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In Brescia a PCB production plant polluted soil and forage of the surrounding fields and caused a signif-
icant contamination of meat and milk of the cattle fed with local forage. This in turn induced elevated
blood levels of PCDDs, PCDFs and PCBs in the consumers. The contamination levels and profiles measured
in the perirenal fat, in the liver and in the milk of the overall 28 contaminated bovines are reported. TEQ
levels varied from 30 to 81 pg WHO2005-TEQ g�1 (38–103 pg WHO1997-TEQ) for perirenal fat, from 107 to
138 pg WHO2005-TEQ g�1 fat (128–168 pg WHO1997-TEQ) for liver and from 45 to 50 pg WHO2005-TEQ g�1

fat (56–65 pg WHO1997-TEQ) for milk; all these values are roughly tenfold higher than the European
limits. Non-ortho dioxin-like (dl)PCBs are by far the largest contributors to TEQ and PCDF contribution
also largely prevail over PCDD’s; both these features are also present in both the contaminated forages
and in the serum of consumers of contaminated food. The indicator PCB levels are in the following ranges:
226–664 ng g�1 for perirenal fat; 929–1822 ng g�1 fat for liver; 183–477 ng g�1 fat for milk; their level is
about 100 times higher than the regional background.

The liver samples displayed an overall TEQ several times higher than the perirenal fat from either the
same animal or the same pool of animals; the increase in liver concentration was significantly higher for
PCDD and PCDF congeners than for dlPCBs, and it was maximum for OCCD.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

This paper is the third part of a study investigating the contam-
ination of an area in the city of Brescia, Italy, where the only Italian
plant producing PCBs operated from 1930 to 1984.

In the year 2001 (CTS, 2003) high levels of PCB were measured
in soils located South of the plant; further investigations eventually
showed also high levels of PCDD and PCDF (Turrio-Baldassarri
et al., 2007); the maximum measured contamination level was as
high as 1034 pg WHO1997-TEQ g�1 of soil as the sum of dlPCBs,
PCDDs and PCDFs. The contamination occurred probably decades
earlier, as production of PCB was terminated in 1984, and went
undetected for many years; the contamination process was not
caused by a single major release of products and was instead a con-
tinuous leak lasted for a long time. The vehicle of the propagation
of the contamination into the environment is the dispersion with
irrigation water of contaminated sediments of a water stream
passing through the plant (ASL Brescia, 2008).

The most severely contaminated area had some very peculiar
features: four small farms were located in it, and they included a
ll rights reserved.

3.
sarri).

arri, L., et al. PCB, PCDD and PC
sphere (2009), doi:10.1016/j.ch
sort of self contained food chain. There, in fact, cows and calves
were grown and fed, partially or totally, on contaminated forage,
while the farmers themselves, together with the families of their
sons and daughters, consumed most of the meat and milk pro-
duced in their farms. In this way these families experienced a
long-lasting exposure to these chemicals, and exhibited a mean
blood level of PCB, PCDD and PCDF of 419 pg WHO1997-TEQ g�1 li-
pid, roughly eight times higher than the general population from
the same area (Turrio-Baldassarri et al., 2008).

The whole study, presented here and in the previous two pa-
pers, has some unique characteristics: it deals with an industrial
contamination affecting first soil and consequently forage, and
then meat and milk and finally humans. This cycle of contamina-
tion lasted for many years and there are people affected by it pre-
sumably throughout their whole life or for a relevant part of it. The
persons presenting elevated blood levels of PCDD, PCDF and PCB
are now in a sanitary program, involving regular analyses and
medical check-up.

In this paper we report the results obtained on samples of bo-
vine perirenal fat, liver and milk from cattle fed with contaminated
forage from the four small farms. The concentration of 17 dibenzo-
p-dioxin (PCDDs) and dibenzofurans (PCDFs), of the four non-
ortho-substituted polichlorinated biphenyls (PCB 77, PCB 126,
DF contamination of food of animal origin as the effect of soil pollution and
emosphere.2009.03.002
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PCB 169 and PCB 81), of other 56 PCB congeners (including 8
mono-ortho congeners) were determined. Levels, profiles and con-
tribution to toxic equivalent (TEQ) concentration of PCDDs, PCDFs
and dlPCBs (non-ortho and mono-ortho-substituted) are presented
and discussed in relation, whenever possible, to the contamination
of soil and forage on the one side and of the serum of the consum-
ers on the other side.

The contamination of food of animal origin is indeed the central
issue of the whole study, being both the result of soil and forage
contamination (part I, Turrio-Baldassarri et al., 2007) and the main
cause of human exposure (part II, Turrio-Baldassarri et al., 2008).

The aim of the whole study is to document as accurately as pos-
sible the contamination in all the environments interested and to
explore the possible relations among them. However, it was
impossible to retrieve all the information relative to the different
kinds of samples analyzed in this study. For instance, forage sam-
ples were the ones found in the barns and it was not always known
the exact location or the time when they were collected. This as a
consequence of a real life event and not of a laboratory planned
study.

The transfer of contaminants from soil and forage through ani-
mals to humans across the food chain will be discussed in terms of
contamination profiles and TEQ contribution; their accumulation
in different tissues of the same animal will also be commented.

2. Experimental

2.1. Sample description and preparation

After contamination was discovered, 28 bovines from four dif-
ferent farms (indicated as A, B, C and D) were butchered and their
meat, after analyses, disposed of. One sample of perirenal fat and
one of liver was taken from each animal and frozen. Three farm-
pool milk samples were also available together with a single milk
sample from a specific cow (A1). The samples from different ani-
mals of the same farm were pooled to make farm-pools so that
one pool of perirenal fat and one pool of liver were made for each
farm. Pooled sample A was made up with samples from 18 differ-
ent animals, B with 1, C with 5, D with 4, for both perirenal fat and
liver. Farm B yielded then a set of two samples (fat and liver) from
a single animal; a second single animal set of three samples (milk,
fat and liver) was analyzed from farm A as it came from the only
one cow (A1) whose milk was also singularly available. A blank
sample was analyzed with each batch of samples.

In each sample were singularly determined seventeen 2,3,7,8-
substituted PCDDs and PCDFs, four mono-ortho PCB congeners,
eight non-ortho PCB congeners, 48 non-dioxin-like PCB congeners,
as reported elsewhere (Turrio-Baldassarri et al., 2008).

2.2. Extraction and clean-up

2.2.1. Bovine perirenal fat
The perirenal fat pooled sample was dissolved in n-hexane at

40 �C and filtered. Lipid determination was performed gravimetri-
cally after solvent removal. Two aliquots of each sample were used,
the first (aliquot I) for PCDD/PCDF and non-ortho PCB analysis and
the second (aliquot II) for the other PCB congeners. Both of them
were spiked with the respective mixture of fully 13C labeled stan-
dards containing: nine 2,3,7,8-substituted congeners of PCDD and
PCDF and three non-ortho PCB congeners for aliquot I, and ten PCB
congeners for aliquot II. Both aliquots were dissolved and eluted
with n-hexane through columns packed with concentrated sulfuric
acid coated on an inert support, Extrelut NT20 (Merck, Darmstadt,
Germany). The determination of the mono-ortho and of the other
PCB congeners and pesticides was performed on the concentrated
eluate from the aliquot II column, directly analyzed by GC–LRMS.
Please cite this article in press as: Turrio-Baldassarri, L., et al. PCB, PCDD and PC
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The analysis of PCDD, PCDF and non-ortho PCB involved further puri-
fication of the concentrated eluate from aliquot I column, submitted
to the automated procedure of the multi-column Power-Prep sys-
tem (Fluid Management Systems inc., Waltham, MA, USA, Turrio-
Baldassarri et al., 2004) in the following way: the n-hexane extracts
were passed on the multi-layer silica gel column and then eluted in
sequence through an alumina column and a carbon column with n-
hexane/dichloromethane (98/2 v/v). The PCDDs, PCDFs and non-
ortho PCBs were back-flushed from the carbon column with toluene.
Determination was performed by GC/HRMS.

2.2.2. Bovine liver
For PCDD, PCDF and non-ortho PCB analysis, pooled samples

were homogenized, spiked with a mixture of isotopically labeled
standards and lyophilized. They were extracted by means of a
Accelerated Solvent Extractor (ASE) from Dionex (Sunnyvale, CA,
USA) with a 1/1 n-hexane/acetone mixture at a temperature of
100 �C and a pressure of 100 atm. The extracts were concentrated
and the lipid determination was performed gravimetrically. From
this point on, the analytical procedure was the same as for perire-
nal fat samples.

2.2.3. Milk
The milk samples were placed in separatory funnels, spiked

with a mixture of isotopically labeled standards containing
PCDDs + PCDFs and non-ortho PCBs, added with sodium oxalate,
and extracted adding, in sequence, methanol diethyl ether and n-
hexane. The extracts were dried, concentrated, and the fat content
of milk was calculated. Two aliquots were obtained from the ex-
tract. The aliquot I was treated as described for bovine perirenal
fat. The aliquot II was adsorbed on alumina, spiked with a mixture
of isotopically labeled standards (ten PCB congeners) and purified
by means of a supercritical CO2 fluid extractor (SFE mod. 7680T
instrument from Agilent Technologies, Santa Clara, CA, USA) as
elsewhere described (La Rocca et al., 2004) and directly analyzed
by HRGC/LRMS.

2.3. Instrumental analysis

The quantification of PCDDs, PCDFs and non-ortho PCBs was
carried out on an Autospec HRGC–HRMS system (Fisons Autospec,
Manchester, UK, 10000 resolution) equipped with a BPX-5 column
from SGE (Ringwood, Australia, 50 m, 0.32 mm i.d., 0.25 lm film
thickness).

The determination of the other PCB congeners and pesticides
was carried out on a Trace MS DSQ from Thermo Instrument (Aus-
tin, TX, USA) HRGC–LRMS, equipped with a HT-5 column from SGE
(25 m, 0.22 mm i.d., 0.25 lm film thickness), in Electron Ionization
mode operating at 70 eV.

QA/QC: our laboratory regularly uses certified reference materi-
als; and routinely employs laboratory reference materials; more-
over, it participated since the year 2000 to the international
‘‘Dioxin in food” interlaboratory exercises, determining PCDDs,
PCDFs, dlPCBs, non-dlPCBs and lately polybromodiphenylethers
(PBDEs) in three different food matrices each year. The results were
always satisfactory and are described in more detail in the serum
paper (Turrio-Baldassarri et al., 2008).

The number of isotopically labeled spikes used in the analyses,
although lower than what is now generally being used, does not
imply a loss in accuracy, as proven through successful participation
to interlaboratory exercises in the course of many years.

3. Results and discussion

In Table 1 analytical levels of PCDDs, PCDFs and PCBs, including
dioxin-like PCBs (pg g�1 of lipid) measured in the three matrices
DF contamination of food of animal origin as the effect of soil pollution and
hemosphere.2009.03.002
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obtained from each farm under study are reported: sum of PCDDs
and PCDFs, ratio PCDDs/PCDFs, sum of mono-ortho and non-ortho
PCBs are also included; finally, to allow comparison with non-
dlPCB data, also the sum of the 60 analyzed PCB congeners, the
sum of the 6 indicator congeners and the concentrations of PCB
153 are also reported. The toxicity equivalent (TEQ) levels of
PCDDs and PCDFs, mono-ortho and non-ortho PCBs (pg TEQ g�1 of
lipid), calculated using both WHO2005 TEFs (van den Berg et al.,
2006), and WHO1997 TEFs (van den Berg et al., 1998) are reported
in Table 2 for PCCDs + PCDFs and for PCBs + PCDDs + PCDFs. Higher
overall TEQ values are obtained with 1997 TEFs, which are to be
used for EC regulation compliance.

The ratio of the analytical values PCDFs/PCDDs is always higher
than 1 in fat and milk: it ranges from 2.5 to 4 for fat and from 4 to 5
for milk, whilst for liver the range spans from 0.5 to 1.2. In the liver
the levels of the high chlorinated, low TEF PCDD congeners, such as
HpCDD and OCDD, are much increased with respect to both perire-
nal fat and milk from the same animals, and this effects the PCDF/
PCDD ratio. When the TEQ is considered (Table 2), the PCDF/PCDD
TEQ ratio in liver reaches maximum values. The high TEQ ratio
PCDF/PCDD together with the high levels of PCBs with respect to
Table 1
PCDDs, PCDFs, dlPCBs levels (pg g�1 lipid), non-dlPCBs (ng g�1 lipid) in the three matrices

Matrix Perirenal fat Liver

Farm/animal A A1 B C D A

PCDDs and PCDFs, pg g�1 lipid
2,3,7,8-TCDD <0.6 0.5 0.3 0.6 0.6 0.4
1,2,3,7,8-PeCDD 1.4 1.3 0.6 1.7 1.7 3.2
1,2,3,4,7,8-HxCDD <1.8 0.7 <0.2 0.9 0.5 8.4
1,2,3,6,7,8-HxCDD <1.0 1.6 0.5 2.0 1.5 7.2
1,2,3,7,8,9-HxCDD <1.1 0.5 <0.2 0.7 0.5 4.7
1,2,3,4,6,7,8-HpCDD 1.5 1.5 0.4 2.1 0.9 33.0
OCDD <2.0 1.4 <0.8 2.8 1.2 139
RPCDDs 9.4 7.5 2.9 10.8 7.0 195.8
2,3,7,8-TCDF 0.4 1.0 0.3 0.5 0.5 0.5
1,2,3,7,8-PeCDF <0.6 0.5 <0.1 <0.3 <0.3 0.7
2,3,4,7,8-PeCDF 11.0 12.5 3.2 11.8 14.2 56.6
1,2,3,4,7,8-HxCDF 6.3 8.0 1.8 9.4 8.1 76.0
1,2,3,6,7,8-HxCDF 1.4 2.1 0.5 2.3 1.9 12.4
1,2,3,7,8,9-HxCDF <1.0 <0.1 <0.1 <0.1 <0.1 <0.1
2,3,4,6,7,8-HxCDF <0.8 1.4 0.5 1.8 1.6 11.4
1,2,3,4,6,7,8-HpCDF 0.7 1.2 0.2 2.0 1.2 13.7
1,2,3,4,7,8,9-HpCDF <0.7 0.3 <0.1 0.6 0.5 5.4
OCDF <1.0 0.4 <0.4 0.9 <0.5 27.1
RRPCDFs 24 27 7 30 29 204
RPCDDs, PCDFs 33 35 10 41 36 400

Ratio PCDFs/PCDDs 2.5 3.6 2.5 2.7 4.2 1.0

Mono-ortho PCBs, pg g�1 lipid
Dioxin-like PCBs
PCB 105 14848 20168 8993 25076 22469 17755
PCB 114 1940 2027 864 2149 2238 1374
PCB 118 122709 119390 53003 139099 128956 125926
PCB 123 1464 1807 780 1763 1865 1149
PCB 156 14149 15023 5566 15921 16547 15907
PCB 157 2555 2824 1049 3166 3520 2798
PCB 167 7883 8992 2983 8088 8805 12353
PCB 189 <408 <460 <299 <412 <418 <484
RMono-ortho PCBs 165956 170690 73538 195674 184818 177744

Non-ortho PCBs, pg g�1 lipid
PCB 77 35 65 19 48 22 35
PCB 81 10 27 10 20 15 17
PCB 126 423 512 244 594 644 986
PCB 169 66 66 26 66 87 43
RNon-ortho PCBs 534 669 300 729 768 1082

Non-dlPCBs, ng g�1 lipid
PCB 153 341 375 111 336 337 845
R6 Indicator PCBs 655 752 226 657 664 1822
R60 PCBs 1106 1323 418 1164 1118 2669

n.a. = Not analyzed.

Please cite this article in press as: Turrio-Baldassarri, L., et al. PCB, PCDD and PC
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the levels found in animals representing background exposure
(Weiss et al., 2005), confirm that the origin of the pollution is a
PCB mixture.

In industrial PCB mixtures, PCDFs display concentrations up to
three orders of magnitude higher than PCDDs (di Domenico
et al., 1994; Kodavanti et al., 2001). The PCDD levels found here,
although higher than expected keeping into account the sheer
PCDF/PCDD ratio of industrial PCB mixtures, are comparable with
levels measured in Belgian cows following a PCB contamination
of feed (Bernard et al., 2002). Contribution of background contam-
ination of the industrial area and a higher resistance to metabolic
degradation may play a role in the PCDD enrichment, as it is visible
for liver: it is indeed interesting to point out that the concentra-
tions of all PCDD and PCDF congeners are considerably higher in
each liver sample than in the corresponding perirenal fat sample,
while for dlPCBs this is not true (except for PCB 126). The higher
increases are exhibited by PCDDs, the maximum being shown by
OCDD (59 as ratio liver/perirenal fat concentration) followed by
HpCDD (ratio = 21).

As shown in Table 2, PCDD + PCDF levels for all the matrices but
one are higher than the EU limits of 3 pg WHO1997-TEQ g�1 of lipid
from farms A–D. A1 and B samples are from one single animal.

Milk

A1 B C D A A1 C D

0.4 0.4 0.4 0.6 0.4 0.3 0.6 0.2
2.7 4.2 3.2 3.0 1.2 1.0 1.3 1.1
4.7 5.1 6.4 4.4 0.5 0.3 0.3 0.3
2.8 4.3 4.0 3.9 1.3 0.6 1.6 0.9
2.0 3.1 3.7 2.1 0.6 0.3 0.5 0.4
17.2 15.6 32.1 17.6 1.4 0.7 0.8 1.1
56.2 49.6 199.7 64.2 1.5 0.5 1.6 N.D.
85.9 82.3 249.5 95.9 7.0 3.8 6.6 3.9
0.9 0.5 0.5 0.4 0.4 0.8 0.3 0.4
0.6 0.3 0.3 0.3 0.8 0.5 0.7 0.3
34.1 24.9 30.7 39.4 16.0 9.4 11.8 8.2
36.6 17.9 44.3 42.8 11.9 5.0 8.4 4.5
5.5 4.6 7.5 5.3 2.8 0.9 2.6 1.1
<0.1 <0.1 <0.1 <0.1 <0.3 <0.04 <0.5 <0.1
4.8 5.6 6.4 7.5 1.7 0.6 2.0 1.0
7.9 5.4 10.4 8.6 1.4 0.4 0.9 0.6
3.7 1.0 3.9 4.0 <0.4 0.1 0.3 <0.1
11.5 3.1 22.5 10.0 0.9 0.2 0.7 <0.3
106 63 127 118 36.7 17.9 28.2 16.7
192 146 376 214 5.2 21.7 34.8 20.6

1.2 0.8 0.5 1.2 5.2 4.7 4.3 4.2

16468 17312 19223 16613 7493 17961 5112 14432
1018 1459 1285 1200 753 1848 589 1218
81565 84610 98844 96740 58064 106331 41694 66983
1021 875 1059 909 479 1911 481 1009
14292 7993 16254 39996 3344 8097 2169 6715
2466 978 4098 3950 902 1537 927 1492
9078 5199 12580 19034 1955 5998 1347 4059
<487 <1109 <340 <540 <1961 <751 <133 <730
126395 119535 153682 178982 74952 144434 54451 96638

59 29 68 10 n.a. 61 n.a. 22
23 16 17 12 n.a. 23 n.a. 11
823 920 836 993 n.a. 392 n.a. 359
40 33 36 59 n.a. 35 n.a. 44
945 998 957 1074 n.a. 511 n.a. 436

402 392 469 476 155 258 99 162
851 929 1019 1027 285 477 183 321
1351 1371 1543 1606 522 845 374 554

DF contamination of food of animal origin as the effect of soil pollution and
emosphere.2009.03.002



Table 2
Contribution of the different classes of compounds (PCDDs, PCDFs, non-ortho and mono-ortho PCBs) to TEQ with both 1998 and 2005 WHO TEFs. The TEQ ratio PCCFs/PCDDs is
also reported.

Matrix Perirenal fat Liver Milk

Farm A A1 B C D A A1 B C D A A1 C D

TEQ (pg g�1 lipid) of the different classes of compounds using 2005 WHO TEFs
Mono-ortho PCBs 5.0 5.1 2.2 5.9 5.5 5.3 3.8 3.6 4.6 5.4 2.2 4.3 1.6 2.9
Non-ortho PCBs 44.3 53.2 25.2 61.4 67.0 99.9 83.5 93.0 84.7 101.1 40.3 37.2
TOT dioxin-like PCBs 49.3 58.3 27.4 67.3 72.6 105.3 87.3 96.6 89.3 106.5 44.6 40.1
PCDDs 2.4 2.1 0.9 2.7 2.6 6.0 4.2 6.1 5.4 4.8 1.9 1.5 2.1 1.5
PCDFs 4.3 5.0 1.3 5.0 5.5 27.2 15.2 10.4 15.3 17.6 6.6 3.6 5.0 3.2
PCDDs + PCDFs 6.8 7.1 2.2 7.7 8.1 33.2 19.3 16.5 20.7 22.4 8.5 5.0 7.0 4.7

Overall PCBs + PCDDs + PCDFs 56.0 65.4 29.6 75.0 80.7 138.5 106.6 113.1 110.0 128.9 49.6 44.8

TEQ ratio PCDFs/PCDDs 1.8 2.4 1.4 1.8 2.1 4.6 3.6 1.7 2.8 3.6 3.4 2.4 2.4 2.2

TEQ (pg g�1 lipid) of the different classes of compounds using 1998 WHO TEFs
Mono-ortho PCBs 23.3 24.2 10.1 27.3 26.6 24.7 18.9 15.7 22.9 34.2 9.3 18.5 6.8 13.1
Non-ortho PCBs 43.0 51.9 24.7 60.1 65.3 99.1 82.7 92.4 84.0 99.9 39.6 36.3
TOT dioxin-like PCBs 66.3 76.1 34.7 87.4 91.9 123.8 101.6 108.0 106.9 134.2 58.1 49.4
PCDDs 2.4 2.1 0.9 2.7 2.6 5.9 4.2 6.0 5.4 4.8 1.9 1.5 2.1 1.5
PCDFs 6.5 7.5 1.9 7.4 8.3 38.6 22.0 15.4 21.4 25.4 9.8 5.4 7.3 4.9
PCDDs + PCDFs 9.0 9.6 2.9 10.1 10.9 44.5 26.2 21.4 26.8 30.2 11.7 6.9 9.4 6.3

Overall PCBs + PCDDs + PCDFs 75.3 85.7 37.6 97.5 102.8 168.3 127.8 129.5 133.7 164.4 65.0 55.7

TEQ ratio PCDFs/PCDDs 2.7 3.6 2.1 2.7 3.2 6.5 5.3 2.5 4.0 5.3 5.1 3.7 3.5 3.3

1 This assumption implies an overestimation of the real value.
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for meat and milk from ruminants, 6 pg WHO1997-TEQ g�1 of lipid
for liver (EC, 2375/2001). Only B farm displays levels slightly lower
than the EU regulation limits for fat. However, when also dlPCBs
are considered, according to the new European Regulation (EC,
199/2006) not yet enforced when animals were slaughtered, all
the limits are exceeded, often more than tenfold: in fact the overall
limits (PCDDs + PCDFs + dlPCBs) established by the new regulation
are 4.5 pg WHO1997-TEQ for meat products, 6 for milk and 12 for
liver. For EC regulation compliance, WHO1997 TEFs are to be used,
yielding, in the present case, overall TEQ values 25% higher (30%
for fat and milk, 21% for liver) than using WHO2005 TEFs. The diox-
in-like PCB contribution to toxic equivalent concentration is
greatly prevailing over the PCDD + PCDF one and it is mostly due
to non-ortho PCBs, and in particular to PCB 126. The 126 congener
is by far the major single contributor. These facts confirm that PCB
mixtures are the source of the contamination. In fact, samples
exhibiting background contamination, beside showing much lower
overall contamination levels, generally display a PCCD/F contribu-
tion to TEQ comparable (from equal to one half) to that of dlPCB
(SCF, 2000; Fürst, 2001; Santillo et al., 2003; Weiss et al., 2005;
Malisch and Dilara, 2007); according to Malisch and Dilara
(2007) a dlPCB contribution higher than 85% in butter indicates a
PCB contamination source. Congener 126, notwithstanding its
low concentration in industrial mixtures (Schulz et al., 1989;
Frame et al., 1996), due to its high TEF is almost invariably the sin-
gle greater contributor to TEQ in background samples worldwide
and accounts about 52% of the dlPCB contribution to TEQ (Weiss
et al., 2005); in the present case it accounts for about 70%.

The non-ortho contribution is made even more evident using
WHO2005 TEFs, due to the decreased contributions of mono-ortho
PCBs and of Penta CDFs. This is illustrated in the Figs. 1 and 2,
where the percentage contribution to total TEQ are reported in
the three matrices using, respectively, WHO2005 and WHO1997 TEFs.

The fact that the levels found exceed by one order of magnitude
the legal limit may well represent the intensity of the contamina-
tion. Another way to look at it is to compare the levels found with
the background levels in the same area. The non-dioxin like PCB
data can be used in this case, as reliable background PCB data are
available from the Italian Residue Control Plan (RCP) 2001. PCB
153 is the single congener exhibiting the highest concentration
in milk samples; so it is the one that has the highest number of
Please cite this article in press as: Turrio-Baldassarri, L., et al. PCB, PCDD and PC
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determinable values even in background concentration level sam-
ples. It is then the most fit for the present comparison: for this pur-
pose its concentration was reported in Table 1.

The mean value for PCB 153 over the perirenal fat and milk
samples analyzed in the present study is 242 ng g�1; the data from
RCP, (available in Turrio-Baldassarri et al. (2004) for Italy, and in
Report of ISS to Ministry of Health (2003), for detail of Lombardy)
indicate values for PCB 153, on 83 milk and fat samples randomly
chosen from the same region (Lombardy) and on the same year
(2001), ranging from below the 2 ng g�1 LOD in 62 samples and a
mean value of 4.3 ng g�1 in the 21 samples that displayed quanti-
fiable levels of PCB 153. Using the upper bound approach (that is
assuming equal to LOD all values reported as <LOD1), this gives a
mean value of 2.58 ng g�1 fat in the 83 milk and meat samples from
Lombardy in 2001. So it is visible that a contamination roughly one
order of magnitude higher than the legal limits (for overall TEQ of
PCDDs + PCDFs + dlPCBs) and two orders of magnitude higher than
the local background levels (for PCB 153) was present in the animals
from the four farms.

It is interesting also to discuss the contamination profiles, as the
origin of the contamination is now being disputed by a report
(Porta, 2005), based exclusively on the matching of the PCDD/F
literature profiles of airborne particulate matter emitted from
various thermal processes with the profiles found in the soil. The
report suggests that the PCDD and PCDF contamination of the soil
was not caused by the PCB production plant but by thermal pro-
cesses, especially of the metallurgic industries, widely present in
the city (but not close to the polluted area). The absolute contam-
ination levels and the simultaneous presence in the soil samples of
relevant amounts of PCBs were not considered. Moreover, the re-
port considers, for the profile matching, PCDD/F reference profiles
of airborne particulate matter while it was found (ASL Brescia,
2008) that the PCB pollution was diffused through the polluted
sediments of a water channel passing through the plant, whose
waters were used for irrigation of agricultural fields. The contami-
nation, in fact, is found only in areas close to the channel, down-
stream of the plant (figures can be found in ASL Brescia, 2008).
In the paper on soil and forage (Turrio-Baldassarri et al., 2007)
DF contamination of food of animal origin as the effect of soil pollution and
hemosphere.2009.03.002
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Fig. 1. Percentage contributions of non-ortho dlPCBs, mono-ortho dlPCBs and PCDDs + PCDFs to the total TEQs of perirenal fat and liver of animals from different farms (TEF
2005).
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we showed that soil samples exhibiting relevant PCB contamina-
tion also showed high levels of PCDDs and PCDFs. Moreover, in a
Please cite this article in press as: Turrio-Baldassarri, L., et al. PCB, PCDD and PC
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previous paper (Turrio-Baldassarri et al., 2005) we showed that
the PCB profile of soil contamination was highly correlated
DF contamination of food of animal origin as the effect of soil pollution and
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(r = 0.893) with a mixture containing 15% of Aroclor 1248 and 85%
of Aroclor 1262. In the present paper we showed that the PCB con-
tamination in animals was at least two orders of magnitude higher
than the local background. The results here presented confirm that
the contamination concerns simultaneously PCBs, PCDFs and
PCDDs, in relative amounts compatible with a PCB contamination.
Other characteristics of a PCB contamination present in this case
are the high PCDF/PCDD ratio and the relevance of non-ortho PCBs
contribution to TEQ. All of these features simultaneously present
can be regarded as indicators of a PCB contamination.

The overall congener profiles of PCDDs and PCDFs for each ma-
trix were generally constant over animals from different farms. A
typical congener profile for the three matrices analyzed in the
small farm D is shown in Fig. 3, together with the profile of a
pooled sample of forages (Turrio-Baldassarri et al., 2007). In this
figure the level of each congener is normalized with respect to
the most abundant one. For liver and forage OCDD was the most
abundant congener, followed by 2,3,4,7,8-PeCDF and 1,2,3,4,7,8-
HxCDF (from 15% to 65% with respect to the most abundant conge-
ner), and 1,2,3,4,6,7,8-HpCDD (15–30%). For both perirenal fat and
milk 2,3,4,7,8-PeCDF is the most abundant congener, followed by
1,2,3,4,7,8-HxCDF (from 55% to 80% respect the most abundant
congener), and 1,2,3,6,7,8-HxCDF and OCDD (about 15–20%). The
profiles of perirenal fat and milk are similar to each other; in all
the profiles the prevalence of PCDF over PCDD, OCCD excluded, is
evident.

It may be interesting to compare the contamination levels and
profiles observed in the present study to the ones reported in the
episode occurred in 1999 in Belgium, when a relevant amount of
PCB oil was accidentally mixed to vegetable oil and animal fat used
to produce animal feed.

The most relevant contamination then was shown by poultry,
although some bovine and swine contaminated feed was produced
and consumed.

Bernard et al. (2002) reported PCDD, PCDF and non-dioxin-like
PCB levels in products from some bovine farms supplied with pos-
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Fig. 3. PCDD and PCDF congener profiles for the three matric
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sibly contaminated feed: levels for PCDD and PCDF in bovine meat
were in a range (3.6–13.2 pg WHO1997-TEQ g�1 fat) close to the one
found (2.9–10.9 pg WHO1997-TEQ g�1 fat) in the present study,
while the milk level range was somewhat higher in our study
(6–12 vs 1.1–6.0). Unfortunately, dlPCBs were not reported in the
Bernard study; however comparing the sums of the 7 indicator
PCB congeners, it turns out that our data are almost within the
range of bovines from farms that received contaminated feed
(246–1060 ng g�1 of lipid in Belgium, 226–752 in the present
study), and comparable as mean value (487 ng g�1 of lipid in
Belgium, 591 in the present study). Comparison with milk levels
show that results obtained in the present study are significantly
higher than what was then measured in Belgium (6–160 ng g�1

of lipid for milk).
The profile comparison for PCDD and PCDF is shown in Fig. 4,

while the one for the profiles of five out of the seven indicator
PCB congeners is illustrated in Fig. 5. In both graphs, data from
the present study are reported as mean values of all the pools,
together with their standard deviations, while the data from the
Belgian study no standard deviation was available. The Belgian
data illustrated in these two figures were not taken from tables
but from graphs: so, some inaccuracy may be present. Similarities
between the two couples of graphs are however evident.

A second contamination case that has some similarities to the
one described here occurred in Slovakia. There, in the Michalovce
area, a PCB production plant operated from 1959 to 1984, causing
a widespread contamination of the environment, affecting also
freshwater fish and game (Kocan et al., 1999, 2001). In home made
butter samples from this area Chovancova et al. (2005) found levels
as high as 1.74 pg TEQ g�1 fat for PCCDs + PCDFs, 6.11 pg TEQ g�1

fat for non-ortho PCBs and 3.65 pg TEQ g�1 fat for mono-ortho PCBs.
In the Slovak samples, as in the ones here presented, the non-ortho
PCB contribution largely prevails over the sum of mono-ortho
PCBs + PCDDs + PCDFs. It should also be noted, when comparing
data, that the mono-ortho PCBs in the Chovancova paper are re-
ported using the 1997 TEFs, as in the second part of Table 2.
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Another similarity between the Slovak and the Italian cases lies
in the effect of the contamination on the blood PCB levels of the lo-
cal population, possibly consuming contaminated food: the general
population from the Michalovce area shows blood PCB levels
roughly four times higher than the general population from a
non-polluted Slovak area. A mean value of 79 pg TEQ g�1 lipid
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was found for dlPCBs in 135 randomly chosen individuals from
the Michalovce area, with a mean value of 5836 ng g�1 lipid for
non-dlPCBs (Jursa et al., 2006). In a serum pooled from 41 habitual
consumers of the contaminated food from the Brescia farms, we
found 313 pg TEQ g�1 lipid for dlPCBs and 14244 ng g�1 lipid for
non-dlPCBs, whilst in the general population from Brescia we
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found 32 pg TEQ g�1 lipid for dlPCBs and 1136 ng g�1 lipid for non-
dlPCBs (Turrio-Baldassarri et al., 2008). The contamination levels
were considerably higher in the consumers of contaminated food
from Brescia than in the general population from the Michalovce
area, but it must be considered that the data from Brescia refer
only to habitual consumers of contaminated food, whilst the data
from Michalovce refer to randomly chosen individuals. For the lat-
ters, consumption of contaminated food was probably occasional,
although some habitual consumer was probably present among
them, as Jursa et al. (2006) report a maximum value for dlPCB in
serum of 658 pg TEQ g�1 lipid.
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