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ABSTRACT  
 
 A total of 150 samples (120 eggs , 17 plant origin feed, 9 Animal By-product and 3 feed Additives 
samples) were collected from different 36 farms in Egypt and analyzed for polychlorodibenzo-p-dioxins 
(PCDDs) and polychloro-dibenzo-furans (PCDFs) allowing more detailed discussions of different aspects of the 
relative importance of these individual congeners. The total PCDD/Fs WHO-TEQ levels in Eggs and feed were 
determining by High Resolution Gas Chromatography - High Resolution Mass Spectrometer (HRGC-HRMS) 
ranged from 0.33:4.51 pg WHO-TEQ/g lipid weights in Eggs. The results of this study showed that the 
contribution of ∑ PCDDs is 31% and ∑ PCDFs is 69% in egg out of ∑PCDD/Fs. This study showed that the 
PCDD/Fs levels in eggs were almost below the Egyptian permissible limits for PCDD/Fs (3pg WHO-TEQ/g 
fat). The consumption of Egyptian people for eggs attained According to GEMS/Food World Health 
Organization (WHO) consumption rate of egg for the Middle Eastern people =14g/per/day which showed that 
the Estimated Daily Intake (EDI) of ∑PCDD/Fs of the Egyptian consumer is 0.38 (pg WHO-TEQ/kg b.w/day) 
lower than the WHO acceptable daily intake which is 1-4 pg WHO-TEQ/ kg b.w/day.    
 
Key words: Egypt, PCDD/Fs, Eggs, Feed, HRGC-HRMS. 

 
Introduction 
 

Food safety is a major concern involving strong links between science and policy. Dioxin-like 
compounds, which included polychlorodibenzo-p-dioxins 7 congeners (PCDDs) and polychloro-dibenzo-furans 
10 congeners (PCDFs) according to World Health Organization, are probably the most unwanted chemicals 
lying in the food chain, owing to their high toxic potential and the successive crises that occurred in the recent 
years. Residue formation of dioxins and dibenzofurans has attracted a lot of attention in recent years and 
consequently a number of reviews especially on residues in egg have been published (Overmeirea, et al., 2009). 
About 90–98% of the average exposure of humans to dioxins results from dietary intake, with food of animal 
origin being the predominant source. Eggs contribute for about 4% to the daily dioxin intake of humans. Total 
Egyptian production from table egg is 8 billion per year which is 100 egg/year for each Egyptian human where 
china is the highest total production 132 billion table egg per year followed by U.S.A total production 102.5 
billion table egg per year. European egg consumption amounts to 240 eggs per person per year, with strong 
variations among countries, and a rise in the share of egg products in global consumption and finally the 
conclusions of World Trade Organization (WTO) negotiations. (Magdelaine, 2011) This information focus on 
some cases like feed additives were the most frequent entry point of contaminants at the origin of incidents. In 
1996 in the United State, (PCDD/Fs)-contaminated ball clay was blend to catfish, cow and chicken feed 
(Ferrario and Byrne, 2002). Approximately at the same time in Europe, (PCDD/Fs) levels in dairy products have 
been increased by addition of contaminated citrus pulp in cow feed (Malisch and Kotz, 2014). In January 1999, 
50 kg polychlorinated biphenyls (PCBs) contaminated with 1 g dioxins were accidentally added to a stock of 
recycled fat used for the production of 500 tonnes animal feed in Belgium. Although signs of poultry poisoning 
were noticed by February 1999, the extent of the contamination was publicly announced only in May 1999, 
when it appeared that more than 2500 poultry and pig farms could have been involved. This has resulted in a 
major food crisis, known worldwide as the “Belgian PCB/dioxin crisis” (Covaci, et al., 2008). Sources of 
dioxins include feed, worms, insects, grass, herbs and soil (Kijlstra, 2004). Moreover a well-understood 
(PCDD/Fs) transfer from feedstuff to animals and therefore to food would be a considerable help for rational 
norm establishing. (PCDD/Fs) are one of the major threats to the food chain due to low exposure limits, 
resulting low food (EC, 1881/2006) and feed (EC, 13/2006) limits, and many different and often unexpected 
sources (Malisch and Kotz, 2014). For legislative, risk assessment and risk management purposes, it is essential 
to obtain information to clarify the relation between feed and food levels. In the chickens this resulted in a 
dramatic decrease of the hatching of the eggs, and symptoms similar to check edema disease (Gilbertson, et al., 
1994). Based on the latter effect, and after ruling out possible other causes like deficiencies, the feed producer 
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decided to investigate the possible contamination of the animal feed with PCDD/Fs. However, animals with 
high contaminant levels and feed produced with contaminated rendered fat were still present at farms, as well as 
products produced from contaminated eggs and meat according to the study conducted (Hoogenboom, et al., 
2012). Dioxins form a group of very toxic compounds and may cause serious health problems when humans are 
exposed to them. Human exposure can occur through the diet, thus also through the consumption of eggs. 
Research among layer farms in the Netherlands has shown that organic eggs contain more dioxin than 
conventional eggs (De Vries, 2002). The same holds for organic layer farms in other European countries. In a 
recent study it was shown that 25% of the 34 organic poultry farms investigated in the Netherlands produced 
eggs with a dioxin content that exceeded the European Union (EU) standard. Mainly small farms (less than 1500 
laying hens) exceeded this standard. These farms accounted for 14% of the Dutch organic egg production 
(Brandsma et al., 2004). Feed diets with five different levels of dioxins up to 2.04 ng TEQ/kg to laying hens for 
8 weeks. Carry-over percentages from feed to egg ranged from 5 to 48% with a tendency to lower carry-over for 
the highly chlorinated congeners. Addition of three different mineral type binders to the feed at 5 g/kg did not 
influence the observed carry-over. (Waegeneers, et al., 2009). In order to reduce human exposure to dioxins, the 
European Union has decided that as of 1 January 2005 eggs may not contain more than 3 picograms (pg) Toxic 
Equivalents (TEQ) per gram of egg fat (Anonymous, 2004a). From this date onwards, layer farms that exceed 
this standard have to take measures to reduce the dioxin content of their eggs. The aim of the present study is to 
add a contribution to the knowledge on transfer of PCDD/Fs from feed to chicken in investigating absorption 
and excretion through eggs and advantage and disadvantage of adding animal byproduct feed to the dietary 
intake of the chicken. This study collect about a total of 150 samples (120 eggs, 17 plant origin feed, 9 Animal 
By-product and 3 feed Additives samples) from different 36 farm from 4 different Egyptian governorate around 
Egypt and analyzed in accredited lab in Egypt. Which is Central Laboratory of Residue Analysis of Pesticides 
and Heavy Metal in food, Agriculture Research Center. 

 

Materials and Methods 
 
Chemicals and Reagents  
 

N-hexane, dichloromethane, cylco-hexane, methanol and toluene were from Merck, HPLC grade purity 
not less than 99%, Silica gel and basic Alumina were purchased from Aldrich (Brockmann I, Standard grade, 
Milwaukee, USA). Calibration standard solutions, 13C labeled standard and 13C injection solutions as specify in 
EPA Method 1613B and obtained from Cambridge Isotopes Laboratories (Andover, USA).   
 
Sampling  
 

The procedures of sampling were following the European commission regulation (EC) No 1883/2006 
samples were collected from 36 Egyptian Farms from Sharka  8, Beharia 10, Qualibia 10 and Monifia 8 farms 
during 2010-2014. 120 egg, 17 plant origin feed, 9 Animal By-product and 3 feed Additives samples from 
different farms around Egypt where there are 2199 egg farms in Egypt and only 8 farms allowed us for feed 
sampling from the 36 farms.  
 
Sample processing 
 
Extraction 
 

N-hexane/ dichloromethane (1:1) were used for extraction for at least 18-24 h, an aliquot of freeze 
dried sample (equivalent to 20g wet samples) were spiked with known amounts of mixture of 13C labeled 
PCDD/Fs, are extracted using Soxhlet after mixing the homogenized sample with anhydrous sodium sulfate, the 
extraction solvent was evaporated using a rotary evaporator to dryness, Lipid content then determined.  

 
Clean-up 
 

Steps were conducted according to EPA Method (U.S EPA 1613(B), 1994), using Anthropogenic, 
Multilayer silica gel, Alumina and active Carbon column. 
 
 
HRGC/HRMS Instrument  
 

Analyses were conducted using HP 6890 plus gas chromatograph coupled with Micromass/Autospec 
Ultima mass spectrometer operating in EI+ mode at 35 eV and with a resolution of 10.000 (5%valley). Sample 
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injections were performed in the splitless mode on DB5 MS column (60m, 0.25 mm id, 0.1µm film thickness). 
The oven program was started from 90ºC then takes 15min. to reach 220ºC then held for 15 min, then from 220 
to290 °C in 8min then held for 17min. Helium (Ultra high purity) at a flow rate 0.8 ml/min. was used as a 
carrier gas. Injector temperature was 225 °C; 1µl of the sample was injected using splitless mode. 
 
Quantitative determination 
 

PCDD/Fs were performed by an isotope dilution method using relative response factors previously 
obtained from five standard solutions. The TEQ concentrations were calculated guided to World health 
Organization-toxic equivalent factor (WHO-TEFs, 1998), the result values are presented in pg WHO-TEQ/g 
lipid weight (lw) for egg and pg WHO-TEQ/g fresh weight (fw) for Feed Multiplied by the associated WHO-
TEF (Van den Berg et al., 1998). It was assumed that non-detected isomer concentrations were equal to the 
limits of determination. As recommended by the European Regulation (Council Regulation EC No. 1881/2006), 
Detection and quantification limits, as well as recoveries, for all PCDD/Fs congeners were in good agreement 
with requirements laying down the sampling methods and the methods of the analysis for the official control of 
PCDD/Fs. For each run the samples were prepared including a method blank and quality control samples are 
performed. All steps of Analysis were conducted according to (U.S EPA 1613(B), 1994). The goal of the 
publication is to provide the difference between animal byproduct and plant origin data for layers and then egg 
for human consumption. 
 

Results and Discussion 
 
PCDD/Fs (pg WHO-TEQ/g) levels in eggs. 
 

The mean levels measured by HRGC/MS Multiply by Toxic equivalent factor (TEF) (Van den Berg et 
al., 1998) in eggs were 1.61 (pg WHO-TEQ/g)lw, as shown in (Table1). The range of the highest and lowest 
levels in all samples, No. of violated samples, Maximum levels and ∑(pg WHO-TEQ/g)lw according to (EC, 
1881/2006) for food and (2006/13/EC) for feed.  

Table 1: PCDD/Fs levels in egg, plant feed origin and animal feed origin.  
Sample Type No. of 

Samples 
Mean Max- Min No. of 

samples 
violated 

Violation % Maximum levels   Sum of dioxins 
(pg WHO-PCDD/F -TEQ/g) 

Egg 120 1.61 0.33-4.51 4 3 3 pg TEQ/g lipid weight 
Plant Feed 17 0.41 0.06-1.31 1 6 0.75 pg TEQ/g fresh weight 
Animal Feed 9 0.38 0.11-2.59 3 33 2 pg TEQ/g fresh weight 
Feed Additives  3 13.7 0.12-40.8 1 33 2 pg TEQ/g fresh weight 

 
Seventeen 2,3,7,8-substituted congeners of PCDD/Fs Profile in the 120 egg samples have been sampled from 36 
Egyptian farms. The mean levels of PCDD/Fs are shown in Table (2), the profile of the PCDD/Fs in Egypt egg 
samples have been shown in figure (1), this study shows The mean level in eggs is 1.61 (pg WHO-TEQ/g)lw 
shows that the ∑PCDFs was higher than ∑PCDDs where contribute 69% and 31% respectively from 
∑PCDD/Fs. 2,3,4,7,8-PeCDF is 0.38 (pg WHO-TEQ/g)lw where the most abundant congener contribution was 
remarkable with 24% followed by 1,2,3,7,8-PeCDD is 0.25 (pg WHO-TEQ/g)lw which contributes about 16% 
and 1,2,3,4,7,8-HxCDFis 0.23 (pg WHO-TEQ/g)lw which contributes about 14 % from ∑ PCDD/Fs.  
During exposure to dioxins, the distribution over tissues in laying hens is congener dependent, with 5 to 30% of 
the intake excreted in the eggs, 7 to 54% deposited in the animal fat and less than 1% present in the liver 
(Stephens et al., 1995). Many researchers handle a standard excretion of 25% in the eggs. (Ikeda et al., 2004). 
This study shows also that the rejected egg samples found that the mean level in rejected eggs is 4.22 (pg WHO-
TEQ/g)lw shows that ∑PCDFs was higher than ∑PCDDs where contribute 76% and 24% respectively from the 
∑PCDD/Fs. 2,3,4,7,8-PeCDF is 1.21 (pg WHO-TEQ/g)lw where the most abundant congener contribution was 
remarkable with 29% followed by 1,2,3,4,7,8-HxCDF is 0.62 (pg WHO-TEQ/g)lw which contributes about 15% 
and 1,2,3,7,8-PeCDD is 0.45 (pg WHO-TEQ/g)lw which contributes about 11% from ∑ PCDD/Fs. 
 
Profiles of PCDD/Fs (pg/g) levels in eggs 
 

The mean levels measured by HRGC/MS of PCDD/Fs (pg/g)lw in the 120 egg samples have been 
sampled from 36 Egyptian farms. the profile of the PCDD/Fs in Egypt egg samples have been shown in figure 
(2), this study shows that the ∑PCDFs was higher than ∑PCDDs where contribute 66% and 34% respectively 
from ∑PCDD/Fs. 1,2,3,4,6,7,8,9-OCDD is 8.4 (pg/g)lw where the most abundant congener contribution was 
remarkable with 25% from ∑ PCDD/Fs followed by 1,2,3,4,6,7,8-HpCDF is 7.3(pg/g)lw which contributes 
about 22% from ∑ PCDD/Fs and 1,2,3,4,6,7,8,9-OCDF which contribute  6.3(pg/g)lw which contributes about 
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19 % from ∑ PCDD/Fs, but in rejected samples this study shows that the ∑PCDFs was higher than ∑PCDDs 
where contribute 90% and 10% respectively from ∑PCDD/Fs. 1,2,3,4,6,7,8,9-OCDF is 19.12 (pg/g)lw where 
the most abundant congener contribution was remarkable with 30% from ∑ PCDD/Fs followed by 1,2,3,4,6,7,8-
HpCDF is 11.65 (pg/g)lw which contributes about 18% from ∑ PCDD/Fs and 1,2,3,4,7,8-HxCDF is 
5.97(pg/g)lw which contributes about 9 % from ∑ PCDD/Fs.  
 

 
Fig. 1: Concentration (pg WHO-TEQ/g)lw of PCDDs and PCDFs in egg and rejected egg samples 

 
 (Bacher et al., 1992), reported that OCDD was the most abundant in open fire of garden waste where 

the dominance PCDFs has been reported in the chimney soot, Samples arising from wood burning was reported 
in the United Kingdom ambient air Samples from an area where the domestic burning of wood and coal is wide 
spread (Lohmann et al., 2000). 

 

 
Fig. 2: Concentration (pg/g)lw of PCDDs and PCDFs in egg and rejected egg samples 
 
Levels of PCDD/Fs (pg WHO-TEQ/g)fw in plant origin, animal by-product and feed additives. 
 

Seventeen 2,3,7,8-substituted congeners of PCDD/Fs Profile in the 17 plant origin samples, 9 animal 
by-product samples and 3 feed additives is analyzed according to (2006/13/EC) for feed. These have been 
sampled from 8 Egyptian farms from 4 Egyptian governorates (Sharka, Beharia, Qualibia and Monifia) farms. 
the mean levels of the PCDD/Fs in Egypt plant origin, animal by-product and feed additives have been shown in 
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figure (3), this study shows that the mean level is 0.41 (pg WHO-TEQ/g)fw and the ∑PCDFs was higher than 
∑PCDDs where contribute 67% and 33% in plant origin samples from the ∑PCDD/Fs. 2,3,4,7,8-PeCDF is 0.13 
(pg WHO-TEQ/g)fw where the most abundant congener contribution was remarkable with 32% followed by 
1,2,3,7,8-PeCDD is 0.07 (pg WHO-TEQ/g)fw which contributes about 16% and 1,2,3,4,7,8-HxCDF is 0.03 (pg 
WHO-TEQ/g)fw which contributes about 8 % from ∑PCDD/Fs.  

The mean levels of PCDD/Fs is 0.38 (pg WHO-TEQ/g)fw in Animal by product and max and min are 
shown in Table (1) samples shows that PCDFs was higher than PCDDs where contribute 64% and 36% 
respectively from the ∑PCDD/Fs. 2,3,4,7,8-PeCDF is 0.12 (pg WHO-TEQ/g)fw where the most abundant 
congener contribution was remarkable with 32% followed by 1,2,3,7,8-PeCDD is 0.08 (pg WHO-TEQ/g)fw 
which contributes about 16% and 2,3,7,8-TCDF is 0.04 (pg WHO-TEQ/g)fw which contributes about 16 % 
from ∑ PCDD/Fs. 

The mean levels of PCDD/Fs is 13.7 (pg WHO-TEQ/g)fw in feed additives samples (Antitoxic, 
Guilatonene and Premixture) and max and min are shown in Table (2). this study shows that the ∑PCDDs was 
higher than ∑PCDFs where contribute 99% and 1% respectively from ∑PCDD/Fs. 2,3,4,7,8-PeCDD is 8.6 (pg 
WHO-TEQ/g)fw which contributes about 63% from ∑ PCDD/Fs 1,2,3,4,7,8-HxCDD is 1.5 (pg WHO-
TEQ/g)fw where the most abundant congener contribution was remarkable with 11% from ∑ PCDD/Fs 
followed by and 1,2,3,7,8,9-HxCDD which contribute  1.35 (pg WHO-TEQ/g)fw which contributes about 10 % 
from ∑ PCDD/Fs. 

The differences in congener pattern between studies may be caused by differences in the PCDD/F 
emissions from various sources. However, the patterns will also be influenced by differences in the uptake, 
metabolism and excretion rates of the different PCDD/Fs, which would lead one to expect higher levels in 
profiles 2,3,4,7,8-PeCDD (TEF 1) and this was is due to 2,4–D salts and esters which is not seen in any other 
combustion sources. (Cleverly, et al., 1997).  Generally, low levels of dioxins are found in commercial feed 
(Tlustos et al., 2004). 2,3,4,7,8-PeCDF is known to form in combustion processes (Rappe et al., 1987, 1989; 
Van den Berg et al., 1987). An intake of140 g of commercial feed and transferring 25% of the dioxins to 6g of 
egg fat, leads to an egg dioxin content of 0.07 to 1.35 pg TEQ per g egg fat. Since Dutch commercial organic 
feed contains even less dioxin than conventional feed, this source is unlikely to contribute to elevated, (Kijlstra, 
2004) also he study that Sources of contamination and estimated final per g fat) of organic eggs, assuming 
dioxin contents (pg TEQ a 25% transfer of the dioxin intake. (Anonymous, 2004b). Contribute from other 
sources could be Regular feed range from 0.05-1.25 Worms and insects range from 0.25-1.5 Herbs and grass 
range from 0.25-0.5 Soil range from 0.25-2.5 Total range from all kind of chicken feed is 0.80-5.75 but in feed 
additives PCDFs was lower than PCDDs where contribute 2% and 98% respectively from the ∑ PCDD/Fs. 
1,2,3,7,8-PeCDD is 13 (pg WHO-TEQ/g)fw where the most abundant congener contribution was remarkable 
with 62% followed by 1,2,3,4,7,8-HxCDD is 2.25 (pg WHO-TEQ/g)fw which contributes about 11% and 
1,2,3,7,8,9-HxCDD is 2.03 (pg WHO-TEQ/g)fw which contributes about 10 % from ∑PCDD/Fs in the feed 
additives. As a result, dioxin contents of feedstuffs vary between 12 and 232 pg TEQ per kg.  

The mean levels measured by HRGC/MS of PCDD/Fs (pg/g)fw in the 17 plant origin feed, 9 Animal 
By-product and 3 feed Additives samples have been sampled from 8 Egyptian farms as shown in table (2). The 
mean levels of the PCDD/Fs profile in plant origin feed samples is 6.05 (pg/g)fw shown in figure (4), this study 
shows that the ∑PCDFs was higher than ∑PCDDs where contribute 53% and 47% respectively from 
∑PCDD/Fs. 1,2,3,4,6,7,8,9-OCDD is 1.96 (pg/g)fw where the most abundant congener contribution was 
remarkable with 32% from ∑ PCDD/Fs followed by 1,2,3,4,6,7,8-HpCDFis 0.75 (pg/g)lw which contributes 
about 12% from ∑ PCDD/Fs and 1,2,3,4,6,7,8,9-OCDF which contribute  0.59 (pg/g)lw which contributes about 
10 % from ∑ PCDD/Fs, but in Animal By-product samples The mean levels of the PCDD/Fs profile is 4.33 
(pg/g)fw this study shows that the ∑PCDFs was higher than ∑PCDDs where contribute 61% and 
39%respectively from ∑PCDD/Fs. 1,2,3,4,6,7,8,9-OCDD is 1.26 (pg/g)fw where the most abundant congener 
contribution was remarkable with 29% from ∑ PCDD/Fs followed by 1,2,3,4,6,7,8-HpCDF is 0.59 (pg/g)fw 
which contributes about 12% from ∑ PCDD/Fs and 2,3,7,8-TCDF which contribute  0.59 (pg/g)fw which 
contributes about 12 % from ∑ PCDD/Fs. 
 
Profiles of PCDD/Fs (pg/g)fw in plant origin, animal by-product and feed additives. 
 

The mean levels of the PCDD/Fs profile but in feed additives samples (Antitoxic, Guilatonene and 
Premixture) is 157 (pg/g)fw this study shows that the ∑PCDDs was higher than ∑PCDFs where contribute 
100% and 0%respectively from ∑PCDD/Fs. 1,2,3,4,6,7,8-HpCDD is 70.6 (pg/g)fw which contributes about 
45% from ∑ PCDD/Fs 1,2,3,4,6,7,8,9-OCDD is 40.8 (pg/g)fw where the most abundant congener contribution 
was remarkable with 26% from ∑ PCDD/Fs followed by and 1,2,3,4,7,8-HxCDD which contribute  10 (pg/g)fw 
which contributes about 10 % from ∑ PCDD/Fs. 
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Fig. 3: Concentration of PCDDs and PCDFs (pg WHO-TEQ/g)fw in plant origin, animal by-product and feed 

additives. 

 
However, absorption and translocation of dioxins by plants grown in polluted soil is negligible. Unless 

contaminants are near the soil surface and have few chlorination sites, the volatilization- deposition mechanism 
is of little importance as a source of plant contamination (Roeder et al., 1998). According to (Kijlstra., 2004), 
ingestion of 35 g grass per day can lead to an egg dioxin content of 0.25 to 0.5 pg TEQ per g fat. The long 
history of pulp/paper bleaching along the Swedish coast has been a major source of 2,3,7,8-TCDD, 1,2,3,7,8-
PeCDD and 2,3,7,8-TCDF (Rappe, 1992; Sundqvist et al., 2009; Tanabe et al., 2004). Another source of the 
PCDD/Fs in the Swedish environment has been the manufacturing of iron and steel (Rappe, 1994). More PCDFs 
than PCDDs have been released from these industrial processes. The chlor-alkali industry has been another 
source, particularly when graphite electrodes were used; this produced a higher proportion of PCDFs than 
PCDDs with a dominance of the 2,3,7,8-substituted congeners including penta-, hexa-, hepta- and octa PCDF 
(Rappe, et al., 1991). Chlorophenol products have been used for wood and preservation for a long time in 
Sweden and were prohibited at the end of the 1970s. The main congeners in the pentachlorophenol products 
(PCP) were HpCDD and OCDD. 

 

 
Fig.4: Concentration of PCDDs and PCDFs (pg/g)fw in plant origin, animal by-product and feed additives. 
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Table 2: Mean data of PCDD/Fs in eggs, plant and animal feed.  

Dioxin Congeners 

Mean Egg Samples 
 

Mean Animal by-product origin 
feed Samples 

(pg-WHOTEQ/g)fw 

Mean Plant origin feed Samples 
(pg-WHOTEQ/g)fw 

Mean feed additives  feed 
Samples 

(pg-WHOTEQ/g)fw 

(pg 
WHOTEQ/g)

lw 

(pg/g)l
w 

(pg 
WHOTEQ/g)fw 

 
(pg/g)fw 

(pg 
WHOTEQ/g)fw 

 
(pg/g)fw 

(pg 
WHOTEQ/g)fw 

 
(pg/g)fw 

2,3,7,8-TCDD 0.12 0.12 0.04 0.05 0.03 0.03 0.74 0.74 
1,2,3,7,8-PeCDD 0.25 0.25 0.08 0.09 0.07 0.07 8.60 8.60 
1,2,3,4,7,8-HxCDD 0.03 0.24 0.00 0.03 0.01 0.01 1.50 15.01 
1,2,3,6,7,8-HxCDD 0.04 0.40 0.01 0.06 0.01 0.01 0.70 6.98 
1,2,3,7,8,9-HxCDD 0.04 0.30 0.00 0.03 0.01 0.01 1.35 13.54 
1,2,3,4,6,7,8-HpCDD 0.02 1.63 0.00 0.15 0.00 0.00 0.71 70.56 

1,2,3,4,6,7,8,9-OCDD 0.00 8.41 0.00 1.26 0.00 0.00 0.00 40.84 
2,3,7,8-TCDF 0.09 0.93 0.06 0.59 0.04 0.04 0.01 0.11 
1,2,3,7,8-PeCDF 0.05 0.94 0.01 0.16 0.02 0.02 0.00 0.07 
2,3,4,7,8-PeCDF 0.38 0.79 0.12 0.28 0.13 0.13 0.04 0.08 
1,2,3,4,7,8-HxCDF 0.23 2.38 0.02 0.22 0.03 0.03 0.01 0.06 
1,2,3,6,7,8-HxCDF 0.11 1.05 0.01 0.12 0.02 0.02 0.01 0.08 
2,3,4,6,7,8-HxCDF 0.11 1.01 0.01 0.12 0.02 0.02 0.01 0.05 
1,2,3,7,8,9-HxCDF 0.06 0.47 0.00 0.03 0.01 0.01 0.00 0.04 
1,2,3,4,6,7,8-HpCDF 0.07 7.32 0.01 0.59 0.01 0.01 0.00 0.09 
1,2,3,4,7,8,9-HpCDF 0.01 0.86 0.00 0.05 0.00 0.00 0.00 0.03 
1,2,3,4,6,7,8,9-OCDF 0.00 6.32 0.00 0.50 0.00 0.00 0.00 0.11 
∑PCDDs 0.50 11.34 0.14 1.67 0.13 0.13 13.61 156.27 
∑PCDFs 1.10 22.06 0.24 2.66 0.27 0.27 0.08 0.71 
∑PCDD/Fs 1.61 33.04 0.38 4.331 0.41 0.41 13.70 156.99 

 

Dietary Intake of PCDD/Fs pg/g (TEQ) in egg samples. 
 

The limit values as given in Table (3) were based on a TDI (total daily intake) value of body weight, 
the maximum dioxin concentration in egg should not exceed 3 pg TEQ/g lipid weight was set by Commission 
Regulation (EC) No 1881/2006. The consumption of Egyptian people for eggs attained According to 
GEMS/Food World Health Organization (WHO) consumption rate of egg for the Middle Eastern people 
=14/per/day which showed that the Estimated Daily Intake (EDI) of ∑PCDD/Fs of the Egyptian consumer is 
0.38 (pg WHO-TEQ/kg b.w/day) lower than the WHO acceptable daily intake which is 1-4 pg WHO-TEQ/ kg 
b.w/day.   Thus, egg should not be out on the market if the dioxin contamination exceeds this value. These 
figures are still below the safe limits as the TDI of sum PCDD/Fs is (1-4 pg WHO-TEQ/person/day) according 
to International Programme on Chemical Safety (IPCS). The sum of the median intake of PCDD/F-TEQ and 
PCB-TEQ exceeded the PTMI in Western European countries, was in the PTMI range in North America, but 
lower in Japan and New Zealand. The 90th percentile of PCDD/F-TEQ exceeded the PTMI in Western 
European countries and North America, the 90th percentile of coplanar PCBs in Western European countries. 
After all these efforts it is of general interest to see whether these measures had an effect. In some countries it 
has been shown that the dietary intake of dioxins has decreased in the recent past. According to data on dietary 
exposure to dioxins in the Netherlands, the median intake has dropped from 10 pg TEQ per kg body weight per 
day in 1978 to 2 pg TEQ per kg body weight per day in 1994. (Bocio and Domingo 2005). Studies from the UK 
and Germany, countries that started to implement measures to reduce dioxin emissions already in the late 1980s, 
also clearly show a consequent reduction in dietary intake of these compounds (Anonymous, 1998). The 2012 
evaluation of the European Food Safety Authority (EFSA) based on comprehensive monitoring data of 26 
European countries shows a general decrease in dietary exposure of dioxins and DL-PCBs between 2002–2004 
and 2008–2010, estimated to be between 16.6% and 79.3% for the different population groups. The percentage 
of individuals exposed above the TWI of 14 pg TEQ/kg b.w. was estimated to be between 1.0 and 52.9%. 
Toddlers and other children were the most exposed groups (being at the upper end of these ranges) (Perelló, et 
al., 2012).  

Table 3: Estimated daily intake of sum PCDD/Fs in egg form Egyptian farms.  

Egg 

sample 

Mean of ∑PCDD/Fs 

(pgWHO-TEQ/g) fw 

Estimated Daily Intake (EDI) of 

∑PCDD/Fs (pg WHO-TEQ/ Person 

/day) 

Estimated Daily Intake (EDI) of 

∑PCDD/Fs (pg  WHO-TEQ/kg 

b.w/day) 

Intake, % 

120 1.61 22.54 0.38 9.4 
-According to GEMS/Food WHO, consumption rate of egg for the Middle Eastern people =14/per/day.   
-Acceptable Daily Intake of Dioxin (ADI)= 1- 4 pg/kg body weight. 
- Daily human intake of sum PCDD/Fs per person = Consumption rate (14 g/person/day) X Level of sum PCDD/Fs. 
- Daily human intake of sum pg-TEQ total/ kg b.w. = Daily human intake of sum PCDD/Fs (pg WHO-TEQ/person  
   /day)/60 kg = 0.38 pg/kg body weight /day. 
- Total estimated dietary intake for Dioxins as a percentage of set ADI = 0.38* 100/4 = 17.4 %. 
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Conclusion 

 The Dietary intake of the Egyptian consumer is lower than the WHO acceptable daily intake which is 1-4 
pg WHO-TEQ/ kg b.w/day.      

 The mean levels measured by HRGC/MS Multiply by Toxic equivalent factor (TEF)) in eggs were 1.61 pg 
TEQ/g (lw) which is accepted to the EU regulation (3 pg TEQ/g lipid weight). 

 The mean levels measured by HRGC/MS Multiply by Toxic equivalent factor (TEF)) in different kind of 
feed were accepted to the EU regulation except the feed additives exceeded the EU maximum permissible 
limits (2 pg TEQ/g fresh weight). 

  2,3,4,7,8-PeCDF is the most frequent congener in all samples and have the most contribution in the 
samples Multiple with WHO-TEF. 

 Chlorophenol products have been used for wood and preservation for a long time and must be prohibited in 
Egypt. The main congeners in the pentachlorophenol products (PCP) were HpCDD and OCDD which 
found in eggs PCDD/Fs profile.  
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