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Levels and Trends of Polychlorinated Dibenzo-  p-dioxins/Furans
(PCDDI/Fs) and Dioxin-like Polychlorinated Biphenyls (PCBs) in
Spanish Commercial Fish and Shellfish Products, 1995  —2003
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The polychlorinated dibenzo-p-dioxin (PCDD), dibenzofuran (PCDF), and polychlorinated biphenyl
(PCB) contents of 123 Spanish commercial salmon, tuna fish, sardine, oyster, mussel, and clam
samples from 1995 to 2003 were investigated. A significant decrease of dioxin and non-ortho PCB
concentrations in the studied species was found over the years. The decrease was greater in the
case of dioxins than in that of non-ortho PCBs, especially during the early years of the study. PCB
and PCDD/F concentrations in the years 2001—2003 were comparable to those reported in the
literature for similar species collected after 1999. Mean PCB concentrations ranged from 3.46 ng/g
of fresh weight (fw) in clams to 100 ng/g of fw in tuna fish. PCDD/F mean current levels ranged from
0.62 pg/g of fw in clams to 2.89 pg/g of fw in oysters. Toxic equivalent quantities (WHO-TEQ) ranged
from 0.05 pg of WHO-TEQpcppirs/g Of fw in clams to 0.5 pg of WHO-TEQpcpp/rs/g Of fw in salmon (in
the upper bound determination levels). When coplanar PCBs were included, the WHO-TEQpcpoirs +cop PcBs
values increased by a range of 1.7 times in oysters to 14.1 times in tuna fish. The decrease in dioxin
concentrations suggests that efforts to control dioxin emissions and to reduce human exposure through
foodstuffs are succeeding. The high contribution of PCBs to total WHO-TEQs in the fish and shellfish
species investigated suggests that it is important to determine PCBs in foodstuffs, and especially in
fish products, and they should be included in further research and future legislation.
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INTRODUCTION For the general population, dietary intake is the main route
of PCDD/F and PCB exposure, contributir@0% to the daily
exposure 4, 5). Public concern over the adverse health effects
of these toxicants at this time has been intensified by a number

The term “dioxins” refers to a group of 75 polychlorinated
dibenzo-p-dioxins (PCDDs) and 135 polychlorinated dibenzo-
furan (PCDFs) congeners, of which 17 are considered to be ot joxin contamination incidents involving food and feedstuffs
biologically active (1).Polychlorinated biphenyls (PCBs) are  (5_g) Recent reports concerning toxicological aspects have led
structurally related to dioxins and have similar chemical and (5 4 revaluation of the tolerable daily intake (TDI) for dioxins
physical properties. They were widely manufactured from the 4y gioxin-like PCBs (9) and have forced wide-ranging efforts
1930s to the 1970s for a range of industrial applications. There 4 the tightening of regulations to reduce dioxin release into
are 209 theoretically possible PCB congeners, of which 12 yhe environment¥0). To prevent the health risk from dioxin
coplanar (non-ortho and mono-ortho chlorinated substituted) gng gioxin-like PCB exposure, the European Commission has
congeners exhibit biological activity similar to that of PCDDS  gcently established maximum permissible levels of dioxins in

and PCDFs and are therefore referred to as “dioxin-like” PCBSs q0ds (11) At the moment these levels refer only to PCDD/Fs
(2, 3). In 1998, the World Health Organization (WHO) p,t PCBs will be added soon.

revaluated the toxicity equivalent factors (TEFs) assigned to
dioxins and dioxin-like PCBs for the calculation of the toxic
equivalent quantities (TEQs) (1).

This concern about the human health impact, combined with
continuous encouragement from scientific committees to monitor
food samples across Europe, has prompted numerous interna-
tional and regional studies on the concentration of dioxins in
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mariche@iqog.csic.es). have also been carried out in SpaliG{19). All of these studies
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and highlight the most important food groups in terms of their (44 and 22%), and silica modified with KOH. Fractionation among
dioxin and PCB concentrations as well as their contribution to the studied compounds was achieved using Supelclean Supelco ENVI-

the total daily intake. Carb tubes as described elsewhe2@)(Three fractions were eluted
Data from various countries show that human dietary intake containing ortho-substituted PCBs, non-ortho PCBs, and PCDD/Fs,
respectively.

has beenhdecreaSIr.lg in recgn': yeaﬁ’. (5, 20). Flﬁh. anq fish The lipid content was determined by matrix solid-phase dispersion
products have received special attention due to their widespreadyspp) using a chloroform/methanol (1:1, viv) mixture as elution
consumption by the population and their high dioxin and dioxin- sojvent. The extract was evaporated until dryness, and the lipid content
like PCB contents. Most studies report that fish products exhibit was determined gravimetrically.
higher dioxin levels than any other food category (13,17— Ortho-Substituted PCB Instrumental Analysis. The methodology
19, 21). Although current data on PCDD/F levels in individual has been described elsewhere (Hjefly, analyses were performed
fish and shellfish species from Europe (22—24),including by GC-uECD (Agilent 6890 series I, Avondale PA), in the splitless
Spain, exist16, 19, 29, studies addressing their temporal trends  injection mode using nitrogen as carrier gas. The GC column was a
are scarce (123). DB-5 (60 m length, 0.25 mm i.d., 0.26m film thickness) from J&W

We present here the results of the first monitoring program Scientific. 1,2,3,4-Tetrachloronaphthalene (TCN) and PCB 209 were

. LT used as internal injection standards. Instrumental method limits of
on temporal trends in PCDD, PCDF, and dioxin-like PCB detection (LOD) ranged from 0.04 to 0.4 pg injected. The repeatability

concentrations found in six fish and shellfish species (salmon, anq reproducibility, determined by analyzing a standard solution at 10
sardine, tuna fish, oyster, mussel, and clam) commercially ng/mL levels of each PCB congener, showed relative standard devia-
available in Spanish markets from 1995 to 2003. The results tions (RSDs) lower than 8 and 17%, respectively.
were intended to assess whether the measures adopted to reduce Non-ortho PCB and PCDD/F Instrumental Analysis. Purified
levels have really been effective, to ascertain the contribution extracts were analyzed by HRGC-HRMS/E)(SIM on a GC 8000
of coplanar PCBs to the toxic equivalent quantities (WHO-TEQ) Series (Carlo Erba Instrument, Milan, Italy) coupled to an Autospec
in the studied samples, and finally to determine whether the i’(')t(')”(;g r’::;f/i r?gepchge(tle(;w(’\/\lli?le(yMclj(chi)mt?jr?)’ Xagghgsé.eé’cg|'5rgnat
e o oS o o PCEs eiceet N Gom gt 025 i d. 0 an fin fnss) G St

. o ; . was used for chromatographic analysis. Helium was used as carrier
according to EU Council directive. Finally, the results were

8 ! > ~gas. A 2uL sample was injected in the splitless mode. The two major
compared with those found in other surveys conducted in Spainjgns of the molecular ion cluster were monitored for each compound.

and other European countries. In the case of dioxins, the limits of quantification (LOQ) ranged from
0.00001 to 0.34 pg/g of fresh weight (fw), whereas for PCBs they
MATERIALS AND METHODS ranged from 0.001 to 0.37 pg/g of fw. Further details on instrumental

conditions can be found elsewherEs]. The uncertainty, calculated
Sampling. A total of 123 fish and shellfish samples [18 salmon  after the repeated determinatiom= 14) of PCDD/Fs and non-ortho
(Salmo sala), 14 sardinesardina pilcharduy 24 tuna fish Thunnus PCBs in a fish certified reference material (specially prepared in an
thynnus), 22 oyster<Cassostrea madrasenssis), 24 claiGagmelea interlaboratory exercise) with a concentration of 1.42 pg of WHO-
gallina Venus spp.), and 21 mussels (Mytilus edulis)] were analyzed TEQ/g of fw, was<22% for all congeners.
in the period 1995—2003. Samples were commercially available and  Quality Control for the Comparability of PCDD/F and Non-
were acquired in Spanish markets. ortho PCB Determinations in Fish and Shellfish Products from 1995
Once at the laboratory, the nonedible part of the food products was to 2003.The quality control for PCDD/F analysis has become stricter
removed and the edible part, skin excluded, was stored in stable year by year. An important issue nowadays is how to compare recent
conditions, either freeze-dried or frozen-a20 °C, until analysis. data with data obtained before the 1990s (when food data relating to
Each sample consisted of pooled individual specimens acquired atdioxin first appeared in the literature). To render all data presented in
the same market location. The aggregate samples were preparedhis work comparable for the determination of temporal trends, the
depending on the type of food. For sardines and seafood products, atfollowing quality control criteria were applied:
least 10 individual samples were taken for the pooled samples. In the All analysis followed quality dioxin analyses such as blanks,
case of salmon and tuna fish, various subsamplesl @} of at least recoveries, and parallel analyses and complied with analytical standards
100 g were taken from each individual. (accuracy, precision, recoveries, etc.) as recommended by the EU
Three time periods were considered in this study. The first period Commission in the directive for measuring dioxins in fo@D)X
included samples taken between 1995 and 1996, the second samples For analyses conducted before 1999, only data with recoveries of
taken between 1999 and 2000, and the third samples taken between~50% and with differences of40% (based on PCDD/F only) between
2001 and 2003. the upper (ND= LOQ) and lower (ND= 0) bound determination levels
PCB and PCDD/F Congeners AnalyzedA total of 23 individual were considered.
PCB congeners were analyzed including the set of 7 indicators (PCBs ~Moreover, the working group has participated in several international
28, 52, 101, 118, 138, 153, and 180), PCBs relevant in commercial quality control studies for the analysis of PCDD/Fs and PCBs in
mixtures (PCBs 95, 132, 149, 183, 170, and 194), and those PCBs thatdifferent food matrices, including fish3{—34). The results were
have been assigned a toxic equivalency factor by the WHO (the non- consistent at all times with the consensus means given by the
ortho PCBs 77, 126, and 169 and the mono-ortho-substituted PCBsinterlaboratory organizations.

105, 114, 118, 123, 156, 157, 167, and 188) famed according to Statistical Analysis.In most cases the distribution of data was highly
IUPAC nomenclature2@). Individual concentrations of the 17 2,3,7,8-  Skewed. The variables did not follow a normal distribution, and
substituted toxic congeners were reported for PCDD/Fs. nonparametric tests were used for statistical comparisons. The data set

Analytical Procedure. The extraction and cleanup methodology has Was analyzed by nonparametric Kruskal Wallié) (one-way analysis
already been described elsewhere (BBjefly, samples, either freeze- of variance test to determine significant qhﬁerenc_es among the PCD_D,
dried or fresh previously dried with anhydrous sodium sulfate powder, P'CPF, and PCB contents of the three time periods for each species.
were homogenized with 1:4 (w/w) silica gel/anhydrous sodium sulfate Differences withp < 0.05 were considered to be significant. The
powder. The mixture was ground to a fine powder, loaded into a Statgraphic Statistical package (version 5.0, STSC Inc., Rockville, MD)
column, and spiked with a mixture containing #6;-labeled 2,3,7,8-  Was used for the calculations.
substituted PCDDs and PCDFs afit;,-labeled PCBs 77, 126, and

. ' . 1 +E0) RESULTS AND DI ION
169. Extraction was carried out with 400 mL of a 1:1 (v/v) acetone/ SULTS SCUSSIO )
hexane mixture. Cleanup steps were carried out using multlayer ~PCDD/F and PCB concentrations and WHO-TEQs reported
columns filled with neutral silica, silica impregnated with sulfuric acid in this survey are expressed in nanograms per gram and
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Table 1. Mean (Range) of PCDD/F and Non-ortho PCB Concentrations in Fish and Shellfish from the Spanish Market, in the Upper Bound
Determination Level (ND = LOQ) in 1995-1996

palg of fw pg of WHO-TEQ/g of fw
2,3,7,8-PCDD/Fs non-ortho PCBs PCDD/Fs non-ortho PCBs PCDDI/Fs + non-ortho PCBs % lipid
salmon (10)2 22.2 (6.17-66.6) 73.8(38.1-117) 2.46 (0.65-7.27) 7 (1.07-2.84) 413 (1.72-10.1) 131
sardines (7) 37.6 (4.16-97.5) 152 (75.5-359) 8.33(1.91-13.3) 3. 02 (0.9-5.03) 11.4(2.81-18.3) 10.2
tuna fish (16) 176 (11.6-488) 48.8 (0.9-292) 9.19(0.94-30.2) 1.25 (0.02-4.05) 10.4 (0.96-34.3) 8
oysters (11) 367 (0.08-1965) 86.3 (0.23-516) 2.11(0.01-12.7) 0.67 (0.01-2.33) 2.79 (0.02-15.3) 0.8
clams (10) 4.05 (1.60-9.16) 44.5 (0.45-105) 0.18 (0.11-0.28) 0.10 (0.04-0.20) 0.28 (0.15-0.48) 0.7
mussels (11) 1.86 (0.35-6.42) 6.15 (0.04-0.27) 0.31(0.04-0.67) 0.08 (0.002-0.27) 0.39 (0.04-0.94) 11
@Number of samples.
Table 2. Mean (Range) of PCDD/Fs and Non-ortho PCB Concentrations in Fish and Shellfish from the Spanish Market, in the Upper Bound
Determination Level (ND = LOQ) in 1999-2000
pglg of fw pg of WHO-TEQ/g of fw
2,3,7,8-PCDD/Fs non-ortho PCBs PCDD/Fs non-ortho PCBs PCDDI/Fs + non-ortho PCBs % lipid
salmon (6)2 11.1(2.01-18.1) 69.3 (30-51.2) 1.39(0.36-2.85) 1.66 (0.67-2.42) 3.06 (1.03-5.27) 15.6
sardines (5) 2.17 (1.19-4.15) 31.2 (2.82-35.8) 0.52 (0.26-0.73) 0.77 (0.004—1.55) 1.29 (0.26-2.28) 10.8
tuna fish (5) 0.73(0.58-1.23) 18.9 (7.92-39.4) 0.16 (0.14-0.17) 0.44 (0.27-0.99) 0.58 (0.41-1.16) 8.8
oysters (5) 3.48(0.82-10.2) 34.1(2.14-105) 0.66 (0.19-1.81) 0.07 (0.02-0.25) 0.73(0.20-2.06) 0.6
clams (6) 1.23(0.27-2.16) 15.8 (0.03-24.4 0.13(0.04-0.27) 0.05 (0.001-0.06) 0.18 (0.04-0.33) 0.7
mussels (5) 1.5(0.74-2.37) 6.75 (0.64-26.3) 0.12 (0.06-0.22) 0.01 (0.001-0.06) 0.13 (0.06-0.28) 0.9

2 Number of samples.

picograms per gram on a fresh weight basis to avoid seasonal The mean WHO-TEQ-pp/rcontent declinedy> 0.05) from
variations of the fat content of fish species, which can vary 1995-1996 (2.46 pg of WHO-TEQ/g of fw) to 1999000
considerably over one year due to different maturation states(1.39 pg of WHO-TEQ/g of fw) and decreased significantly (p
(29). WHO-TEQs were calculated by multiplying the measured < 0.05) in 2001—2003 (0.5 pg of WHO-TEQ/g of fw). The
concentration of each 2,3,7,8-substituted PCDD/Fs and dioxin- same tendency was observed when -ndho PCBs were
like (coplanar) PCBs by the appropriate toxic equivalent factor considered.
(WHO-TEFs) for humanslj. The sum of these products yielded PCDD/Fs presented the most important contribution to the
WHO-TEQecppiFs and WHO-TEQop pces PCB 123 was not WHO-TEQrcpp/Fsnon-ortho pcesvalues in 19951996 (60%),
included in the WHO-TEQono-ortho pcs due to coelution whereas non-ortho PCBs predominated in 199000 (56%)
problems with PCB 149 in the DB5 GC column. WHO-TEQ and 2001—2003 (62%).
values have been calculated at the upper and lower bound Sardines.The mean 2,3,7,8-substituted PCDD/F level tended
determination levels, meaning that the value of nondetectableto decrease over the course of this study (392803). A
congeners was taken as equal to the LOQ and zero, respectivelwignificant decreasep(< 0.05) in these values was observed
(30). from 1995—1996 (37.6 pg/g of fw) to 1992000 (2.17 pg/g
Temporal Trends in PCDD/F and PCB Concentrations. of fw); this trend continued in the following years, but in this
The temporal trends study included PCDDs, PCDFs, and non- case the differences were not significgmt=( 0.05). With regard
ortho PCBs (PCBs 77, 126, and 169). The orsubstituted to non-ortho PCBs, the mean level of 152 pg/g of fw found in
PCBs were analyzed only after 2000 and are consequently not1995—1996 decreased significantly {0.05) in 1999—2001
considered in this section. to 31.2 pg/g of fw and then increased slightly to 35.6 pg/g of
The mean concentration and range of the 2,3,7,8-substitutedfw in 2001—2003.
PCDD/Fs and non-ortho PCBs in the foodstuffs studied during The mean WHO-TEQppsr content clearly declined
the three periods (from 1995 to 2003) are showhables 1-3. (p < 0.05) from 1995-1996 (8.33 pg of WHO-TEQ/g of fw)
A decline is observed in the studied samples through the years.to 1999—2000 (0.52 pg of WHO-TEQ/g of fw) and then
The PCDD/F and non-ortho PCB concentrations declined decreased slightlyp(> 0.05) in 20012003 (0.44 pg of WHO-
statistically p < 0.05) over the three different periods in almost TEQ/g of fw). When norortho PCBs were considered, a
all cases Figure 1). These variations were greater in the case significant decreasep( < 0.05) was observed in WHO-
of dioxins than in the case of dioxin-like PCBs, especially during TEQpcpp/Fs+non—ortho pca¥alues from 19951996 (11.4 pg of
the first years of the study. This explains the different contribu- WHO-TEQ/g of fw) to 1999-2000 (1.29 pg of WHO-TEQ/g
tion of PCDDs, PCDFs, and non-ortho PCBs to total WHO- of fw), whereas in the next years it increased slightly(0.05)
TEQs over the years. PCDD/Fs presented the most important(2.03 pg of WHO-TEQ/g of fw).
contribution to total WHO-TEQs in the period 1995996 PCDDs presented the most important contribution to the
(>60%), whereas non-ortho PCBs were predominant in the WHO-TEQbcpp/rsinon-ortho PcasValues in 19951996 (42%),
2001—2003 period (>58%), except for oyster samples (30%). whereas non-ortho PCBs, and especially PCB 126, showed the
Salmon. The mean 2,3,7,8-substituted PCDD/F value de- highest contribution¥60%) to the WHO-TEQcpp/Fs:non-ortho PCBs
clined 2-fold from 1995-1996 (22.2 pg/g of fw) to 19992000 values after 1999.
(11.1 pg/g of fw) and 5-fold in the period 2002603 (2.0 pg/g Tuna Fish. The mean 2,3,7,8-PCDD/F content decreased
of fw). These decreases were statistically significant (0.05). significantly (p < 0.05) from the period 1995—1996 (176 pg/g
In the same way, the mean value of non-ortho PCBs declined of fw) to 1999-2000 (0.73 pg/g of fw), although these values
slightly (p > 0.05) from 1995 to 2003. increased slightly (g~ 0.05) in 20012003 (0.77 pg/g of fw).
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Table 3. Mean (Range) of 2,3,7,8-PCDD/Fs, Mono-ortho PCBs, Non-ortho PCBs, and Total PCB Concentrations (Expressed in Picograms per Gram
of Fresh Weight and Picograms of WHO-TEQ per Gram of Fresh Weight) in Fish and Shellfish from the Spanish Market, in the Upper Bound Levels
(ND = LOQ) in 2001-2003

salmon (2)2

sardines (2)

tuna fish (3)

oysters (6)

clams (8)

mussels (5)

2378-TCDF
12378-PeCDF
23478-PeCDF
123478-HXCDF
123678-HXCDF
234678-HXCDF
123789-HXCDF
1234678-HpCDF
1234789-HpCDF
OCDF
2378-TCDD
12378-PeCDD
123478-HxCDD
123678-HxCDD
123789-HxCDD
1234678-HpCDD
0CDD

total PCDD/Fs
PCB 77

PCB 126
PCB 169

total non-ortho PCBs

PCB 28 (ng/g)
PCB 52 (ng/g)
PCB 95 (ng/g)
PCB 101 (ng/g)

PCBs 123 + 149 (ng/g)

PCB 118 (ng/g)
PCB 114 (ng/g)
PCB 153 (ng/g)
PCB 132 (ng/g)
PCB 105 (ng/g)
PCB 138 (ng/g)
PCB 183 (ng/g)
PCB 167 (ng/g)
PCB 156 (ng/g)
PCB 157 (ng/g)
PCB 180 (ng/g)
PCB 170 (ng/g)
PCB 189 (ng/g)
PCB 194 (ng/g)

total mono-ortho PCBs (ng/g)

3PCBs (ng/g)

WHO-TEQ (PCDDIFs)
WHO-TEQ (non-ortho PCBs)
WHO-TEQ (mono-ortho PCBs)

SWHO-TEQ
% lipids

0.79 (0.58-0.99)
0.11 (0.09-0.12)
0.43 (0.28-0.58)
0.03 (ND-0.05)
0.02 (ND-0.03)
0.01 (ND-0.03)
ND

0.04 (ND-0.08)
0.03 (ND-0.06)
ND

0.07 (0.04-0.10)
0.11 (0.02-0.19)
0.01 (ND-0.03)
0.02 (ND—0.04)
0.01 (ND-0.02)
0.2(0.13-0.27)
0.16 (ND-0.32)

2.02 (1.14-2.89)
278

8.72
1.78

38.3

21.4-34.1)
7.7-9.73)
0.32-3.23)

29.4-47.1)

—

0.86 (0.002-1.71)
2.17 (0.47-3.86)
2.04 (0.15-3.54)
2.63 (1.15-4.10)
1.42 (0.29-4.89)
1.54 (0.73-2.34)
0.20 (0.06-0.34)
3.63 (1.25-5.82)
0.22 (ND-1.06)
0.28 (0.04-0.44)
3.06(1.06-5.06)
0.12 (0.01-0.13)
1.21 (0.001-2.41)
0.07 (0.07-0.08)
0.02 (0.004-0.03)
1.13 (0.64-1.63)
0.37 (0.11-0.62)
0.02 (0.02-0.02)
0.06 (0.03-0.07)
( )

4.75(1.21-10.6

20.9 (6.6-38.2)
0.5 (0.45-0.54)
0.89 (0.78-1.01)
2.34(0.19-4.06)
3.63 (1.42-5.6)

13.7

0.38 (0.36-0.45)
0.09 (0.09-0.09)
0.42 (0.39-0.45)
0.04 (0.03-0.05)
0.04 (0.03-0.05)
0.02 (ND-0.04)
ND

0.04 (0.03-0.04)
ND

ND
0.05 (0.04-0.05)
0.11(0.10-0.12)
ND

0.08 (0.03-0.10)
0.07 (0.05-0.09)
0.22 (0.03-0.30)
0.37 (0.17-0.57)
1.92 (1.45-2.39)
173

15.6
2.65

35.6

14.3-20.3)
14-17.2)
2.23-2.97)

30.5-40.5)

—~ —~————

0.31 (ND-0.62)
1.00 (0.94-1.07)
1.66 (1.50-1.82)
0.60 (0.57-0.63)
4.43 (4.39-4.46)
1.02 (0.99-1.05)
0.07 (0.06-0.08)
143 (12.9-15.6)
1.08 (1.03-1.14)
0.28 (0.25-0.31)
3.23(0.83-6.71)
ND

0.50 (0.21-0.80)
0.28 (0.26-0.30)
0.03 (0.02-0.04)
27.7 (19.6-24.0)
4.95 (4.47-5.45)
ND

1.08 (1.0-1.12)

6.61 (6.2-7.05)

56.7 (49-65.2)

0.4 (0.39-0.50)
1.59 (1.43-1.76)
0.32 (0.30-0.35)
2.35 (2.12-2.61)

10.8

0.32 (0.01-0.92)
0.04 (0.01-0.12)
0.26 (0.01-0.76)
0.01 (ND-0.02)
0.01 (ND-0.03)
0.02 (ND-0.04)
ND

ND

ND

ND

0.02 (0.001-0.04)
0.04 (ND—0.120)
0.006 (ND-0.02)
0.02 (ND-0.05)
ND

0.01 (0.005-0.03)
0.03 (0.01-0.09)

0.77 (0.04-2.24)
19.7 (10.7-36.2

(

17.8 (5.45-38.9

3.34(1.33-7.24
(

40.8 (17.5-82.4

= D=

1.39 (0.06-2.72
3.14 (1.41-5.70
3.21 (1.63-5.42
3.30 (1.66-6.09
5.58 (0.7-8.52)
2.61 (0.63-3.01)
0.88 (0.04-2.27)
335 (2.39-60.7)
0.05 (0.05-0.05)

)

)

—_———

(

(

(

(

(

(

(

E

1.08 (0.09-3.12

21.1(0.18-24.0

2.37(0.11-3.80)

0.60 (0.04-0.89)

0.46 (0.02-1.26)

0.29 (0.01-0.08)

18.0 (0.81-35.2)

2.59 (0.05-7.31)

0.14(0.06-0.36)

1.72 (0.09-4.89)
(

11.6 (1.59-203)

100.4 (10-176)
0.23 (0.01-0.66)
1.81 (0.56-3.97)
1.20(0.12-2.9)

3.24 (0.69-7.53)

7.1

1.33 (0.58-4.67)
0.08 (0.06-0.09)
0.22 (0.17-0.34)
0.01 (ND-0.03)
0.01(ND-0.03)
0.02 (ND-0.05)
0.001 (ND-0.007)
0.05 (ND-0.17)
ND

0.04 (ND-0.12)
0.04 (ND-0.11)
0.13 (0.06-0.16)
0.04 (ND-0.06)
0.09 ND-0.13)

0.07 (0.05-0.09
0.21(0.18-0.25
0.53 (0.37-0.77

(

2.89 (1.46-7.07

= S

165 (11.2-22.4)
1.86 (0.78-2.85)
0.47(0.18-0.74)

(

18.8 (12.6-26)

153
1.99
2.35
2.27

0.17-4.67)
0.06-4.10)
0.34-4.75)
0.02-4.59)
2.28 (0.03-5.28)
0.31 (ND-1.15)
0.006 (ND-0.04)
3.47(0.48-7.96)
0.40 (0.06-0.93)
0.04 (ND-0.09)
1.34 (0.06-3.12)

(

(

P

0.04 (ND-0.05)
0.03 (0.01-0.09)
0.1 (0.004-0.42)
0.05 (ND-0.25)
0.18 (ND-0.77)
0.21 (0.02-0.54)
0.05 (0.02-0.10)
0.02 (0.01-0.03)
(

2.88(0.06-7.4)

16.8 (1.3-38.9)

0.46 (0.37-0.73)
0.19 (0.08-0.30)
0.14 (0.08-0.68)
0.79 (0.53-1.71)

16

0.12 (ND—0.48)
0.01 (ND-0.05)
0.03 (ND-0.11)
0.02 (ND-0.06)
0.01 (ND—0.04)
0.01 (ND—0.042)
0.001 (ND-0.01)
0.02 (ND-0.07)
0.003 (ND-0.01)
0.01 (ND-0.02)
0.003 (ND-0.01)
0.01 (ND-0.02)
0.01 (ND-0.02)
0.01 (ND-0.07)
0.02(ND-0.06)
0.05 (ND—0.23)
0.30 (ND-1.06)

0.63 (0.001-2.35)

3.28 (0.35-8.29)
0.66 (0.12-1.64)
0.04 (ND-0.16)

(

3.97 (0.46-8.85)

0.33 (0.004-1.58)
0.41 (0.07-1.93)
0.39 (0.02-1.99)
0.37 (0.02-2.02)
0.56 (0.005-3.75)
0.12 (0.004-0.73)
0.04 (ND-0.16)
0.54 (0.016-2.95)
0.1 (0.003-0.55)
0.06 (ND-0.21)
0.40 (0.001-2.25)
0.05 (ND—0.305)
0.019 (ND-0.07)
0.019 (ND-0.09)
0.002 (ND-0.001)
0.37 (0.005-2.23)
0.08 (0.002-4.08)
0.004 (ND-0.022)
0.008 (ND-0.012)
)

0.96 (0.009-5.02

3.46 (0.15-24.9)
0.05 (0.001-0.16)
0.07 (0.01-0.16)
0.05 (0.001-0.22)
0.17 (0.01-0.54)

1

0.27 (0.06-0.51)
0.02 (0.02-0.03)
0.06 (0.03-0.10)
0.015 (ND-0.03)
0.013 (ND-0.02)
0.013 (ND-0.02)
0.002 (ND-0.007)
0.03 (0.02-0.04)
0.008 (ND-0.013)
0.05 (ND-0.10)
0.01 (ND-0.023)
0.01 (ND-0.020)
0.01 (ND-0.016)
0.03 (0.02-0.06)
0.029 (0.02-0.05)
0.17 (0.04-0.33)
1.16 (0.11-2.14)
(

1.89 (0.32-3.51)
14.6 (0.02-41.7

(
1.27 (0.50-2.50
0.20 (0.02-0.22
(

16.1 (0.53-44.2

RN )

1.17 (0.05-2.72)
0.35 (0.08-0.48)
0.60 (0.09-1.25)
1.06 (0.24-1.83)
0.97 (0.04-1.64)
0.172 (0.04-0.30)
0.003 (ND—0.016)
1.242 (0.16-2.55)
0.122 (0.03-0.23)
0.02 (0.003-0.03)
0.46 (0.08-0.90)
0.14 (0.02-0.30)
0.006 (ND-0.02)
0.008 (ND-0.03)
0.004 (ND-0.01)
0.194 (0.05-0.42)
0.05 (0.01-0.13)
0.002 (ND-0.01)
0.01 (ND-0.05)

1.18 (0.85-2.05)

6.61 (0.88-12.9)
0.09 (0.05-0.15)
0.3 (0.05-0.9)
0.07 (0.02-0.25)
0.46 (0.12-1.3)

14

@Number of samples.

The same tendency was found for non-ortho PCB mean 0.05) in these values was observed from 199996 (367 pg/g
concentrations. of fw) to 1999-2000 (3.48 pg/g of fw), and this trend continued

The mean WHO-TEQ:pp/rvalue clearly declinedy < 0.05) in the following years (2.89 pg/g of fw). In the same way, the
from 1995—1996 (9.19 pg of WHO-TEQpp//g of fw) to mean value of non-ortho PCBs declinedX@.05) from 1995
1999—-2000 (0.16 pg of WHO-TEQ/g of fw) and showed a to 2003.

slight, nonsignificant increase in 2062003 (0.23 pg of WHO- The mean WHO-TEQ: .
: - po/rcontent declinedy> 0.05) from
TEQ/g of fw). When non-ortho PCBs were considered, the same 19951996 (2.11 pg of WHO-TEQ/g of fw) to 19992000

tendency was observed. .
PCDFs presented the most important contribution to the (0.66 P9 of WHO-TEQ/g of fw) and continued to do o X
WHO-TEGhconrre: 1o peacvalues in samples from 1995 to 0.05) in 20012003 (0.46 pg of WHO-TEQ/g of fw). The same
nom ortio FL=s tendency was observed when rorho PCBs were considered.

1996. On the other hand, non-ortho PCBs, mainly PCB 126, . .
showed the highest contributiorr {5%) to the WHO-TEQ PCDDs contributed the highest percentage (45%) to the
WHO-TEQ>cppirs+non—ortho pca¥alues in samples from 1995—

values in samples from 1992000 and 20012003 as already
described in the sardines analyzed in the same period. 1996, whereas PCDFs were predominant in 292@00 (52%)

Oysters.The mean 2,3,7,8-substituted PCDD/F level tended and in 200£2003 (39%). In this last period the contributions
to decrease over the years studied. A significant decrgase ( of the three families to the WHO-TEQ were similar.
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10 Mussels.The mean 2,3,7,8-substituted PCDD/F value found
A in the period 19951996 was 1.86 pg/g of fw. This value
decreased (p 0.05) to 1.5 pg/g of fw in 19992000 and then
increased slightlyg > 0.05) in the following years, reaching a
value of 1.89 pg/g of fw in 2002£2003. The non-ortho PCB
concentrations increased over the studied years. Nevertheless,
the mean WHO-TEQcpp/rcontent declined almost 3-fold, from
0.31 to 0.12 pg of WHO-TERypp/rdg of fw between 1995—
1996 and 19992000, and almost 4-fold in 20612003 to 0.09

pg of WHO-TEQcpp/Hg of fw. When non-ortho PCBs were
included, WHO-TEQccp/Fs-+non—ortho PceCONteNts decreased
almost 2-fold between the two first periods studied and increased
in 2001—-2003 to reach a mean value of 0.39 pg of WHO-TEQ/g
of fw. The differences found among the three periods of time

'%/

b oLl ol were not statistically significant (p 0.05).
—e—salmons PCDDs presented the most important contribution to the
—m—sardines WHO-TEQrccpiFs+non—ortho pce¥alues in samples from 1995
— 1996 (58%) and from 19992000 (65%), whereas non-ortho
PCBs were predominant in 2001—2003 (76%).
=H=ayelers Present PCDD/F and PCB Concentration (20032003).
—%—clams Mean concentrations of total PCBs, mono- and non-ortho PCBs,
—@—mussels 2,3,7,8-substituted PCDD/Fs, and individual congeners are

13 shown inTable 3. They are expressed in nhanograms per gram

B or picograms per gram and in picograms of WHO-TEQ per gram
of fresh weight in the upper bound limit of determination
10 (assuming that nondetected values are equal to their correspond-
ing limit of quantification). Fat percentage of the samples is
G- also included iriTable 3.
Total PCB concentrations (as the sum of the 41 congeners
Ll analyzed) in the six fish and shellfish species presented large
and significant variations. Thus, tuna fish had the highest mean
41 "\ value (100 ng/g of fw), followed by sardines (56.7 ng/g of fw),
: salmon (20.9 ng/g of fw), oysters (16.8 ng/g of fw), mussels
2 ! (6.61 ng/g of fw), and finally clams (3.46 ng/g of fw).

2,3,7,8-Substituted PCDD/F concentrations presented less

T variation than PCBs. The highest levels were found in oysters
1995-96 1999-00 2001-03 with a mean of 2.89 pg/g of fw followed by salmon (2.02 pg/g
Figure 1. Decline of PCDD/Fs and PCDD/Fs and non-ortho PCBs in of fw), sardines (1.92 pg/g of fw), mussels (1.89 pg/g of fw),
Spanish commercial fish between 1995 and 2003, expressed in (A) tuna fish (0.77 pg/g of fw), and clams (0.63 pg/g of fw).
picograms of WHO-TEQrcooyrs per gram of fresh weight and (B) picograms PCB profiles indicate some similarities and differences among
of WHO-TEQpconirs+non—ortho pcas Per gram of fresh weight. the fish and shellfish specie$gble 3). PCBs 153 and 138 were
the major contributing congeners in all of the species investi-
Clams. The mean 2,3,7,8-substituted PCDD/F level found gated (fish and shellfish), each accounting &% of the total
in 1995—1996 was 4.05 pg/g of fw. This value decreaged (  PCBs (between 6 and 33%). PCBs 118, 170, and 180 were in
0.05) to 1.23 pg/g of fw in 19992000. There was a further  the majority for fish species (between 2 and 38% of the total
slight decrease (p= 0.05) in the following years, reaching a PCBs), whereas the less chlorinated PCBs (PCBs 28, 52, 95,
mean value of 0.63 pg/g of fw in 2062003. A similar 101, and 123+ 149) were in the majority for shellfish species,
tendency was observed for non-ortho PCBs, the mean level of contributing between 5 and 18% of the total PCBs. In all cases
which decreased (5 0.05) over the studied years. the mono-ortho PCBs 114, 167, 156, 157, and 189 and the non-
The mean WHO-TE:pp/rcontent declinedg > 0.05) from ortho PCB congeners PCBs 77, 126, and 169 presented a lower
0.18 pg of WHO-TEQ/g of fw) in 19951996 to 0.13 pg contribution (<2%). With regard to the PCDD/F profiles,
of WHO-TEQ/g of fw in 1999-2000 and decreased significantly ~ 2,3,7,8-TCDF, 2,3,4,7,8-PeCDF, HpCDD, and OCDD predomi-
(p < 0.05) in 2001—2003 to 0.05 pg of WHO-TEQ/g of fw. nated in all cases.
When non-ortho PCBs were considered, a similar and The highest mean concentration of WHO-Tiz@b/rs Was
significant © < 0.05) decrease was observed in the found in salmon (0.5 pg of WHO-TEQ/g of fw), followed by
WHO-TEQ pccpiFs+non—ortho pceinean values. oysters (0.46 pg of WHO-TEQ/g of fw), and sardines (0.44 pg
The contribution of the three families to the WHO- of WHO-TEQ/g of fw). The lowest value was found in tuna
TEQpccpiFs-tnon—ortho pcag£ontent was similar in 19951996, fish with 0.23 pg of WHO-TEQ/g of fw, mussels (0.09 pg of
with values between 32 and 35%. PCDFs presented the mostWHO-TEQ/g of fw), and clams (0.05 pg of WHO-TEQ/g of
important contribution to the WHO-TEQs in samples from 1999 fw).
to 2000, and non-ortho PCBs, mainly PCB 126, presented the None of the fish and shellfish studied exceeded the maximum
most important contribution>(50%) to the WHO-TEQ values levels, in the upper bound determination level, set by the EU
in samples included in the last period studied. for this kind of product (4 pg of WHO-TERpp//g Of fw) (11).
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Figure 2. Contribution (in percentage) of PCDD/Fs and PCBs to the total WHO-TEQpccoyrs+cop pcas in Spanish commercial fish and shellfish (2001—
2003).

Salmons Tuna fish Sardines
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Figure 3. Percentage contribution to the total WHO-TEQ of mono-, non-ortho PCB, and PCDD/F congeners in Spanish commercial fish and shellfish
(2001-2003).

When non-ortho PCBs were considered, tuna fish and sardinessardines (2.35 pg of WHO-TEQ/g of fw), oysters (0.79 pg of
exhibited the highest levels among the species studied, with WHO-TEQs/g of fw), mussels (0.46 pg of WHO-TEQs/g of
mean values of-2 pg of WHO-TEQcppiFsnon-ortho pc#g Of  fw), and finally clams (0.17 pg of WHO-TEQ/g of fw).
fw, followed by salmon (1.39 pg of WHO-TEQ/g of fw), oysters . . i . .
(0.65 pg of WHO-TEQ/g of fw), mussels (0.39 pg of WHO- Some individual fish (salmon _and tuna_fls_,h) with a high lipid
TEQ/g of fw), and clams (0.12 pg of WHO-TEQ/g of fw). content (13.7 and 7.1%, respectively) exhibited levels over those

When mono-ortho PCBs were included, the total WHO- Permitted by the current legislation (at present only for dioxins)
TEQrcopiFs+cop peadalues increased, and in this case, salmon (4 pg of WHO-TEQ/g of fw) (11)Most probably, these levels
exhibited the highest mean value (3.63 pg of WHO-TEQ/g of will decrease when coplanar PCBs are included in the legisla-
fw), followed by tuna fish (3.24 pg of WHO-TEQ/g of fw), tion. In fact, the results of this study indicate that PCB
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concentrations have fallen in the past few years, although thisfrom 0.45 to 0.54 pg of WHO-TEQ/g of fw) were between the
decrease has not been as evident as the decrease of dioxins.values provided from farmed salmon (ranging from 1.2 to 3 pg
It is of particular interest to assess the contribution of PCDD/ of WHO-TEQ/g of fw) and wild salmon (ranging from 0.2 to
Fs and dioxin-like PCBs to the total WHO-TEQs. Many studies 0.5 pg of WHO-TEQ/g of fw) from Europe and North America
in the past did not include the determination of dioxin-like PCBs, (42). The mean concentrations of dioxins and dioxin-like PCBs
but they have recently started to do so because it has been statefbund in the muscle of wild and farmed fish products (including
that they dominated the TEQ content in many foodstutf3, ( salmon and sardines but excluding fish from the Baltic Sea)
19), mainly fish products. In this study, the relative abundance from an EU monitoring program were 0.49 pg of WHO-
of coplanar PCBs with respect to total WHO-TEQs in the fish  TEQpcpp/dg of fw and 1.79 pg of WHO-TER:co/rs+cop PcHg
and shellfish was very high in all cases, accounting=d0% of fw (in the upper determination level}4): that is, they were
(Figure 2). This contribution is higher in fish (between 62 and comparable to the results of this study.
90%) than in shellfish (between 42 and 70%). As shown in
Figure 2, the largest contribution was for non-ortho PCBs, even
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