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Introduction

There is currently renewed interest in non-dioxin-like (NDL) polychlorinated biphenyls (PCBs) following the
recent review of their toxicity by the European Food Safety Authority (EFSA) and proposals by the European
Commission to set limits for them in food'.

Previous surveys in the United Kingdom (UK) by the former Ministry of Agriculture, Fisheries and Food
confirmed that NDL PCBs are present in freshwater and marine fish, but the main interest at the time was in the
dioxins and dioxin-like PCBs in those samples™. The UK government received a large number of enquiries from
those people who eat large amounts of fish and were concerned about the presence of PCBs and other
contaminants, and there was special interest in any distinction between farmed and wild salmon. The previous
survey was not designed to distinguish the types of salmon.

Methods and materials
Samples

In the current survey, 28-60 samples of each of a number of fish and shellfish species and some fish products,
purchased in 2003-2004, were processed into single composite samples for each species or product. In the case
of Atlantic salmon (Salmo salar), sea bass (Dicentrarchus labrax), UK turbot (Psetta maxima) and halibut
(Hippoglossus hippoglossus), separate composites comprising farmed and wild fish were prepared. In addition,
composite samples of farmed fresh water eels (Anguilla spp), gilthead sea bream (Sparus aurata) and sea trout
(Salmo trutta), and wild Alaskan salmon (Oncorhynchus spp), were prepared. In the case of farmed and wild
Atlantic salmon, herring (Clupea harengus), mackerel (Scomber scombrus) and farmed trout (Oncorhynchus
mykiss), the composites comprised 30 samples, and the remaining samples of these species, plus four of organic
salmon ar41d six of organic trout, were analysed individually. Further details of the sampling are given
elsewhere™.

Analysis

All the samples were analysed by the Central Science Laboratory. This laboratory has taken part in a number of
inter-laboratory trials, including several rounds of “Dioxins in Food” and FAPAS. BC,, labelled ortho-
substituted PCBs (IUPAC numbers 28, 52, 101, 118, 138, 153, 180 and 194) were added as internal standards.
NDL PCBs were analysed using gas-chromatography low-resolution mass spectrometry”. A total of 40 NDL
PCB congeners (PCBs 18, 28, 31, 33, 41, 44, 47, 49, 51, 52, 56/60 , 61/74, 66, 87, 99, 101, 110, 128, 129, 138,
141, 149, 151, 153, 170, 180, 183, 185, 187, 191, 193, 194, 201 , 202, 203, 206, 208 and 209) were targeted.

Results and discussion
For the fish species detailed above, Table 1 shows the results for selected NDL PCB congeners analysed in the
composites and the ranges and weighted means in the samples analysed individually. The weighted means take

account of the concentrations in both the composites and individual samples, allowing for the numbers of fish
comprising the composites. Concentrations of the remaining congeners were lower and sometimes below the
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Table 1: Concentrations of non-dioxin-like PCBs (ng/kg) in composite and individual samples

Congener Concentrations (microgram/kg fresh weight)
= = = =
Fish Species = é g g - é - é 2 E : E
. . S = - —~ = = o === - e~ - =
Nootsmmes) €38 232 38 232 |28g  SER
Comp- Weighted| Comp- Weighted| Comp- Weighted
osite Range Mean | osite | Range Mean | osite | Range Mean
PCB28 0.5 0.2-0.7 0.5 0.3 | 0.03-0.8 0.3 0.2 0.1-0.4 0.2
PCB52 1.5 0.8-2.1 1.4 1.0 | 0.08-2.4 0.9 0.7 04-1.1 0.7
PCB66 1.1 0.5-1.5 1.1 0.7 | 0.06-2.2 0.7 0.5 0.3-0.9 0.5
PCB99 1.5 0.8-2.1 1.5 0.9 | 0.09-2.3 0.8 0.6 0.3-1.0 0.6
PCB101 2.5 1.4-3.9 2.5 1.7 0.2-4.0 1.6 1.0 0.6-1.7 1.0
PCB110 1.9 0.8-3.7 2.0 0.9 | 0.08-3.6 0.8 0.6 0.5-1.7 0.8
PCB138 5.5 2.5-7.3 5.1 3.0 0.2-7.3 2.7 1.9 1.0-3.5 1.9
PCB149 3.1 1.1-3.8 2.7 1.6 0.1-3.9 14 1.1 0.5-1.6 1.0
PCB151 1.0 0.4-1.1 0.9 0.5 | 0.04-1.2 0.5 0.4 0.2-04 0.4
PCB153 5.7 2.6-7.6 5.3 3.2 0.2-7.7 2.9 1.9 1.0-3.6 2.0
PCB170 0.7 0.3-1.2 0.7 04 | 0.01-1.1 0.4 0.3 0.1-0.9 0.3
PCB180 14 0.7-2.1 14 0.9 | 0.03-2.1 0.8 0.5 0.3-1.1 0.5
PCB183 0.5 0.2-0.7 0.4 0.3 | 0.02-0.6 0.3 0.2 | 0.09-0.3 0.2
PCB187 1.9 0.7-2.5 1.7 1.1 | 0.05-2.3 1.0 0.7 0.3-1.1 0.7
> PCBs 28, 52, 101,
138, 153 and 180 17 8.3-24 16 10 0.6-24 9.1 6.2 3.4-11 6.4
> 40 PCBs 37 18-48 35 21 2.0-53 20 14 7.2-23 14
Congener Concentrations (microgram/kg fresh weight)
o0 = £ 2 2 e 2T
lzli\slh Species ) ; § g S _";; g _Eé g §D é 5 §n g
o in composite ~ - — - = e
[No of samples]: T = = = ° ©&
Comp- Weighted | Comp- Weighted
osite Range Mean osite Range Mean Range Range
PCB28 0.6 0.2-1.1 0.5 0.2 0.1-2.5 0.3 0.3-0.5 0.2-0.3
PCB52 1.5 0.5-3.6 1.3 0.9 0.3-11 0.9 0.8-1.6 0.5-0.7
PCB66 1.3 0.4-4.4 1.2 0.6 0.2-14 0.9 0.7-1.6 0.3-0.6
PCB99 1.8 0.6-5.5 1.6 1.3 0.2-28 1.5 0.9-1.5 0.4-0.6
PCB101 2.9 1.2-9.1 2.9 2.2 0.2-44 2.4 1.6-2.7 0.8-1.1
PCB110 3.9 1.1-12 3.6 1.4 0.3-25 1.6 0.9-14 0.5-0.6
PCB138 6.9 2.3-20 6.7 4.5 0.8-95 5.5 3.5-4.9 1.4-2.0
PCB149 3.9 1.1-9.9 3.6 2.7 0.5-57 34 1.8-2.4 0.6-1.0
PCBI151 1.0 0.3-2.3 1.0 0.7 0.2-16 0.9 0.5-0.9 0.2-0.3
PCB153 6.7 2.1-21 6.6 4.9 0.8-105 6.0 3.7-5.2 1.5-2.1
PCB170 0.9 0.2-2.7 0.8 0.6 0.1-11 0.8 0.6-0.7 0.2-04
PCB180 1.6 04-54 1.5 1.2 0.2-17 1.3 1.1-1.4 0.4-0.6
PCB183 0.5 |]0.07-1.9 0.5 0.4 0.03-7.1 0.5 0.2-0.5 0.1-0.2
PCB187 2.2 0.4-7.2 2.1 1.9 0.3-41 2.4 1-1.8 0.4-0.7
X~ PCBs 28, 52, 101,
138, 153 and 180 20 7.6-60 19 14 2.8-275 16 11-16 4.7-6.6
X 40 PCBs 43 15-128 41 28 6.4-548 20 23-35 4.7-6.6
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Table 2: Concentrations of non-dioxin-like PCBs (ng/kg) in composite samples of other species

—~ N —~
T8 |88|T¢ £ |82 | =« | |EE8 |22 |58
Fish Species Eio|2y|EEg2Eo|Eed2EgEs 45 |ESJ%Es
(Noincomposite) |= 2 FE|EESZES 22952855858 23825
Comp- [Comp-| Comp- | Comp- | Comp- | Comp- | Comp- | Comp- | Comp- | Comp-
osite osite | osite osite osite osite osite osite osite osite
PCB28 0.2 0.4 0.3 0.1 0.1 0.1 0.2 0.2 0.3 0.08
PCB52 0.6 1.1 0.9 0.4 0.4 0.4 0.6 0.4 0.8 0.2
PCB66 0.4 1.3 0.7 0.3 0.3 0.3 0.5 0.4 0.6 0.1
PCB99 0.8 24 1.1 0.7 0.6 0.8 0.8 0.7 0.8 0.2
PCB101 1.3 3.2 1.7 0.9 0.9 1.1 1.0 0.8 14 0.3
PCBI110 0.9 2.1 1.4 0.4 0.6 0.7 0.8 0.9 1.0 0.2
PCB138 2.7 8.2 4.1 2.2 22 3.1 2.8 2.8 29 0.4
PCB149 1.5 32 1.8 0.6 1.1 1.3 1.3 1.1 1.7 0.3
PCBI151 0.5 1.1 0.7 0.3 0.3 0.4 0.4 0.3 0.5 0.09
PCBI153 2.8 9.6 4.3 2.7 2.5 3.7 29 2.7 2.9 0.5
PCB170 0.4 1.3 0.6 0.4 0.3 0.5 0.4 0.5 0.4 0.05
PCB180 0.7 2.7 1.1 1.0 0.7 1.0 0.8 1.0 0.7 0.1
PCB183 0.3 1.0 0.4 0.2 0.3 0.3 0.3 0.4 0.2 0.05
PCB187 0.9 3.7 1.3 0.6 0.9 1.2 0.9 1.2 0.9 0.2
X PCBs 28, 52, 101,
138, 153 and 180 8.3 25 12 7.3 6.7 9.5 8.2 7.9 9.0 1.6
X 40 PCBs 17 49 25 13 14 18 17 17 19 3.6

limit of determination. Also presented are the sum of the ‘ICES 6’ indicator PCBs (the original ‘ICES 7’
congeners excluding PCB-118, which is dioxin-like) and the sum of all 40 congeners. All of the results for these
and the remaining samples can be found in the analytical report for the survey’. Values for means, £6 and 240
are upper bound figures.

Nearly all of the congeners analysed were present at concentrations above the limit of determination in all the
samples reported in this paper. For those species where some individual samples were analysed, comparison of
the concentrations in the composites with those of the weighted means indicates that the values were usually
fairly similar. However, in the case of mackerel there was one sample in which the concentrations of all the
NDL PCBs were very high (around seven times those in the sample with the next highest concentrations). This
sample also contained very high levels of dioxins and dioxin-like PCBs. The concentrations of most of the
congeners in the mackerel composite are notably lower than the means of the values in the individual samples
(data not shown). This suggests that none of the fish contributing to the composite contained such high
concentrations. Levels in the organic salmon and trout samples were similar to those in the conventionally
farmed samples.

In most of the samples, the most abundant congener was PCB 153, followed usually by PCBs 138 and 101. The
six indicator PCBs (PCBs 28, 52, 101, 138, 153 and 180) together accounted for 39-51% of the sum of the 40
congeners analysed. Except for the outlying mackerel sample mentioned above, the concentrations are all well
within the maximum limit of 75 pg/kg being proposed by the European Commission for these congeners in fish
and fishery products. Since the concentrations of dioxins and dioxins plus dioxin-like PCBs in this single
mackerel sample’ already exceeded relevant limits, whilst none of the concentrations in any of the other samples
analysed did so, the proposed limits for NDL PCBs would not have provided any additional protection.

Of the non-indicator congeners, PCB 149 was generally the most abundant and PCBs 99, 110 and 187, and
sometimes PCB 170, were also significant, often being more abundant than PCBs 28 or 52. In combination,
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PCBs 99, 110, 149 and 187 constituted 17-28% of the sum of the concentrations of the 40 congeners present.
This suggests that, if non-dioxin-like PCBs regulation is to be meaningful, account should perhaps be taken of
these congeners as well as of the ICES 6 congeners. Concentrations of other NDL PCBs, especially the more
highly chlorinated congeners, were lower.

In the case of Atlantic salmon, the values for the sums of the ICES 6 congeners and of all 40 congeners analysed
were both significantly higher in farmed than in wild fish (t=0.05). Concentrations of PCBs in farmed halibut
were higher than in the wild fish whereas, in the case of sea bass and UK turbot, the higher concentrations were
reported in the wild fish. These follow the same pattern as seen for dioxins and dioxin-like PCBs. Herring and
mackerel, which are wild, contained the high reported levels of NDL-PCBs. The highest reported levels of £ 40
NDL PCBs were composites samples of other wild fish species included in the same survey — sardines/pilchards
(Sardina pilchardus) [47 pg/kg fresh weight] and dogfish (Squalus spp) [39 pg/kg fresh weight]. In general it is
therefore unwise to draw any significant inference regarding the relative concentrations in farmed and wild fish.

There is currently no Tolerable Daily Intake for non-dioxin-like PCBs. The Food Standards Agency’s current
advice on fish consumption was formulated to balance the nutritional benefits against the risks from the presence
of dioxins and dioxin-like PCBs, brominated flame retardants and heavy metals®. No modification to the advice
was considered necessary on the basis of the NDL PCB contents.
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