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Abstract 
The identification of contamination sources within the food chain with po-
lychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzofurans 
(PCDFs), (“dioxins”), and PCBs is difficult and complex. PCDD/PCDF can be 
formed as unintentional compounds in a number of chemical processes as 
well as in almost every combustion process. PCBs were intentionally produced 
chemicals that were manufactured for decades before the ban in marketing 
and use in many countries around 1985. The pattern of occurrence can 
change from the original source in particular via feedingstuffs to food of ani-
mal origin as result of bioaccumulation. A number of examples illustrate the 
challenging detective work and key scientific aspects for identification of the 
sources, for support of the risk management and for performance of moni-
toring programs. The contamination of milk and milk products in European 
countries with dioxins was caused by compound feeds containing citrus pulp 
pellets from Brazil which had high dioxin levels as a result of the use of heavi-
ly contaminated lime used for neutralization. The Belgian dioxin crisis was 
caused by a feed additive heavily contaminated with PCBs which were dis-
charged into a recycled fat used in the production of animal feed. Guar gum 
from India was contaminated with sodium pentachlorophenate and dioxins. 
Clay was found to be possibly highly contaminated with dioxins possibly 
formed by geothermal processes over time; use of such clay as feed additive or 
for human intake led to elevated dioxin levels in food and humans. Bioanaly- 
tical screening in combination with comprehensive physicochemical investi-
gations led to the detection of brominated flame retardants and brominated 
dioxins in a feed additive. Buffalo milk was contaminated in Italy presumably 
caused by illegal deposition of waste. High PCB levels in fuel oil for drying of 
breadcrumb used as a feed ingredient caused a major dioxin crisis with pork 
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meat in Ireland. Fatty acids for technical purposes originating from a biodiesel 
company were used for production of feed fat which contaminated parts of 
the food chain in Germany. In addition to effects on human and animal 
health these incidents also have serious economic consequences which could 
be mitigated by more frequent control on food and feed. Addressing both 
these issues, the European Community has developed a strategy to reduce the 
presence of dioxins and PCBs in the environment and in feed and food com-
prising the establishment of maximum and action levels. 
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1. Introduction 

PCDDs (polychlorinated dibenzo-p-dioxins) and PCDFs (polychlorinated di-
benzofurans), collectively known as “dioxins”, can be formed as unintentional 
by-products in a number of chemical processes and in many combustion pro- 
cesses. Polychlorinated biphenyls (PCBs) are intentionally produced chemicals 
that were manufactured for decades before adoption of the ban in marketing and 
use in many countries around 1985; they are also unintentionally formed in 
processes that generate PCDD/PCD. Both groups of contaminants are chemi-
cally and physically stable, and are thus environmentally and biologically persis-
tent. They are also lipopohilic which results in bioaccumulation in the foodchain 
in fatty tissues. These chemicals are mixtures of hundreds of closely related 
compounds or congeners, and the occurrence pattern can change during the 
transitions from original source to (in particular) feedingstuff and on to food of 
animal origin. Thus, the identification of sources by identifying contamination 
patterns is difficult and complex. As these contaminants are not intentionally 
used food producers are often helpless when asked for possible reasons of find-
ings of elevated levels in their products. However, with regard to the importance 
of food for human exposure, this detective work is important: It is estimated that 
about 90% to 98% of the average human background contamination with PCDD/ 
PCDF results from food and that-with consumption habits as in Germany-for 
adults about 90% of this intake comes from food of animal origin. Therefore, 
feedingstuffs are of particular importance for the food chain. The uncovering of 
several contamination incidents [1] [2] [3] [4] since the 1990s led to a sharp fo-
cus on the safety of food chain and resulted in the adoption of safety measures 
by the European Union (EU). Here, key examples have been selected to illustrate 
the challenging detective work and key scientific aspects for identification of the 
sources, for support of the risk management and for performance of appropriate 
monitoring programs. 
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2. Examples of the Detective Work to Identify the Source of a  
Contamination in the Food Chain 

2.1. The “Citrus Pulp” Case 

This first example of the late 1990s shows the complexity of the problem: Three 
comprehensive studies on two continents were necessary to identify the “real” 
source. It is a unique example of finding answers to all relevant questions with 
regard to tracing the source. 

2.1.1. From Contaminated Milk in Germany to Citrus Pulp from Brazil  
and Changes of Dioxin Patterns from Feed to Food of  
Animal Origin 

As starting point, the State Institute for Chemical and Veterinary Analysis of 
Food (CVUA) Freiburg, Germany, found a reversion of the decreasing levels of 
PCDD/PCDF in cow’s milk in 1997: Whereas dioxin levels were gradually de-
clining in Germany as a result of numerous control measures since 1989 to re-
duce the exposure of humans and the levels in the environment, milk and butter 
samples collected randomly in early 1998 showed double the usual dioxin con-
tent compared with summer 1997. Within the same time-frame increased dioxin 
concentrations with the same occurrence patterns in products from several parts 
of Germany and The Netherlands made it clear that this was not a local incident 
[5]. In all cases the increase in toxicological equivalents (TEQ) was caused by 
2,3,7,8-TCDD and 1,2,3,7,8-PeCDD. An immediately performed “emergency 
collaborative study” confirmed these findings [6]. 

The key to trace the source was the detection of a high level of 7.86 pg I- 
TEQ/g lipid in milk from a road tanker which had collected milk from 70 farms 
for transportation to the dairy. An immediate investigation of the 12 biggest 
farms led to a farm which had 4.83 pg I-TEQ/g lipid—this was about fivefold 
higher than in previous years. Instantly, a comprehensive inspection covering all 
kinds of possibilities, e.g. all kinds of feed, paints used for silos, veterinary drugs, 
pesticides, disinfectants or detergents was conducted on the farm. The results 
showed that a certain feedingstuff had considerably higher PCDD/PCDF levels 
than other feeds or vegetable food. This compound feed consisted of six ingre-
dients which at once were analyzed. Two of the ingredients (citrus pulp pellets) 
had about 6000 - 7000 pg I-TEQ/kg dry weight which was about 50 times higher 
levels than those which were seen as usual background levels for feed or vegeta-
ble food based on the data of CVUA Freiburg. Also other milk from farms con-
firmed a correlation between elevated levels in milk and feeding of the com-
pound feed containing citrus pulp pellets (CPP) [7].  

A decisive question was then whether the dioxin pattern found in the citrus 
pulp could explain the pattern found in the milk samples. A comparison of the 
patterns of citrus pulp (Figure 1; results in pg/kg product) and milk (Figure 2; 
in pg/g lipid) does not seem to confirm this hypothesis: Whereas OCDF was by 
far the predominant congener in CPP, followed by 1,2,3,4,6,7,8-HpCDF, the 
contaminated milk sample calculated on lipid base had a complete different  
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Figure 1. Dioxin pattern of the citrus pulp pellets (CPP), results in pg/kg product (ub = 
upper-bound levels). 
 

 
Figure 2. Dioxin pattern of a contaminated milk sample, results in pg/g lipidproduct 
(ub = upper-bound levels). 
 
pattern without this predominance of OCDF and HpCDF. 

However, if the levels of the dioxin congeners are calculated as relative con-
tribution (in %) to the toxic equivalents (TEQs), a totally different picture re-
sults: It is then obvious that the toxicologically relevant contamination of both 
CPP (Figure 3) and the contaminated milk (Figure 4) is caused by 2,3,7,8- 
TCDD and 1,2,3,7,8-PeCDD. This was seen as confirmation of the hypothesis 
that this CPP had caused the contamination of the milk. 

Finally, transfer factors were calculated based on feeding of a maximum of up 
to 8 kg compound feed per cow for an increase of the milk production in the 
high performance phase to about 28 - 30 litres with 4% fat as follows:  

Transfer facto = ∗mf f mfr c c p f  

where cmf is concentration in milk fat (pg/g), cf is concentration in feed (pg/g),  
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Figure 3. Dioxin pattern of the citrus pulp pellets (CPP), expressed as relative contribu-
tion (%) to WHO-PCDD/F-TEQ. 
 

 
Figure 4. Dioxin pattern of a contaminated milk sample, expressed as relative contribu-
tion (%) to WHO-PCDD/F-TEQ. 
 
pmf is daily production of milk fat (g) and f is the daily amount of feed intake (g). 

The resulting factors for transfer from citrus pulp pellets to milk are listed in 
Table 1 (from ref. [5]). The factors were compared with findings of Schuler et al 
for bioaccumulation from grass to milk [8]. Generally, the transfer depends on 
the congener and on the matrix (e.g. feeding of grass or intake of soil). Even in 
the Schuler study with feeding of grass over a period of two years with four sam-
pling dates, a range between 0.06 and 0.7 was observed for 2,3,7,8-TCDD, with 
an average of 0.3. Therefore, a transfer rate can be calculated only for a specific 
situation. It was concluded that the transfer factors at least for the predominant 
congeners were in line with the literature and the observed general tendency 
(highest transfer rates for 2,3,7,8-TCDD, 1,2,3,7,8-PeCDD and 2,3,4,7,8-PeCDF; 
low transfer rates for higher chlorinated PCDD/PCDF and 2,3,7,8-TCDF).  
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Table 1. Dioxin contamination in milk (pg/g fat), in the compound feed (pg/kg) and the 
resulting transfer factors (from ref. [5]) with comparison to factors for transfer from grass 
to milk (Schuler et al., see ref. [8]). 

  Milk Compound Transfer Transfer Factor 

  pg/g fat Feed Factor Schuler et al. 

   pg/kg feed-milk fat mean range 

I-TEQ 
(NATO, 

1988) 
4.83 1826 0.40   

WHO-TEQ (1997) 5.68 1965 0.44   

2,3,7,8- TCDD 2.39 614 0.58 0.3 0.06 - 0.7 

1,2,3,7,8- PeCDD 1.70 524 0.49 0.2 0.08 - 0.3 

1,2,3,4,7,8- HxCDD 0.52 153 (0.51) 0.08 0.05 - 0.1 

1,2,3,6,7,8- HxCDD 0.43 85 (0.77)   

1,2,3,7,8,9- HxCDD 0.29 126 (0.35)   

1,2,3,4,6,7,8- HpCDD 0.84 689 (0.18) 0.02 nd-0.03 

 
OCDD 0.97 3960 (0.037) 0.008 0.004 - 0.02 

2,3,7,8- TCDF 0.13 688 0.028 0.02 0.01 - 0.04 

1,2,3,7,8- PeCDF 0.08 325 0.038 0.04 0.02 - 0.05 

2,3,4,7,8- PeCDF 1.69 440 0.58 0.5 nd-0.7 

1,2,3,4,7,8- HxCDF 2.33 1053 0.33 0.07 0.04 - 0.1 

1,2,3,6,7,8- HxCDF 1.04 515 0.30   

2,3,4,6,7,8- HxCDF 2.23 1724 0.19   

1,2,3,7,8,9- HxCDF <0.07 <150 -   

1,2,3,4,6,7,8- HpCDF 2.35 11,298 0.031 0.01 0.004 - 0.02 

1,2,3,4,7,8,9- HpCDF 0.38 1366 0.042   

 OCDF 3.25 133,880 0.004 0.01 0.009 - 0.02 

 
As a result, bioaccumulation from feed to food of animal origin changes the 

dioxin patterns considerably. Without consideration of the transfer factors, 
comparison of patterns between feed and food would cause wrong conclusions. 
In this case, the transfer factors provided further evidence for the identification 
of the source. 

2.1.2. Economic and Legal Consequences on a Global Scale 
Immediately after discovery of the dioxin source, other federal states of Germa-
ny and the European Union were informed. The contaminated citrus pulp was 
removed from the market. It turned out that this was an economically important 
product: Citrus pulp was said to have been produced at about 1.6 million tons/ 
year worth about 100 - 150 million US-$. From this huge amount, about 250,000 
t were said to have been imported annually into Germany.  

In the EU, about 92,000 t CPP (worth about 10 million US-$) was discarded 
or destroyed. 12 member states were affected. The CPP market collapsed. As 
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CPP makes up 25% in compound feed for ruminants, the removal from the 
market also resulted in shortages of substitute products. 

The production of citrus pulp is a seasonal business with two main countries 
producing CPP at that time: From September to February, CPP was produced in 
Brazil dominating the world market with a share of about 60%; followed by the 
US production. Therefore, many countries were involved as producers or con-
sumers (see reference [5]). 

The EU regarded the use of highly contaminated citrus pulp as possible risk to 
human health. Therefore, a temporary maximum level was fixed becoming le-
gally binding in all member states after 1 August 1998 [9]. 

2.1.3. Detective Work in Brazil (1): From Citrus Pulp Pellets to Lime 
The reason for the contamination of the CPP was unknown for a long time. The 
particular PCDD/F pattern did not match the classical contamination patterns. 
The production process for CPP restricted the cause of contamination to three 
possibilities: 1) pesticides in the orange peel, 2) fuel oil containing perchloroe-
thylene as additive, 3) ingredients such as lime. 

In July 1998, lime was identified as the main source [10]. Lime is added to wet 
peels, seeds and pulps of oranges in order to facilitate the drying process and to 
raise the pH from between 2 and 3 up to between 6 and 7. Lime constitutes 
about 2% of the dried CPP. The lime was very high contaminated: up to 2.5 mil-
lion pg I-TEQ/kg. The dioxin pattern of the lime and of the contaminated CPP 
was very similar. 

The total production of lime in Brazil was about 5,750,000 tons a year. The 
contaminated lime came from one supplier who purchased “lime milk” (Ca(OH)2 
saturated in water, a by-product of an industrial process) from a chemical com-
pany. The lime was primarily used for civil construction. As the lime, which ori-
ginated from a landfill site of the chemical company, passed the quality control 
procedures of the supplier (with quality parameters such as heavy metal content 
or color),it was sold to the CPP market-without knowledge of the dioxin conta-
mination. More information on types of lime and its production was provided to 
the experts visiting Brazil as missions on behalf of the EU to collect information 
regarding the investigation of the source and establishment of a control system. 
However, an explanation as to how the lime was contaminated was not available 
in 1999 [11] [12] [13]. 

2.1.4. Detective Work in Brazil (2): From Lime to Residues of PVC  
Production Processes 

The origin of the PCDD/PCDFs in the contaminated lime was revealed only in 
2008 when the link between the dioxin contamination of the lime milk and the 
chemical processes of a chlorine/organochlorine industry was found [14] [15]. 
The landfill site was used for more than 30 years for disposal of lime milk from 
the vinyl chloride monomer (VCM) production process (for PVC production) 
and other residues from the company. The factory had used at least two pro- 
cesses with potentially high PCDD/PCDF releases: 1) the oxychlorination pro- 
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cess for production of ethylene dichloride (EDC) and 2) the chloro-alkali pro- 
cess. The main landfill waste was lime milk (1.4 million tons) from the vinyl 
chloride monomer production (via the acetylene process) along with residues 
from other processes. Most samples from the chemical landfill showed an EDC- 
type PCDD/PCDF fingerprint pattern with a characteristic octachlorodibenzo-
furan (OCDF) dominance which was found in the citrus pulp pellets.  

It was only with these findings, that the very comprehensive detective work 
was completed, which started with detection of elevated dioxin levels in cow’s 
milk in South-Western Germany, continued with tracing of the source via fee-
dingstuff first to citrus pulp pellets, which were imported from Brazil, then to 
lime as additive for neutralization and finally to waste from a PVC production 
process which eventually found its way into the food chain. 

2.2. The Belgian Dioxin Crisis 
2.2.1. From First Signs of a Contamination to the Identification of the  

Contaminants  
In February 1999, first signs of a contamination were observed in several poultry 
farms in Belgium. Symptoms were a sudden drop in egg production, followed a 
few weeks later by a marked reduction in egg hatchability, a reduced weight 
gain, and an increased mortality of chicks. Certain lesions resembled the classical 
manifestations of the “chick-edema disease” which was described in earlier out-
breaks of poultry poisoning by polyhalogenated hydrocarbons. These observa-
tions led to the suspicion of dioxins as the causative agent. This hypothesis was 
confirmed in April 1999 after findings of exceptionally high levels of dioxins in 
chicken fat (958 pg TEQ/g) and feed (781 ng TEQ/kg) [16] and afterwards more 
than 1000 pg TEQ/g fat in feed, meat, and eggs of affected poultry [17] [18]. 

In June 1999, additional analyses revealed that these dioxins, as suggested by 
their patterns, originated from contamination by a commercial PCB oil. Figure 
5 shows the patterns of PCBs and dioxins in contaminated feeds and poultry 
(from ref. [18]). 

2.2.2. Source of Contamination  
Investigations could trace the source back to nine suppliers of animal feed which 
all had used the same fat in the production of animal feed. The fat was pur-
chased from one single producer. This company collected oils and fats in waste 
disposal units at public container parks (in addition to other sources as slaugh-
terhouses or restaurants). The Belgian authorities concluded that the contami-
nated fat originated from one production tank containing about 80 tonnes pro-
duced and sold to feed mill companies between 16 and 31 January 1999 [19]. By 
extrapolating the PCB and dioxin concentrations to the volume of the contami-
nated tank, it was estimated that the total amount of PCBs which was mixed 
with animal feeds was about 50 kg PCBs (calculated as sum of seven PCB mark-
ers) or about 150 kg total PCBs, which corresponds to about 100 liters of PCB 
oil, containing 1 g TEQ from dioxins and 2 g TEQs from dioxin-like PCBs. The 
pattern of PCB congeners was matched to a mixture of Aroclors 1260/1254 (or  
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Figure 5. Patterns of PCB (a) and dioxin (b) congeners in contaminated feeds delivered 
to pigs (blue bars) and poultry (green bars) farms in January, February and March 1999. 
Values in poultry feed in January have been divided by 10 (PCBs) or 20 (PCDD/PCDF) 
for ease of representation (from ref. [18]). 
 
similar commercial PCBs) in the proportions 75/25 [see ref. [17] [18]]. 

2.2.3. Monitoring Program and Correlation PCB vs-PCDD/PCDF as  
Scientific Basis  

The contaminated fat had been used for the production of a wide range of feed-
ing stuffs for poultry, pigs and bovine animals. After tracing all possibly conta-
minated animal feed, the Belgian authorities placed restrictions on all poultry 
holdings and pig and bovine farms which had received these products. In May 
and June 1999, about 2500 farms and 120,000 t feed were subjected to restric-
tions (Table 2, from ref. [17]). 

From June 1999, a large monitoring program was launched to trace the con-
tamination and to identify contaminated products. For intra-Community trade 
and export to third countries, a system of certification was established. Finally,  
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Table 2. Poultry, pig and bovine farms subjected to restrictions in May and June 1999. 

Type of farm Under restriction (no of farms) Mass of products (tons) 

Poultry 509 40,000 

Pig 1621 59,000 

Bovine 409 20,700 

 
more than 60,000 samples were analyzed, with about 800 of them for PCDD/ 
PCDF.  

A key element for this monitoring program was the evaluation of the ratio 
between PCBs (expressed as sum of seven marker congeners) and dioxins (ex-
pressed as pg WHO-PCDD/PCDF/g fat, calculated with WHO-TEF 1998). The 
concentrations of dioxins and PCBs in feeds were very closely correlated, with an 
average PCBs: dioxins ratio of about 50,000 (Figure 6, from ref. [18]). Also the 
concentrations of dioxins and PCBs in poultry meat and eggs were concluded to 
be highly correlated, with PCBs: dioxins ratios almost identical to those in feeds 
(Figure 7, from ref. [18]). These correlations facilitated the use of PCB mea-
surement results as an indication of dioxin levels-a very important step for an 
urgent comprehensive monitoring program when one considers the limited ca-
pacity for PCDD/PCDF analyses at the end of the 1990s compared to the much 
higher analytical capacity for PCBs. 

In pigs this ratio was non-linear being both much higher and more variable 
(extremely variable values extending from 50,000 up to 10,000,000), reflecting a 
faster elimination of dioxins than PCBs in these animals. These metabolic dif-
ferences also emerged from the PCB and dioxin patterns which were altered 
much more in pigs than in poultry. Dioxin patterns in dairy cow meat were not 
different in suspected and unsuspected farms and corresponding to the back-
ground contamination.  

It must be stressed that the ratio of 50,000 for feed, poultry and eggs is appli-
cable only for this particular contamination episode: It is well known that dif-
ferent PCB products, even different batches of the same PCB product, might be 
contaminated with different levels of dioxins, in particular depending on the 
kind of use of the PCB product. Therefore, the EU Scientific Committee on Food 
accepted the established correlation between PCBs and dioxins for contaminated 
poultry and egg for this particular incident. Thus, the levels of 7 persistent PCBs 
could be used reliably as surrogate for dioxins. However, for milk and milk 
products it was not possible to establish with confidence the same correlation 
between PCBs and dioxins originating from this contamination incident (see ref. 
[19]). 

2.2.4. Economic Consequences 
The economic consequences were huge: In September 1999, the direct costs for 
Belgium were estimated to be about 1 billion ECU (European Currency Unit; re-
placed on 1 Jan 1999 by Euro with the conversion ratio 1:1), with the indirect 
costsat about 3 billion ECU. In comparison to this, the costs for analyses were  
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Figure 6. Correlation between PCDD/PCDF as TEQ and PCBs (as 
sum of seven marker congeners) in contaminated feeds delivered to 
pig and chicken farm (from ref. [18]). 

 

 
Figure 7. Correlation between PCDD/PCDF as TEQ and PCBs (as 
sum of seven marker congeners)in poultry meat (a) and eggs (b) (from 
ref. [18]). 
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negligible [20]. 

2.3. Contamination of Guar Gum from India with  
Pentachlorophenol (PCP) and Dioxins 

2.3.1. Initial Findings and Dioxin Congener Pattern 
The Rapid Alert System for Food and Feed (RASSF) of the European Commis-
sion received on 24 July 2007 a notification from the competent authorities of 
Switzerland concerning a finding of a serious contamination by dioxins and 
pentachlorophenol in guar gum originating from India. This contamination in-
cident was reported through the RASSF on 25 July 2007 to all Member States by 
alert notification 2007.0499 (and additions).  

Guar gum is an edible thickening agent extracted from the guar bean. India 
produced approximately 80% of the world’s total production of guar beans. Two 
grades of guar gum powder were on the market: 1) a food grade product which 
is authorized as food additive and used as a thickening, emulsifying, binding and 
gelling additive in a very wide range of foodstuffs, 2) an industrial grade product 
for non-food uses.  

The contamination levels of dioxins and pentachlorophenol found in certain 
batches of guar gum were very high. The initially found levels of up to 480 pg 
WHO-PCDD/F-TEQ/g product and 4 mg PCP/kg gave cause for serious con-
cern. Analyses of samples collected to follow up these findings confirmed these 
high levels in certain batches with even higher levels being detected in a few cas-
es. However, uncontaminated guar gum was also found. With its high domin-
ance of OCDD followed by OCDF and 1,2,3,4,6,7,8-HpCDD, the dioxin pattern 
confirmed that the presence of dioxins was related to the presence of pentachlo-
rophenol (Figure 8). 
 

 
Figure 8. Dioxin pattern of a guar gum sample highly contaminated with PCP (14 mg/kg) and PCDD/PCDF 
(60.7 ng WHO-PCDD/PCDF-TEQ/kg; using the WHO-TEFs [1998]). 



R. Malisch 
 

756 

2.3.2. Risk Management 
The Commission urged the competent authorities in India to provide more in-
formation as regards the source of contamination in order to enable a better as-
sessment of the possible extent of the contamination. The Member States were 
asked to trace and block contaminated guar gum. In addition, all batches of guar 
gum originating from the Indian company producing the contaminated product 
were required to be detained, sampled and analyzed for the presence of pen-
tachlorophenol and dioxins. Reference points of action were set for unacceptable 
levels of dioxins (0.75 ng PCDD/F-WHO-TEQ/kg product) and pentachloro-
phenol (any quantified level considered as unacceptable, with a default maxi-
mum residue level [MRL] of 0.01 mg/kg [limit of quantification]). In cases 
where pentachlorophenol was quantified and/or unacceptable levels of dioxins 
were found, the guar gum could not enter the feed and food chain and had to be 
safely disposed of. Batches of guar gum from the Indian producer of the conta-
minated product could only be released after analysis. Furthermore, guar gum 
from other suppliers in India were required to be sampled and analyzed for a 
possible presence of pentachlorophenol and dioxins. Where pentachlorophenol 
was quantified and/or unacceptable levels of dioxins were found, the sampled 
batch of guar gum had to be traced, blocked and safely disposed of. 

2.3.3. Correlation between PCP and PCDD/PCDF Results including  
Analytical Aspects 

The EU Commission raised the question to the EU Reference Laboratory 
(EURL) for Dioxins and PCBs in Feed and Food as to whether PCP analyses 
would be sufficient as a screening method to ensure that guar gum samples did 
not exceed the level of 0.75 pg WHO-PCDD/F-TEQ/g product [21]. For evalua-
tion of the correlation between PCP- and dioxin levels in guar gum the available 
data of analyses of guar gum batches were provided. From a total of 151 batches, 
84 were analyzed for dioxins and 57 for PCP. From these, 51 samples were ana-
lyzed for both PCP and dioxins. Based on these data, factors were derived for 
calculation of an individual result from “mg PCP/kg guar gum” to “pg WHO- 
PCDD/F-TEQ/g guar gum”. Table 3 summarizes the results. An extremely wide  
 
Table 3. Frequency distribution of levels of PCP and dioxins and resulting conversion 
factors for guar gum samples from India. 

 mg PCP/kg 
pg 

WHO-PCDD/F-TEQ/g 

Factor for conversion 
“mg/kg PCP” to “pg 

TEQ/g” 

No of samples 57 84 51 

Min 0.02 0.05 0.86 

25% Percentile 0.28 2.28 8.49 

Median 1.10 13.00 16.43 

90% Percentile 5.42 92.04 52.00 

95% Percentile 15.08 156.00 76.55 

Max 80.00 738.00 101.50 
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range of levels was found for PCP (0.02 to 80 mg/kg) and dioxins (0.05 to 738 pg 
WHO-PCDD/F-TEQ/g). The conversion factors for calculation of dioxin levels 
(in pg WHO-PCDD/F-TEQ/g) from PCP levels (in mg/kg) ranged between 
about 1 and 100, with an average (mean) of about 25 and a median of 16.4. 

Different reasons were considered for these extremely wide ranges: 
• Contamination by different batches of PCP: As an example, results of 2.04 

and 2.67 μg BGA-TEQ/g (TEF factors proposed by the German Bundesge-
sundheitsamt [BGA; Federal Health Institute] in 1985) for two PCP products 
(Witophen P and Rhone Poulenc) respectively 0.51 and 0.09 pg BGA-TEQ/g 
for two Na-Pentachlorphenol products (Dowicide and Preventol) were re-
ported [22]. 

• During processing of guar gum, dioxin levels could possibly change, e.g. by 
formation from precursors at heating processes. 

• Analytical results seemed to be unreliable in some cases. As an example, a 
certain batch was analyzed by the EURL for Dioxins and PCBs (Freiburg, 
Germany) and the EURL for Pesticides with Single Residue Methods (Stutt-
gart, Germany) with a result of 457 pg WHO-PCDD/F-TEQ/g and 33.4 
mg/kg PCP, whereas another labhad found 406 pg WHO-PCDD/F-TEQ/g 
and 4 mg/kg in the same batch (Table 4). This reported low level of 4 mg/kg 
PCP seemed to be a considerable underestimation of the “true value” (factor 
of 8 too low).  

In contrast to the wide range of correlation factors derived from the reported 
results, the results of the two EURLs (with determination of PCP at EURL Stutt-
gart and of dioxins at EURL Freiburg; former names “Community Reference 
Laboratory”, CRL) showed a very high correlation (see Figure 9 “Correlation 
TEQ-PCP CRL Freiburg”; R2 = 0.9999) [23].  

The considerable underestimations of the PCP levels were found to be the re-
sult of insufficient extraction due to the use of the wrong pH adjusted extracting 
solvent: According to reports of CVUA Münster, Germany, a sample highly 
contaminated with dioxins (485 pg WHO-PCDD/F-TEQ/g) had a relatively low 
level of about 5 mg/kg PCP when directly extracted with an organic solvent 
(acetonitrile). However, extraction with acidified acetonitrile (mixed in a pro-
portion of 9:1 with 2.5 n HCl) resulted in a 10-fold increase to about 59 mg/kg 
PCP. Initially, EURL Stuttgart used the QuEChERS-method (extraction with 
acetonitrile, acidified with 0.4% acetic acid) and later modified to acidification 
with citrate salts; pH 5.(For the latest version for analysis of PCP in guar gum see 
[24]). These findings were a strong indication that Na-pentachlorphenol rather  
 
Table 4. Comparison of results of a guar gum sample obtained by the EU Reference La-
boratories in comparison to results obtained from self-control. 

Results PCP (mg/kg) WHO-PCDD/F-TEQ (pg/g) 

EURLs Stuttgart/Freiburg 33.4 457 

Laboratories conducting 
self-control 

4 406 
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Figure 9. Correlation TEQ-PCP according to results of the EURLs (former names 
“Community Reference Laboratory”, CRL) with determination of dioxins at CRL for dio-
xins and PCBs, Freiburg, Germany, and of PCP at CRL for pesticides/single residue me-
thods, Stuttgart, Germany. 
 
than pentachlorophenol was used in India. As a result from the analytical pers-
pective, the control of the correct pH value is important to make sure that both 
pentachlorphenol and Na-pentachlorphenol can be extracted from a sample. 

2.3.4. Global Proficiency Test for Determination of PCP and PCDD/PCDF 
With regard to the global trade of this guar gum originating from India and the 
analytical difficulties to determine PCP correctly, the two EURLs for dioxins and 
pesticides (single residue methods) performed a world-wide proficiency test with 
determination of PCP and PCDD/PCDF in two guar gum samples (one in the 
range of the legal limits, one about 50-times higher). 53 official and private la-
boratories participated using GC/MS methods for determination of PCDD/F 
and PCB, 9 laboratories using bioassays. 41 laboratories analyzed for PCP. 

The PCDD/PCDF concentration of one sample (sample A) was in the range of 
the maximum level of 0.75 ng WHO-PCDD/F-TEQ/kg product (1.18 ng WHO- 
PCDD/F-TEQ/kg product). The other one (sample B) had about 50-times higher 
dioxin levels (60.7 ng WHO-PCDD/F-TEQ/kg product). Both samples reflected 
the concentration range in the guar gum incident of 2007. The distribution of 
the results of all participants was similar for both concentration levels. 71% of 
the participating NRLs were within the acceptable range of ±20% of the consen-
sus value for WHO-PCDD/F-TEQ. A clear overestimation of more than a factor 
of two with CALUX bioassay was found for both concentration levels. This 
overestimation was seen as result of the differences between the REP- and TEF- 
values for the most abundant congener 1,2,3,4,6,7,8-HpCDD [25] [26]. 

The PCP results showed a very broad distribution with robust RSD values 
clearly exceeding the levels typically achieved for pesticide residues in food. The 
distribution of results from laboratories which applied the modified QuEChERS 
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method for analysis of PCP in guar gum samples were significantly lower com-
pared to the distribution of results from laboratories using other methods [27].  

2.3.5. EU Missions to India 
The EU Food and Veterinary Office carried out a mission in India from 5 to 11 
October 2007 to gather information on the possible source of contamination and 
to assess the control measures put in place by the Indian authorities to avoid the 
re-occurrence of this contamination [28]. The mission team noted that sodium 
pentachlorophenate was produced and readily available in India. It had been 
used extensively in the production of industrial grade guar gum and was still 
marketed for this purpose at the time of the mission, although its use was denied 
by the competent authority and visited producers. It was concluded that the 
contamination was likely to be either due to the chemical being added intention-
ally or accidentally to industrial grade gum, and the subsequent use of industrial 
grade gum for food use, or cross-contamination from industrial to food grade 
gums due to lack of separation of the two processes.  

The Indian authorities conducted an investigation that concluded that there 
was no generalized contamination, but that some low levels of both PCP and 
dioxins were found. The investigation by the Indian Authorities did not focus on 
identifying a source of contamination linked to contaminated products exported 
to Europe. Thus the competent authority had not identified a source of conta-
mination in the affected lots. 

A follow-up inspection mission of the FVO took place in India from 1 to 12 
October 2009 to assess the control measures put in place by the Indian authori-
ties to prevent contamination of guar gum with pentachlorophenol (PCP) and 
dioxins and to follow-up the recommendations of the mission that took place in 
October 2007. The mission team noted that sodium pentachlorophenate was 
produced and still available in India, and still advertised as being for use in the 
guar gum industry. Several serious deficiencies were observed during the mis-
sion and the findings indicate that the contamination of guar gum with PCP 
cannot be regarded as an isolated incident and that only the effective analysis by 
the approved private laboratory has prevented the contaminated product from 
being further exported to the European Union. There was no improvement in 
the control system and no significant reduction in the risks associated [29]. 

2.3.6. Safeguard Measures in EU 
As immediate safeguard measures to protect public health, Commission Deci-
sion 2008/352/EC imposed special conditions governing guar gum originating in 
or consigned from India due to contamination risks of those products by pen-
tachlorophenol and dioxins [30]. The measures required that all consignments 
of guar gum or products containing guar gum at significant amounts originating 
in or consigned from India and imported into the Community intended for hu-
man or animal consumption, should be accompanied by an analytical report, 
endorsed by the competent authority from the country where the laboratory 
which has performed the analysis is located. Based on the results of the second 
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mission to India, the measures were reviewed and Commission Regulation (EU) 
No 258/2010 was adopted. In 2015, the source of contamination was seen as not 
yet eliminated and therefore it was considered appropriate to maintain special 
conditions for import. Regulation (EU) No 258/2010 was repealed and replaced 
by the new Commission Implementing Regulation 2015/175 [31]. 

2.4. Contamination of Clays with Dioxins 
2.4.1. First Findings of Elevated Dioxin Levels in US Food  

Contaminated by Ball Clay from Mississippi 
In 1994, farm-raised catfish contained by far the highest levels of PCDD/PCDF 
in a study of food samples from supermarkets in Mississippi [32]. As a follow- 
up, catfish feed samples and eight feed ingredients were analyzed. One of the in-
gredients, soybean meal, was highly contaminated by PCDDs. The congener 
pattern was quite unique. No environmental sample or technical product with 
similar characteristics was known at the time. As a result, natural formation of 
the PCDDs found in the soybean meal could not be ruled out [33]. 

In 1997, the US-EPA published results of a survey on dioxin-like compounds 
in US poultry animals. Two poultry samples had concentrations of 2,3,7, 8- 
TCDD toxic equivalents (TEQ) which were by more than one order of magni-
tude higher than found in all other groups [34]. The contamination was traced 
to a flowing agent, ball clay (fine-grained hydrated aluminium silicate with 
higher organic content than other clays), in the soybean component of the ani-
mal feed. The ball clay originated from a single mine in Mississippi and was a 
minor component (<1%) of not only the chicken feed but also of cow feed pellets 
and catfish nuggets. The latter use could explain also the first mentioned find-
ings in fish. The US Department of Agriculture estimated that 51% of the animal 
feeds contained the TCDD containing ball clay. One percent of the egg produc-
tion in the United States would equal approximately 1.7 million eggs per day. An 
earlier nationwide sampling of retail catfish by the U.S. Food and Drug Admin-
istration (FDA) revealed that at least 35% of all the U.S. farm-raised catfish con-
tained elevated TCDD, probably arising from ball clay. The FDA stopped further 
distribution of contaminated soybean meal by the two manufacturers in Arkan-
sas. Based on these reports and findings of elevated dioxin levels in chicken eggs 
and farm-raised catfish, the US Food and Drug Administration (FDA) termi-
nated the use of ball clay from this mine in Mississippi as an additive in animal 
feed [35]. However, for a long time the reason for this contamination remained 
unclear. 

2.4.2. Dioxins in Kaolinic Clay from a Region in Germany, in Sediments  
from Australia and Hypothesis of Natural Formation  

As response to the Belgian dioxin crisis, an intense monitoring program cover-
ing various kinds of food and feed matrices was performed in many European 
countries in May and June 1999. As a result of this, in June 1999, the Austrian 
authorities informed the EU Commission and Germany of findings of a high 
dioxin contamination in kaolinic clay samples (174 ng I-TEQ/kg) which were 
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traced back to Germany. The contaminated clay was produced by a mine in the 
Westerwald area. The pattern was unknown (rising concentrations from TCDD 
to OCDD, no PCDF detectable). 

As result of a comprehensive study at the instigation of the competent Ger-
man authorities, PCDDs at considerable levels (TEQ-values up to several hun-
dred ng/kg) were found in dominantly kaolinite-type natural clay minerals. 
Contrary to expectations, PCDFs were not detected at all. As a conclusion an 
anthropogenic influence was seen as highly unlikely, whereas most likely a “nat-
ural” formation was assumed [36]. 

Research in Australia’s north east detected high concentrations of PCDDs and 
in particular OCDD in coastal sediments. The results provided evidence that an 
unidentified source for higher chlorinated PCDDs exists along the Queensland 
coast [37] [38]. In addition, high OCDD concentrations were also found in 
blubber samples collected from dugongs (Dugong dugon) which were found 
stranded within Australia’s Great Barrier Reef Marine Park [39]. 

As conclusion of these findings of the same dioxin patterns in clays from the 
Mississippi and from an area in Germany as well as in sediments in Australia, it 
was assumed that this unique pattern of dioxins was formed by geothermal 
processes over time from organic material and chlorine. Later, novel evidence 
[40] was provided based on congener-specific carbon-isotope analysis of OCDD 
in ball clays from the USA and Japan. Elevated concentrations of OCDD were 
isotopically distinguished from the anthropogenic source materials (fly ash and 
pentachlorophenol) and environmental samples (sediment and soil). The iso-
topic signatures and the occurrence of OCDD in ancient ball clays deposited in 
the Tertiary Era provide evidence for the in situ formation of dioxins. 

2.4.3. Survey on Levels in Clays, Contamination of Feed and Change of  
Dioxin Pattern in Food of Animal Origin as Result of  
Bioaccumulation 

Kaolinic clays were used as a feed additive and according to EU regulations be-
longed to the functional group of binders, anticaking agents and coagulants. Up 
to 2% can be added to feed. As it became clear that contaminated clay had been 
sold to many other states, a lot of clay and feedstuff samples were analyzed. A 
possible transfer to food was also checked. Later, cosmetic products were in-
cluded.  

A wide range of dioxin levels was found in clay (e.g. levels between 64 and 479 
ng WHO-TEQ/kg in four clay samples from the Westerwald area), however, 
many non-contaminated clay samples were also found showing that not all clay 
samples on the market were contaminated. As result of a study on transfer to 
food, the use of contaminated mineral feed (31.8 ng WHO-TEQ/kg) did not re-
sult in significantly increased levels in milk or veal, whereas use of clay as anti-
caking agent in poultry resulted in levels up to about 60 pg WHO-TEQ/g fat in 
turkey. The difference was explained by low consumption rates of mineral feeds 
(contributing only to about 0.5% to 2% of the daily feed ration) in contrast to 
use as anticaking agent: In this case, if the possibly contaminated compound 
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feed was used only as a feedstuff for a long period, it would contribute up to 
100 % of the intake [41]. 

Figure 10 shows the PCDD/PCDF pattern of a compound feed contaminated 
by use of kaolinic clay from the Westerwald area (9.6 ng WHO-TEQ/kg feed). 
The pattern is exactly the same as for “pure” kaolinic clay (e.g. the sample with 
479 ng WHO-TEQ/kg): By far highest concentration of OCDD, followed by 
HpCDD with lowering levels to TCDD; no PCDF.  

Based on concentrations, the PCDD/PCDF pattern of meat of a turkey which 
was fed with this compound feed and contained high dioxin levels (63.6 pg 
WHO-TEQ/g lipid) looks different (Figure 11). 

The transfer rates have to be taken into consideration, as explained for the 
transfer of dioxins from citrus pulp to milk (see chapter 2.1.1). Again, if the dio-
xin patterns is expressed as relative contribution to WHO-TEQs, the patterns of 
the feeding stuff (containing contaminated clay) and the meat of the turkey is 
quite comparable with TCDD and PeCDD dominating by far (Figure 12 and 
Figure 13) (all illustrations of results of study published as ref. [41]). 

2.4.4. Detective Work at a New Incident in 2004 Contaminating  
Food and Feed 

During a monitoring project on milk in The Netherlands in August 2004, a 
pooled milk sample was found to contain three times higher levels of PCDD/Fs 
than the background. The sample was composed of milk from three different 
milk collection trucks. One sample was identified containing 5 pg TEQ/g fat. 
The three farms were visited and sampled, and again one milk sample showed 
elevated levels, then of 20 pg TEQ/g fat. The pattern resembled that of contami-
nated clay taking into account the carry-over rates for different congeners from  
 

 
Figure 10. PCDD/PCDF pattern of a compound feed with elevated dioxin levels (9.6 ng 
WHO-TEQ/kg) contaminated by use of kaolinic clay (pattern the same as in “pure” dio-
xin-contaminated kaolinic clay). Concentrations of PCDD/PCDF congeners in pg/kg. 
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Figure 11. PCDD/PCDF pattern in meat of a turkey which was fed with contaminated 
compound feed and contained high dioxin levels (63.6 pg WHO-TEQ/g lipid). Concen-
trations of PCDD/PCDF congeners in pg/g lipid. 
 

 
Figure 12. PCDD/PCDF pattern of a compound feed with elevated dioxin levels (9.6 ng 
WHO-TEQ/kg) contaminated by use of kaolinic clay, expressed as relative contribution 
to WHO-TEQ. 
 
feed to milk. 

Therefore, when the inspection service visited the farm, it was asked to look 
specifically for this material, however without success. All feed items were col-
lected and screened with CALUX, revealing that in particular, potato peels  
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Figure 13. PCDD/PCDF pattern in meat of a turkey which was fed with contaminated 
compound feed and contained high dioxin levels (63.6 pg WHO-TEQ/g lipid), expressed 
as relative contribution to WHO-TEQ. 
 
showed a clearly elevated response, high enough to account for the elevated milk 
levels. The potato peels were by-products from the wastewater treatment plant of 
a Dutch producer of French fries and other potato products. Levels amounted to 
44 ng TEQ/kg (88% dw). The farmer in question was one of the few to obtain 
this wet material that was fed to the cows at a ration of 20 kg/day ww or about 2 
kg/day dw. Initially it was unclear how the potato peels were contaminated but 
eventually it became evident that the company had recently changed its proce-
dure for sorting out low density potatoes. Initially a salt bath was used for this 
purpose but for environmental reasons the producer had switched to a bath with 
different types of clay, including kaolinic clay. Analysis of a number of clay sam-
ples revealed levels around 1 to 2 μg TEQ/kg with a pattern very similar to that 
in potato peels. The production process of the company was carefully analyzed 
in order to identify other products that could have been contaminated. Al-
though, hundreds of farms were blocked as a precaution, only three milk farms 
showed clearly elevated dioxin levels [42] [43]. 

Surprisingly, the kaolinitic clay which had contaminated the potatoes came 
from Germany [44] and was produced in the same area which was found already 
in 1999 to have very high dioxin levels. After the 1999 incident it was assumed 
that this material would no longer be used in the feed and food chain-however, 
this was true for use as feed additive, but use for technical purposes such as re-
placement of salt in a water bath for sorting out low density potatoes was not 
considered. This again shows the complex real world of food production. 
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2.4.5. Geophagy (Consumption of Clays) and Elevated Dioxin Levels in  
Humans  

The intentional consumption of soil and clay materials by animals and also by 
humans is called geophagy. It is reported to be very common among other parts 
of the world in Africa. In traditional medicine, pregnant women consume clay as 
a cure against morning sickness but possibly also as a source of minerals like 
iron. In Africa, clays for oral use are collected in rural mines, dry river beds, 
termite nests and walls of housing but they can also be purchased at local mar-
kets, traditional remedy shops or even upmarket retail shops. Migrants from 
Africa, Asia and Suriname have introduced the practice of geophagy to Western 
societies. These clay products can be purchased in ethnic shops. Data from the 
literature suggests that intake levels are typically between 30 and 80 g per day. 
Knowing the problems of a possible high contamination of clays with dioxins, an 
investigation of so-called “pregnancy clays” for the presence of dioxins was 
started in the Netherlands. Some of the samples were highly contaminated [45].  

For evaluation of possible consequences of consumption of such clays with 
high dioxin levels, congener patterns of PCDD/Fs in clay products were com-
pared to those in mother milk samples collected in different African countries 
within the World Health Organization (WHO) program on human milk: Since 
1987, WHO carried out global surveys on PCDDs, PCDFs and PCBsin human 
milk. After signing the Stockholm Convention on elimination of certain persis-
tent organic pollutants (POPs), these surveys were jointly coordinated by WHO 
and the United Nations Environment Programme (UNEP) as contribution to 
the effectiveness evaluation. Results of the three most recent surveys from 2000 
to 2012 allow the identification of global quantitative differences and provide 
baseline information for 69 countries. Individual human milk samples were col-
lected following a WHO-designed procedure and combined to form a represent-
ative national pooled sample. Large global and regional differences were ob-
served. Levels of PCDDs and PCDFs were highest in India and some European 
and African countries. In Africa, the widest variation in contamination was ob-
served. Ethiopia, Kenyaand Uganda had the lowest levels of PCDDs and PCDFs, 
while Egypt, Côte d’Ivoire and the Democratic Republic of the Congo had the 
highest levels in these surveys (Figure 14) [46] [47].  

Two different sources were discussed for the elevated levels in these African 
countries: In Egypt, the great majority of its over 80 million people lives near the 
banks of the Nile River, in an area of about 40,000 square kilometers, where the 
only arable land is found. On this relatively small area, industrial production 
sites and open burning of waste as possible emission sources and agricultural 
areas are close together. This might explain the findings of high levels of PCDD/ 
PCDFs. The furan-dominated pattern with particularly high contribution of 
PeCDF to the TEQ levels is an indicator for combustion processes as source for 
this contamination. 

A completely different source is discussed for the relatively high levels in Côte 
d’Ivoire and Democratic Republic of Congo: Figure 15 shows the pattern (as  
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Figure 14. Levels of PCDD/PCDF in human milk: results of the WHO/UNEP-coordinated exposure study over the 
period 2000-2012 with indication of African countries. 
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Figure 15. Comparison of the congener pattern in human milk from Côte d’Ivoire with 
the patterns observed in two Kaolinite and one Mabele clay samples (from ref. [49]). 
 
relative contribution to TEQ) for human milk from Côte d’Ivoire in comparison 
with three different clays (kaolinic clay causing the 2004 incident in The Nether-
lands, a clay collected from Côte d´Ivoire and a Mabele clay from Democratic 
Republic of Congo) [48] [49] (illustration from ref. [49]). The patterns match to 
a high degree: The PCDD-dominated pattern in human milk concurs with the 
pattern found in clays and is to be expected after bioaccumulation. As conclu-
sion, the relatively high levels and the similarity of the congener patterns to 
those from the clays strongly suggest that the use of clays during pregnancy con-
tributes to these high levels in the human milk. Regarding the susceptibility of 
the developing fetus and young child to dioxins the use of contaminated clays 
should be avoided. 

In one clay sold as dietary supplement for humans in Germany, CVUA Frei-
burg determined a level of 7130 pg WHO-PCDD/F-TEQ/kg product. For evalu-
ation of the toxicological risks with regard to human consumption, the Federal 
Institute for Risk Assessment (BfR) in Germany compared the intake resulting 
from 14.4 g per day (given by the producer as maximum recommended intake 
for this product) with the tolerable weekly dioxin intake (derived by the EU 
Scientific Committee on Food) and concluded that consumption of this clay 
alone would contribute to 86 % of the tolerable intake. With the additional dio-
xin intake via food, the tolerable intake would be exceeded. It was concluded 
that a short-term intake would not cause a health concern; however, with regard 
to possible consequences of long-term consumption, dioxin-contaminated clay 
should not be used as dietary supplement [48].  

2.5. From Bioanalytical Screening to GC/MS Identification of the  
Source: Brominated Flame Retardants and Brominated  
Dioxins in Choline Chloride 

This example of a forensic examination shows the complex work from first 
findings of elevated dioxin levels in bioanalytical screening via comprehensive 
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physicochemical investigations to the identification of brominated contaminants 
[50] [51]. So far, it is the only known case where brominated dioxins could be 
identified as reason for elevated TEQ levels and brominated flame retardants as 
source of the contamination. 

In 2008, tests of samples of the feed additive choline chloride were performed 
by RIKILT in the Netherlands showing an elevated response in the DR CALUX 
assay. Comparison with the response of spiked feed samples indicated initially 
levels of 5 - 6 ng TEQ/kg. Finally, 26 samples were analyzed in 2008 of which 10 
showed a response indicating a level higher than 1 ng bioanalytical equivalents 
(BEQ)/kg. The highest observed level was 11 ng BEQ/kg. However, GC/MS 
analysis could not confirm the presence of PCDD/PCDFs or dioxin-like PCBs. 

RIKILT selected two samples with indicative BEQ levels of 1.2 and 4.9 ng 
BEQ/kg respectively for further examination by GCxGC-TOFMS. As are sult, 
brominated flame retardants (BFRs) were identified: Levels of up to 150 ng/kg 
were found for a number of poly brominated diphenylethers (PBDEs) and up to 
3600 ng/kg for 2,4,6-tribromophenol. 

Furthermore, an unknown peak was observed with a molecular mass of 868. 
The fragmentation indicated the presence of eight bromines. Searching on the 
internet indicated that this compound could be a new brominated flame retar-
dant, named FR-1808 or Octabromo-1,3,3-trimethylphenyl-1-indan (OBIND) 
(Figure 16). A standard was ordered and the identity of the compound was con-
firmed. Estimated levels of two samples were 140 and 700 ng/kg respectively. 
OBIND was tested in the CALUX assay, but showed no response. 

The levels of the BFRs were in line with the differences in response of the two 
samples in the CALUX-assay, but these compounds could not explain the ele-
vated BEQ response. Therefore, subsequent research focused on the possible 
presence of brominated dioxins in the two samples. This was performed at the 
EU Reference Laboratory for Dioxins and PCBs in Feed and Food. Several tetra- 
and pent a brominated dioxins and furans could be detected, with 2,3,7,8-TBDF 
being the most important congener. These data confirm that brominated dioxins 
could at least be partly responsible for the observed response in the bioassay. 
When applying the same TEFs as for the chlorinated dioxins, levels amounted to  

 

 
Figure 16. Structure of octabromo-1,3,3-trimethy- 
lphenyl-1-indan (OBIND). 
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51 and 513 pg TEQ/kg respectively. This is lower than the estimated levels from 
the bioassay response. However, the response of the different congeners may be 
different to the TEF values and furthermore, not all congeners were analyzed.  

This case shows that the follow-up of well validated “false-positive” samples in 
the CALUX bioassay by comprehensive analyses (in particular with GC- 
TOFMS) may actually result in the detection of novel emerging risks, in this case 
the presence of brominated flame retardants and brominated dioxins in a widely 
used feed additive. This included a novel BFR, OBIND, that was not detected in 
feed or food before. 

It must be stressed that the bioanalytical screening result has to be well vali-
dated, so as not to promote any unconfirmed (by confirmatory HRMS) elevated 
result as arising from a novel contaminant. There are a number of factors which 
can cause apparently elevated results in screening methods. These factors were 
carefully controlled by RIKILT before the conclusion was drawn to check for 
brominated contaminants.  

Although the levels observed in this case may not directly present a risk for 
the animals and the consumers, it was evident that during the production or 
handling of this material it became contaminated with industrial chemicals 
whose introduction in the food chain was highly undesirable. 

2.6. Buffalo Milk Contamination in Italy (“Mozzarella Incident”) 

A significant part of the mozzarella samples of the Campania Region (Italy) col-
lected during a monitoring program performed in 2007/2008 proved to be non- 
compliant with EU regulation for dioxins and dioxin-like PCBs. This semi-soft 
cheese with a protected origin designation from the European Union was made 
of buffalo milk. Reportedly 33,000 tons were produced annually, of which most 
is consumed in Italy, but parts exported, mostly to European countries but also 
to Japan, Korea and Russia. The production of the contaminated mozzarella was 
confined to a limited area of the region. Accusations were made that illegal de-
position of toxic waste caused the problems. The contemporaneous crisis of the 
household waste disposal in Naples and its worldwide broadcast and impact on 
public opinion put the mozzarella cheese under a possible “dioxin” concern. 

This case should not illustrate the detective work to identify the source but the 
risk management approach-the development of a strategy to perform a compre-
hensive monitoring programme in short time: In order to warrant the safety of 
the food products (in particular mozzarella), the European Commission asked 
the Italian government to adopt an extraordinary monitoring plan, to be applied 
to the entire region. Results were required to be provided within one month, as a 
preventive measure to limit a further export ban on the product, as already im-
posed by South Korea and Japan. With emergency assistance from the EU Ref-
erence Laboratory, a list was provided to Italy comprising laboratories which 
could offer several hundred analyses per week either as confirmatory methods or 
as screening methods.  

On this basis, the required comprehensive control program could be per-



R. Malisch 
 

770 

formed in Italy. With regard to unanswered questions related to the source of 
contamination, the Italian authorities chose a strategy to analyze for dioxins and 
for dioxin-like PCBs separately and to take the EU-action limits (2 pg WHO- 
PCDD/F-TEQ/g fat and 2 pg WHO-PCB-TEQ/g fat) as reference point to decide 
on acceptability of the samples. The Commission accepted this approach. 

As a significant number of samples was expected to exceed the action levels, 
Italy decided not to use screening methods but to have the samples analyzed by 
confirmatory methods: Italy chose these services in order to avoid delays by con-
firmation of samples which otherwise could have been pre-analyzed with bioas-
say screening methods which would have required confirmation by HRMS after 
screening positive. This requires additional organization (shipment of an addi-
tional aliquot to the confirmatory laboratory), time (for confirmation) and costs. 
Therefore, only laboratories performing confirmatory methods and offering a 
high sample throughput within one week were selected [52]. 460 samples of buf-
falo milk collected in the province of Caserta (Italy) had dioxin levels between 
0.17 and 87 pg WHO-PCDD/PCDF-TEQ/g lipid with a median value of 2.25 pg 
WHO-PCDD/PCDF-TEQ/g lipid [53]. 

2.7. PCBs and Dioxins in Pork in Ireland 
2.7.1. From Initial Findings to Identification of the Source 
During routine monitoring by the Irish authorities of the food chain for a range 
of contaminants, in November 2008 elevated levels of polychlorinated biphenyls 
(PCBs) were found in a pork fat sample. In order to identify the source of the 
contamination, further porcine fat tissue samples and also animal feed ingre-
dients (pot ale syrup, soya oil, soya meal, soyahulls, feed minerals, barley, dried 
breadcrumbs and wheat) from the identified pig farm were analyzed. Simulta-
neously, as the elevated PCB levels were seen as an indicator for an unacceptable 
dioxin contamination, further investigations were started to determine the dio-
xin content. 

Elevated levels of six marker PCBs were confirmed in the porcine fat samples 
and found in dried breadcrumb. All other feed components did not contain de-
tectable levels of PCBs. The contaminated bread crumbs were produced by a 
feed recycling plant, and a full investigation into the manufacture and distribu-
tion of this feed was undertaken. The plant produced feed via the recycling of 
waste bread and waste dough delivered on-site from various bread factories. The 
process was based on a convection drying system, in which combustion gas was 
used as the drying medium, there by coming in direct contact with the material 
to be dried. 

Examination of the production process revealed that the fuel oil used to pro-
duce the drying gas was the cause of the contamination. Analysis of individual 
samples of ingoing raw feed material sampled prior to the drying process con-
firmed this conclusion, as none of these samples was found to be contaminated. 
It was therefore concluded that contamination must have taken place during the 
drying process and was due to airborne deposition and consequent adsorption of 
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contaminants contained in the exhaust gas onto the surface of the feed material. 
Subsequent analysis of the fuel oil confirmed a very high contamination level of 
PCBs, the congener pattern of which indicated a commercial PCB mixture to be 
the likely source of the contamination [54] [55]. 

At the same time, private food-quality systems detected this dioxin incident: A 
French meat processor detected the contamination of pork with high levels of 
dioxins (433 pg WHO-PCDD/PCDF-TEQ/g fat). The tested product was re-
ceived from a meat-production company in the Netherlands which got supplies 
from several countries. The detective work for tracing and tracking of the source 
and the performance of a comprehensive private surveillance program is de-
scribed in detail [56]. First positive test results from samples from the Republic 
of Ireland were received in early December. The private programme was stopped 
following the positive results from Irish origin and the announcement of a full 
recall of pork produced in Ireland by the competent Irish authorities.  

2.7.2. Source of the Contamination and Congener Patterns 
Fuel oil samples were initially analyzed for indicator PCBs by the Irish Pesticide 
Control Service Laboratory. Further samples were taken by the Irish Environ-
mental Protection Agency (EPA) and sent for full dioxin analysis as part of their 
investigation into potentially illegal disposal of PCBs. The samples were found to 
contain elevated levels of PCBs (approximately 380 mg/kg for the sum of the in-
dicator PCBs plus dioxin-like PCBs) of the Aroclor 1260-type. The total dioxin 
and furan composition of the oils was in the range of 800 ng I-TEQ/kg. As a re-
sult, the fuel was not fit for the purpose [57].  

The fuel oil was recycled oil which was supplied from Northern Ireland. 
Whilst the fuel used was understood to have been waste oil, it is not suggested 
that the feed operator knowingly purchased the fuel as waste oil. No further 
comment could be made by the Irish EPA as to the origin of the source of the 
fuel or the circumstances under which the fuel was supplied and the origin of the 
PCB/dioxin contamination as this was subject to a criminal investigation [see 
[57]].  

The PCB patterns of the fuel oil, the contaminated dried crumbs and three 
contaminated meat samples are very similar (Figure 17 from ref. 56; for com-
parison also fat from an incident at a gelatin plant in Belgium is included.). 

In terms of contribution to the TEQ level in contaminated pig meat and fat, 
2,3,4,7,8-PeCDF was by far the most important congener (about 85% - 90%). 
The samples contained also elevated dl-PCBs, contributing about 3% - 5% to the 
total TEQ levels. The patterns of three meat samples and bread crumbs for 
PCDD/PCDF and dl-PCB are shown in Figure 18 (from ref. [56]; again with fat 
from the incident in a gelatin plant in Belgium). In the meat samples, the ratio 
between the sum of the seven indicator PCBs and the dioxin TEQ varied be-
tween 2000 and 4000, being much lower than the ratio of 50,000 observed during 
the Belgian dioxin and PCB incident, whereas in bread crumbs the ratio was on-
ly 166. In the oil, the relative amount of PCDD/PCDFs was much lower than in 
the bread crumbs (ratio indicator PCBs: TEQ > 14,000) indicating that most of  
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Figure 17. Patterns of indicator PCBs in three meat samples, the bread crumbs and a sample of oil used for the 
drying process (from ref. [56]). 

 

 
Figure 18. Patterns of PCDD/PCDF and dioxin-like PCBs in three meat samples and bread crumbs (from ref. 
[56]). 
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the dioxins may have been formed during the burning of the oil resulting in 
transformation of the PCBs in the oil [56].  

2.7.3. Risk Assessment 
On 8 December 2008, the European Commission requested urgent scientific ad-
vice from the European Food Safety Authority (EFSA) on the risks to public 
health due to the contamination by dioxins in pork from Ireland. As basis for the 
evaluation, levels of dioxins and dioxin-like PCBs of up to 200 pg WHO-TEQ/g 
fat as reported until the time of request were used. EFSA calculated several ex-
posure scenarios for both average and high consumers assuming three different 
dioxin concentrations in the pork (50, 100, 200 pg WHO-TEQ/g fat), and three 
different proportions of contaminated meat (100%, 10% and 1%). 

On 10 December 2008, the statement of EFSA was published. In very extreme 
cases, assuming a daily consumption of 100% contaminated Irish pork, for a 
high consumer of pork fat during the respective period of the incidence (90 
days), at the highest recorded concentration of dioxins (200 pg WHO-TEQ/g 
fat), a considerable erosion of the uncertainty factor embedded in the tolerable 
weekly intake (TWI) was concluded. Given that the TWI has a 10-fold built-in 
uncertainty factor, this unlikely scenario would reduce protection, but not nec-
essarily lead to adverse health effects. 

In a more likely scenario with a daily consumption of 10% contaminated Irish 
pork for a mean consumer of highest contaminated pork fat (200 pg WHO- 
TEQ/g fat) for the period of the incidence (90 days), the body burden would in-
crease by approximately 10%. EFSA considered this increase in body burden of 
no concern for this single event [58]. 

Based on reports that at least 10 pig farms were affected representing 8% of 
the total pig production in Ireland [see [54]], the assumption that 10% of the 
pork was contaminated seems realistic. However, the levels of up to 200 pg 
TEQ/g lipid were a clear underestimation with regard to a level of 433 pg TEQ/g 
found by self-control of meat producers [see [56]]. 

The highest levels were found in samples from Poland: The Polish National 
Reference Laboratory (NRL) found extremely high levels of dioxins in bacon and 
pork liver originating from Ireland and asked the EU Reference Laboratory for 
urgent confirmation. A level of 466 pg WHO-PCDD/PCDF-TEQ/g lipid was 
confirmed in pig meat and of 16,400 pg WHO-PCDD/PCDF-TEQ/g lipid in 
pork liver [59]. 

The potential effect of a peak exposure resulting from the consumption of a 
highly contaminated food product was not covered in the EFSA assessment. 
Considerations of a peak exposure in comparison to the equilibrium between 
adipose tissue and blood led to the conclusion that these concentrations of dio-
xins may cause an increased level in the blood and as a result, the temporarily 
increased exposure of sensitive tissues. This may be particularly relevant for in 
utero exposure for an unborn fetus. A re-evaluation was required to evaluate the 
risk of incidental high exposure. At that stage it seemed wise to declare that in 
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the future such high levels are a clear food safety risk and to avoid such high ex-
posures by adequate control of feed and food [56]. 

Exposure estimates derived for both dioxins and PCBs showed that the body 
burden of the general population remained largely unaffected by the contamina-
tion incident and only approximately 10% were exposed to elevated levels of 
dioxins and PCBs. Whilst this proportion of the population experienced quite a 
significant additional load to the existing body burden, the estimated exposure 
values do not suggest that these would be associated with adverse health effects, 
based on current knowledge [60]. 

2.7.4. Risk Management and Economic Consequences 
The PCB contamination of meat was discovered in November 2008, followed by 
the detection of PCBs in bread crumb used as feed material as source of the in-
cident. As an immediate precautionary measure, all farms known to have re-
ceived feed from this mill were put under restriction [54].  

Laboratory results confirming the presence of dioxins in pork fat of toxico-
logical concern were received by the competent Irish authorities on 6 December 
2008. Ten major pig farms and 38 cattle farms in Ireland and some farms in 
Northern Ireland were affected by the contamination incident. Pigs from these 
10 farms, accounting for approximately 8% of the national pig output, were sent 
to one of ten pork processing plants, which collectively account for approx-
imately 98% of the entire national pork product output, amounting to 150,000 
tons of pork products per year. Due to the nature of pork processing, with pigs 
being slaughtered and processed on a weekly and in some cases daily basis from 
the same producers, and a considerable amount going into comminuted prod-
ucts, it was impossible to trace back final consumer products to the original pig 
suppliers, especially produce manufactured months before. Therefore, as a pre-
cautionary measure, the Irish authorities decided on Saturday 6 December to 
require a total recall of all Irish pork and pork products produced from pigs 
slaughtered in Ireland between 1September and 6 December 2008 from the 
market-the biggest food recall to date in Ireland [61] [62].  

Based on the conclusions of the EFSA statement, the EC issued guidelines, on 
10 December 2008 for the management of the Irish contamination incident to 
ensure that potentially highly contaminated products were quickly removed 
from the market for the protection of public health. These guidelines aimed also 
at ensuring a harmonized enforcement approach at EU level [63]. 

Internationally, a total of 22 countries were identified to have received impli-
cated Irish pork and were shown to further distribute or even deliver back to 
Ireland produce originating in Ireland [62]. Figure 19 illustrates the extent of 
this food crisis and the difficulties of a total recall of all Irish pork [64]: 

The complexity of the international trade in Irish pork is illustrated with the 
import of Germany (Figure 20) and the export from Germany (Figure 21) (both 
figures from ref. [64]). 

As beef products were implicated to a much lesser extent, no consumer recall  
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Figure 19. World-wide distribution of Irish pork (from ref. [64]). 
 

 
Figure 20. Import of pork from Ireland to Germany (from ref. [64]). 
 
was necessary. Processing of cattle occurs less frequently and products are gen-
erally traded in cuts, hence beef products are fully traceable and all carcasses and 
cuts from implicated farms were withdrawn from the market [62]. 

30,000 tonnes of returned pork products were destroyed, as well as 170,000 
pigs and 5700 cattle [57]. The Irish Government provided €182,000,000 as an  
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Figure 21. Export of Irish pork from Germany to other countries (from ref. [64]). 
 
industry support measure, however, the total economic burden of the crisis was 
yet unknown in 2009. As direct economic consequences, pig farmers were facing 
financial ruin, 1800 pig processors were laid off as a result of the pork recall and 
another 10,000 indirect jobs were at threat. Many companies in Ireland lost their 
status as sole suppliers of pork to overseas markets and Ireland’s reputation as 
“clean” food supplier came under threat [62]. With regard to the huge economic 
consequences, this was seen as largest dioxin incident in Europe since the Bel-
gian dioxin crisis in 1998.  

2.8. German Dioxin Incident-Contamination of Fatty Acids  
Produced by a Biodiesel Company 

This incident was discovered shortly before Christmas 2010 and caused intense 
investigations over the period Christmas-New Year [65] [66] [67]: On 23 De-
cember 2010, the competent authorities of the German Federal State Lower 
Saxony were informed of elevated dioxin findings as a result of self-control ana-
lyses of a producer of feed for laying hens. Following communication between 
the Federal States, on 25 December 2010 North-Rhine Westphalia blocked the 
delivery of eggs from two farms which had received the contaminated feed. On 
27 December 2010, the German authorities informed the European Commis-
sion’s Rapid Alert System for Food and Feed (RASFF) that one feed fat produc-
ing company received a batch of fatty acids, which was meant to be used for 
technical purposes, had however got mixed with fat for the production of feed. 
These fatty acids were contaminated with dioxins. 

The batch of fatty acids for technical purposes originated from a biodiesel 
company in Germany. In Germany, about 150,000 t waste edible fat are collected 
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and used for production of biodiesel. After filtration of the mixed fat through 
saw dust, triglycerides and free fatty acids are separated by distillation (250˚C, 4 
mbar). Triglycerides are used for production of biodiesel, whereas the separated 
fatty acids can be used for several technical purposes. The economic incentive to 
use fatty acids produced for technical purposes as fatty acids for production of 
feed is the difference between costs of about 500 € for technical fatty acids and 
about 1000 € for fatty acids suitable for feed production. Thus, a “re-declaration” 
of 20 t fatty acids in a road tanker allows a profit of 10,000 € [see [67]]. 

Several other batches of fatty acids delivered to the feed fat producer in the 
second half of November 2010 were found to be contaminated, as well. Thus, the 
feed fat producer obviously had used fatty acids which were intended for the 
production of biodiesel from waste edible fat. Four retained samples of the pe-
riod mid until end November had very high dioxin levels between 123 and 150 
ng TEQ/kg. By way of precaution, all feed fat produced at the feed fat company 
from 12 November 2010 onwards was considered to be potentially contami-
nated. The potentially contaminated feed fat (2256 t) was delivered to 25 com-
pound feed manufacturers in Germany. Assuming 1% - 3% fat mixed into feed, 
about 70.000 - 220.000 t feed might have been contaminated. There were no de-
liveries of potentially contaminated feed fat outside Germany. 

Compound feed produced with the potentially contaminated feed fat was de-
livered to laying hen, fattening poultry (broilers and turkey), pig, dairy cattle, 
bovine, rabbit and goose farms, nearly exclusively in Germany. Farms having 
received potentially contaminated feed were blocked by way of strict precaution 
pending the outcome of dioxin analysis. There were initially 4760 potentially af-
fected farms in Germany causing a major crisis and a temporary ban of eggs, 
meat from poultry or pig meat from Germany in several countries. 

Of 230 samples from eggs from blocked farms analyzed, 195 samples were 
compliant with EU legislation. The highest level found in eggs produced with 
contaminated feed was 12 pg WHO–PCDD/F–TEQ/g fat (EUmaximum level: 
3.0 pg/g fat) and in poultry meat (meat of laying hens) 4.99 pg WHO-PCDD/ 
F-TEQ/g fat (EU maximum level: 2.0 pg/gfat). An overview of the available ana-
lytical results on food of animal origin from blocked farms (situation 23/02/ 
2011) showed that 672 of 687 meat and milk samples did not exceed the maxi-
mum level [66]. 

The dioxin pattern was dominated by PCDD, with HexaCDD, HeptaCDD and 
OCDD being the predominant homologues (Figure 22, from ref. [68]). The 
main TEQ contribution came from 1,2,3,6,7,8-HexaCDD (ca. 50%), 1,2,3,7,8,9- 
HexaCDD (ca. 22%), HeptaCDD (ca. 15%) and 1,2,3,78,-PentaCDD (ca. 11%). 
The HeptaCDF pattern with 1,2,3,4,6,8,9-HeptaCDF and 1,2,3,4,6,7,8-HeptaCDF 
was seen as fingerprint for PCP (and other highly chlorinated chlorophenol 
mixtures). The condensation of 2,3,4,6-TetraCP and PCP was discussed as an 
explanation for the observed pattern; lower chlorinated phenols were not signif-
icantly involved. Sources could have been 1) application of chlorophenols and 
pesticides, 2) production of biodiesel crops on PCDD/PCDF-contaminated sites,  



R. Malisch 
 

778 

 
Figure 22. Homologue pattern in the contaminated fatty acid from biodiesel in compar-
ison to the homologue pattern of the chicken edema case (US, 1950/60) (from ref. [68]). 
 
3) PCDD/PCDF present in other additives. Furthermore, the modification of the 
pattern during the biodiesel production process was considered [68]. 

The characteristic pattern of four PCDD congeners was unknown, but were 
helpful for the detective work: It ran like a common thread from the fatty acids 
via the produced feed to the eggs and meat samples. The remaining question was 
how exactly the fatty acids were contaminated. Two hypotheses were discussed: 
the discharge of chlorophenol waste into waste edible fat or the filtration of 
waste edible fat using saw dust originating from waste wood treated with chlo-
rophenols. A final answer could not be found, as there were no retain samples of 
the fatty acids intended for technical use [67]. The retention periods of samples 
for technical purposes are much shorter than for food or feed production 
putting an end to the detective work ends with the lack of availability of appro-
priate samples for further follow-up. 

3. EU Strategy-Maximum Levels and Action Levels for  
Feed and Food 

In 2001, the European Community developed a strategy for dioxins, furans and 
PCBs for a better protection of human health and of the environment from the 
effects of dioxins and PCBs [69]. The integrated and systematic approach is 
based on two pillars: 1) reduction of the presence of dioxins and PCBs in the en-
vironment; 2) reduction of the presence of dioxins and PCBs in feed and food. 
These legislative measures comprise the establishment of maximum levels at a 
strict but feasible level in food and feed and the establishment of action levels 
acting as a tool for “early warning” of higher than desirable levels of dioxins in 
food or feed.  

Comprehensive background information on the EU strategy for PCDD/F and 
PCB and legislative measures concerning feed and food is summarized in ref. 
[2]. As legal basis, Commission Regulation (EC) No 1881/2006 determines that 
foods shall not be placed on the market when they contain a contaminant at a 
concentration exceeding the maximum level. Maximum levels are based on 
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WHO-PCDD/F-TEQ, WHO-PCDD/PCB-TEQ and the sum of 6 indicator PCBs 
(Sum of PCB 28, PCB 52, PCB 101, PCB 138, PCB 153 and PCB 180). Consoli-
dated versions can be downloaded from “EUR-Lex-access to European law” 
(http://eur-lex.europa.eu) and include all amendments, at present as version of 
01.04.2016 [70]. Action levels are set separately for WHO-PCDD/F-TEQ and 
WHO-PCB-TEQ by Commission Recommendation 2013/711/EU [71], amended 
by Commission Recommendation2014/663/EU [72]. 

Also the recent regulations for feed set maximum levels for WHO-PCDD/ 
F-TEQ, WHO-PCDD/PCB-TEQ and the sum of 6 indicator PCBs. As legal basis, 
Directive 2002/32/EC of the European Parliament and of the Council provides 
that any use of products intended for animal feed which contain concentrations 
of undesirable substances exceeding the maximum levels is prohibited. At 
present, the consolidated version including amendments of 2015 is available 
[73]. It includes action thresholds triggering investigations in cases of increased 
levels of such substances. Maximum and action levels for feed are now listed in 
the amendments Commission Regulation [EU] No 277/2012 [74] and Commis-
sion Regulation [EU] No. 744/2012 [75] which are listed also in the above men-
tioned consolidated version [ref. [73]]. 

4. Conclusion 

Food is the most important source of human exposure to PCDD/PCDF and 
PCBs. Animal feed contributes significantly to the contamination of food of 
animal origin. With regard to the huge volumes of feed and food traded on the 
global market, it is important to continuously control these products for possible 
dioxin contamination. Only by analyses of high numbers of samples can the shift 
in trends be detected early enough to prevent widespread contamination. The 
cost of these analyses is generally small in comparison to the economic costs of a 
full-blown contamination incident. Seasonal trends require repeated analysis 
through the year. Several examples show that small companies can cause severe 
economic consequences if a high contamination in feed is detected quite late in 
processed food of animal origin on the market. Regulations and monitoring 
programs were developed and are important to reduce risks and exposure. The 
detective work to identify sources is a complex process. 
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