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Highlights

- DL-compound TEQ levels in the livers of ewes wepeto 5-fold higher than in cows.

- No significant differences in levels of NDL-PCRe&re found between the two species.
- DL-compound levels were remarkably lower tharsthceported in previous studies.

- Data are consistent with the expected low DL-aonhbation level in sampling areas.

- Previous fat-related MLs for ovine livers weremaprecautionary than current MLs.



Abstract

Products of animal origin represent the main raftbuman exposure to dioxins and dioxin-like
PCBs (DL-compounds). Recently, concerns have baeed about ovine products, particularly the
liver, in which relatively high levels of DL-compods have been reported. We surveyed ovine and
bovine livers in areas with no known sources oktimr DL-PCB contamination, in order to assess
accumulation patterns for both DL-compounds andDb(NDL-) PCBs. None of the ovine and
bovine samples exceeded the current Maximum LirfNM&s) for DL-compounds. Liver DL-
compound TEQ concentrations were up to 5-fold highesheep than in cows. No statistically
significant differences in total NDL PCBs levelsr@dound. The main contributors to TEQ levels
were the Penta- and Hexa-chlorinated PCDFs and PZEB The results confirm the increased
bioaccumulation in ovine liver towards specific Bbmpounds even in ewes reared in areas with

no known sources of PCDD/Fs or DL-PCBs contamimatio



1. Introduction

Polychlorinated dibenzo-p-dioxins (PCDDs), polyaiiated dibenzofurans (PCDFs) and
polychlorinated biphenyls (PCBs) are widespreadipmt environmental contaminants. One
group of PCB congeners, referred to as dioxin-l{Kd-)PCBs, share the property of
interacting with the intracellular aryl hydrocarbmteptor (AhR). This is considered to be a
key factor for causing a large array of adverseat$f affecting liver, thyroid and immune
functions, along with reproduction and neuro-depeient; DL-compounds are also
recognized as carcinogenic and teratogenic agéfasndal, 2005). Based on the chemical
structure and the inability to bind the AhR, anotgeoup of PCB congeners are known as
non-DL PCBs (NDL-PCBs) and are characterized by ifferdnt toxicological profile
(Elabbas et al., 2013). Six NDL-PCBs are used dgators for regulatory purposes, not
because of their specific toxicity but owing to itheasy quantification when compared to
other NDL-PCBs and the fact that their sum reprissabhout 50% of the total NDL-PCBs in
food (EFSA, 2005). Among the chemical residues thay occur in animal products, DL-
compounds have recently been ranked as being ohititeest concern for human health
(EFSA, 2013). This is of particular concern, asdoicis of animal origin represent the main
route of exposure to these compounds for humamsdédeand Bolger, 2001). A renewed
interest into DL-compound food chain contaminati@s been triggered by several incidents
in which both scientific investigations and specknowledge on production processes were
necessary to identify the source of contaminatibtalisch and Kotz, 2014). Identifying
contamination events, possibly by tracing back sbarce of pollution, is the key to the
consequent development of suitable actions to eduwsnan exposure to DL-compounds,
which, in studies on different group populationas bbeen calculated to exceed the Tolerable
Weekly Intake (TWI) of 14 pg TEQ kg-1 body weiglt\}.) in a percentage of individuals

between 1.0 and 52.9% (EFSA, 2012). Based on a euoflpublished surveys conducted in



different European countries, concerns have basadabout ovine products, particularly the
liver. Indeed, an average DL-compound burden highan that recorded in other livestock
species (including ruminants) has been reportetthisifood commodity, with single values
often exceeding the action levels and, in somesgadso reaching the maximum tolerance
levels (MLs) set by Regulation (EC) No. 1881/20@uropean Commission, 2006). The
tendency of sheep to accumulate high levels of PEB@&aNd DL-PCBs in the liver was
further pinpointed by an opinion of the Europearodr@Gafety Authority (EFSA, 2011).
According to data submitted by eight European aoesit EFSA reported that more than 50%
of the sheep livers analyzed exceeded the MLsrecefat that time (4.5 pg TEQ g-1 fat for
PCDD/Fs and 10 pg TEQ g-1 fat for the sum of PCRBDdRd DL-PCBs) and concluded that
“the frequent consumption of sheep liver, partidyldy women of child-bearing age and
children, may be a potential health concern”.

Although grazing habits, breeding characteristical ather physiological factors may
predispose sheep to accumulate DL compounds toglaehiextent than other herbivore
species (Rose et al., 2010), it should be notedntieat TEQ values appear to be of the same
order of magnitude in all livestock species (Fedemnet al., 2010; EFSA, 2011), thus
pointing to a specific accumulation of such comptsum the ovine liver.

The MLs for sheep liver (European Commission, 20ddye been recently set at 1.25 pg
TEQ g-1 w/w for PCDD/Fs, 2.00 pg TEQ g-1 w/w foeteum of PCDD/Fs and DL-PCBs,
and 3.0 ng g-1 w/w for NDLPCBs (European Commissiil3). Most importantly, these
MLs are no longer expressed on lipid content bubomet weight basis (w/w); the shift to
current MLs was chosen in order to account forkhewn interindividual variability in fat
content within the same species and among thereliffetissues analyzed for dioxin
determination such as liver, perirenal fat, musalej others, as underlined by many authors

(Irigaray et al., 2005; Brambilla et al., 2011).



Moreover, this choice is expected to solve the ydiwal problems arising from possible
differences in fat extraction methods adopted bijc@f European Laboratories, which are
thought to substantially affect the accuracy of BB and DL-PCBs TEQ determination in
such a food commodity (Kotz et al., 2012). Howewsmsuming a mean fat content of 5% in
the liver, the new MLs (pg TEQ g-1 w/w) would resid approximately four-fold higher
levels than those previously reported on a fat shélsioogenboom et al., 2015b), being
therefore less conservative than the previous ones.

Following the cited EFSA opinion (EFSA, 2011), avay was started in Piedmont (North-
western Italy) in order to compare the liver acclatian patterns of both PCDD/Fs, DL-
PCBs and the six marker NDL-PCBs also includingagalbel sampling program on cattle
liver. All the examined livers were from animalsared in carefully selected areas, that are
located in a small mountain valley where the omlgustrial settlements consist in the stone

quarries. In such areas known sources of dioxitatnimation have never been identified.

2. Materialsand methods

2.1.Sample collection

Planning an effective sampling program to comparmeo and bovine specimens had to
address the difficulties in finding suitable sansplas well as making efficient use of the
available resources for expensive analytical datetions. The statistical power to detect a
relevant difference between the two species wasntakto account. Assuming a population
standard deviation of 0.2 pg TEQ g-1 w/w, a samspe of 30 (28) was calculated in order to
estimate the population mean with 95% level of werfce and a precision ranging between
+0.075 pg TEQ g-1 w/w. The results were expressemh@an + standard deviation (SD) and

median with range as appropriate.



A sample size of 10 bovine animals was calculatedrder to detect a difference of 0.25 pg

TEQ g 1 w/w when comparing this reference group with 30e
subjects of the “experimental” group (sheep), assgrnthe use of a power of 80%, equal
standard deviations (a conservative 0.22) in the ¢moups and a two-sided test with 5%
significance level.

Liver samples from 37 ewes and 16 cows were celibeit slaughterhouses between May
2012 and June 2013. Immediately after collectiover$ specimens were ID labeled and
stored at -20 °C until being processed for theydital determinations.

Selected animals were clinically healthy, multipepat the end of their production cycle
(mean age for ewes 9 years, and 10 years for cangsexclusively reared in farms located in
a limited area of the Piedmont Region, North-West&aly, where no dioxin contamination
episodes have occurred to our knowledge. All sete@nimals were from known meat
production breeds, namely Piemontese breed cowisBallese, Sambucana, and crossbred
Frabosana ewes.

To avoid possible biases linked to a lower ratehepatic elimination of the investigated
compounds, livers with manifest macroscopic alierat which, according to the veterinarian
officers would have been unfit for human consumptivere not included in the study and
discarded; using these criteria, a final selectib80 liver samples from ewes and a minimum

of 10 samples from cows, for correct statisticahparison was fulfilled.

2.2.Analytical determinations

All PCDD/Fs, DL- and NDL-PCBs standards were pusgth from Cambridge Isotope

Laboratories (Tewksbury, Massachusetts, USA), alNents were of gas chromatography
grade. Quantitative determinations of PCDD/Fs waggformed with a 7-point calibration

curve ranging from 0.05 to 200 pgmL-1 for tetra-OB8& from 0.25 to 1000 pg mL-1 for



penta-, hexa- and hepta-CDD/Fs, and between 5 @8d gg mL-1 for octa-CDD/Fs. DL-
PCBs and NDL-PCBs were detected by an 8-point idldn curve ranging from 2 to 200 pg
mL-1 for both of these compounds. Calibration sotuand samples were added wite, -
labeled and’Cy,-labeled congeners, as internal, recovery and algastandards, as shown in
previous study (Olanca et al., 2014).

Liver portions (mean weight 300 g) were blendeahgs blade grinder (Retsch, Disseldorf,
Germany) and then lyophilized (Criofarma, Turimly). Starting wet weight and lyophilized
amount obtained for each samplewas recorded irr twdelate fat fraction extracted from the
dried processed sample to initial wet weight. Bataetion from 45 g of lyophilized liver was
performed by a Soxhlet Extraction System B-811 {Bu€ornaredo, Italy), configured for
260 cycles overnight in toluene/ethanol 70/30 wlvent mixture, after addintfCy, labeled
dioxin and PCB internal standards.

Following steps of digestion, serial drying stepsRotavapor ® (Heidolph, Schwabach,
Germany) and oven, HCI digestion overnight and NA@H washing steps were carried
out. Final purification of hexane re-suspendedaetsr was performed using a Power-PrepTM
automated cleanup system (Fluid Management Sysféattham, USA), configured with
acid silica column, a basic alumina column anddivated carbon column: purified fractions
were then reconstituted, prior to instrumental wsial with nonane containingCi. labeled
recovery standards.

Finally, extracts were analyzed for DL-PCBs, PCDODMDL and NDL-PCBs content by
GCeHRMS, based on the internationally recognizedthate EPA1613-revision B
(EPA,1994) and method EPA 1668-revision C (EPA,@0&nalysis was carried out using a
GC Trace Series 2000 (ThermoQuest), with a DB-5 ddfillary column (60 m 0.25 mm,
0.1 mm), coupled with a MAT 95 XL (Thermo-Finnigamjith a resolution of 10,000 in

selected ion monitoring (SIM)mode (Squadrone et28l15). Quantificationwas based on the



isotope dilution method. As required by EPA methdhs Limit of Quantification (LOQ) and

recovery of each compound were evaluated for eachpk in each analytical session.
Laboratory performances were monitored every ygahe proficiency tests organized by the
European Union Reference Laboratory for Dioxins &@Bs in Feed and Food. The
calculations of the Upper Bound TEQ level for PCB®And DL-PCBs sums were performed
according to Regulation (EU) No. 589/2014 (Européammmission, 2014). Data were
adjusted for both the current World Health Orgatidza Toxicity Equivalent factors (TEF-

WHOZ2005), as required by the Regulation (EU) No5%2011 (European Commission,
2011), and the previous TEF-WHO1998, in order tmpare DL-compound concentrations

found in our study to the data set mentioned irBER8A opinion (EFSA, 2011).

2.3. Statistical analysis

D'Agostino-Pearson and Shapiro-Wilk tests were queréd, assuming am error equal to
0.05, in order to verify the normality of the dibtrtions of the collected data; based on these
results, the non-parametric Manne-Whitney testrémk comparisono error of 0.05) was
chosen to detect significant differences in medi&® concentrations and also at the level of
a single congener (17 PCDD/Fs, 12 DL-PCBs, and @.4REBBs), comparing ovine and

bovine groups (GraphPad Prism 6.01 software).

3. Results and discussion

3.1.PCDD/Fs and DL-PCBs TEQ
Mean and median TEQ levels of DL-compounds in ovamel bovine liver samples are
reported in Table 1. As expected, there were 3d&b-higher TEQ levels (p < 0.05) for

PCDD/Fs in sheep compared to cows (median valué gg2NVHO-TEQqos g-1 w/w vs 0.07



pg WHO-TEQoos g-1 w/w) and for the sum of PCDD/Fs and DL-PCB®dian value 0.77
pg WHO-TEQqos g-1 w/w vs 0.15 pg WHO-TE£s g-1 w/w). To compare our data with
those provided by Member States and reported byAER2011, a conversion from liver w/w
to its fat content as well as a correction withvpyas WHO-TEF1998 were performed (Table
2), resulting in mean contamination levels in theareined ewe livers of 5.92 pg
WHOTEQu99s g-1 fat for PCDD/Fs and 11.24 pg WHO-TR g-1 fat for PCDD/Fs p DL-
PCBs, respectively. For comparison, both valuesvapproximately 3-fold lower than those
reported in ovine livers in the mentioned surveyHRSA (EFSA, 2011), and about 4-fold
lower than those measured in monitoring investogetiof sheep hepatic samples from lower
Saxony (Germany) (Bruns-Weller et al., 2010).

More to the point, even livers from young ewes ‘feldan” grass pellets (containing 0.33 ng
TEQ kg-1 PCDD/Fs p DL-PCBSs) for 56 days had PCDARd PCDD/Fs p DL-PCBs levels
roughly twice those measured in our study (Hoogenbet al., 2015a).

As regards cows, the mean liver WHO-TEQ1998 leygl$4 pg WHO-TEGys g-1 fat for
PCDD/Fs and 2.28 pg WHO-Thk6gs g-1 fat for PCDD/Fs p DL-PCBs) were comparable to
those reported in 2008 by the Nordic Countries eyirgn feed and food (Wiborg et al.,)
where, in the absence of known DL-compound contatiin outbreaks, hepatic
concentrations amounted to 0.92 pg WHOT&&Q-1 fat for PCDD/Fs and 1.98 pg WHO-
TEQu9989-1 fat for the sum of PCDD/Fs and DL-PCBs. Likssyiliver concentrations of five
selected PCDD/Fs (TCDD, PeCDD, HxCDD, PeCDF, andCBik) from 10 month-old
Holstein Friesian heifers fed for 31 weeks with loligplaying concentrations of the selected
PCDD/Fs below LOD, were three-to tenfold highemtiiaose detected in our survey (Thorpe
et al., 2001). It can therefore be reasonably cated that the relatively low TEQ values we
found in both cow and ewe livers are consistenhwlie expected low dioxin background

contamination level of the area selected for thes@nt survey. This conclusion is also

10



supported by the advanced age of the sampled anirtat is normally associated with
higher accumulation rates of such persistent cointams. In line with what is outlined in the
EFSA opinion (EFSA, 2011), data from the preseuntstfurther confirm the unlikelihood
that the environmental exposure may have accouftedhe almost 4-fold higher DL-

compound accumulation in ovine vs. bovine livers.

3.2.Regulatory aspects concerning liver DL compoundamimation

If we consider the current liver MLs (1.25 pg TE€ gv/w for PCDD/Fs and 2.0 pg TEQ g-1
w/w for the sum of PCDD/Fs and DLPCBs), none of @énalyzed ewe samples would have
resulted as noncompliant (Table 3). By contrasexjpressed on lipid content, almost 20% of
the samples would have exceeded the previous Mbsp@ TEQ g-1 fat for PCDD/Fs and 10
pg TEQ g-1 fat for the sum of PCDD/Fs and DL-PCGixa not shown).

Even in that case, however, the rate of non-compbamples would have been much lower
than that reported by EFSA in 2011 (more than 56%amples exceeding lipid based MLS),
thus confirming the expected low level of DL-compduwcontamination in sampling areas. It
is worth noting that none of the bovine samplesered the MLs, irrespective of the basis
for calculating the TEQ.

In line with what reported by other authors (Hodgeom et al., 2015b), taken together, our
results confirm that the application of the wet giibased MLs result in an appreciably less
conservative approach than the previous fat-reldd, particularly for ovine livers.
Although a very limited fraction of the Europearpptation is reported to consume regularly
such an offal (EFSA, 2011), further data are needksd in the light of illegal slaughtering,

which may be linked to ethnic and/or religious pices (Pointing et al., 2008).

3.3.Congener patterns of PCDD/Fs and DL-PCBs in liver

11



The differences in congener profiles expressed adian values per g of fresh tissue are
presented in Fig. 1A/B and 2A/B. In monitoring istigations like the present one, based on
sample collection at the slaughterhouse, very dichiinformation is usually available
concerning data other than breed, age and theidocat the farm. In addition, there is a lack
of specific information concerning the diet of theimals enrolled in the study and on the
occurrence of farming/agricultural practices praoeincrease the dioxin burden of the
investigated individuals (e.g. illegal bonfires, st&a burning, use of wastelands for grazing,
etc.). As a consequence, caution should be exdraisdrawing conclusions about species-
related differences in congener profiles.

Regarding PCDD/Fs, the highest upper bound medianentrations in bovine liver samples
were recorded for octachlorodibenzodioxin (OCDD}ilev in sheep specimens 2,3,4,7,8-
pentachlorodibenzofuran (2,3,4,7,8-PeCDF, seelAydisplayed the highest median levels.
A high liver OCDD concentration was also reportadcattle bred in an area that hosted a
PCB production plant in Italy (Turrio-Baldassarri al., 2009). After converting the
concentrations to TEF values for PCDD/Fs group expressing results on a wet weight
basis, the major contribution to Upper Bound tdtal) concentrations in ewes and cows was
mainly from the highly chlorinated PCDFs, speciliga2,3,4,7,8-PeCDF, followed by
1,2,3,4,7,8-HXCDF, 1,2,3,6,7,8-HXCDF, and 2,3,48HxCDF (Fig. 1B). A relatively high
accumulation of the same highly chlorinated PCDDi&s also been reported in previous
studies involving dairy cows and beef calves fedamtaminated diets (Feil et al., 2000;
Richter and McLachlan, 2001). As regards sheem study focused on the assimilation of
DL-compounds in conventionally reared farm animedtatively higher transfer factors were
found for heavily vs. lower chlorinated PCDD/Fsawine and porcine livers (Fernandes et

al., 2011).

12



The congener 2,3,4,7,8-pentachlorodibenzofurarethay with other PeCDFs and HXCDFs
are often linked to a broad spectrum of human #ietsy ranging from burning waste for
metal smelting

and cement kiln, to different chemical manufactgror processing (e.g. pulp bleaching),
reaching in some cases up to 20% of the total esmrgemission (Toren and Blanc, 1997;
Karstensen, 2008). For this reason, identifyingstaxy reservoirs of PCDD/Fs and other
DLcompounds, which may often reflect older contaations, cannot be easily achieved in
areas where no overt episodes of pollution wererteg or suspected (Chi et al., 2007).
Regarding DL-PCBs, PCB 118, followed by PCB 105 ahd 167 were the most abundant
congeners found in both ovine and bovine liver damgFig. 2A). In particular, sheep livers
had PCB 126 concentrations more than five-fold @ighan cow livers. After calculation of
TEQ values for each congener, the main contributiodpper Bound total TEQs in ewes and
cowswas almost exclusively from PCB 126, in linghwits TEF values up to 1000 times
higher than that of the other DL-PCBs (Fig. 2B)sifilar liver accumulation pattern, with a
remarkable contribution to total TEQ by highly awated PCDFs and PCB126 was recently
reported in a study in which lambs were fed with-@dmpound contaminated grass for 56
days (Hoogenboom et al., 2015a). A substantialrimriton of PCB 126 to total liver TEQ
was also reported in sheep bred in rural sites mathistory of industrial activity that might
have affected the background contamination by Dinpounds (Fernandes et al., 2011).
Overall, this is of particular concern in the ligitthe recent

re-classification of PCB 126 by the Internationgefcy for Research on Cancer (IARC) as a
known human carcinogen, along with TCDD and 2,334PeCDF (IARC, 2015).

The above results underline a clearly differentekin behaviour between the various
PCDD/Fs and DL-PCB congeners, pointing to specdocumulation mechanisms. As

expected, most of the highest-contributing congerter liver TEQ values in sheep also

13



accounted for the observed statistically signiftodifferences (p < 0.05) with respect to cow
specimens, and namely the Penta-, Hexa- and Hefermated dibenzofurans, and PCB 126.
Taken together, all the above differences founthatsingle congener level comparing the
two animal groups, despite being statistically Bigant (Figs. 1 and 2A), should be adjusted
to include only total PCDD/Fs TEQ and DL-PCBs TE§eentrations, when additional data
on soil/grass contamination and/or any informataiout exposure events over the long

career of selected animals are not available.

3.4.Marker NDL-PCBs in liver

Median and range liver values of the 6 marker NOIBB congeners, as well as their sum,
are shown in Fig. 3. No statistically significantferences in total NDL-PCBs content were
recorded between the two species, with values a800e1000 pg g-1 liver (referring to wet
weight), and mean concentrations of 13.2 ng g-théovine group and 10.3 ng g-1 in the
bovine group related to fat fraction (Table 1). Thean content of NDL-PCBs in the ovine
liver reported by the EFSA (2011) was about 2-talgher (26.8 ng g-1 fat) than that found in
the present study (Table 2).

These results confirm once again a low backgrowmdaenination of PCB compounds in the
area selected for the present survey and furtipyastithe specific accumulation of PCDD/Fs
and DL-PCBs in the ovine liver (see section 3.1).

In contrast to the comparable total contents of @henarker NDL-PCBs, statistically
significant differences between bovine and ovinverlispecimens were found at the single
congener level. In particular, PCB 138 content alasut 3-fold higher in cows than in sheep,
while the oppositewas true for PCB 153, displaymegrly 2-fold higher values in sheep than
in cows. While the biological relevance of thesdfedences - if any - remains to be

established, the recorded differences among congeiterns, as stated for DL-compounds

14



(see section 3.3, Fig. 1A and B), should be assatidhrough a multidisciplinary approach,
with animal physiology, environment and history lafman activities in the related areas
(Panton et al., 2013).

In conclusion, this study indicates that, even giothe survey was conducted in an area
where no known episodes of dioxin contamination haxturred, ovine livers are
characterized by a DLcompound burden much highen tthat characterizing livers from
cows reared in the same area. Therefore, our datadpe further evidence of the occurrence
of a species-related mechanism of hepatic seqtiestratrictly limited to DL-compounds,
and further research is warranted to gain insigtat liver-related factors affecting the kinetics
of these chemicals in ruminant species.

Regarding risk assessment and regulatory issuestesults confirm the less conservative
nature of the new Regulation considering liver T&®@ression on a tissue basis rather than

on a lipid basis.
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Figure captions

Figure 1. A: Median PCDD/Fs concentrations witherquartile range (25-75%) of single

congeners in ovine and bovine liver samples, espsas pg/g wet weight. B: Median

TEQo05 CcONcentrations with interquartile range (25-75%)smgle congeners and sum of

PCDD/Fs TEQ Upper Bound (after the x-axis gap). ceotrations are expressed as pg
TEQ/g wet weight. Congeners with low TEQ conceitret are enlarged in the nested figures

(C and D).

Figure 2. A: Median DL-PCBs concentrations withengfuartile range (25-75%) of single
congeners in hepatic samples from sheep and copwsessed as pg/g wet weight. B: Median
TEQ2005 concentration with interquartile range {®84) of single congeners and sum of
DL-PCBs TEQ Upper Bound (after the x-axis gap). €nrations are expressed as pg

TEQ/g wet weight. Congeners with low TEQ concendret are enlarged in the nested figure

(©).

Figure 3. Median concentrations with interquartéege (25-75%) of single congeners and

total NDL-PCBs content in ovine and bovine livermgdes, expressed as ng/g wet weight.
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Figure 2.
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Figure 3.
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Table 1. Comparison of mean and median upper bound TEQdg¥WCDD/Fs and sum of
PCDD/Fs and DL-PCBs) and total NDL-PCBs concerdretiin ovine and bovine liver
samples; data are reported on a wet weight basigqaired by 2013 EU legislation, and are
also related to fat content, considering curreB08) WHO-TEFs.

Wet weight Lipid based

(pg WHO-TEQ20ps g~ w/w) (pg WHO-TEQyq0s g7 fat)

PCDD/Fs sheep cow PCDD(Fs sheep cow
Minimum 0.09 0.04 Minimum 1.54 0.49
25% Percentile 0.19 0.06 25% Percentile 2.84 063
Median 0.27 0.07 Median 3.76 0.86
75% Percentile 043 0.08 75% Percentile 5.07 1.22
Maximum 1.04 0.11 Maximum 10.15 1.28
Mean 0.34 0.07 Mean 4.15 0.90
5td. Deviation 0.21 0.02 5td. Deviation 1.93 0.28
PCDD/Fs — DL sheep cow PCDD/Fs + DL sheep cow
Minimum 0.21 0.05 Minimum 3.18 0.58
25% Percentile 0.45 0.12 25% Percentile b.63 1.44
Median 0.77 0.15 Median 99 2.21
75% Percentile 0.96 0.19 75% Percentile 12.07 226
Maximum 1.89 022 Maximum 1849 2.64
Mean 0.76 0.15 Mean 945 1.90
S5td. Deviation 0.38 0.05 Std. Deviation 3.72 0.62
Wet Weight Lipid based

(ng g ' wjw) (ng g~ fat)

NDL-PCB sheep cow NDL-PCE sheep cow
Minimum 021 037 Minimum 2.81 426
25% Percentile 0.77 0.57 25% Percentile 8.89 7.88
Median 097 0.90 Median 11.8 10.64
75% Percentile 1.26 1.08 75% Percentile 17.14 12.85
Maximum 2.19 1.14 Maximum 269 15.09
Mean 1.01 0.83 Mean 13.2 10.28
Std. Deviation 043 0.28 Std. Deviation 595 3.35
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Table 2. Comparison of mean upper bound TEQ levels (PCBRiRd sum of PCDD/Fs and DL PCBs) and total NDL-BC8ncentrations in
ovine livers sampled in our study (n ¥ 30) and skettéaken from EFSA opinion (2011); to allow datenparison concentrations are reported on fat
basis, considering old (1998) WHO-TEFs.

pg WHO-TEQ; g5 g~ fat pg WHO-TEQ g0z £} fat ng g~ fat
PCDDJjFs This study EFSA (2011) PCDD/Fs + DL This study EFSA (2011) NDL-PCB This study EFSA (2011)
n=30 n=332 n =30 n=332 n=30 n= 257

Minimum 2.14 0.27 Minimum 3.86 0.47 Minimum 2.8 041

5% Percentile 262 0.98 5% Percentile 435 1.36 5% Percentile 7.4 138

50% Percentile 5.58 7.8 50% Percentile 11.63 14.26 50% Percentile 12.3 1455
Mean 5.92 149 Mean 11.24 26.12 Mean 13.2 26.78

90% Percentile 8.63 36.14 90% Percentile 16.21 61.14 90% Percentile 19.5 52.69

95% Percentile 11.07 92.55 95% Percentile 17.37 98.06 95% Percentile 21.92 93.50
Maximum 1495 116.3 Maximum 23.46 279.19 Maximum 26.9 35045
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Table 3: Upper bound TEQ level of PCDD/Fs and the sum@DB/Fs and DL-PCBs in sheep and
bovine liver samples, considering 2005 WHO-TEF.&Date reported on wet weight and corrected,
as required by legislation, for the uncertaintyted method (MU).

Animals PCDDFs MU PCDD JFs + DL-PCBs MU
Ewis ML (125 peTED g~ wiw) ML (20 peTED g1 wiw)

1 0149 +0.04 040 +0.14
2 017 +0.03 0.30 +0.13
3 0.43 +0.09 090 +029
4 0.12 +0.02 024 +0.07
5 0.049 +0.02 a2 +0.07
[ 030 +0.06 074 +023
7 0149 +0.04 054 +0.17
8 037 +0.06 0.96 +0.31
g 0.18 +0.03 023 +0.05
10 028 +0.06 aa2 +027
11 027 +0.05 062 +0.19
12 026 +0.05 (.55 +0.16
13 025 +0.05 0.87 +029
14 0.44 +0.09 1.13 +0.36
15 026 +0.05 a7 +023
16 0.29 +0.06 081 +0.26
17 021 +0.04 0.45 +0.14
18 017 +0.03 044 +0.14
19 035 +0.07 103 +0.34
20 027 +0.05 0.98 +0.33
21 067 +0.13 1.34 +0.39
¥, 0.16 +0.03 0.36 +0.11
23 0.149 +0.04 0.48 +0.15
24 1.04 +021 1.69 +0.54
25 074 +0.15 1.25 +0.35
26 052 +0.10 0.88 +0.24
27 038 +0.08 0.80 +0.24
28 054 +0.11 1.27 +0.39
2 0.48 +0.09 a7 +0.18
30 032 +0.06 0.89 +029
Cows ML (03 peTEQ g1 wiw) ML (0.5 peTEQ &' wiw)

1 0.04 +0.01 005 +0.01
2 0.1 +0.02 019 +0.05
3 0.08 +0.02 014 +0.04
4 0.06 +0.01 016 +0.05
5 0.07 +0.01 019 +0.06
[ 0.06 +0.01 oz +0.07
7 0.07 +0.01 013 +0.04
8 0.05 +0.01 an +0.03
4 0.049 +0.02 0149 +0.06
10 0.07 +0.01 013 +0.04
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