
22 CHRY 5.60 5.51 4.91
ANT 4.54 4.46 4.46
B(a)A 5.91 5.81 4.83
26 B(a)P 6.04 5.94 5.79

cv
(Log Koc, calcualted)
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Table 2. Average BSAFs calculated from Rojo-Nieto et al (2014) data, BCFs obtained and
lipid-normalized concentrations (Corganism) In target organs. In parentheses are shown the
Standard Deviation of the Mean (SEM).

Phenanthrene Phenanthrene .
Pyrene muscle . Pyrene  liver
muscle liver

Average BSAF 0.319 (0.25) 2.094 (1.35) 0.080 (0.063) 0.422 (0.20)
BCF 20137 324273 5039 65430
Corganism sSediment P1A (ng/Kg lipid) 659.84 3588.93 165.14 724.15
Corganism sSediment P2A (ng/Kg lipid) 80.16 551.29 20.06 111.24
Corganism sediment P2B (ng/Kg lipid) 59.54 383.13 14.90 77.31
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Figure 2. a) Measured freely dissolved pore seawater concentrations of PAHS (Cpreesw))
from sediments. b) Chemical activities of different PAHs and the sum of the 16 studied.

Grey zone indicates risk of lethal baseline toxicity and line the 1% contribution to baseline

toxicity. FLUO Fluorene, PHE Phenanthrene, ANT Anthracene, FLUOR Fluoranthene,
PYR Pyrene, B(a)A Benzo(a)Anthracene, CHRY Chrysene, B(b)F' Benzo(b)Fluoranthene,

B(k)FF Benzo(k)Fluoranthene, B(a)P Benzo(a)Pyrene,

1(123)P Indeno(1,2,3-cd)Pyrene.

B(ghi)P Benzo(g,h,i)Perylene,

Page 30 of 30



