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A B S T R A C T  

Polychlorinated dibenzo-p-dioxins ( PCDDs ) and polychlorinated dibenzo- 
furans (PCDFs) in human fat  and milk samples arise from a variety of 
sources. It is generally assumed that food intake is mainly responsible for the 
presence of these contaminants in man. Data on levels in food samples are, 
however, relatively rare. This review reports the levels found in various 
foodstuffs which are easily obtained in daily life. From the data, it is clear that 
most animal foodstuffs have already been contaminated by these contaminants, 
even though in very small amounts. However, the plant products are free of 
most PCDDs and PCDFs. It is difficult to evaluate the different sources of 
contamination of food, but municipal solid waste incinerators and 
chlorophenol industries are likely to be the most important sources. 

I N T R O D U C T I O N  

Polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzo- 
furans (PCDFs) are two series of tricyclic, almost planar, aromatic 
compounds that exhibit similar physical, chemical and biological properties. 
These contaminants are important  environmental chemicals among which 
2,3,7,8-TCDD (2,3,7,8-tetrachlorodibenzo-p-dioxin) has been the focus of 
many studies because of  its extraordinary toxicity to animals (Reggiani, 
1982). 

Human contamination by PCDDs and PCDFs may occur occupation- 
ally, accidentally, from dietary intake, or from environmental exposure to 

257 
Food Chemistry 0308-8146/90/$03-50 © 1990 Elsevier Science Publishers Ltd, England. 
Printed in Great Britain 



258 B. Jimbnez, M. J. Gonzhlez, L. M. Hern?mdez 

air, water or soil (Rappe et  al., 1982). The persistent and bioaccumulative 
properties of these chemicals suggest that these pollutants may enter into the 
food chain and contaminate the human diet. 

Recent reports (Ryan et  al., 1985a,b; Graham e t  al., 1985; Rappe et  al., 
1987) on 2,3,7,8-TCDD and a variety of  other PCDDs and PCDFs in 
adipose tissue and human milk from Canadian, European and US residents 
indicate widespread low level exposure to these chemicals. Data reported in 
Table 1 substantiates this observation. All the isomers found in these 
samples belong to the twelve toxic 2,3,7,8-substituted C14, C15 and C16 
congeners. 

PCDDs and PCDFs can enter into the environment and subsequently 
into the diet in a variety of  ways, e.g., as contaminants in the production and 
use of chlorophenol-based chemical products, as products of  combustion 
and as components of solid, liquid and airborne wastes and emissions 
(Rappe et  al., 1982; Liberti & Brocco, 1982). 

Previous investigations (Rappe e t  al., 1986) indicate that it is especially 
important to identify the source or sources of the toxic 2,3,7,8-substituted 

TABLE 1 
Levels of PCDDs and PCDFs in Human Samples in ppt (Rappe et al., 1986) 

Adipose N. Sweden Milk N. Sweden Milk German), 
n =31 n = 4  n = 5  

Mean Range Mean Range Mean Range 

2378-TCDD 3 0-9 0'6 T-2.3 1"9 1"3-3.3 
12378-PeCDD 10 3-24 6"5 3.5-13.8 12.6 9-18 
123478-HxCDD ND 2.5 0.8-3.6 "] 
123678-HxCDD 15 3-55 19 12-23 ~ 23-4 15 28 
123789-HxCDD 4 3-5 6.3 3.9-9.0 
1234678-HpCDD 97 12-380 59'5 38-86 72.8 48-89 
OCDD 414 90-763 302 197-484 434 168-623 

2378-TCDF 3.9 0.3-11 4.2 2.2-8-7 5.4 4-0-8.0 
23478-PeCDF 54 9-89 21.3 7-53 36.4 24-54 
123478-HxCDF 6 1-15 4.7 2.7-8.9 ] 
123678-HxCDE 5 1-13 3.4 1-9-6.8 ~ 26 13 36 
234678-HxCDF 2 1-7 1.4 0.8-2.6 
1234678-HpCDF 11 1-49 7.4 4.4-12.0 9-2 4-12 
OCDF 4 3-2 ND-11'0 2-4 1-4 

TCDD, tetrachlorodibenzo-p-dioxin; 
HxCDD, hexachlorodibenzo-p-dioxin; 
OCDD, octachlorodibenzo-p-dioxin; 
PeCDF, pentachlorodibenzo-furano; 
HpCDF, heptachlorodibenzo-furan; 

PeCDD, pentachlorodibenzo-p-dioxin; 
HpCDD, heptachlorodibenzo-p-dioxin; 
TCDF, tetrachlorodibenzo-furan; 
HxCDF, hexachlorodibenzo-furan; 
OCDF, octachlorodibenzo-furan. 
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PCDDs and PCDFs found in biological samples. Analyses offish and dairy 
products strongly indicate that the major exposure is via food (Nygren et aL, 
1986a). 

The purpose of current work is to establish the levels of PCDDs and 
PCDFs in different foodstuffs and to identify the major sources which 
contaminate human diet. 

For this study, we will consider four different food groups: fish, meat, 
vegetables and dairy products. 

Fish 

PCDDs and PCDFs are known to occur in aquatic systems and accumulate 
in aquatic organisms so that fish and shellfish might be a significant dietary 
source for these compounds in humans. 

Reports from Canada demonstrate the presence of 2,3,7,8-TCDD in 
Great Lakes' fish. These reports coincide with others which establish 
contamination offish in several US rivers, notably the Titabawassee River in 
Michigan (Rossiers, 1987). 

Analyses of skinless fillets from fish sampled from inland waters located 
near sites involved in the manufacture, use or disposal of polychlorinated 

TABLE 2 
Levels of PCDDs and PCDFs in Fish Samples from the Baltic Sea (pg/g) (Rappe et al., 1987a) 

Salmon Salmon H e r r i n g  Herring 
Ume River, Ume River, Karlskrona, Luleh, 

1985 1985 1983 1983 

2,3,7,8-Tetra-CDF 29 12 5.5 3.0 
2,3,7,8-Tetra-CDD 1"9 1.3 < 0.3 < 0"6 
1,2,3,7,8-/1,2,3,4,8-Penta-CDF 6.9 3.3 1.4 0.9 
2,3,4,7,8-Penta-CDF 49-0 23.0 6.8 8.8 
1,2,3,7,8-Penta-CDD 8-8 4.3 1.1 4.7 
1,2,3,4,7,8-/1,2,3,4,7,9-Hexa-CDF 1.1 0.7 0.4 0.3 
1,2,3,6,7,8-Hexa-CDF 1.3 0-8 0.4 0-3 
1,2,3,7,8,9-Hexa-CDF ND N D 0.4 0.2 
2,3,4,6,7,8-Hexa-CDF 1.1 0-6 0.4 0.2 
1,2,3,4,7,8-Hexa-CDD ND 0.4 0.2 ND 
1,2,3,6,7,8-Hexa-CDD 4.6 2.3 1.3 8"1 
1,2,3,7,8,9-Hexa-CDD ND ND ND ND 
Total Hepta-CDFs ND 2.7 0.8 ND 
Total Hepta-CDDs ND ND ND ND 
OCDF ND 1.0 ND ND 
OCDD ND ND ND ND 

N D < O" 1 pg/g. 
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phenols have revealed TCDD concentrations ranging from 1 to 40 ppt (pg/g) 
(O'Keefe et aL, 1983; Ryan et aL, 1984). 

An interesting observation is that in the majority of the aquatic samples, 
only the toxic 2,3,7,8-substituted congeners are found (Rappe et al, 1987a). 
In their studies, in which 2,3,7,8-TCDF (2,3,7,8-tetrachlorodibenzo-furan) 
concentrations in aquatic sediments and fish living in the area of sediments 
were compared, Stalling (1983) detected small amounts of 2,3,7,8-TCDF in 
sediment but larger amounts in fish. On the other hand, very little OCDF 
(octachlorodibenzo-furan) was found in fish, while larger amounts were in the 
sediment. From the Table 2 (Rappe et al., 1987a) this observation is clear. It 
can be observed that the TCDDs/Fs (Tetrachlorodibenzo-p-dioxins and 
tetrachlorodibenzo-furans) ranging from 1.9 to 29 ppt and PeCDDs/Fs 
(Pentachlorodibenzo-p-dioxins and Pentachlorodibenzo-furans) ranging 
from 3-3 to 49 ppt exhibit the highest values, while the highest chlorinated 
types exhibit the lowest values (from ND to 1 ppt). However, Table 3 (Ogaki 
et al., 1987), shows that crustaceans seem to be an exception to this general 
behaviour. In shellfish, TCDDs are the major components but all congeners 
can be found. 

More recent data (Niimi & Oliver, 1989) reveal levels ranging from 46 to 
290 ng/kg in whole fish and 60 to 366 ng/kg in muscle composite samples 
from Lake Ontario. Total furan levels are about 25% lower than total dioxin 
concentrations. 

A study in yellow perch and similar studies in rainbow trout (Kleeman et 
al., 1986a,b) demonstrates the greater persistence of TCDD in fish than in 
mammalian species. A possible reason for this difference is that fish 
metabolize TCDD more slowly than mammals. Therefore, high con- 
centrations in fish cause high exposure concentration of environmental 
chemicals for fish predator animals and man (Bruggeman et al., 1981). 

TABLE 3 
Levels of PCDDs in Shellfish in Japan (Ogaki et al., 1987) 

Foodstuffs TCDD PenCDD HexCDD HepCDD OCDD Total 
(ppt) (ppt) (ppt) (ppt) (ppt) (ppt) 

Shellfish 
short-necked clam 11 ND 8.3 6.7 5.8 32 
short-necked clam 19 ND 1'7 7'1 2.3 28 
short-necked clam 53 3"2 ND 8"4 1.5 66 
corbicula 360 33 4"6 17 30 450 
oyster 39 7"3 4"9 5-3 4.8 61 
oyster 42 6.8 5-3 4.3 2.9 61 

The values are expressed as a whole base. 
ND = not detectable (< 1 ppt). 
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TABLE 4 
Exposure of TCDD Equivalents (Eadon, 1983) for a 55- 

kg Person or a 5-kg Baby (Rappe et aL, 1986, 1987a) 

Exposure pg kg- 1 Body weight day- 1 

Inhalation 0-02 
Milk (1 litre day- 1) 0.5-5 
Salmon (100g week-l) 20 
Breast milk (850 ml day- t) 20-200 

In a study where Rappe et  al. (1987b) assessed the exposure via food, it is 
clear (see Table 4) that exposure by inhalation is marginal compared to 
exposure via food, especially fish and other foodstuffs from the aquatic 
environment. 

If we compare data from fish with other samples of animal origin (Table 
5), we see that fish samples exhibit the highest levels (e.g. the TCDD-EQTS 
(EPA) values for herring are 21-3 and 39"7 for cod), so it can be concluded 
that fish is the most important source of dietary intake in man. 

Meat 

Beck et  al. (1987a) recently showed that food containing animal fat is an 
important contributory factor (see Table 5). Most available data are for 
chicken, pork and beef. 

Because of the known association of PCDDs and PCDFs with PCPs 
(pentachlorophenols) and the possibility that food-producing animals are 
exposed to these compounds through treated wood, Ryan et  al. (1985c) 
decided to investigate the degree and scope of contamination in food 
samples from across Canada. Their data are the first to document the 
presence of these chemicals in poultry and pork samples taken from the 
general food supply. Here, PCDDs and PCDFs values averaging between 25 
and 100 ppt of higher chlorinated congeners were found in about half the 144 
samples analyzed with an isomeric pattern similar to that found in PCP. 
From this information it is believed that the source of PCDDs and PCDFs in 
the chicken and pork samples is PCP. Table 6 lists the isomeric composition 
of PCDDs and PCDFs in samples of pork and chicken. It is clear that 
chicken tissues contain more isomers of PCDDs and PCDFs than pork 
tissues. 

This observation is also clear from Table 5: chicken values are higher than 
pork for PCDDs and PCDFs. Data for chicken and pork seem to show the 
tendency that PeCDDs are the lowest while HxCDDs (Hexachlorodibenzo- 
p-dioxins) are the highest. 
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TABLE 6 
Isomeric Composition of Chlorinated Dibenzo-p-Dioxins (D)and  Chlorinated Dibenzo- 

furans (F) in Five Samples in ppt (Ryan et al., 1985) 

~omer Sample no. (description) 

1 2 3 4 5 
(chicken fat) (chicken liver ~) (pork fat) (pork liver) (wood b) 

1,3,4,6,7,8-HxCDF 6-2 8.3 74 
1,2,4,6,8,9-HxCDF 11.0 20.6 540 
1,2,3,6,7,8-HxCDF 2.9 6.6 26 
Total HxCDF 20.1 35.5 c 26 614 
1,2,4,6,7,9-HxCDD 4.3 25.5 105 
1,2,3,6,7,9-HxCDD 18.7 23.1 216 
1,2,3,6,7,8-HxCDD 31 "9 75-3 4.5 54 197 
1,2,3,7,8,9-HxCDD 2.0 25.0 42 
Total HxCDD 56-9 148.9 4.5 54 560 
1,2,3,4,6,7,8-HpCDF 14.6 43.4 3 020 990 
1,2,3,4,6,8,9-HpCDF 19.6 25.0 4 790 
1,2,3,4,7,8,9-HpCDF 131 190 
Total HpCDF 34.2 68.4 3 151 5970 
1,2,3,4,6,7,9-HpCDD 21 28 8 26 1 600 
1,2,3,4,6,7,8-HpCDD 69 351 71 1 370 2 270 
Total HpCDD 90 379 79 1 396 3 870 
OCDF 20 5 100 3 470 
OCDD 186 447 428 10 100 9 070 

Also contained 1,2,3,7,8-D or 1,2,3,6,7-D at 5.0ppt and 1,2,4,6,8-F at 8"5ppt. 
b Values in ppb. 
c Not detected. 
See Table 1 for abbreviations used. 

Nygren et al. (1986b) analyzed bovine samples and identified the same 
2,3,7,8-substituted PCDDs and PCDFs as were found in the aquatic 
samples. However, the levels were lower and normally close to the detection 
limit. This indicates that the background levels are higher in the aquatic 
environment than in the terrestrial. 

Different values for chicken, pork and beef samples are given in Table 7. 
From the data it is concluded that chicken exhibits the highest values, 
followed by pork and beef. It is also notable that chicken exhibits high values 
for HxCDDs in all cases. 

Vegetables and fruit 

In general, there is little bioaccumulation of dioxins and furans in plants,; so 
that available data from levels in plants are scarce. According to reviews by 
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Esposito et  al. (1980) and Norris (1981), 0.15% of TCDD and D2CDD 
(Dichlorodibenzo-p-dioxin) applied to soil was found in above-ground plant 
portions of oats and soybeans. Furthermore, surfactant applied to leaves 
was not translocated to other parts of the plant. This occurrence indicates 
that plant products might not have these contaminants or very low 
levels. 

A study from Davies (1988) reveals that every analyzed fruit composite 
contained all the polychlorinated dibenzodioxin and dibenzofuran species, 
except TCDD. In contrast, the leafy vegetable composites contained mainly 
HpCDDs (Heptachlorodibenzo-p-dioxins) and OCDD and HpCDFs 
(Heptachlorodibenzo-furans) and OCDF. This is the only report which 
documents a high estimated intake of PCDDs and PCDFs from fruit and 
the least from the leafy vegetable. 

Table 8 reveals that, within the different food groups, food that contains 
animal fat is an important contributory factor whereas food of plant origin 
is of minor importance (e.g. the values for total PCDDs are l '6pg/g in 
vegetable in contrast to the highest values for pork with 16.1 and chicken 
with 33"9). It can be observed that vegetables have the lowest levels. This 
conclusion is supported by studies published by Beck et  al. (1987b). 

Dairy products 

Dairy products may also be an important source of exposure. Rappe et al. 
(1987c) have reported on levels of PCDDs and PCDFs in milk from cows 
that have been grazing at various distances from incinerator plants in 
Switzerland. All the milk samples analyzed showed the presence of PCDFs 
and PCDDs. The results are given in Table 9. It is interesting to note that all 
the identified isomers belonged to the group with chlorine in positions 2, 3, 7, 
and 8. 

It is thus apparent that dairy products may be an important source of 
human exposure to this group of compounds. 

Based on a mean daily consumption of about 30 g milk fat (milk, cheese, 
butter, curds, etc.) for adults, 6 pg of 2,3,7,8-TCDD is estimated to be a mean 
daily intake originating from dairy products (Beck et  al., 1987). 

On the other hand, the levels found in mother's milk (Rappe et  al., 1986; 
87c) might be of especial interest from a toxicological point of view. An 
animal of 5 kg body weight, consuming 850 ml of milk a day, receives a dose 
of 2,3,7,8-TCDD of about 5 kg/pg body weight per day, which is much 
higher than the virtually safe dose discussed by several authors (Nygren et  
al., 1986b). 

It is interesting to note the close similarity in the isomeric pattern between 
cow milk and human milk (Rappe et  al., 1987c). 
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CONCLUSIONS 

It is difficult to estimate the average daily intake via total food 
consumption because of  few data. The main available data are from levels in 
different foodstuffs, al though the number  of  samples is small. Foods with the 
highest levels are fish, followed by milk, chicken, pork and beef. Fruit and 
vegetables are free of  most PCDDs and PCDFs. Beck et al. (1987) calculated 
the average daily intake via food consumption. Table 10 reveals that, within 
the different food groups, food which contains animal fat is an important  
contr ibutory factor. Food of  plant origin is of  minor importance. This is in 
agreement with data for PCDDs and PCDFs levels in different food groups. 

TABLE 10 
Average Daily Intake (pg/g) of 2,3,7,8-TCDD and TCDD Equivalents via Food 

Consumption (Beck et al., 1987) 

Food Daily intake (pg/day) 

Group Consumption 2,3,7,8-TCDD TCDD-equivalents 
(g/day) 

FHO (FRG) EPA (USA) 

Meat 
38 (fat) 7.0 23.5 17.9 Meat products 

Milk 
33 (fat) 6.2 28.5 26-6 Dairy products 

Eggs 3'9 (fat) 0-8 4,2 3.1 
Fish 

1.8 (fat) 8"6 33"3 38"6 Fish products 
Vegetable oil a 26 (fat) 0.1 0.3 0.3 
Vegetables a 244 1.2 2.4 2.4 
Fruiff 130 0-7 1.3 1'3 
Total 24"6 93-5 90.2 

a Calculated with half of the ND values. 
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