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7 PCDDs and 10 PCDFs

PCDDs PCDFs

• Only congeners substituted in the 2,3,7,8-positions are considered to be toxic:

• 2,3,7,8-TCDD is the most toxic congener. Toxic Equivalent Factor (TEF) = 1
• The rest of congeners have relative TEFs to 2,3,7,8-TCDD
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Polychlorinated dibenzo dioxins (PCDDs) and polychlorinated
dibenzofurans (PCDFs) - 210 different congeners
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Polychlorinated byphenyls (PCBs) - 209 different congeners

x + y = 0 - 10
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12 DIOXIN-LIKE PCBs (DL-PCBs)

4 non-ortho PCBs and 8 mono-ortho PCBs
•DL-PCBs congeners have also relative TEFs to 2,3,7,8-TCDD
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0.000010.0000123’44’55‘23’44’55‘--HxCB (# 167)HxCB (# 167)0.10.1123478123478--, 123678, 123678--, 123789, 123789--, 234678, 234678--HxCDFHxCDF

0.00010.0001233’44’55‘233’44’55‘--HpCB (# 189)HpCB (# 189)0.010.0112346781234678--, 1234789, 1234789--HpCDFHpCDF
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0.010.0133’44’55‘33’44’55‘--HxCB (# 169)HxCB (# 169)0.010.0112346781234678--HpCDDHpCDD

0.00050.0005233’44‘5233’44‘5--, 233’44‘5‘, 233’44‘5‘--HxCB (# 156, 157)HxCB (# 156, 157)0.50.52347823478--PeCDFPeCDF

0.00010.000123’44‘523’44‘5--, 2344‘5‘, 2344‘5‘-- PeCB (#118, 123)PeCB (#118, 123)0.050.051237812378--PeCDFPeCDF

0.00050.00052344‘52344‘5--PeCB (# 114)PeCB (# 114)0.10.123782378--TCDFTCDF

0.00010.0001233’44‘233’44‘--PeCB (# 105)PeCB (# 105)FuransFurans
MonoMono--ortho PCBsortho PCBs0.00010.0001OCDDOCDD

0.10.133’44‘533’44‘5--PeCB (#126)PeCB (#126)0.10.1123478123478--, 123678, 123678--, 123789, 123789--HxCDDHxCDD

0.00010.0001344‘5344‘5--TeCB (# 81)TeCB (# 81)111237812378--PeCDDPeCDD

0.00010.000133’44‘33’44‘--TeCB (# 77)TeCB (# 77)1123782378--TCDDTCDD

NonNon--ortho PCBsortho PCBsDioxinsDioxins

WHOWHO--TEFTEFCompound Compound WHOWHO--TEFTEFCompoundCompound
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Σ Ci x TEFi
i = 1

TEQ =
N

Toxic equivalent factors assigned by The World Health Organisation (WHO-TEFs) 
to PCDD/Fs and DL-PCBs

Expression of the
results:
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EXTRACTION

Sample disolved in            
n-hexane

Treatment with H2SO4 or
modified silica, 44% H2SO4

PURIFICATION AND 
FRACTIONATION 

Solid-liquid adsorption
chromatography

INSTRUMENTAL 
ANALYSIS

HRGC-HRMS 

QUANTIFICATION

Isotopic dilution method

AutomatedAutomated cleanclean--up up systemsystem PowerPower PrepPrep (FMS)(FMS)

Silica

Alumina

Carbon

Sample

Analytical Procedure
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Analytical Procedure

HRGCHRGC--HRMS (EI+) SIM HRMS (EI+) SIM 

GC capillary column: DB-5 ms

Positive Electron Ionisation (EI+)

SIM Mode

Power Resolution at 10.000

Labelled Standards

EXTRACTION

Sample disolved in            
n-hexane

Treatment with H2SO4 or
modified silica, 44% H2SO4

PURIFICATION AND 
FRACTIONATION 

Solid-liquid adsorption
chromatography

INSTRUMENTAL 
ANALYSIS

HRGC-HRMS 

QUANTIFICATION

Isotopic dilution method
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Sampling

Category

ANFA

AOCHE

AOPHY

MIX

FISH

LECI

RECY

HYBY

FACS

EBE

Nº of samples

36

25

16

10

9

8

8

6

3

2

Samples for PCDD/Fs and DL-PCBs analysis

22

14 (2 animal origin + 7 vegetal origin + 2 tropical origin + 3 olive oil)

10 (1 animal origin + 3 vegetal origin + 4 tropical origin + 2 olive oil)

1 POOL of the total 10 MIX samples

9

8

8

4

1 POOL of the total 3 FACS samples

2
Total 124 88
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COMMISSION COMMISSION 
RECOMMENDATIONRECOMMENDATION

ofof 4 4 MarchMarch 20022002

(a) All feed materials of plant
origin including vegetable
oils and by-products

.

.

.
(d) Animal fat, incluid milk fat

and egg fat
.
.
(f) Fish oil 

0.75 ng WHO-TEQ/ kg
.
.

2.0 ng WHO-TEQ/kg
.
.

6 ng WHO-TEQ/kg

1.25 ng WHO-TEQ/ kg

3.0 ng WHO-TEQ/kg
.
.

24 ng WHO-TEQ/kg

0.5 ng WHO-TEQ/ kg
.
.

1.2 ng WHO-TEQ/kg
.
.

4.5 ng WHO-TEQ/kg

COUNCILCOUNCIL
DIRECTIVE DIRECTIVE 
2001/102/EC 2001/102/EC 

ofof 27 27 NovemberNovember 20012001

PCDD/Fs

Maximum levels

EU Regulatory 
Framework for 
Feedstuffs

PCDD/Fs and
PCDD/Fs+DL-PCBs!!!

Maximum levels

PCDD/Fs

Action levels

COMMISSIONCOMMISSION
DIRECTIVE DIRECTIVE 
2006/13/EC 2006/13/EC 

ofof 3 3 FebruaryFebruary 20062006

(feed materials of plant
origin)

1.5 ng WHO-TEQ/ kg
(vegetable oils and by-
products)
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PCDD/F congener distribution in two representative FISH samples
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Results Fish Oil Samples (FISH)

PCDD/F and DL-PCB levels in analysed FISH samples

FISHs (pg WHO-TEQ/g oil)
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a    b     c     d    e    f     g     h     i 

PCDD/Fs + DL-PCBs maximum level !!!
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Results Animal Fat Samples (ANFA)

28% OCDD
15% 1,2,3,4,6,7,8 HpCDD

79% OCDD
14% 1,2,3,4,6,7,8 HpCDD

PCDD/F congener distribution in 
two representative ANFA samples
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Results Animal Fat Samples (ANFA)

PCDD/F and DL-PCB levels in analysed ANFA samples

ANFAs (pg WHO-TEQ/g fat)
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0.160.050.11b)

0.530.320.21a)

RECY

1.010.570.44b)

1.750.631.12a)

EBE

0.170.040.13a)

LECI

0.350.220.13b)

2.260.112.15a)

AOPHY

5.354.311.03d)

0.290.140.15c)

0.450.210.24b)

0.880.210.67a)

AOCHE

Other categories of fats and oils
PCDDs/PCDFs
and DL-PCBs

(pg WHO-TEQ/g)

DL-PCBs
(pg WHO-TEQ/g)

PCDDs/PCDFs
(pg WHO-TEQ/g)
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