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Abstract:

Consumption of seafood is one of the most relevaathways of exposure to
environmental pollutants present in food. Thedistoxic compounds in seafood is very
extensive, including toxic elements, polychlorimhtedibenzo-p-dioxins and
dibenzofurans (PCCD/Fs), polychlorinated bipherfdA€Bs) and polycyclic aromatic
hydrocarbons (PAHS). In order to quantify the intpnoce of the problem, tools to
combine and simplify large data collections are daaory for risk managers and
decision-makers. In this study, the developmenad gfioritization setting focusing on
chemical hazards taken up through seafood was aiRmdthis purpose, the toxicity
data of several chemicals was integrated with cotnaon and seafood consumption
data, building an integrated risk index for seafeodtaminants (IRISC) able to draw a
map of risk for each chemical and family of chertsca pilot trial was performed on a
sample of 74 pollutants, four seafood species ared European countries (Belgium,
Ireland, Italy, Portugal and Spain). The prelimynaesults revealed that Portugal and
Spain presented the highest IRISC, while Belgiuns W region with the lowest
IRISC. The contribution of each group of contamisaio the IRISC was very similar
among countries, with toxic elements being the megmtributor, followed by (PCBs),
PCDD/Fs and endocrine disrupting compounds. When ctbntribution of different
seafood species to the Risk Indexes (RIs) was cadpthe results elucidated the high
input from sardines showing the highest rates (34.9) in the five countries. The
IRISC provides a friendly approach to the chemrctst scene in Europe, establishing
normalized prioritization criteria considering toxy and consumption as well as

concentration of each chemical.
Keywords

Risk management, risk index, seafood, fish, chelnsmataminants.
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1. Introduction

The seafood market has experienced a constant lgiovihe last century, being an
important source of nutrients and energy worldwiSeafood is recognized for the
presence of high quality proteins, polyunsaturdegty acids, vitamins and minerals.
However seafood is also a carrier of a wide rarfgengironmental pollutants. Hence,
the beneficial effects of seafood consumption dtenocompromised by the adverse
health effects induced by chemical pollutants. @gunently, safe seafood across the
food chain has become a priority for most healtfhaities and scientific panels. Their
challenges implied to provide balanced policiesstbering the seafood trade, the health
benefits and risks (Dewailly et al., 2008; Domiregal., 2007, 2014).

Toxic elements (TE) such as mercury (Hg), cadmi@a)( lead (Pb) or arsenic
(As) are one of the most relevant group of toxiotaminants in seafood. In addition,
the persistent organic pollutants (POPs) that delan extensive list of compounds
such as dibenzo-p-dioxins and dibenzofurans (PC&D/polychlorinated biphenyls
(PCBs) and polycyclic aromatic hydrocarbon (PAHSE also relevant, particularly in
seafood species with a high fat content (Bocid.e2807; Bocio et al., 2004; Llobet et
al., 2007; Martorell et al., 2011; Perello et 2012).The chemical properties of these
compounds, characterized by their high persistamckebioaccumulation potential, lead
to the fact that larger commercial fish species #@re higher risk commodities.
Additionally to the abovementioned chemicals, thearike Strategy Framework
Directive established a list of priority contamit&nn seafood due to the lack of
knowledge and the potential risk for public healthis group of contaminants include
non-dioxin-like PCBs, the brominated flame retatdaifBFRs), polyfluorinated
compounds, organotin compounds, organochlorineigmss and phthalates (EC,
2008). The adverse health effects triggered byetisesnpounds include carcinogenesis,
neurotoxicity, nephrotoxicity, hepatotoxicity, digtion of immune and endocrine
systems, as well as impairment on the reproductiott development of mammals,
among others (FAO, 2014).

Considering this large list of toxic compounds @af®od, tools to combine and
simplify large data collections are mandatory fisk rmanagers and decision-makers.
Some frameworks have been proposed to prioritizzzahiological hazards according
to qualitative and quantitative approaches (EFSA22NZFSA 2004). Despite the

efforts of scientific panels to harmonize the cotrenethodologies, a framework for

3



86
87
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104
105
106

107
108

109
110
111

112
113
114
115

chemical hazards has not been reached yet. Amanmtst reported approaches, risk
ranking systems allow displaying a prioritizatiost |of chemicals according to a
selection of parameters, e.g. physicochemical petens (persistence, bioaccumulation
and toxicity) (Fabrega et al., 2013; Nadal et2008). In the past, also other parameters
such as the consumption and concentration probabilwere integrated with the
toxicity and antimicrobial resistance in a scoredshrisk ranking approach piloted with
antibiotics (van Asselt et al., 2013). Considersegfood, the concentration of chemical
pollutants can be determined by the physicochenpoaperties of each pollutant and
the biological characteristics of seafood spedresurn, the consumption of seafood is
highly determined by cultural and socio-economictdes, leading to a geographic
distribution of these dietary patterns (Arnot anddiday, 2008). Hence, the integration
of these parameters by means of a “risk index” @auhw a risk map to easily identify
high risk regions and, therefore, helping to ptinei governmental interventions, either

at national or European level.

In the framework of the FP7 European project ECSAAFOOD, we aimed at
developing a prioritization setting focused on chwihazards consumed through
seafood. Therefore, the toxicity data was integratgh concentration and consumption
data, building a Risk Index able to draw a mapigk for each chemical and family of
chemicals. The methodology was implemented in at giial using a selection of
European countries, fish species and pollutantgrder to check the performance of

this novel tool.

2. Materialsand Methods
2.1.Integrated exposure index

The integration of toxicity, concentration and comption was performed as
follows. At first, the risk index was computed fesich chemical and region, according

to specific seafood dietary patterns and conceatrgirofiles (Equation 1).

CofX
Eq.1) Rlge = ) —0t
t

Where Rl;¢] was the global Risk Index for the contaminatjti the population €;
[Ces] was the consumption of the seafood speéieby the population e andX{i,
represented the contamination of the chemigah [the seafood specid],[and [T] was

the toxicity reference value for the contamindhtip this case we used the lethal dose
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50 (LDso). Toxicity was estimated through ECOSRRtool which displays the fish
toxicology based on the octanol/water partitionftoent (K,,) levels. The final index
was re-scaled to 0-100.

Subsequently, the integrated Risk Index from SehfGontaminants (IRISC)
from each region was established by combining tivenalized RI from each pollutant,

as follows (Equation 2):

Eq.2) IRISC = Z RI,
2.2.Case study.

In order to check the applicability of the proposedthodology this approach
was implemented on a selection of chemicals, fagh ltonsumed seafood species
(sardine, canned tuna, salmon and mussels) ané&tix@ean countries (Ireland, Spain,
Portugal, Italy and Belgium).

2.2.1. Study area.

A selection of five European countries with markedifferent dietary patterns
was covered in this pilot trial. These countriepresented Western (Ireland and
Belgium) and Southern (Spain, Italy, Portugal) Bp@an populations, with large variety

of dietary profiles of seafood consumption.
2.2.2. List of chemicals.

The list of chemicals was elaborated according hbe tvailability of
concentration data for each one of the seafoodiespeche final list of chemicals
contained 16 PAHs, 18 PCBs, 17 PCDD/Fs, 5 PBDEBCSIs, 6 TEs and 8 EDCs
(Table 1).

2.2.3. Contamination data.

The concentrations of the above listed chemicalpmmds in seafood species
were gathered from the existing scientific literatuoeing most of the studies recently
reviewed by Vandermeersch et al. (2015). The memtentration levels of PAHS,
PCBs, PCDD/Fs, PBDEs, PCNs, TE and EDCs in sardiaened tuna, salmon and

mussels are shown in Table 2.

2.2.4. Consumption data
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Consumption data was provided by a survey perforinefive countries in the
framework of the ECsafeSEAFOOD project, aiming ttablish the relationship
between seafood consumption frequency and heakkbenefit perception of seafood.
The questionnaires were administered during Oct@béB by 2917 respondents aged
between 18 and 75. A final sample of 2824 respasders used as it was aimed to
have a representative sample regarding the redacobs et al., 2015). General self-
reported seafood consumption frequency, as wealkeHseported seafood consumption
frequency for different species, was measured asntimber of portions per week,
indicating that one portion is about 150-200g. Tesponse scale was recorded into
frequencies according to the following formula:lgai 7.0, 5-6 times a week= 5.5, 3-4
times a week = 3.5, 2 times a week = 2.0, onceekwel.O, less frequently = 0.25, and
never = 0. The same recoding was done for the ocopison frequency for the different
species with exception of less frequently = 0.0%ha&sfollowing response possibilities
were added for this question: 2-3 times a month6s Once a month = 0.05, 1-5 times
every 6 months = 0.15. The consumption frequenofethe different species were
corrected with the general consumption frequenoyabgse of overestimation of the
consumption when considering separate specieslikitlaese corrected consumption
frequencies for the four species were multiplied I85g. The mean consumption
frequency of sardine, canned tuna, salmon and nsubgethe sample population is
tabulated in Table 3.

3. Resultsand Discussion

The Rl was computed for each chemical and consemptegion, considering the
consumption and contamination levels of sardinasned tuna, salmon and mussels, as
well as the toxicity. The RI allowed establishingraoritization list for these chemicals,
in this case also including the consumption andaromation from different seafood
species. The grouped RIs for each chemical groéyHé> PCBs, PCDD/Fs, PBDEs,
PCNs, TE and EDCs) are represented on the mapgeFibuThe RIs allow the
comparison between regions and between chemicapgréVestern countries (Belgium
and lIreland) are commonly showing lower RI valubant the Southern countries
(Portugal, Spain and ltaly). Concerning the grodipclemicals, toxic elements and
PCDD/Fs had the highest RIs, whereas the PAHs @isMad the lowest estimates.

[Messagefor the Editor: please insert the Figure 2 around here
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[Figure 1.Risk Index maps for each chemical group and cguajrintegrated risk index for
seafood contaminants, b) Polycyclic aromatic hydroon, c) Polychlorinated biphenyls, d)
Polychlorinated dibenzo-p-dioxins and dibenzofurad?olybrominated diphenil ethers, f)

Polychlorinated naphtalenes, g) Toxic element&rgocrine disrupting compounds.]

Despite the differences of RI levels, the ordeclémicals was quite similar between
countries. The top of the list was reached by MéRf 14.1-65.0), OCDD (RI; 4.3-
10.8), NP (RI; 1.7-5.9), Pb (RI; 1.3-2.8), Hg (R);5-1.6), PCB180 (RI; 0.5-1.9),
PCB153 (RI; 0.3-1.1), OCDF (RI; 0.2-0.5), PCB138; (®2-0.6), NPE (RI; 0.05-0.17),
respectively. Through this approach we can als@sngate the contribution of the
considered seafood species to the RI of each claémicsummary of this contribution
of the different seafood species for each chengoalip can be found in Figure 2. A
similar profile can be seen when we compare théergifit countries but higher
differences can be noticed when we compare thepgrotichemicals. For example the
contribution of canned tuna was mainly pointed foutEDCs, driven by the levels of
BPA. In contrast, mussels had a relevant role os &I most of PAHs and toxic
elements, whereas, sardine and salmon had highérthedion rates on the Rls of PCBs
and PBDEs/PCNSs, respectively.

[Message for the Editor: pleaseinsert the Figure 2 around here]

[Figure 2.Mean relative contribution (%) of each seafood speciesto the relative Risk Index (RI)
for each chemical compound group (PAHs, PCBs, PCDD/Fs, PBDES, PCNs, toxic elements and
EDCs).]

IRISC and contribution of each group of contamin@anthe integrated index is shown
in the Figure 3. Portugal and Spain presented itjfeekt IRISC, while Belgium was the

region with the lowest rates. The contribution atke group of contaminants was very
similar among countries, being toxic elements tlagomcontributor, followed by PCBs,

PCDD/Fs and EDCs.

[Message for the Editor: pleaseinsert the Figure 3 around here]

Figure 3. Plots representing the IRISC for each country and the contribution of each group of

chemical to the integrated index.]

When we compare the total risk, accumulated by esdfood species, the results
elucidated the high contribution of sardine, shanimghest rates (54.9-76.1%) in the
five countries. The higher concentration levels als the high consumption frequency
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explained these estimates in comparison to the patbways. Sardine was followed by
canned tuna (15.1-21.7%), mussels (5.1-20.0%) alndos (2.7-7.7%).

This proposed framework is mainly limited by theadgability of data leading to
accurate and sensitive scores. One of the maimmgégns of the pilot trial was that the
concentration levels of chemicals in seafood is sheme around Europe, being the
consumption frequency the most determinant parantétéhe equation leading to a
different exposure. This assertion can be certamfylemented for several species with
a global trade such as salmon or tuna, but questiéor species mainly marketed and
caught at regional level, where the concentratiam d®e more influenced by
geographical factors. Another limitation is the lawailability of specific consumption
data regarding selected seafood species. Despitvthilability of information of global
seafood consumption frequency at national leved, dbcess to consumption data of
specific species at individual level is a complkchtask. Detailed raw consumption data
sets would allow performing the analysis for targepulation groups, clustered by
socio-demographic parameters, sex, age or dietafilgs. Other parameters affecting
the exposure equation are external factors, sucba@sng effect, or internal parameters
(e.g. bioaccessibility). These factors are wideldsed in most of the contaminants and
fish species, but only some studies have demoadttae potential effect on the final
estimates (Maulvault et al., 2011; Perello et2008).

4. Conclusions

It has been extensively demonstrated that seafadldei major pathway of human
exposure to a number of environmental pollutante domplexity and heterogeneity of
these compounds trigger policy makers to applyorei and individualized policies.
The proposed IRISC framework draws a new approadtreen the chemical hazards
in seafood on the basis of both intrinsic paransetéreach pollutant, and parameters
related with the exposure equation. The Risk Indembines the consumption with
contamination level of seafood and the toxicityeath compound. The final outcomes
established a set of scores for each contaminahseafood species, allowing an easy
and friendly comparison between population groupsilot trial was applied on a
sample of 74 pollutants, four seafood species medHuropean countries. According to
these preliminary results Portugal and Spain ptesgetthe highest IRISC, while
Belgium was the region with the lowest rates. Top of the list of contaminants
contributing most to the IRISC was reached by MeBGDD, NP, Pb, Hg, PCB180,

8
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PCB153, OCDF, PCB138 and NPE, respectively. Theribation of each group of

contaminants was very similar among countries, ddioxic elements the major
contributor, followed by PCBs, PCDD/Fs and EDCs.aWlthe accumulated RIs were
compared among the four seafood species, the seilicidated the highest
contribution of sardine, showing the highest raf®@4.9-76.1) in the five countries.
Other ongoing studies in the framework of the pbfeCsafeSEAFOOD are currently
collecting concentration data of priority contammtsa in high risk seafood species
caught in European hotspots. Hence, in a subsegiase the current framework will
be implemented by using data of emerging contansnaighlighted in the Marine

Strategy Framework Directive. Also additional camgtion data from other countries,
different from the five evaluated in this study,liwbe gathered to complement the

European risk profile.

5. Acknowledgements

This study was supported by the European CommisstBrrramework Programme
(FP7/2007-2013) under the ECsafeSEAFOOD projecarfGagreement n° 311820).
Isabelle Sioen is financially supported by the Rede Foundation-Flanders (Grant n°:
1.2.683.14N.00).

6. References

Arnot, J. A., Mackay, D., 2008. Policies for chealibazard and risk priority setting:
can persistence, bioaccumulation, toxicity, and ngjtia information be
combined? Environ Sci Technol. ,45648-54.

Bocio, A., et al., 2007. Concentrations of PCDD/R®Sand PCBs in fish and seafood
from the Catalan (Spain) market: estimated humtaké Environ Int. 33170-

5.

Bocio, A., et al., 2004. Human exposure to polyahkted diphenyl ethers through the
diet in Catalonia, Spain. J Agric Food Chem, 5269-72.

Cunha, S. C., et al., 2012. Determination of bigsphéd and bisphenol B in canned
seafood combining QUEChERS extraction with dispersiliquid-liquid
microextraction followed by gas chromatography-magectrometry. Anal
Bioanal Chem. 4042453-63.



273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304

Dewallly, E., et al., 2008. Balancing the risks @hne benefits of local fish consumption
in Bermuda. Food Additives and Contaminants Pa@hamistry Analysis
Control Exposure & Risk Assessment, 2828-1338.

Domingo, J. L., et al.,, 2007. Benefits and risks fesh consumption Part . A
quantitative analysis of the intake of omega-3 yfaticids and chemical
contaminants. Toxicology. 230219-26.

Domingo, J. L., 2014. Nutrients and Chemical Pali$ in Fish and
Shellfish.Balancing Health Benefits and Risks ofg&®ar FishConsumption.
Crit Rev Food Sci Nutr. DOI: 10.1080/10408398.2042985.

EC (European Commission), 2008. Directive 2008/86( the European Parliament
and of the Council of 17 June 2008 establishingasnéwork for community
action in the field of marine environmental poligyiarine Strategy Framework
Directive). OJEU L164/19.

EFSA (European Food Safety Authority), 2012. SdientOpinion on the
developmentof a risk ranking framework on biologibazards. EFSA J. 10,
2724.

Fabrega, F., et al., 2013. Integrated Risk IndexCbfemical Aquatic Pollution
(IRICAP): case studies in Iberian rivers. J Hazdater. 263 Pt 1, 187-96.

FAO (Food and Agriculture Organization), 2014. Asseent and management of
seafood safety and quality. Current practices anerging issues. FAOfisheries
and aquaculture technical paper 54. Rome.

Ferrara, F., et al.,, 2008. Alkylphenols and thdinogylates in seafood from the
Tyrrhenian Sea. Chemosphere. 72, 1279-85.

Ferrara, F., et al.,, 2005. Alkylphenols and alkgipbl ethoxylates contamination of
crustaceans and fishes from the Adriatic Sea {lta&ljlemosphere. 59145-50.

Jacobs, S., et al.,, 2015. European consumers’l@rofi risk-benefit perception of
seafood for human health in association with tlittude toward the marine
environment. Environ Res.

Lourenco, H. M., et al., 2012. Elemental compositad four farmed fish produced in
Portugal. Int J Food Sci Nutr. £353-9.

Llobet, J. M., et al., 2007. Human exposure to lgrinated naphthalenes through the
consumption of edible marine species. Chemospbérd.107-13.

10



305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338

Marti-Cid, R., et al., 2008. Human exposure to phblgrinated naphthalenes and
polychlorinated diphenyl ethers from foods in Catgd, Spain: temporal trend.
Environ Sci Technol. 421195-201.

Martorell, I., et al.,, 2010. Polycyclic aromatic digcarbons (PAH) in foods and
estimated PAH intake by the population of Catalp®pain: Temporal trend.
Environ Int. 36 424-32.

Martorell, 1., et al., 2011. Human exposure to aisecadmium, mercury, and lead from
foods in Catalonia, Spain: temporal trend. BiolcEr&lem Res. 14309-22.
Maulvault, A. L., et al.,, 2011. Bioaccessibility #fg, Cd and As in cooked black

scabbard fish and edible crab. Food and Chemicatdlmgy. 49 2808-2815.

Nadal, M., et al., 2008. Applicability of a neuropabilistic integral risk index for the
environmental management of polluted areas: a stasy. Risk Anal. 28271-
86.

NZFSA (New Zealand Food Safety Authority), 2004.nKag food safety risks a
prototype methodology. FW0492. Christchurch, NewlZed.

Perello, G., et al., 2012. Assessinehthe temporal trend of the dietary exposure to
PCDD/Fs and PCBs in Catalonia, over Spain: heaitsr Food Chem Toxicol.
50, 399-408.

Perello, G., et al., 2014. Human Health Risks Degtifrom Dietary Exposure to Toxic
Metals in Catalonia, Spain: Temporal Trend. Bichde Elem Res.

Perello, G., et al., 2009. Concentrations of palyhinated diphenyl ethers,
hexachlorobenzene and polycyclic aromatic hydramashin various foodstuffs
before and after cooking. Food Chem Toxicol. A09-15.

Perello, G., et al., 2008. Effects of various cogkprocesses on the concentrations of
arsenic, cadmium, mercury, and lead in foods. JcAgwod Chem. 5611262-9.

Podlipna, D., Cichna-Markl, M., 2007. Determinatioinbisphenol A in canned fish by
sol-gel immunoaffinity chromatography, HPLC andofiescence detection.
European Food Research and Technology, @248-634.

van Asselt, E. D., et al., 2013. Risk ranking oémwtical hazards in food—A case study
on antibiotics in the Netherlands. Food Researtdrhational. 541636-1642.

Vandermeersch, G., Lourenco, H., Alvarez-Mufioz, ©Qunha, S.; Diogene, J., Cano-
Sancho, G., Sloth, J., Kwadijk, C., Barcelo, D.Je8hert, W., Marques, A.,
Robbens, J.,2015. Emerging environmental contartsnanseafood: a review.

Environ Res. Submitted.

11



Table 1. List of chemical compounds included in the pilatdst.

Group Name Abbreviations
Polycyclic aromatic hydrocarbons (PAHs) Naphthalene NPTH
Acenaphthylene ANTL
Acenaphthene ANA
Fluorene FL
Phenanthrene PH
Anthracene ANTH
Fluoranthene FLAN
Pyrene PY
Benzo[a]anthracene B[a]JANTH
Chrysene CH
Benzolb]fluoranthene B[b]FLAN
Benzolk]fluoranthene B[K]FLAN
Benzol[a]pyrene B[a]FLAN
Dibenzo[a,h]anthracene D[a,h]AN
Benzolg,h,i]perylene B[ghi]PERY
Indenol[1,2,3-cd]pyrene 1[123cd]PY
Polychlorinated biphenyl (PCBSs) PCB #28 PCB28
PCB #52 PCB52
PCB #77 PCB77
PCB #81 PCB81
PCB #101 PCB101
PCB #105 PCB105
PCB #114 PCB114
PCB #118 PCB118
PCB #123 PCB123
PCB #126 PCB126
PCB #138 PCB138
PCB #153 PCB153
PCB #156 PCB156
PCB #157 PCB157
PCB #167 PCB167
PCB #169 PCB169
PCB #180 PCB180
PCB #189 PCB189
Polychlorinated dibenzo-p-dioxins and
dibenzofurans (PCDD/Fs) 2,3,7,8-TCDD 2378TCDD
1,2,3,7,8-PeCDD 12378PeCDD
1,2,3,4,7,8-HxCDD 123478HxCDD
1,2,3,6,7,8-HxCDD 123678HxCDD
1,2,3,7,8,9-HxCDD 123789HxCDD
1,2,3,4,6,7,8-HpCDD 1234678HpCDD
OCDD OCDD
2,3,7,8-TCDF 2378TCDF
1,2,3,7,8-PeCDF 12378PeCDF

12
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341

2,3,4,7,8-PeCDF

23478PeCDF

1,2,3,4,7,8-HxCDF 123478HXCDF
1,2,3,6,7,8-HXCDF 123678HxCDF
1,2,3,7,8,9-HxCDF 123789HXCDF
2,3,4,6,7,8-HxCDF 234678HXCDF
1,2,3,4,6,7,8-HpCDF 1234678HpCDF
1,2,3,4,7,8,9-HpCDF 1234789HpCDF
OCDF OCDF

Polybrominateddiphenyl ethers (PBDES) Penta-BDE #99 BDE99
Penta-BDE #100 BDE100
Hexa-BDE #153 BDE153
Hexa-BDE #154 BDE154
Hepta-BDE #183 BDE184

Polychlorinated naphthalenes (PCNs) TetraCN TetraCN
PentaCN PentaCN
HexaCN HexaCN
HeptaCN HeptaCN
OctaCN OctaCN

Toxic elements (TE) Arsenic As
Inorganic Arsenic InAs
Total mercury Hg
Methylmercury MeHg
Cadmium Cd
Lead Pb

Endocrine Disrupting Compounds (EDCs) BisphenoBRA) BPA
Nonylphenol NP
Nonylphenol Diethoxylate NPDE
Nonylphenol Monoethoxylate NPE
Octylphenol OoP
Hexachlorobenzene HCB

13



342
343

Table 2. Summary of mean concentrations of chemical groupardine, canned tuna, salmon
and mussels expressed in wet weight.

Canned

Chemical Units Sardine Tuna Salmon Mussdls

NPTH ng/kg 41250 1005.00  400.00  392.50
ANTL? ng/kg 82.50 202.50 80.000  260.00
ANA? ng/kg 82.50 242.50 80.00 77.50
FL? ng/kg 82.50 202.50 80.000 132.50
PH ng/kg 82.50 202.50 80.00f 587.50
ANTH? ng/kg 82.50 202.50 80.000  420.00
FLAN? ng/kg 82.50 577.50 80.00, 2900.00
PY? ng/kg 82.50 762.50 80.00, 3600.00
B[a]ANTH? ng/kg 33.00 130.00 32.25  640.00
CH? ng/kg 33.00 200.00 32.25| 1495.00
B[b]JFLAN? ng/kg 33.00 111.50 32.25| 1950.00
B[K]FLAN? ng/kg 33.00 81.50 32.25  695.00
B[a]FLAN? ng/kg 53.25 81.50 32.25 335.00
D[a,h]AN? ng/kg 33.00 81.50 32.25 71.00
B[ghi]PERY? ng/kg 76.79  81.50 32.25 510.00
I[123cd]PY? ng/kg 33.00 81.50 32.25| 270.00
PCB28 ng/kg 215.00 29.50|  265.00 43.00
PCB52° ng/kg 44500 3150,  430.00 61.50
PCB77 ng/kg 28.0( 1.10 9.20 4.90
PCB81° ng/kg 1.00 0.10 0.60 0.30
PCB101° ng/kg 47500 7150, 765.00 260.00
PCB105 ng/kg 43500 1550,  200.00 41.00
PCB114 ng/kg 34.5( 1.30 13.00 3.00
PCB118& ng/kg 1750.00 57.50, 615.00  160.00
PCB123 ng/kg 37.5( 1.10 9.10 8.00
PCB126 ng/kg 16.00 0.50 3.30 1.30
PCB138& ng/kg 5900.00 120.00  990.00  630.00
PCB153 ng/kg 10100.00 200.00 1550.00 1350.00
PCB156 ng/kg 355.0( 7.30 59.50 23.00
PCB157 ng/kg 75.0( 1.70 17.50 5.00
PCB167 ng/kg 230.0( 5.70 38.00 22.50
PCB169 ng/kg 2.20 0.20 0.60 0.20
PCB18( ng/kg 4850.00 90.00|  435.00 87.00
PCB18Y ng/kg 72.5(0 1.00 6.60 3.90
2378TCDD’ ng WHO/TEQ kg 0.03 0.00 0.02 0.01
12378PeCDD | ng WHO/TEQ kg 0.07 0.00 0.03 0.02
123478HxCDIF | ng WHO/TEQ kg 0.02 0.00 0.01 0.01
123678HxCDD | ng WHO/TEQ kg 0.03 0.00 0.01 0.03
123789HxCDI | ng WHO/TEQ kg 0.01 0.00 0.00 0.01
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1234678HpCDB| ng WHO/TEQ kg 0.08 0.01 0.02 0.15
oCDDf ng WHO/TEQ kg 0.09 0.06 0.07 0.73
2378TCDF° ng WHO/TEQ kg 0.39 0.01 0.33 0.17
12378PeCDE | ng WHO/TEQ kg 0.11 0.01 0.05 0.03
23478PeCDE | ng WHO/TEQ kg 0.27 0.01 0.08 0.05
123478HXCDE | ng WHO/TEQ kg 0.23 0.00 0.01 0.01
123678HXCDE | ng WHO/TEQ kg 0.02 0.01 0.01 0.01
123789HXCDE | ng WHO/TEQ kg 0.00 0.00 0.00 0.00
234678HxCDE | ng WHO/TEQ kg 0.03 0.00 0.01 0.01
1234678HpCDE | ng WHO/TEQ kg 0.05 0.01 0.02 0.04
1234789HpCDE | ng WHO/TEQ kg 0.00 0.00 0.01 0.01
OCDF ng WHO/TEQ kg 0.05 0.02 0.02 0.07
BDE9Y' ng/kg 21.90 36.77 176.67 63.27
BDE10( ng/kg 163.33 88.97|  250.00 54.87
BDE153 ng/kg 10.70  17.80 35.63 4.77
BDE154' ng/kg 1290 37.10 89.50 5.47
BDE184 ng/kg 1.28 4.23 6.30 4.85
TetraCN ng/kg 7.70 6.10 62.80 14.90
PentaCN ng/kg 17.40 14.30,  156.70 6.40
HexaCN ng/kg 3.70 3.20 7.00 0.30
HeptaCN ng/kg 0.40 0.30 0.40 0.20
OctaCN ng/kg 0.10 0.20 0.20 0.10
As' ug/kg 3444.00 1282.80 2362.00 11065.4Q
InAs' ug/kg 0.00 5.00 14.25/  415.00
Hg' ug/kg 37.00 377.30 94.58 29.08
MeHd ug/kg 5547.00 229.00 24,000 132.10
cd Hug/kg 9.50 7.25 10.00|  186.00
PY ug/kg 5150 61.000 11150 293.00
BPA? ug/kg 0.00 16.24 0.00 0.00
NP? ug/kg 0.00 347.50 0.00 96.00
NPDE’ ug/kg 0.00 25.90 0.00 20.65
NPE ug/kg 0.00 42.50 0.00 0.00
OP Hng/kg 0.00 13.95 0.00 0.00
HCB? Hg/kg 0.37 0.14 2.04 0.02

4Martorell et al., 2010; Perello et al., ZOO@IPereIIo et al., 2012)‘(Pere|lo et al., 2009f(Marti-Cid et al., 2008);
f(Lourenco et al., 2012; Perello et al., 2084Gunha et al., 2012; Ferrara et al., 2008; Feetea., 2005; Perello et

al., 2009; Podlipna and Cichna-Markl, 2007).
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Table 3. Summary of the weekly mean seafood consumptioruéecy (g/week) by the adult
sample population in five European countries.

Belgium Ireland Italy Portugal Spain
N 540 575 560 588 561
Sardine 5.2 11.1 12.4 25.8 18.4
Canned Tuna 15.2 25.2 42.0 47.4 54.6
Salmon 18.6 30.1 17.1 314 20.5
Mussels 9.1 5.9 15.9 8.3 22.6

16



