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Food mutagens 
 

Food mutagens include polycyclic aromatic hydrocarbons (PAHs) and heterocyclic amines (HCAs).  HCAs are carcinogens formed in or on the surface of well-

done meat when cooked at high temperature, and include 2-amino-1-methyl-6-phenylimidazo-[4,5-b]pyridine and PhIP2-amino-3,8-dimethylimidazo[4,5-

f]quinoxaline (MeIQx).  Cooking conditions can alter the ratios of HCAs in foods, e.g. ratio of PhIP:MeIQx found in meat [1].  The PAHs are a group of around 

250 related compounds, including benzo[a]pyrene (BaP), benz[a]anthracene (BaA) and dibenz[ah]anthracene (DBahA).  PAHs are present in foods (e.g 

vegetable oil, fish) following contamination of the environment by combustion of fossil fuels and refuse and are also generated in foods by smoking (FSA 

31/02).  Although one study using a gastrointestinal simulator concluded that PAH compounds are not estrogenic, but that human intestinal microbiota can 

bioactivate PAHs and form more estrogenic metabolites [2], other studies have reported estrogenicity of PAHs without deliberate bioactivation, see table. 
 

Class/ Compound Endocrine activity Food relevance Human tissue levels 

  Food type (e.g fish, 
veg. etc) 

Level 
(M/g) 

Geog. 
location, year 

Tissue 
(plasma, 
lipid etc 

Mean/ 
median 
levels 

Subjects (gender, age, 
diet),Geog. location, year 

Heterocyclic amines 

2-amino-1-methyl-6-
phenylimidazo-[4,5-
b]pyridine (PhIP) 

estrogenic in vitro [3] [1] Grilled salmon, flesh: 29 ng/100g [4]; 
Cooked meat: 30-4800 ng/100g [5]; 
Restaurant steak: 2992 ng/100g [6] 

Japan, 
various; 
2000-2002 

Urine: 0.12-1.97ng/24hr [7]; 5M, 5F, Japan 
Breast milk: 13-59pg/mL [8]; 9F, Canada 

N2-hydroxy-PhIP ER antagonist in vitro [1]    

2-amino-3,8-
dimethylimidazo[4,5-
f]quinoxaline (MeIQx) 

ER antagonist in vitro [1] Grilled salmon, flesh: 10 ng/100g [4]; 
Cooked meat: 40-2370 ng/100g [5]; 
Restaurant steak: 128 ng/100g [6] 

Japan, 
various; 
2000-2002 

Urine: 11-47ng/24hr [7]; 5M, 5F, Japan 

2-amino-1,6-
dimethylfuro[3,2-
e]imidazo[4,5-b]pyridine 
(IFP) 

ER antagonist in vitro [1] Restaurant steak: 1438 ng/100g [6] 
 

Various; 
2000 

 

2-amino-3,4,8-
trimethylimidazo[4,5-
f]quinoxaline (DiMeIQx),  
aka 4,8 DiMeIQx 

 Grilled salmon, flesh: 0 (zero) ng/100g 
[4]; Cooked meat: 20-200 ng/100g [5]; 
Restaurant steak: 42 ng/100g [6] 

Japan, 
various; 
2000-2002 

 

Polycyclic aromatic hydrocarbons (PAHs) 

Benzo[a]pyrene (BaP)  estrogenic in vitro [9] 
antiandrogenic in vitro [10]; 
metabolite is ER antagonist in 
vitro [11] 

  Breast milk: below LOD [12]; 21F, Italy 



Page 3 of 73 

Benz[a]anthracene (BaA) estrogenic in vitro [13]; 
antiandrogenic in vitro [10]; 
metabolite is ER antagonist, 
BaA increases E2 metabolism 
in vitro [11] 

  Breast milk (mean): 0.325ug/kg milk [12]; 21F, Italy 

Dibenz[ah]anthracene 
(DBahA) 
 

estrogenic in vitro [13] 
androgenic in vitro [10]; 
increases E2 metabolism in 
vitro [11] 

  Breast milk: below LOD [12]; 21F, Italy 

7,12-
dimethylbenz[a]anthracene  
(DMBA) 

antiandrogenic in vitro [10] 
 

   

Fluoranthene antiandrogenic in vitro [10]   Breast milk (mean): 0.530ug/kg milk [12]; 21F, Italy 

Chrysene antiandrogenic in vitro [10]; 
metabolite is ER antagonist in 
vitro [11] 

Chrysene was the most abundant PAH detected in a 
dietary supplement survey (FSIS 86/05) 

Breast milk (mean): 0.281ug/kg milk [12]; 21F, Italy 

Pyrene Weakly antiandrogenic in vitro 
[10] 

  Breast milk (mean): 0.775ug/kg milk [12]; 21F, Italy 

Phenanthrene Weakly antiandrogenic in vitro 
[10] 

  Breast milk (mean): 0.799ug/kg milk [12]; 21F, Italy 

Anthracene Weakly antiandrogenic in vitro 
[10] 

  Breast milk (mean): 0.448ug/kg milk [12]; 21F, Italy 

benzo[k]fluoranthene Metabolite is ER antagonist, 
increases E2 metabolism in 
vitro [11] 

  Breast milk: undetectable [12]; 21F, Italy 

indenol[1,2,3-cd]pyrene] Metabolite is ER antagonist, 
increases E2 metabolism in 
vitro [11] 

  Breast milk: undetectable [12]; 21F, Italy 

benzo[b]fluoranthene Metabolite is ER antagonist in 
vitro [11] 

  Breast milk (mean): 0.262ug/kg milk [12]; 21F, Italy 

benzo[e]pyrene Metabolite is ER antagonist in 
vitro [11] 
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PCBs, PCDDs, PCDFs  

 

Persistent organochlorine pollutants (POPs) include polychlorinated biphenyls (PCBs), polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated 

dibenzofurans(PCDFs).  There are 209 PCB congeners, 75 PCDDs and 135 PCDFs; 68 of the PCBs are coplanar molecules, and 12 of these are considered to 

be “dioxin-like”.   PCBs have many applications, including their use in transformers and other electrical equipment; and have been released into the 

environment particularly between the 1920s, when production began, and the 1970s, when limits on production were introduced.  Due to their persistence and 

lipophilicity, PCBs have been found to accumulate in biological tissue and to bioconcentrate in the food chain.   In the US, serum levels of PCBs decreased 

from 17ng/ml in 1973, to 4-5ng/ml in 1983, and to around 1ng/ml in 1994-1996; food levels of PCBs decreased from mid-1970s to mid-1980s but remained 

relatively steady thereafter (at least until 1997)[14].  The so-called „indicator PCBs‟ are congeners 2528, 52, 101, 138, 153 and 180.  PCDD/Fs are formed by 

incomplete combustion of organic materials in the presence of chlorine, for example in waste incinerators, fuel burning, manufacturing of pesticides and 

petroleum products and building fires.   

The toxicity of POPs is often assessed using the toxic equivalency factor (TEF) approach which considers toxic effects via the aryl hydrocarbon (AhR) 

receptor, and relates toxicity of individual POPs to the toxicity of dioxin (TCDD).  However, the TEF approach does not consider effects via the receptors for 

estrogen (ER) or androgen (AR).  The presence of the TEQ/TEF systems may have focused attention on this subset of dioxin-like POPs, whereas 1% or less of 

the total amount of PCBs in fish, for example, are „dioxin-like‟. Estrogenicity might not be predicted for coplanar PCBs, PCDDs and PCDFs which have a flat 

shape that gives them poor fit into the ER, however non-coplanar PCBs may have the potential to activate the ER because their conformation is not flat.  As an 

alternative to direct receptor-mediated effects, PCBs, PCDDs and PCDFs may have indirect effect on estrogens by inducing enzyme systems that are involved 

in steroid hormone metabolism (for example, cytochrome P450 1A1).  Significant levels of hydroxylated PCB intermediates can be detected in human tissues, 

and the hydroxylated molecules may have effects that are not caused by the parent compound alone. 

Literature: The ATSDR have a toxicological profile for PCBs [14]. 

Note: where possible data on individual congeners has been sought, rather than group data. 
PCBs 

 General comments: 
Food is the main route of human exposure to PCBs, particularly fish [14] 
In foods, the PCB congeners detected most frequently and at highest concentrations were 138, 153 and 118. 
The most commonly detected congeners in fish are 138, 153, 180, 118, 110, 101 and 95. 
Drinking water.  
In 2000 the estimated daily exposure to total PCBs through drinking water was <200ng/day [14] 
 
Additional data available but not tabulated: 
For 12 ‘dioxin-like’ PCBs: 
Blood, lung, liver, bile, pancreas, spleen, kidney, mesentery fat; post-mortem samples, Japan, 2001-2002 [15] 
For 14 PCBs: 
Plasma levels for Latvian and Swedish men, stratified by fish consumption [16] 



Page 5 of 73 

 
PCB 
# 

Notes Endocrine effects Food level Human tissue level  

   Food type, level (mean, range etc): 
value, units; geog. year 

mean ng/g 
lipid 

median 
ng/g lipid 

reference subjects, location, year, tissue 

1  estrogenic in vitro[17]       

3  estrogenic in vitro[17]       

8 present in human tissue 
[18] 

Shows ER binding[19]; 
not estrogenic in vitro[18]. 
Shows AR binding[20]. 
 

     

9  estrogenic in vitro[17]       

10  estrogenic in vitro[17]       

11 
11 

   0.39  [21] Korea, <2007, serum 

 not estrogenic in vitro[18]       

14  estrogenic in vitro[17]       

15 
15 

   0.43  [21] Korea, <2007, serum 

 shows no ER binding[19]  
not estrogenic in vitro[18]  
shows no AR binding[20] ,  

     

16    0.34  [21] Korea, <2007, serum 

17 
17 

 estrogenic in vitro[18]  0.26  [21] Korea, <2007, serum 

      

18 
18 

 estrogenic in vitro[18]   0.58  [21] Korea, <2007, serum 

      

21  estrogenic in vitro[17]       

22    0.41  [21] Korea, <2007, serum 

24  estrogenic in vitro[17]       

26  estrogenic in vitro[17]       

28 
28 
28 
28 
28 
28 
28 
28 

indicator PCB not estrogenic in vitro[18]; 
estrogenic in vitro,  
not anti-estrogenic in vitro[22]. 

 1.12  [23] Greece, 2002-4, breast milk 

  1.35  [23] Greece, 2002-4, serum 

  2.46  [21] Korea, <2007, serum 

  3  in [24] Swedish women, plasma 

  3  [25] US, adults, <2003, serum 

  4.75  [26] Canadian women, <1994, breast milk 
(milk fat) 

   2 [27] pregnant women, Sweden, 2000, 
plasma 

   u.d. [24] Belgium women, plasma 

30  estrogenic in vitro[18]       

31  not estrogenic in vitro[18]   0.86  [21] Korea, <2007, serum 
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31       

32    0.29  [21] Korea, <2007, serum 

33 
33 

   0.34  [26] Canadian women, <1994, breast milk 
(milk fat) 

  0.66  [21] Korea, <2007, serum 

37 
37 

   0.62  [21] Korea, <2007, serum 

  1.96  [26] Canadian women, <1994, breast milk 
(milk fat) 

40    0.64  [26] Canadian women, <1994, breast milk 
(milk fat) 

41 
41 

   0.28  [26] Canadian women, <1994, breast milk 
(milk fat) 

  0.37  [21] Korea, <2007, serum 

43 measured with 49   0.46  [21] Korea, <2007, serum 

44 
44 
44 
44 

 estrogenic in vitro[18]  0.79  [21] Korea, <2007, serum 

  2  [25] US, adults, <2003, serum 

  6.75  [26] Canadian women, <1994, breast milk 
(milk fat) 

   u.d. [24] Belgium women, plasma 

47 
47 

 Shows no ER binding[19]. 
Shows AR binding[20]. 

 0.4  [21] Korea, <2007, serum 

   <0.5 [27] pregnant women, Sweden, 2000, 
plasma 

48  estrogenic in vitro[17]       

49 
49 
49 

measured with 43 estrogenic in vitro[18]   0.46  [21] Korea, <2007, serum 

  1.3  [25] US, adults, <2003, serum 

  13.4  [26] Canadian women, <1994, breast milk 
(milk fat) 

52 
52 
52 
52 
52 
52 
52 

indicator PCB Not estrogenic in vitro[18];  
estrogenic in vitro, 
not anti-estrogenic in vitro[22] ;  
not ER antagonist,  
not estrogen modulator in vitro (mitogen), 
abstract:  [28]. 

 0.04  [23] Greece, 2002-4, serum 

  0.73  [23] Greece, 2002-4, breast milk 

  0.87  [26] Canadian women, <1994, breast milk 
(milk fat) 

measured with 73  1.06  [21] Korea, <2007, serum 

  2.5  [25] US, adults, <2003, serum 

   <0.5 [27] pregnant women, Sweden, 2000, 
plasma 

   u.d. [24] Belgium women, plasma 

56    0.27  [21] Korea, <2007, serum 

59    0.34  [21] Korea, <2007, serum 

60 
60 

 estrogenic in vitro[17]  0.85  [21] Korea, <2007, serum 

  4.59  [26] Canadian women, <1994, breast milk 
(milk fat) 

61 
61 

 estrogenic in vitro[17]  1.13  [21] Korea, <2007, serum 
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64    0.63  [21] Korea, <2007, serum 

65  estrogenic in vitro[17]       

66 
66 
66 
66 

 estrogenic in vitro[18]; 
estrogenic in vitro,  
not anti-estrogenic in vitro[22]. 

 1.66  [21] Korea, <2007, serum 

  2.95  [26] Canadian women, <1994, breast milk 
(milk fat) 

  13.8  [25] US, adults, <2003, serum 

   u.d. [24] Belgium women, plasma 

70 
70 

 not estrogenic in vitro[18]  0.75  [21] Korea, <2007, serum 

present in human tissue 
[18] 

     

73 measured with 52   1.06  [21] Korea, <2007, serum 

74 
74 
74 
74 

 estrogenic in vitro[18]  
estrogenic in vitro,  
not anti-estrogenic in vitro[22] 

 3.69  [21] Korea, <2007, serum 

  13.3  [26] Canadian women, <1994, breast milk 
(milk fat) 

  55.2  [25] US, adults, <2003, serum 

   13.8 [24] Belgium women, plasma 

75  estrogenic in vitro[17]       

76    0.29  [21] Korea, <2007, serum 

77 
77 
77 

dioxin-like, non-ortho PCB; 
tissue value back-
calculated from TEQ/TEF 

Shows no ER binding[19]; 
not estrogenic in vitro[18]. 

 0  [23] Greece, 2002-4, serum 

dioxin-like, non-ortho PCB; 
tissue value back-
calculated from TEQ/TEF 

 0  [23] Greece, 2002-4, breast milk 

non-ortho PCB Salmon (range): 190-622 pg/g lipid 
adjusted; UK, 1999 [29]. 
Chicken (consensus mean): 3.2 pg/g fw. 
Butter (consensus mean): 4.3 pg/g fw.  
Salmon (consensus mean): 27 pg/g 
fw.[30] 

 u.d. [24] Belgium women, plasma 

81 
81 
81 

dioxin-like, non-ortho PCB; 
tissue value back-
calculated from TEQ/TEF 

  0  [23] Greece, 2002-4, serum 

dioxin-like, non-ortho PCB; 
tissue value back-
calculated from TEQ/TEF 

 0  [23] Greece, 2002-4, breast milk 

non-ortho PCB   u.d. [24] Belgium women, plasma 

82 present in human 
tissue[18] 

estrogenic in vitro[18]       

84 present in human 
tissue[18] 

not estrogenic in vitro[18]       

85    0.33  [21] Korea, <2007, serum 

87 
87 
87 

 not estrogenic in vitro[18]   0.53  [21] Korea, <2007, serum 

  3.38  [26] Canadian women, <1994, breast milk 
(milk fat) 

  9.3  [25] US, adults, <2003, serum 
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90 
90 

   0.39  [21] Korea, <2007, serum 

measured with pcb101   1.64  [26] Canadian women, <1994, breast milk 
(milk fat) 

92    0.4  [21] Korea, <2007, serum 

95    0.91  [21] Korea, <2007, serum 

99 
99 
99 
99 

 estrogenic in vitro[18]; 
partially estrogenic in vitro,  
not anti-estrogenic in vitro[22]. 

 5.76  [21] Korea, <2007, serum 

  13.2  [26] Canadian women, <1994, breast milk 
(milk fat) 

  119.7  [25] US, adults, <2003, serum 

   14.5 [24] Belgium women, plasma 

101 
101 
101 
101 
101 
101 
101 
101 

indicator PCB not estrogenic in vitro[18]; 
not estrogenic in vitro[31]  

 0.27  [23] Greece, 2002-4, serum 

  0.86  [23] Greece, 2002-4, breast milk 

  1  in [24] Swedish women, plasma 

  1.45  [21] Korea, <2007, serum 

measured with pcb90  1.64  [26] Canadian women, <1994, breast milk 
(milk fat) 

  10.3  [25] US, adults, <2003, serum 

   4 [27] pregnant women, Sweden, 2000, 
plasma 

   u.d. [24] Belgium women, plasma 

103  estrogenic in vitro[18]       

105 
105 
105 
105 
105 
105 
105 
105 
105 
105 

 not estrogenic in vitro[18]; 
partially estrogenic in vitro,  
not anti-estrogenic in vitro[22]  

 0.02 0.01 [32] Pregnant women, Slovakia (70Km from 
former PCB manuf. site), 2002-2004; 
serum, UNITS ARE NG/ML WET 
WEIGHT 

  0.04 0.02 [32] Pregnant women, Slovakia (close to 
former PCB manuf. site), 2002-2004; 
serum, UNITS ARE NG/ML WET 
WEIGHT 

  2.15  [21] Korea, <2007, serum 

dioxin-like, mono-ortho 
PCB; tissue value back-
calculated from TEQ/TEF 

 2.5  [23] Greece, 2002-4, breast milk 

dioxin-like, mono-ortho 
PCB; tissue value back-
calculated from TEQ/TEF 

 3.4  [23] Greece, 2002-4, serum 

mono-ortho PCB Salmon (range): 4040-9240 pg/g lipid 
adjusted; UK, 1999 [29]. 

4.9  [26] Canadian women, <1994, breast milk 
(milk fat) 

  6.6  in [24] Swedish women, plasma 

  48.4  [25] US, adults, <2003, serum 

   2 [27] pregnant women, Sweden, 2000, 
plasma 

   7.1 [24] Belgium women, plasma 

106  estrogenic in vitro[17]       

108    0.42  [21] Korea, <2007, serum 
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110 
110 
110 
110 

   0.99  [21] Korea, <2007, serum 

 estrogenic in vitro[18]   1.27  [26] Canadian women, <1994, breast milk 
(milk fat) 

   4.4  [25] US, adults, <2003, serum 

    u.d. [24] Belgium women, plasma 

112  not estrogenic in vitro[18]       

114 
114 
114 
114 

dioxin-like, mono-ortho 
PCB; tissue value back-
calculated from TEQ/TEF 

  0.26  [23] Greece, 2002-4, serum 

dioxin-like, mono-ortho 
PCB; tissue value back-
calculated from TEQ/TEF 

 0.34  [23] Greece, 2002-4, breast milk 

  0.5  [21] Korea, <2007, serum 

   4 [27] pregnant women, Sweden, 2000, 
plasma 

115    0.34  [21] Korea, <2007, serum 

116  estrogenic in vitro[17]       

118 
118 
118 
118 
118 
118 
118 
118 
118 
118 
118 

 not estrogenic in vitro[18]; 
not estrogenic in vitro,  
not anti-estrogenic in vitro[22];  
estrogen modulator in vitro (mitogen) by 
estrogen depletion, abstract: [28] 

 0.09 0.07 [32] Pregnant women, Slovakia (70Km from 
former PCB manuf. site), 2002-2004; 
serum, UNITS ARE NG/ML WET 
WEIGHT 

  0.19 0.13 [32] Pregnant women, Slovakia (close to 
former PCB manuf. site), 2002-2004; 
serum, UNITS ARE NG/ML WET 
WEIGHT 

dioxin-like, mono-ortho 
PCB; tissue value back-
calculated from TEQ/TEF 

 6.7  [23] Greece, 2002-4, serum 

dioxin-like, mono-ortho 
PCB; tissue value back-
calculated from TEQ/TEF 

 6.9  [23] Greece, 2002-4, breast milk 

  9.57  [21] Korea, <2007, serum 

mono-ortho PCB Salmon (range): 14811-31873 pg/g lipid 
adjusted; UK, 1999 [29]. 

16.6  [26] Canadian women, <1994, breast milk 
(milk fat) 

  28  [33] pregnant women, Holland, 1988-2000, 
plasma 

  31  in [24] Swedish women, plasma 

  204  [25] US, adults, <2003, serum 

   8 [27] pregnant women, Sweden, 2000, 
plasma 

   29.2 [24] Belgium women, plasma 

122     1 [27] pregnant women, Sweden, 2000, 
plasma 

123 
123 

dioxin-like, mono-ortho 
PCB; tissue value back-
calculated from TEQ/TEF 

  0.1  [23] Greece, 2002-4, serum 
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dioxin-like, mono-ortho 
PCB; tissue value back-
calculated from TEQ/TEF 

  1.1  [23] Greece, 2002-4, breast milk 

126 
126 
126 

dioxin-like, non-ortho PCB; 
tissue value back-
calculated from TEQ/TEF 

not estrogenic in vitro,  
not anti-estrogenic in vitro[22] 

 0.0078  [23] Greece, 2002-4, serum 

dioxin-like, non-ortho PCB; 
tissue value back-
calculated from TEQ/TEF 

 0.0284  [23] Greece, 2002-4, breast milk 

non-ortho PCB Salmon (range): 65-203 pg/g lipid 
adjusted; UK, 1999 [29]. 
Chicken (consensus mean): 0.94 pg/g 
fw. Butter (consensus mean): 1.9 pg/g 
fw.  
Salmon (consensus mean): 9.7 pg/g 
fw.[30] 

 101.9 [24] Belgium women, plasma 

128 
128 
128 
128 

 estrogenic in vitro[18]  0.5  [21] Korea, <2007, serum 

  1.76  [26] Canadian women, <1994, breast milk 
(milk fat) 

  14.7  [25] US, adults, <2003, serum 

   u.d. [24] Belgium women, plasma 

129    0.62  [26] Canadian women, <1994, breast milk 
(milk fat) 

130    2.35  [21] Korea, <2007, serum 

133  estrogenic in vitro[17]       

135    0.3  [21] Korea, <2007, serum 

136  estrogenic in vitro[17]       

137 
137 

   1.63  [21] Korea, <2007, serum 

   14.5  [26] Canadian women, <1994, breast milk 
(milk fat) 

138 
138 
138 
138 
138 
138 
138 
138 
138 
138 
138 

indicator PCB not estrogenic in vitro[18]; 
not estrogenic in vitro,  
estrogen modulator in vitro[22];  
estrogen modulator in vitro (gene, 
mitogen)[34];  
estrogen modulator in vitro (mitogen) by 
estrogen depletion and ER, abstract: [28].  
 
Anti-androgenic in vitro (gene),  
not androgenic in vitro[34]. 

 0.67 0.55 [32] Pregnant women, Slovakia (70Km from 
former PCB manuf. site), 2002-2004; 
serum, UNITS ARE NG/ML WET 
WEIGHT 

  1.49 1.05 [32] Pregnant women, Slovakia (close to 
former PCB manuf. site), 2002-2004; 
serum, UNITS ARE NG/ML WET 
WEIGHT 

  24  [23] Greece, 2002-4, breast milk 

  28  [26] Canadian women, <1994, breast milk 
(milk fat) 

  33.93  [23] Greece, 2002-4, serum 

measured with 163  34  [21] Korea, <2007, serum 

  73  [33] pregnant women, Holland, 1988-2000, 
plasma 

  120  in [24] Swedish women, plasma 

measured with 158  374.6  [25] US, adults, <2003, serum 
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   39 [27] pregnant women, Sweden, 2000, 
plasma 

   91.8 [24] Belgium women, plasma 

141 
141 

   0.36  [21] Korea, <2007, serum 

   0.48  [26] Canadian women, <1994, breast milk 
(milk fat) 

146 
146 
146 

   6.93  [21] Korea, <2007, serum 

   10  [33] pregnant women, Holland, 1988-2000, 
plasma 

   83.6  [25] US, adults, <2003, serum 

149 
149 
149 

   1.23  [21] Korea, <2007, serum 

   4.3  [25] US, adults, <2003, serum 

    u.d. [24] Belgium women, plasma 

151 
151 
151 

   0.51  [21] Korea, <2007, serum 

   0.7  [26] Canadian women, <1994, breast milk 
(milk fat) 

   9.4  [25] US, adults, <2003, serum 

153 
153 
153 
153 
153 
153 
153 
153 
153 
153 
153 

indicator PCB Not estrogenic in vitro[18]; 
not estrogenic in vitro,  
estrogen modulator in vitro[22];  
estrogen modulator in vitro (gene, 
mitogen)[34];  
estrogen modulator in vitro (mitogen) by 
estrogen depletion and ER, abstract: [28].  
 
Not androgenic in vitro(gene),  
not anti-androgenic in vitro(gene) [34] 

 1.05 0.92 [32] Pregnant women, Slovakia (70Km from 
former PCB manuf. site), 2002-2004; 
serum, UNITS ARE NG/ML WET 
WEIGHT 

  2.29 1.66 [32] Pregnant women, Slovakia (close to 
former PCB manuf. site), 2002-2004; 
serum, UNITS ARE NG/ML WET 
WEIGHT 

  38.3  [26] Canadian women, <1994, breast milk 
(milk fat) 

  43.9  [23] Greece, 2002-4, breast milk 

  54.9  [21] Korea, <2007, serum 

  59.8  [23] Greece, 2002-4, serum 

  101  [33] pregnant women, Holland, 1988-2000, 
plasma 

  210  in [24] Swedish women, plasma 

  514.2  [25] US, adults, <2003, serum 

   56 [27] pregnant women, Sweden, 2000, 
plasma 

   167.6 [24] Belgium women, plasma 

156 
156 
156 
156 
156 
156 
156 

 not estrogenic in vitro,  
weak estrogen modulator in vitro[22] 

 3.22  [21] Korea, <2007, serum 

dioxin-like, mono-ortho 
PCB; tissue value back-
calculated from TEQ/TEF 

 3.72  [23] Greece, 2002-4, breast milk 

dioxin-like, mono-ortho 
PCB; tissue value back-
calculated from TEQ/TEF 

 4.6  [23] Greece, 2002-4, serum 

mono-ortho PCB Salmon (range): 1029-2532 pg/g lipid 
adjusted; UK, 1999 [29]. 

6.33  [26] Canadian women, <1994, breast milk 
(milk fat) 
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156 
156 

  12  [33] pregnant women, Holland, 1988-2000, 
plasma 

  21  in [24] Swedish women, plasma 

  45.6  [25] US, adults, <2003, serum 

   5 [27] pregnant women, Sweden, 2000, 
plasma 

   15.8 [24] Belgium women, plasma 

157 
157 
157 
157 
157 
157 
157 
157 

dioxin-like, mono-ortho 
PCB; tissue value back-
calculated from TEQ/TEF 

  0.68  [23] Greece, 2002-4, breast milk 

   0.99  [21] Korea, <2007, serum 

dioxin-like, mono-ortho 
PCB; tissue value back-
calculated from TEQ/TEF 

  1  [23] Greece, 2002-4, serum 

mono-ortho PCB  Salmon (range): 337-689 pg/g lipid 
adjusted; UK, 1999 [29]. 

1.26  [26] Canadian women, <1994, breast milk 
(milk fat) 

   3.9  in [24] Swedish women, plasma 

   12.4  [25] US, adults, <2003, serum 

    1 [27] pregnant women, Sweden, 2000, 
plasma 

    2.6 [24] Belgium women, plasma 

158 
158 

   0.57  [21] Korea, <2007, serum 

measured with 138   374.6  [25] US, adults, <2003, serum 

163 measured with 138   34  [21] Korea, <2007, serum 

166  not estrogenic in vitro[18]       

167 
167 
167 
167 
167 
167 

dioxin-like, mono-ortho 
PCB; tissue value back-
calculated from TEQ/TEF 

  1  [23] Greece, 2002-4, breast milk 

dioxin-like, mono-ortho 
PCB; tissue value back-
calculated from TEQ/TEF 

  2  [23] Greece, 2002-4, serum 

mono-ortho PCB   7.7  in [24] Swedish women, plasma 

   21.1  [25] US, adults, <2003, serum 

    0.8 [24] Belgium women, plasma 

    <0.5 [27] pregnant women, Sweden, 2000, 
plasma 

168    0.36  [21] Korea, <2007, serum 

169 
169 
169 
169 

dioxin-like, non-ortho PCB; 
tissue value back-
calculated from TEQ/TEF 

  0.022  [23] Greece, 2002-4, serum 

dioxin-like, non-ortho PCB; 
tissue value back-
calculated from TEQ/TEF 

  0.024  [23] Greece, 2002-4, breast milk 

   1.37  [21] Korea, <2007, serum 
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non-ortho PCB  Salmon (range): 12.4-30.1 pg/g lipid 
adjusted; UK, 1999 [29]. 
Chicken (consensus mean): 0.18 pg/g 
fw. Butter (consensus mean): 0.37 pg/g 
fw.  
Salmon (consensus mean): 1.5 pg/g 
fw.[30] 

 112.4 [24] Belgium women, plasma 

170 
170 
170 
170 
170 
170 
170 
170 

 not estrogenic in vitro[18]; 
not estrogenic in vitro,  
estrogen modulator in vitro[22]  

 0.4 0.4 [32] Pregnant women, Slovakia (70Km from 
former PCB manuf. site), 2002-2004; 
serum, UNITS ARE NG/ML WET 
WEIGHT 

  0.93 0.68 [32] Pregnant women, Slovakia (close to 
former PCB manuf. site), 2002-2004; 
serum, UNITS ARE NG/ML WET 
WEIGHT 

  7.01  [21] Korea, <2007, serum 

  9.19  [26] Canadian women, <1994, breast milk 
(milk fat) 

  52  in [24] Swedish women, plasma 

  105.6  [25] US, adults, <2003, serum 

includes pcb190   15 [27] pregnant women, Sweden, 2000, 
plasma 

   40.1 [24] Belgium women, plasma 

171    0.98  [21] Korea, <2007, serum 

172 
172 

   1.81  [21] Korea, <2007, serum 

  22.5  [25] US, adults, <2003, serum 

174    0.34  [21] Korea, <2007, serum 

177 
177 

   2.39  [21] Korea, <2007, serum 

  40.4  [25] US, adults, <2003, serum 

178 
178 

   2.22  [21] Korea, <2007, serum 

  34.4  [25] US, adults, <2003, serum 

179 present in human 
tissue[18] 

estrogenic in vitro[18]       

180 
180 
180 
180 
180 
180 
180 
180 
180 
180 

indicator PCB Not estrogenic in vitro[18];  
not estrogenic in vitro,  
estrogen modulator in vitro[22];  
estrogen modulator in vitro (gene, 
mitogen)[34];  
estrogen modulator in vitro (mitogen) by 
estrogen depletion and ER, abstract: [28].   
 
Not androgenic in vitro(gene), not anti-
androgenic in vitro(gene) [34] 

 0.92 0.93 [32] Pregnant women, Slovakia (70Km from 
former PCB manuf. site), 2002-2004; 
serum, UNITS ARE NG/ML WET 
WEIGHT 

  2.16 1.63 [32] Pregnant women, Slovakia (close to 
former PCB manuf. site), 2002-2004; 
serum, UNITS ARE NG/ML WET 
WEIGHT 

  20.9  [26] Canadian women, <1994, breast milk 
(milk fat) 

  23.8  [23] Greece, 2002-4, breast milk 

  28.42  [21] Korea, <2007, serum 
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180   44  [33] pregnant women, Holland, 1988-2000, 
plasma 

  61.26  [23] Greece, 2002-4, serum 

  140  in [24] Swedish women, plasma 

  269.2  [25] US, adults, <2003, serum 

   29 [27] pregnant women, Sweden, 2000, 
plasma 

   104.1 [24] Belgium women, plasma 

183 
183 
183 
183 

 not estrogenic in vitro[18]   3.41  [21] Korea, <2007, serum 

  3.89  [26] Canadian women, <1994, breast milk 
(milk fat) 

  41.8  [25] US, adults, <2003, serum 

   8.8 [24] Belgium women, plasma 

185    0.28  [26] Canadian women, <1994, breast milk 
(milk fat) 

187 
187 
187 
187 

 not estrogenic in vitro[18]; 
not estrogenic in vitro,  
estrogen modulator in vitro[22]  

 8.7  [26] Canadian women, <1994, breast milk 
(milk fat) 

  12.32  [21] Korea, <2007, serum 

  145.1  [25] US, adults, <2003, serum 

   18.9 [24] Belgium women, plasma 

189 
189 
189 
189 
189 

   0.35  [26] Canadian women, <1994, breast milk 
(milk fat) 

   0.39  [21] Korea, <2007, serum 

dioxin-like, mono-ortho 
PCB; tissue value back-
calculated from TEQ/TEF 

  0.5  [23] Greece, 2002-4, breast milk 

dioxin-like, mono-ortho 
PCB; tissue value back-
calculated from TEQ/TEF 

  0.6  [23] Greece, 2002-4, serum 

   3.5  [25] US, adults, <2003, serum 

190    1.6  [21] Korea, <2007, serum 

191 
191 

   0.36  [21] Korea, <2007, serum 

   0.63  [26] Canadian women, <1994, breast milk 
(milk fat) 

193 
193 

   1.55  [21] Korea, <2007, serum 

   2.43  [26] Canadian women, <1994, breast milk 
(milk fat) 

194 
194 
194 
194 

 not estrogenic in vitro,  
estrogen modulator in vitro[22]  

 3.76  [26] Canadian women, <1994, breast milk 
(milk fat) 

  5.21  [21] Korea, <2007, serum 

  80.1  [25] US, adults, <2003, serum 

   14.6 [24] Belgium women, plasma 

195 
195 

   0.94  [21] Korea, <2007, serum 

   13  [25] US, adults, <2003, serum 
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196 
196 

   1.76  [21] Korea, <2007, serum 

measured with 203   71.5  [25] US, adults, <2003, serum 

199  not estrogenic in vitro,  
estrogen modulator in vitro[22]  

  16 [24] Belgium women, plasma 

200    0.27  [21] Korea, <2007, serum 

201 
201 
201 

   5.02  [21] Korea, <2007, serum 

   5.04  [26] Canadian women, <1994, breast milk 
(milk fat) 

   87.9  [25] US, adults, <2003, serum 

202    1.31  [21] Korea, <2007, serum 

203 
203 
203 

   2.71  [21] Korea, <2007, serum 

 not estrogenic in vitro, estrogen modulator in 
vitro[22]  

 2.8  [26] Canadian women, <1994, breast milk 
(milk fat) 

measured with 196   71.5  [25] US, adults, <2003, serum 

206 
206 
206 

   0.57  [26] Canadian women, <1994, breast milk 
(milk fat) 

   1.59  [21] Korea, <2007, serum 

   46.8  [25] US, adults, <2003, serum 

207    0.24  [21] Korea, <2007, serum 

208    0.45  [21] Korea, <2007, serum 

209 
209 
209 

 estrogenic in vitro[17]   0.38  [26] Canadian women, <1994, breast milk 
(milk fat) 

   1.09  [21] Korea, <2007, serum 

   27.4  [25] US, adults, <2003, serum 
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PCB metabolites 

Metabolite Endocrine effects Human tissue levels 
Name Abbrev. related 

PCB# M e a n , n g / g
 

li p i d
 

M e d ia n , n g / g
 

li p i d
 

M e a n , p g / g
 

fr e s h
 

w e
i

g h t M e d ia n , p g / g
 

fr e s h
 

w e
i

g h t M e d ia n , n g / m L
 

fr e s h
 

w e
i

g h t 

subjects, location, year, tissue ref Notes 

Hydroxylated metabolites 
2-Chloro-4-
biphenylol 

4-OH-pcb1 1 Shows ER binding[19]          

4-Chloro-4'-
biphenylol 

4'-OH-pcb3 3 Shows ER binding[19]          

2',5'-Dichloro-2-
hydroxybiphenyl 

2'-OH-pcb9 9 estrogenic in vitro[17]          

2',5'-Dichloro-3-
hydroxybiphenyl 

3'-OH-pcb9 9 estrogenic in vitro[17]          

2',5'-Dichloro-4-
hydroxybiphenyl 

4'-OH-pcb9 9 estrogenic in vitro[17] Shows ER binding[19]        

3,5-Dichloro-2-
hydroxybiphenyl 

2-OH-pcb14 14 estrogenic in vitro[17]          

3,5-Dichloro-4-
hydroxybiphenyl 

4-OH-pcb14 14 estrogenic in vitro[17]          

2,2',5-Trichloro-4-
hydroxybiphenyl 

4-OH-pcb18 18 estrogenic in vitro[17]          

2',4',6'-Trichloro-4-
hydroxybiphenyl 

4'-OH-pcb30 30 estrogenic in vitro[17]          

2',3',4',5'-
Tetrachloro-3-
hydroxybiphenyl 

3'-OH-pcb61 61 estrogenic in vitro[17]          

2,3,4,5-tetrachloro-
4'-biphenylol 

4'-OH-pcb61 61 Shows AR binding[20]          

2',3',4',5'-
Tetrachloro-4-
hydroxybiphenyl 

4'-OH-pcb61 61 estrogenic in vitro[17] Shows ER binding[19]        

3,3',5,5'-
tetrachloro-4,4'-
biphenyldiol 

4,4'-OH-pcb72 72 Shows AR binding[20] Shows ER binding[19]         

2',3',4',5,5'-
Pentachloro-2-
hydroxybiphenyl 

6'-OH-pcb106 106 estrogenic in vitro[17]          

 4-OH-pcb107 107     1  Mothers, Sweden, 2000-2001, 
breast milk 

[27] includes 4'-OH-pcb108 

 4-OH-pcb107 107     5  cord blood, Sweden, 2000-2001, 
plasma 

[27] includes 4'-OH-pcb108 

 4-OH-pcb107 107     10  maternal plasma, Sweden, 2000-
2001, plasma 

[27] includes 4'-OH-pcb108 

 4-OH-pcb107 107    20 20  Pregnant women, Slovakia (70Km 
from former PCB manuf. site), 
2002-2004; serum 

[32]  

 4-OH-pcb107 107    50 30  Pregnant women, Slovakia (close 
to former PCB manuf. site), 2002-

[32]  
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2004; serum 

 4-OH-pcb107 107   58    Men, Sweden, 1991, plasma [16]  

 4-OH-pcb107 107   290    Men, high fish diet; Latvia, 1993; 
plasma 

[16]  

 4-OH-pcb107 107  10  60   pregnant women, Holland, 1988-
2000, plasma 

[33]  

 4-OH-pcb107 107      0.54 Women, median age 62; Sweden, 
2000; serum 

[35]  

 4´-OH-pcb120 120     0.1  Mothers, Sweden, 2000-2001, 
breast milk 

[27] value <0.1 set to = 0.1 

 4´-OH-pcb120 120     2  maternal plasma, Sweden, 2000-
2001, plasma 

[27]  

 4´-OH-pcb120 120     2  cord blood, Sweden, 2000-2001, 
plasma 

[27]  

 4´-OH-pcb130 130     0.1  Mothers, Sweden, 2000-2001, 
breast milk 

[27] value <0.1 set to = 0.1 

 4´-OH-pcb130 130     3  cord blood, Sweden, 2000-2001, 
plasma 

[27]  

 4´-OH-pcb130 130     4  maternal plasma, Sweden, 2000-
2001, plasma 

[27]  

 4'-OH-pcb130 130    10 3  Pregnant women, Slovakia (close 
to former PCB manuf. site), 2002-
2004; serum 

[32]  

 4'-OH-pcb130 130    0 <3  Pregnant women, Slovakia (70Km 
from former PCB manuf. site), 
2002-2004; serum 

[32]  

 3´-OH-pcb138 138     0.1  Mothers, Sweden, 2000-2001, 
breast milk 

[27] value <0.1 set to = 0.1 

 3´-OH-pcb138 138     9  maternal plasma, Sweden, 2000-
2001, plasma 

[27]  

 3´-OH-pcb138 138     9  cord blood, Sweden, 2000-2001, 
plasma 

[27]  

 3'-OH-pcb138 138    40 30  Pregnant women, Slovakia (70Km 
from former PCB manuf. site), 
2002-2004; serum 

[32]  

 3'-OH-pcb138 138    80 70  Pregnant women, Slovakia (close 
to former PCB manuf. site), 2002-
2004; serum. 

[32]  

 3'-OH-pcb138 138   28    Men, Sweden, 1991, plasma [16]  

 3'-OH-pcb138 138   74    Men, high fish diet; Latvia, 1993; 
plasma 

[16]  

 3'-OH-pcb138 138  7  45   pregnant women, Holland, 1988-
2000, plasma 

[33]  

 4-OH-pcb146 146     0.2  Mothers, Sweden, 2000-2001, 
breast milk 

[27]  

 4-OH-pcb146 146     21  cord blood, Sweden, 2000-2001, 
plasma 

[27]  

 4-OH-pcb146 146     29  maternal plasma, Sweden, 2000-
2001, plasma 

[27]  

 4-OH-pcb146 146    60 50  Pregnant women, Slovakia (70Km [32]  
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from former PCB manuf. site), 
2002-2004; serum 

 4-OH-pcb146 146    170 110  Pregnant women, Slovakia (close 
to former PCB manuf. site), 2002-
2004; serum 

[32]  

 4-OH-pcb146 146   66    Men, Sweden, 1991, plasma [16]  

 4-OH-pcb146 146   160    Men, high fish diet; Latvia, 1993; 
plasma 

[16]  

 4-OH-pcb146 146  10  63   pregnant women, Holland, 1988-
2000, plasma 

[33]  

 4-OH-pcb146 146      0.68 Women, median age 62; Sweden, 
2000; serum 

[35]  

 3-OH-pcb153 153     0.1  Mothers, Sweden, 2000-2001, 
breast milk 

[27] value <0.1 set to = 0.1 

 3-OH-pcb153 153     5  cord blood, Sweden, 2000-2001, 
plasma 

[27]  

 3-OH-pcb153 153     7  maternal plasma, Sweden, 2000-
2001, plasma 

[27]  

 3-OH-pcb153 153    50 40  Pregnant women, Slovakia (70Km 
from former PCB manuf. site), 
2002-2004; serum 

[32]  

 3-OH-pcb153 153    100 70  Pregnant women, Slovakia (close 
to former PCB manuf. site), 2002-
2004; serum 

[32]  

 3-OH-pcb153 153   20    Men, Sweden, 1991, plasma [16]  

 3-OH-pcb153 153   57    Men, high fish diet; Latvia, 1993; 
plasma 

[16]  

 3-OH-pcb153 153  5  35   pregnant women, Holland, 1988-
2000, plasma 

[33]  

 4´-OH-pcb172 172     0.1  Mothers, Sweden, 2000-2001, 
breast milk 

[27] value <0.1 set to = 0.1 

 4´-OH-pcb172 172     4  cord blood, Sweden, 2000-2001, 
plasma 

[27]  

 4´-OH-pcb172 172     5  maternal plasma, Sweden, 2000-
2001, plasma 

[27]  

 4'-OH-pcb172 172    30 20  Pregnant women, Slovakia (70Km 
from former PCB manuf. site), 
2002-2004; serum 

[32]  

 4'-OH-pcb172 172    60 40  Pregnant women, Slovakia (close 
to former PCB manuf. site), 2002-
2004; serum 

[32]  

 4'-OH-pcb172 172  2  15   pregnant women, Holland, 1988-
2000, plasma 

[33]  

 4´-OH-pcb178 178     0.1  Mothers, Sweden, 2000-2001, 
breast milk 

[27] value <0.1 set to = 0.1 

 4´-OH-pcb178 178     1  maternal plasma, Sweden, 2000-
2001, plasma 

[27]  

 4´-OH-pcb178 178     1  cord blood, Sweden, 2000-2001, 
plasma 

[27]  

 3´-OH-pcb180 180     0.1  Mothers, Sweden, 2000-2001, [27] value <0.1 set to = 0.1 
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breast milk 

 3´-OH-pcb180 180     1  cord blood, Sweden, 2000-2001, 
plasma 

[27]  

 3´-OH-pcb180 180     2  maternal plasma, Sweden, 2000-
2001, plasma 

[27]  

 3'-OH-pcb180 180    10 10  Pregnant women, Slovakia (70Km 
from former PCB manuf. site), 
2002-2004; serum 

[32]  

 3'-OH-pcb180 180    30 20  Pregnant women, Slovakia (close 
to former PCB manuf. site), 2002-
2004; serum 

[32]  

 3´-OH-pcb187 187     0.1  Mothers, Sweden, 2000-2001, 
breast milk 

[27] value <0.1 set to = 0.1 

 3´-OH-pcb187 187     2  cord blood, Sweden, 2000-2001, 
plasma 

[27]  

 3´-OH-pcb187 187     3  maternal plasma, Sweden, 2000-
2001, plasma 

[27]  

 4-OH-pcb187 187     0.4  Mothers, Sweden, 2000-2001, 
breast milk 

[27]  

 4-OH-pcb187 187     24  cord blood, Sweden, 2000-2001, 
plasma 

[27]  

 4-OH-pcb187 187     49  maternal plasma, Sweden, 2000-
2001, plasma 

[27]  

 4-OH-pcb187 187    120 110  Pregnant women, Slovakia (70Km 
from former PCB manuf. site), 
2002-2004; serum 

[32]  

 4-OH-pcb187 187    310 200  Pregnant women, Slovakia (close 
to former PCB manuf. site), 2002-
2004; serum 

[32]  

 4-OH-pcb187 187   68    Men, Sweden, 1991, plasma [16]  

 4-OH-pcb187 187   120    Men, high fish diet; Latvia, 1993; 
plasma 

[16]  

 4-OH-pcb187 187  20  22   pregnant women, Holland, 1988-
2000, plasma 

[33]  

 4-OH-pcb187 187      0.47 Women, median age 62; Sweden, 
2000; serum 

[35]  

 4-OH-pcb193 193     0.1  Mothers, Sweden, 2000-2001, 
breast milk 

[27] value <0.1 set to = 0.1 

 4-OH-pcb193 193     2  maternal plasma, Sweden, 2000-
2001, plasma 

[27]  

 4-OH-pcb193 193     2  cord blood, Sweden, 2000-2001, 
plasma 

[27]  

 4-OH-pcb193 193    10 10  Pregnant women, Slovakia (70Km 
from former PCB manuf. site), 
2002-2004; serum 

[32]  

 4-OH-pcb193 193    30 20  Pregnant women, Slovakia (close 
to former PCB manuf. site), 2002-
2004; serum 

[32]  

Methyl sulfone metabolites 
 3'-MeSO2-pcb49 49 not estrogenic, weak antiestrogen in vitro[31]      
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 4'-MeSO2-pcb49 49 not estrogenic, antiestrogen in vitro[31]       

 3'-MeSO2-pcb101 101 not estrogenic, weak antiestrogen in vitro[31]      

 4'-MeSO2-pcb101 101 not estrogenic, antiestrogen in vitro[31]       

Other, related  
4-hydroxybiphenyl 4-hydroxybiphenyl na Shows AR binding[20]          
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PCDDs 

Class/ Compound Endocrine activity Food relevance Human tissue levels 

  Food type (e.g fish, veg. etc), level Geog. location, 
year 

Tissue (plasma, 
lipid etc 

Mean/ median 
levels 

Subjects 
(gender, age, 
diet),Geog. 
location, year 

PCDDs, data for class  Estimated dietary intake of dioxins and dioxin-like 
PCBs fell by around 50% from 1997 and 2001. 
Especially present in fat-containing foods (e.g. milk, 
meat (red meat > poultry), fish, eggs) 
Consumption estimated in 2001 was within the UK TDI 
(2pg WHO-TEQ/kg bw/day). 
Levels have not declined by the same amount in the 
following years UK, 2001 [36] 
 
PCDFs & PCDDs 
Cows milk (range): 0.12-0.25ng I-TEF  /kg whole milk. 
UK, <1990 [37] 

7 PCDDs 
Body burden (mean (95% CI)): 191 (167-217) pg/g lipid 
[38] 
Placental levels; females, Taiwan, 2000-2001  
 
Data not tabulated: 
For 7 PCDDs and 10 PCDFs: 
Human milk levels, Russia, 1998 [39]. 
Blood, lung, liver, bile, pancreas, spleen, kidney, 
mesentery fat; post-mortem samples, Japan, 2001-2002 
[15] 

2,3,7,8-
tetrachlorodibenzo-p-
dioxin (TCDD, „dioxin‟) 

Estrogen 
modulator in vivo 
[40], and in vitro 
[41,42], acting via 
the AhR [43,44]. 
Not estrogenic in 
vitro [45]. 

Salmon (range): 0.51-1.39 pg/g lipid adjusted; UK, 
1999 [29]. 
Chicken (consensus mean): 0.015 pg/g fw.  
Butter (consensus mean): 0.036 pg/g fw.  
Salmon (consensus mean): 0.077 pg/g fw. World-wide, 
2000[30] 
 
6% of TCDD content of milk carton paperboard had 
transferred into milk after 7 days refrigerated storage 
[37]. 

Serum (median): 4.9 pg/g lipid; Belgium women, 1999, 
serum[24]. 
Serum (mean): 0.15 pg/g lipid; Greece, 2002-4, 
serum[23].  
Breast milk (mean): 0.73 pg/g lipid; Greece, 2002-4, 
human milk[23] 

12378- PeCDD  Salmon (range): 0.8-4.16 pg/g lipid adjusted; UK, 1999 
[29]. 
Chicken (consensus mean): 0.021 pg/g fw.  
Butter (consensus mean): 0.072 pg/g fw.  
Salmon (consensus mean): 0.13 pg/g fw.[30] 

Serum (median): 13.1 pg/g lipid; Belgium women, 1999, 
serum[24]. 
Serum (mean): 0.58 pg/g lipid; Greece, 2002-4, 
serum[23].  
Breast milk (mean): 2.14 pg/g lipid; Greece, 2002-4, 
human milk[23] 

123478-HxCDD  Salmon (range): u.d.- 0.85 pg/g lipid adjusted; UK, 
1999 [29]. 
Chicken (consensus mean): 0.018 pg/g fw.  
Butter (consensus mean): 0.055 pg/g fw.  
Salmon (consensus mean): 0.032 pg/g fw.[30] 

Serum (median): 10.8 pg/g lipid; Belgium women, 1999, 
serum[24]. 
Serum (mean): 2.7 pg/g lipid; Greece, 2002-4, 
serum[23].  
Breast milk (mean): 1.1 pg/g lipid; Greece, 2002-4, 
human milk[23] 
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123678- HxCDD  Salmon (range): u.d.-1.39 pg/g lipid adjusted; UK, 1999 
[29]. 
Chicken (consensus mean): 0.025 pg/g fw.  
Butter (consensus mean): 0.1 pg/g fw.  
Salmon (consensus mean): 0.062 pg/g fw. World-wide, 
2000[30] 

Serum (median): 42.7 pg/g lipid; Belgium women, 1999, 
serum[24]. 
Serum (mean): 10.7 pg/g lipid; Greece, 2002-4, 
serum[23].  
Breast milk (mean): 5.3 pg/g lipid; Greece, 2002-4, 
human milk[23] 

123789- HxCDD  Salmon (range): undetectable; UK, 1999 [29]. 
Chicken (consensus mean): 0.014 pg/g fw.  
Butter (consensus mean): 0.074 pg/g fw.  
Salmon (consensus mean): 0.032 pg/g fw. World-wide, 
2000[30] 
 

Serum (median): 8.5 pg/g lipid; Belgium women, 1999, 
serum[24]. 
Serum (mean): 4.8 pg/g lipid; Greece, 2002-4, 
serum[23].  
Breast milk (mean): 1 pg/g lipid; Greece, 2002-4, 
human milk[23] 

1234678- HpCDD  Salmon (range): undetectable; UK, 1999 [29]. 
Chicken (consensus mean): 0.12 pg/g fw.  
Butter (consensus mean): 0.22 pg/g fw.  
Salmon (consensus mean): 0.13 pg/g fw. World-wide, 
2000[30] 
 

Serum (median): 79.2 pg/g lipid; Belgium women, 1999, 
serum[24]. 
Serum (mean): 49 pg/g lipid; Greece, 2002-4, 
serum[23].  
Breast milk (mean): 5 pg/g lipid; Greece, 2002-4, 
human milk[23] 

OCDD  Salmon (range): 0.66-1.47 pg/g lipid adjusted; UK, 
1999 [29]. 
Chicken (consensus mean): 0.59 pg/g fw.  
Butter (consensus mean): 1.5 pg/g fw.  
Salmon (consensus mean): 1.3 pg/g fw. World-wide, 
2000[30] 

Serum (median): 743.8 pg/g lipid; Belgium women, 
1999, serum[24]. 
Serum (mean): 300 pg/g lipid; Greece, 2002-4, 
serum[23].  
Breast milk (mean): 0 pg/g lipid; Greece, 2002-4, 
human milk[23] 



Page 23 of 73 

 
PCDFs 

Class/ Compound Endocrine activity Food relevance Human tissue levels 

  Food type (e.g fish, veg. etc), level Geog. location, year Tissue (plasma, 
lipid etc 

Mean/ median 
levels 

Subjects (gender, 
age, diet),Geog. 
location, year 

PCDFs, data for class   10 PCDFs: 
Body burden (mean (95% CI)): 30.6 (22.8-41.1) pg/g lipid 
[38] 
Placental levels; females, Taiwan, 2000-2001 

2,3,7,8-TCDF Estrogen modulator in 
vitro, abstract only [46] 

Salmon (range): 11.87-48.52 pg/g lipid adjusted; UK, 1999 
[29]. 
Chicken (consensus mean): 0.12 pg/g fw. Butter (consensus 
mean): 0.089 pg/g fw. Salmon (consensus mean): 1.1 pg/g 
fw. World-wide, 2000[30] 
 

Serum (median): undetectable pg/g lipid; Belgium women, 
1999, serum[24]. 
Serum (mean): 0.1 pg/g lipid; Greece, 2002-4, serum[23].  
Breast milk (mean): 0.5 pg/g lipid; Greece, 2002-4, human 
milk[23] 

1,3,6,8-TCDF Estrogen modulator in 
vitro, abstract only [46] 

  

12378-PeCDF  Salmon (range): 0.88-5.65 pg/g lipid adjusted; UK, 1999 
[29]. 
Chicken (consensus mean): 0.031 pg/g fw. Butter 
(consensus mean): 0.075 pg/g fw. Salmon (consensus 
mean): 0.17 pg/g fw. World-wide, 2000[30] 
 

Serum (median): 3.1 pg/g lipid; Belgium women, 1999, 
serum[24]. 
Serum (mean): 0.2 pg/g lipid; Greece, 2002-4, serum[23].  
Breast milk (mean): 0.2 pg/g lipid; Greece, 2002-4, human 
milk[23] 

1,2,3,7,9-PeCDF 
 

Estrogen modulator in 
vitro, abstract only [46] 

  

2,3,4,7,8-PeCDF Estrogen modulator in 
vitro, abstract only [46] 

Salmon (range): 3.75-13.95 pg/g lipid adjusted; UK, 1999 
[29]. 
Chicken (consensus mean): 0.066 pg/g fw. Butter 
(consensus mean): 0.12 pg/g fw. Salmon (consensus 
mean): 0.5 pg/g fw. World-wide, 2000[30] 
 

Serum (median): 30.8 pg/g lipid; Belgium women, 1999, 
serum[24]. 
Serum (mean): 4.26 pg/g lipid; Greece, 2002-4, 
serum[23].  
Breast milk (mean): 6.26 pg/g lipid; Greece, 2002-4, 
human milk[23] 

123478-HxCDF  Salmon (range): u.d.-0.68pg/g lipid adjusted; UK, 1999 [29]. 
Chicken (consensus mean): 0.033 pg/g fw. Butter 
(consensus mean): 0.083 pg/g fw. Salmon (consensus 
mean): 0.052 pg/g fw. World-wide, 2000[30] 

 

Serum (median): 12.2 pg/g lipid; Belgium women, 1999, 
serum[24]. 
Serum (mean): 4.3 pg/g lipid; Greece, 2002-4, serum[23].  
Breast milk (mean): 1.6 pg/g lipid; Greece, 2002-4, human 
milk[23] 

123678-HxCDF  Salmon (range): u.d.-0.78 pg/g lipid adjusted; UK, 1999 [29]. 
Chicken (consensus mean): 0.021 pg/g fw. Butter 
(consensus mean): 0.082 pg/g fw. Salmon (consensus 

Serum (median): 10.7 pg/g lipid; Belgium women, 1999, 
serum[24]. 
Serum (mean): 3.2 pg/g lipid; Greece, 2002-4, serum[23].  
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mean): 0.045 pg/g fw. World-wide, 2000[30] 

 
Breast milk (mean): 1.6 pg/g lipid; Greece, 2002-4, human 
milk[23] 

234678-HxCDF  Salmon (range): u.d.-1 pg/g lipid adjusted; UK, 1999 [29]. 
Chicken (consensus mean): 0.018 pg/g fw. Butter 
(consensus mean): 0.077 pg/g fw. Salmon (consensus 
mean): 0.052 pg/g fw. World-wide, 2000[30] 

 

Serum (median): 5.7 pg/g lipid; Belgium women, 1999, 
serum[24]. 
Serum (mean): 4.1 pg/g lipid; Greece, 2002-4, serum[23].  
Breast milk (mean): 0.7 pg/g lipid; Greece, 2002-4, human 
milk[23] 

123789-HxCDF  Salmon (range): undetectable; UK, 1999 [29]. 
Chicken (consensus mean): 0.014 pg/g fw. Butter 
(consensus mean): 0.069 pg/g fw. Salmon (consensus 
mean): 0.045 pg/g fw. World-wide, 2000[30] 

Serum (median): 2.3 pg/g lipid; Belgium women, 1999, 
serum[24]. 
Serum (mean): 1.3 pg/g lipid; Greece, 2002-4, serum[23].  
Breast milk (mean): 0.2 pg/g lipid; Greece, 2002-4, human 
milk[23] 

1234678-HpCDF  Salmon (range): undetectable; UK, 1999 [29]. 
Chicken (consensus mean): 0.051 pg/g fw. Butter 
(consensus mean): 0.25 pg/g fw. Salmon (consensus 
mean): 0.15 pg/g fw. World-wide, 2000[30] 

Serum (median): 11.6 pg/g lipid; Belgium women, 1999, 
serum[24]. 
Serum (mean): 30 pg/g lipid; Greece, 2002-4, serum[23].  
Breast milk (mean): 1 pg/g lipid; Greece, 2002-4, human 
milk[23] 

1234789-HpCDF  Salmon (range): undetectable; UK, 1999 [29]. 
Chicken (consensus mean): 0.009 pg/g fw. Butter 
(consensus mean): 0.1 pg/g fw. Salmon (consensus mean): 
0.022 pg/g fw. World-wide, 2000[30] 

 

Serum (median): 5.1 pg/g lipid; Belgium women, 1999, 
serum[24]. 
Serum (mean): 2 pg/g lipid; Greece, 2002-4, serum[23].  
Breast milk (mean): 0 pg/g lipid; Greece, 2002-4, human 
milk[23] 

OCDF  Salmon (range): 0.66-1.47 pg/g lipid adjusted; UK, 1999 
[29]. 
Chicken (consensus mean): 0.14 pg/g fw. Butter (consensus 
mean): 0.5 pg/g fw. Salmon (consensus mean): 0.15 pg/g 
fw. World-wide, 2000[30] 

Serum (median): 14.9 pg/g lipid; Belgium women, 1999, 
serum[24]. 
Serum (mean): 0 pg/g lipid; Greece, 2002-4, serum[23].  
Breast milk (mean): 0 pg/g lipid; Greece, 2002-4, human 
milk[23] 
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Phthalates 
 

Phthalate esters are widely used as plasticizers to decrease the rigidity of certain polymers.  Phthalates can leach from plastics and have been found to be 

ubiquitously distributed in the environment.  Uses of phthalates, such as  benzylbutylphthalate, as plasticizers include: floor tiles, cellulose plastics, polyvinyl 

acetates, polyurethanes, polysulfides, synthetic leathers, acrylic caulking, adhesive for medical devices, cosmetics, insecticide.  Of particular relevance to food is 

the use of phthalates in regenerated cellulose films, paper and paperboard for the packaging of liquid, fatty and dry foods. Phthalates are reported to act as anti-

androgens via effects on androgen synthesis, reviewed by [47]. 
 

Class/ Compound Endocrine activity Food relevance Human tissue 
levels 

  

  Food type (e.g fish, veg. etc); level; geog. 
location, year 

Tissue 
(plasma, lipid 
etc 

Mean/ median 
levels 

Subjects 
(gender, age, 
diet),Geog. 
location, year 

Phthalates (data for class)  Food is a major exposure route for diiso-butyl, 
dibutyl, and di-2-ethylhexyl phthalates. 
Other routes are more important for dimethyl, 
diethyl, benzylbutyl, diisononyl, and diisodecyl 
phthalates, abstract only, [48]. 
 

10 urinary biomarkers of phthalates studied in 90 
girls, USA, 2004-2005.  9 of the 10 markers were 
detectable in >94% of samples [49] 
Urinary levels of DEHP metabolites measured in 
239 children aged 2-14 years; median daily intake 
was estimated using volume-based (7.8ug/kg 
bw/day) or creatinine-based (4.3ug/kg bw/day) 
models [50]. 
Retrospective study of primary and secondary 
metabolites of 5 phthalates (DnBP, DiBP, BBzP, 
DEHP, DiNP) in a total of 634 subjects (326F, 
308M, age 20-29) from Germany from 1988 to 
2003 (1988, 1989, 1991, 1993, 1996, 1998, 1999, 
2001, 2003; >60 subjects per sampling year) [51].  
Daily intakes were also estimated from the urinary 
metabolite levels. 

di-2-ethyl-hexyl phthalate 
ester (DEHP) 

No ER binding, non-estrogenic in vitro 
or in vivo [52]; 
Shows ER binding, not estrogenic in 
vitro [53] 

Food is major exposure route, abstract [48] Estimated daily intake (median): 2.4ug/kg bw/d;, 
Germany, 2003 [51]. 

di-n-butyl phthalate ester 
(DBP, DnBP) 

Weak Shows ER binding, estrogenic 
in vitro but not in vivo [52]; 
Shows ER binding, estrogenic in vitro 
[53]; 

Food is major exposure route, abstract [48] Serum: 72-359nM in [54] referred to WHO, 1997. 
Estimated daily intake (median): 1.9ug/kg bw/d;, 
Germany, 2003 [51]. 
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estrogenic in vitro [129} 
 

Butyl-benzyl phthalate ester 
(BBP, BBzP) 

weak Shows ER binding, estrogenic in 
vitro but not in vivo [52]; 
estrogenic in vitro [55]; 
Shows ER binding, estrogenic in vitro 
[53]; 
estrogenic in vitro [56] 

Food is NOT major exposure route, abstract [48] Estimated daily intake (median): 0.2ug/kg bw/d;, 
Germany, 2003 [51]. 

di-hexyl phthalate ester 
(DHP) 

Shows weak ER binding, estrogenic in 
vitro but not in vivo [52] 

  

di-iso-heptyl phthalate ester no ER binding, non-estrogenic in vitro 
and in vivo [52] 

  

di-n-octyl phthalate ester no ER binding, non-estrogenic in vitro 
and in vivo [52] 

  

di-iso-nonyl phthalate ester 
(DiNP) 

no ER binding, non-estrogenic in vitro 
and in vivo [52]; 
estrogenic in vitro [56] 

Food is NOT major exposure route, abstract [48] Estimated daily intake (median): 0.4ug/kg bw/d;, 
Germany, 2003 [51]. 

Di-iso-decyl phthalate ester no ER binding, non-estrogenic in vitro 
and in vivo [52] 

Food is NOT major exposure route, abstract [48]  

dis(2-ethylhexyl)adipate 
(DEHA) 

Shows ER binding, not estrogenic in 
vitro [53] 

  

di-ethyl phthalate estrogenic in vitro [56] Food is NOT major exposure, abstract [48]route  

di-iso-butyl phthalate (DiBP) estrogenic in vitro [56] Food is major exposure route, abstract [48] Estimated daily intake (median): 1.4ug/kg bw/d;, 
Germany, 2003 [51]. 

butyl cyclohexyl phthalate estrogenic in vitro [56]   

di-phenyl phthalate estrogenic in vitro [56]   

Iso-hexyl-benzyl phthalate estrogenic in vitro [56]   

Di-tri-decyl phthalate estrogenic in vitro [56]   
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Bisphenol A & other phenols 
 

Bisphenol A is used in the synthesis of polycarbonate plastics, and can leach from polycarbonate plastics if the polymerisation was incomplete or if the plastic is 

heated (for example when autoclaved for sterilisation) so that the polymer breaks down.  Bisphenol A is used in packaging for food and drinks, and the presence 

of bisphenol A in food has been reported when the food was preserved by canning in polycarbonate-lined tin cans [57].  There is an Opinion of the Scientific 

Committee on Food on Bisphenol A from the European Commission (2002)[58].   

Alkylphenols, including  4-nonylphenol and 4-octylphenol, are used as antioxidants and in the synthesis of detergents (alkylphenol polyethoxylates); exposure 

may occur through drinking water when, for example NP, leaches from PVC tubing used for milk processing and from plastics used in food packaging.  

Although alkylphenol polyethoxylates are not estrogenic themselves they  may be degraded by sewage treatment into free, monoethoxylate and diethoxylate 

alkylphenols, with free phenols and alkylphenol diethoxylates being estrogenic and resulting in exposure through drinking water [55].   

Phenylphenols.  Although o-phenylphenol is a pesticide and so not included here, p and m- phenylphenol may have non-pesticide uses, for example  p-

phenylphenol is used in the rubber industry, with potential for food contact, and in resin manufacture. 

 

Note: literature reports of bisphenol A concentrations are typically for total compound, however since bisphenol A undergoes conjugation in vivo, to glucuronide, 

this may be an over-estimate of the bioavailable amount. 
 

Class/ Compound Endocrine activity Food relevance Human tissue levels 

  Food type (e.g fish, veg. etc), level Geog. 
location, 
year 

Tissue (plasma, 
lipid etc 

Mean/ 
median 
levels 

Subjects (gender, 
age, diet),Geog. 
location, year 

Bisphenol A (BPA),  
aka 4,4'-
isopronylidenediphenol 

estrogenic in vitro [59] and many 
since including: [17,57,60,61]; 
estrogenic in vivo, see many refs 
in [58]. 
Antiandrogenic in vitro [62], 
antiandrogenic in vitro [63], not 
androgenic in vitro [63] 
 

Canned food (mean): 20ug/kg [58,64] 
Canned meat: 350-420ug/kg [58,64] 

UK, 2000 Plasma (mean+/-SD): 4.4+/-3.9ng/ml 
Pregnant women; Germany, 2000-2001 [65] 
Serum (mean +/-SD): 2.0+/-0.8ng/ml 
Healthy premenopausal women; Japan, <2002 
[66] 
Serum (mean+/-SEM): 0.64+/-0.1ng/ml 
Normal women; Japan, <2002 [67] 
Serum (mean+/-SEM): 1.49+/-0.11 ng/ml 
Normal men, Japan, <2002 [67] 
Serum (mean+/-SD): 2.5+/-1.5ng/ml 
Normal premenopausal women; Japan, <2004 
[68] 
Serum (mean +/-SEM): 0.7+/-0.09ng/ml 
Normal women; Japan, <2004 [69] 

Bis(2-ethylhexyl)adipate 
(BEHA) 

Shows ER binding and estrogenic 
in vitro (mitogen) [70]. 
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4-nonylphenol estrogenic in vitro [60] [71] [72]; 
Shows ER binding and estrogenic 
in vitro (mitogen) [70]. 

estimated daily intake: <0.16mg [72] Swiss Plasma (range, n=3): 0.2-0.3ng/ml [73] 
Urine: undetectable, n=5, LOD 0.2ng/ml 
Healthy volunteers, age 22-25yrs; Japan <2003. 

4-octylphenol estrogenic in vitro [60]    

4-tert-octylphenol Shows ER binding and estrogenic 
in vitro (mitogen) [70]; estrogenic 
in vitro [61,63], not androgenic in 
vitro, antiandrogenic in vitro[63] 

  Plasma (range, n=3): 0.1-0.2ng/ml [73] 
Urine: undetectable, n=5, LOD 0.02ng/ml 
Healthy volunteers, age 22-25yrs; Japan <2003 

4-n-octylphenol estrogenic in vitro [61]    

tert-butylphenol estrogenic in vitro [61,71]    

4-ethylphenol Shows ER binding and estrogenic 
in vitro (mitogen) [70]. 

   

4-n-butylphenol estrogenic in vitro [61]    

nonoxanol-9 estrogenic in vitro [71]    

4-t-butyl cyclohexanol estrogenic in vitro [61]    

4-n-butyl chlorobenzene estrogenic in vitro [61]    

4-t-butyl nitrobenzene estrogenic in vitro [61]    

4-n-butyl aniline estrogenic in vitro [61]    

p-phenylphenol  estrogenic in vitro [55,63]; 
Not androgenic in vitro[63], anti-
androgenic in vitro [63]  

   

m-phenylphenol estrogenic in vitro [55,63] 
Not androgenic in vitro[63], anti-
androgenic in vitro [63] 

   

2,2‟ biphenol not estrogenic in vitro, not 
androgenic in vitro, weakly 
antiandrogenic in vitro [63] 

   

4,4‟ biphenol not estrogenic in vitro, not 
androgenic in vitro, weakly 
antiandrogenic in vitro [63] 

   

4-dihydroxybiphenyl (DHBP) Shows ER binding and estrogenic 
in vitro (mitogen) [70]. 

   

Polymerisers 

n-butylbenzene Shows ER binding and estrogenic 
in vitro (mitogen) [70]. 

   

Benzophenone Shows ER binding and estrogenic 
in vitro (mitogen) [70]. 

   

p-nitrotoluene Shows ER binding and estrogenic 
in vitro (mitogen) [70]. 
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Antioxidants 
 

Butylated hydroxyanisole (BHA) and butylated hydroxytoluene (BHT) are phenolic antioxidants which are added to foods to prolong shelf life and to reduce 

nutrient loss.  Because these substances are added to food they are potentially amongst the easiest chemicals to regulate should an endocrine-related concern be 

identified. 

 
Class/ Compound Endocrine activity Food relevance Human tissue levels 

  Food type (e.g fish, veg. etc), 
level 

Geog. location, 
year 

Tissue 
(plasma, 
lipid etc 

Mean/ 
median levels 

Subjects (gender, age, 
diet),Geog. location, year 

2-Tert-Butyl-4-
hydroxyanisole (BHA);  
aka  butylated 
hydroxyanisole 

 

Estrogenic in vitro [17]. 
Not androgenic in vitro, 
antiandrogenic in vitro [74]; 
antiandrogenic in vitro [62]. 
Estrogen modulator, not 
antiandrogenic in vivo [75]. 

Maximum usage levels (FDA): 
50ppm in dry breakfast cereals 
1000ppm in active yeast 
 
approved as a food additive with regulatory 
limits of 100-200ppm for edible fat and oils inc. 
animal fats and vegetable oils (JECFA, 1996; 
WHO, 1999) 

Adipose tissue: 0.01ppm, abstract: [76] 
Canada, <1986 

Butylated hydroxytoluene 
(BHT) 

 

No ER binding[77]. 
Antiandrogenic in vitro, not 
androgenic in vitro [74] 

“main potential sources of BHT”: „pastry, cakes 
and biscuits‟, „chewing gums‟ and „vegetable 
oils and margarines” , Italy, 2000[78] 

Adipose tissue: 0.12ppm, abstract: [76] 
Canada, <1986 

Tert-butylhydroquinone    
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Phytoestrogens 
 

Phytoestrogens are chemicals with estrogenic properties but that, unlike the man-made „xenoestrogens‟, occur naturally in plants, and thus in foods.  

Phytoestrogens are generally thought to be beneficial with anticancer and antiviral properties.  The major groups of phytoestrogens are: isoflavones, which are 

particularly common in eastern diets (for example in soy and tofu); lignans, which are probably the most common phytoestrogens in the western diet; and 

coumestans, which includes coumestrol – one of the more estrogenic phytoestrogens.  Other smaller groups include flavones, and mycoestrogens.  

Phytoestrogens may occur in various forms in foods (for example as glucosides) and may undergo metabolism both in the gastrointestinal tract prior to 

absorption (for example deconjugation to the aglycone, or demethylation) and in the body (for example sulphate conjugation).  The estrogenicity of both the 

parent compound and the metabolites are of potential relevance, and in some cases the aglycone has been identified as the bioactive form, rather than the 

glucoside.  Phytoestrogens may also exert effects by acting as tyrosine kinase inhibitors, by inhibiting DNA topoisomerase I and II or by acting as antioxidants. 

Additional literature:  Phytoestrogens have been reviewed as a possible alternative to HRT therapy, for example preparations of red clover sold as nutritional 

supplements [79].  A study of the effects of a mixture of phytoestrogens on uterine growth in prepubertal rats reported additive effects [54].  There is detailed 

information on phytoestrogens in a „western‟ diet (Canada), abstract: [80].  Pharmacokinetics of daidzein and genistein after a food bolus [81].  Matsumara et al. 

compare eight phytoestrogens in various comparable assays, and discuss the likelihood of anti-estrogenic effects [82]. 

FSA: COT review of chemistry of phytoestrogens and analytical methods[83], Draft report from the COT Working Group on Phytoestrogens [84]. 

 
 Class/ Compound Endocrine activity Food relevance Human tissue levels 

  Food type (e.g fish, 
veg. etc), level 

Geog. location, year Tissue 
(plasma, lipid 
etc 

Mean/ 
median 
levels 

Subjects (gender, age, 
diet),Geog. location, year 

Phytoestrogens (data for 
class) 

 Lignans typically found in broccoli and cauliflower, 
Isoflavonoids typically found in soy. 
Almost by definition, any phytoestrogen has the 
potential to be found in certain foods, however the 
concentration may vary and human exposure will 
vary greatly depending on diet. Further food level 
and estimated human intake information in [84]. 
Food levels of phytoestrogens and likely dietary 
sources, for women in US [85]. 
 
10mg miso (probably due to genistein) or 10ml 
beer (probably due to 8-prenylnaringenin) were 
equivalent to 1pmol 17β-estradiol in the YES[86] 

Plasma levels of phytoestrogens varied across Europe, with 
many subjects having undetectable (<0.4nM) levels: glycitein 
(80%), o-DMA (73%), equol (62%)  
Vegetarian/vegan subjects had levels 5-50 fold higher than 
subjects with a non-vegetarian diet. abstract: [87]. 
A mixture reported to be constructed based on human serum 
ratios was (ug/kg): coumestrol (0.001), genistein (30.8), 
naringenin (6.21), quercetin (3.86), catechin (4.63), 
epicatechin (16.55) [54]. 
 
 
 

Coumestans 
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Coumestrol 
(COM) 

Shows ER binding [88]; 
estrogenic in vitro and in vivo 
[89]; shows ER binding and 
estrogenic in vitro (mitogen) 
[70]; shows ER binding, 
estrogenic in vitro (gene, 
mitogen)[82]. 
Shows no AR binding [20] 

Found in alfalfa sprouts and various beans  

Isoflavones 

Genistein  
(GEN) 

Estrogenic in vitro [60], 
estrogenic in vitro and in 
vivo[89]; Shows ER binding 
and estrogenic in vitro 
(mitogen) [70]; estrogenic in 
vitro (gene) [90]; binds ER, 
estrogenic in vitro (gene) [90]; 
sstrogen modulator in vitro 
against 17β-estradiol and 
pesticides [91]; shows ER 
binding and estrogenic in vitro 
(gene, mitogen)[82]. 
Shows AR binding [20,92]. 

Vegetables: 1-3 mg/100g 
Soy products: 20-1100 mg/100g 
Non soy legumes: 0-80 mg/100g  
all reviewed in [89] 
 
GEN is the most estrogenic component of red 
clover [90] 
 
Miso: 3.2-394 ug/g 
Tofu: 1.4-9 ug/g 
Soy sauce: 0.1-2.6 ug/ml [86] 
 

Plasma (mean(range)): 83.9 (9.2-303) nM [93] 
Pregnant women, age 20-30; Japan, 1985 
Serum (mean): 7.1 nM [94] 
Healthy women, aged 34-65; New York, 1985-91 
Plasma (median(10-90%range)) [95]:  
On Western diet: 2.05(0-5.1) ng/ml 
On vegetarian diet: 12.1 (0-25.5) ng/ml 
On high soy diet: 74.6 (0-319) 
Plasma (mean +/-SD), after 10wk high soy diet [96]: 
691 +/- 690 nM (EP), 806+/-1238 nM (NEP). 
 
Plasma levels for different populations and diets have been 
summarised: mean range 0.5-276 nM [89]. 

Biochanin A  
(GEN precursor) 

Estrogenic in vitro and in vivo 
[89]; shows ER binding and 
estrogenic in vitro (gene) [90]; 
shows ER binding and 
estrogenic in vitro (mitogen) 
[70]. 
Shows AR binding [92] 
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Daidzein  
(DAI) 

Estrogenic in vitro and in vivo 
[89], 
shows ER binding, estrogenic 
in vitro (gene) [90]; Shows ER 
binding and estrogenic in vitro 
(mitogen) [70]; shows no ER 
binding and estrogenic in vitro 
(gene, mitogen)[82]. 
 
Shows AR binding [92] 

Vegetables: 1-3 mg/100g 
Soy products: 20-900 mg/100g 
Non soy legumes: 0-10 mg/100g 
Fava beans: 100 mg/100g 
all reviewed in [89] 

Plasma (mean(range)): 45.5 (2-243) nM [93] 
Pregnant women, age 20-30; Japan, 1985 
Serum (mean): 3.1 nM [94] 
Healthy women, aged 34-65; New York, 1985-91 
Plasma (mean(range)): 8.2 (1.2-36) ng/ml [97] 
Men; UK, 1997 
Prostatic fluid (mean(range)): 11.3 (u.d. – 62) ng/ml [97] 
Men; UK, 1997 
 
Plasma (median(10-90%range)) [95]:  
On Western diet: 3.2 (0-8.5) ng/ml 
On vegetarian diet: 12.7 (0.7-24.7) ng/ml 
On high soy diet: 30.4 (0-143) ng/ml 
Plasma (mean +/-SD), after 10wk high soy diet [96]: 
369 +/- 456 nM (EP), 310 +/- 244 nM (NEP). 
 
Plasma levels for different populations and diets have been 
summarised: mean range 0.6-107 nM [89]. 

Formononetin 
(DAI precursor) 

Estrogenic in vitro and in vivo 
[89]; binds ER, estrogenic in 
vitro (gene) [90]; Shows ER 
binding and estrogenic in vitro 
(mitogen) [70]. 
Shows AR binding [92] 
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Equol 
(DAI metabolite) 

Estrogenic in vitro and in 
vivo[89]; shows ER binding 
and estrogenic in vitro 
(mitogen) [70]; shows ER 
binding, estrogenic in vitro 
(gene, mitogen)[82]. 
Anti-androgenic in vivo (but 
by sequestering DHT and not 
by AR binding)[98]; shows AR 
binding[20] 

 Plasma (mean(range)): 71.1 (0.6-404) nM [93] 
Pregnant women, age 20-30; Japan, 1985 
Serum (mean): 0.53 nM [94] 
Healthy women, aged 34-65; New York, 1985-91 
Plasma (mean(range)): 0.57 (0.05-8.5) ng/ml [97] 
Men; UK, 1997 
Prostatic fluid (mean(range)): 0.5 (u.d. – 5.1) ng/ml [97] 
Men; UK, 1997 
 
Plasma (median(10-90%range)) [95]:  
On Western diet: 0.4 (0-2.1) ng/ml 
On vegetarian diet: 0.4 (0.1-0.6) ng/ml 
On high soy diet: 3.3 (0-33.3) ng/ml 
Plasma (mean +/-SD), after 10wk high soy diet [96]: 
364 +/- 396 nM (EP), 2 +/- 7 nM (NEP). 
 
Not all humans produce equol from daidzein, only around 30% 
do so[81]. 
 
Plasma levels for different populations and diets have been 
summarised: mean range 0.1-5.5 nM [89]. 

Dihydrodaidzein 
(DAI metabolite) 

   

o-desmethylangolensin 
(DMA, a DAI metabolite) 

Estrogenic in vitro and in 
vivo[89]. 

 Plasma (mean(range)): 31.2 (1.3-194) nM [93] 
Pregnant women, age 20-30; Japan, 1985 
Serum (mean): 0.47 nM [94] 
Healthy women, aged 34-65; New York, 1985-91 
 
Plasma (mean +/-SD), after 10wk high soy diet [96]: 
82 +/- 92 nM (EP), 100 +/- 99 nM (NEP). 
 
 
Plasma levels for different populations and diets have been 
summarised: mean range <0.1-3.3 nM [89]. 

Glycitein   Plasma (mean +/-SD), after 10wk high soy diet [96]: 
0 +/- 0 nM (EP), 1.8 +/- 6.7 nM (NEP). 
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Lignans 

Enterolactone  
(ENL) 

Estrogenic in vitro [89]; 
estrogen modulator in vivo 
(mice with MCF7 tumour) and 
in vitro (MCF7 production of 
VEGF) [99]. 

“Lignans” [89] 
fruit: 60-200 mg/100g 
vegetables: 100-400 mg/100g 
cereals: 100-700 mg/100g 
flaxseed: 68,000 mg/100g 
soy products: 900 mg/100g 
 
The plant lignans, Matairesinol and 
Secoisolariciresinol, are present in foods but are 
modified by gut microflora (to ENL and END), 
consequently humans  
 

Plasma (mean(range)): 12.9 (0.5-58) nM [93] 
Pregnant women, age 20-30; Japan, 1985 
Plasma (mean(range)): 3.9 (0.05-12.3) ng/ml [97] 
Men; UK, 1997 
Prostatic fluid (mean(range)): 20.3 (u.d. – 156) ng/ml [97] 
Men; UK, 1997 
Serum (mean): 21.23 nM [94] 
Healthy women, aged 34-65; New York, 1985-91 
 
Plasma (median(10-90%range)) [95]:  

On Western diet: 4.6 (0.9-8.4) ng/ml 
On vegetarian diet: 75.4 (16.7-134) ng/ml 
On high soy diet: 6.2 (0-36.6) ng/ml 
 
Plasma levels for different populations and diets have been 
summarised: mean range 3.9-752 nM [89]. 

Matairesinol  
(ENL precursor) 

 Plasma levels for different populations and diets have been 
summarised: mean range 0.0-1.9 nM [89]. 

Enterodiol  
(END) 

Estrogen modulator in vivo 
(mice with MCF7 tumour) and 
in vitro (MCF7 production of 
VEGF) [99]. 

Plasma (mean(range)): 1.64 (0-9.6) nM [93] 
Pregnant women, age 20-30; Japan, 1985 
Prostatic fluid (mean(range)): 2.6 (u.d. – 10.4) ng/ml [97] 
Men; UK, 1997 
Serum (mean): 1.5 nM [94] 
Healthy women, aged 34-65; New York, 1985-91 
 
Plasma (median(10-90%range)) [95]:  
On Western diet: 0.4 (0-0.9) ng/ml 
On vegetarian diet: 5.1 (0-16) ng/ml 
On high soy diet: 1.7 (0-9.2) ng/ml 
 
Plasma levels for different populations and diets have been 
summarised: mean range 0.4-65.6 nM [89]. 

Secoisolariciresinol 
(END precursor) 

  
 

Mycoestrogens 

Ochratoxin A    
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Zearalenone (ZEA) Estrogenic in vitro [61], 
estrogenic in vitro [89]; 
estrogenic in vitro[100].  
A metabolite (alpha-
zearalanol) is estrogenic in 
vivo [89]; Four metabolites 
are Shows AR bindings [20]. 
 

Synthesised by moulds; ZEA and metabolites 
thereof are difficult to avoid in food products, 
namely cereal grains and derived foods. 
ZEA was detected in almost every one of 140 
RAW maize samples, and was >100ug/kg in 42% 
of samples, abstract: [101].  Cleaning reduced 
concentrations of mycoestrogens, abstract doesn‟t 
state extent of reduction for ZEA. 

 

Others 

Naringenin (a flavanone) Estrogenic in vitro [89]; 
Shows ER binding and 
estrogenic in vitro (mitogen) 
[70]; weakly estrogenic in 
vitro (gene), but not 
estrogenic in vitro 
(mitogen)[102];  
 
estrogen modulator in vivo 
and in vitro (gene and 
mitogen) [102].  
 
Shows slight AR binding [20]; 
not anti-androgenic in vitro 
(yeast or PC3(AR)2), 
abstract: [166} 

occurs particularly in hops [83] Plasma levels following 8ml/kg (subjects weighed 73+/-15Kg) 
of juice were 0.6+/-0.4uM (mean +/- SD, orange juice) and 
6+/-5.4uM (grapefruit juice); levels at t0 were essentially 
zero[103]. 
 

8-prenylnaringenin Shows ER binding and 
estrogenic in vitro (gene) 
[90,104] [105,106]; estrogenic 
in vivo[107]; shows ER 
binding, estrogenic in vitro 
(gene, mitogen)[82]. 
Anti-androgenic in one in vitro 
assay, not in another, 
abstract only [108]; not 
androgenic [105]. 

Most estrogenic component in hops [90],  
Human exposure may be from the metabolism of 
other phytochemicals into 8-PN rather than direct 
exposure to 8-PN in, e.g., beer [109]. 
 
Beer: 3 brands= 0.22, 0.52 and 4 ng/ml [86] 

Peak serum levels following single oral doses were approx. 
2.5ng/ml (50mg dose), 10ng/ml (250mg) and 34ng.ml (750mg 
dose)[110]. 
8-PN itself has estrogenic metabolites (2 out of 12 
metabolites, human liver microsomes)[111]. 
 

6-prenylnaringenin Estrogenic in vitro (gene) 
[90,104,105]. 
Not androgenic [105]. 

  

8-geranylnaringenin Weakly estrogenic in vitro 
(YES); not androgenic[105] 
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6,8-diprenylnaringenin Weakly estrogenic in vitro 
(YES); not androgenic[105] 

  

Isoxanthohumol Binds ER, estrogenic in vitro 
(gene) [90]; estrogenic in vitro 
(gene-ishikawa) but not in 
YES [104,105]. 
Not androgenic [105]. 

Present in „strong ales‟ at up to 4mg/L. 
 

May be metabolised to 8-prenylnaringen [109] 
 

xanthohumol Estrogenic in vitro (gene) 
[90]; not estrogenic in vitro 
(gene)[104,105] 
Not androgenic [105]. 

  

6-(1,1-
dimethylallyl)naringenin 
(6-DMA-N) 

Anti-androgenic in vitro 
abstract: [108] 

  

Phloretin  
(PHL, a 
hydroxychalcone) 

Estrogenic in vitro [89]; shows 
ER binding and estrogenic in 
vitro (mitogen) [70]. 

  

Apigenin  
(APG, a flavone) 

Estrogenic in vitro [89]; 
Shows ER binding and 
estrogenic in vitro (mitogen) 
[70]. 

  

Kaempferol  
(KMP, flavonol) 

Shows ER binding and 
estrogenic in vitro (mitogen) 
[70]; estrogenic in vitro [89]. 

  

Quercetin  
(QUC, a flavonol) 

Estrogenic in vitro [89]; 
Shows ER binding and 
estrogenic in vitro (mitogen) 
[70]. 

  

Chalcone Shows AR binding [20]   

4-hydroxychalcone Shows AR binding [20]   

4-hydroxychalcone Shows AR binding [20]   

flavone Shows ER binding and 
estrogenic in vitro (mitogen) 
[70].  
Shows AR binding [20] 

  

6-hydroxyflavone Shows AR binding [20]   

flavanone Shows AR binding [20]   

4-hydroxyflavanone Shows AR binding [20]   

6-hydroxyflavanone Shows AR binding [20]   
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luteolin Shows ER binding and 
estrogenic in vitro (mitogen) 
[70]. 

  

Chrysin Shows ER binding and 
estrogenic in vitro (mitogen) 
[70]. 

  

Curcumin Estrogen modulator in vitro 
against 17β-estradiol and 
pesticides [91] 

  

deoxymiroestrol Shows ER binding, 
estrogenic in vitro (gene, 
mitogen)[82]. 

  

miroestrol Shows ER binding, 
estrogenic in vitro (gene, 
mitogen)[82] 

  

resveratrol Shows no ER binding, 
estrogenic in vitro (gene), not 
estrogenic in vitro 
(mitogen)[82] 

Occurs in grapes and wine  

Terpenoids    

Ferutinine Estrogenic in vitro (gene) 
[112] 

From the Umbelliferae family (examples include 
parsley and carrot), “has been used as a 
medicinal herb and/or spice” 

 

Tschimgine Estrogenic in vitro (gene) 
[112] 

 

Tschimganidine Estrogenic in vitro (gene) 
[112] 
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Polybrominated diphenyl ethers (PBDEs) 

 

Polybrominated diphenyl ethers (PBDEs) are used as flame retardants in textile coatings and plastic. Belonging to the brominated flame retardants, PBDEs are like 

polychlorinated biphenyls very persistent in the environment and accumulate in humans and wildlife. Increasing levels in both, the environment and human tissues 

have been observed, thus recommending further studies on their toxicity. Besides the toxic effects that have been observed with PBDEs they are also under 

suspicion to be endocrine disruptors. The major exposure route of PBDEs for humans is via food, since they are accumulating in fish and meat. The PBDE 

congeners which are mainly detected in wildlife are BDE-47, BDE-99 and BDE-100.  
 

Class/ Compound Endocrine activity Food relevance Human tissue levels 

  Food type (e.g. fish, 
veg. etc) 

Level 
(M/g) 

Geog. location, 
year 

Tissue (plasma, 
lipid etc 

Mean/ median 
levels 

Subjects (gender, 
age, diet), Geog. 
location, year 

PBDEs in general  levels in food [113], lipid / wet weight:           Spain, 2000 
  vegetables: - / 8  
  tubers: - / 7 ng/kg 
  pulses: - / 11 ng/kg 
  cereals: - / 36 ng/kg 
  fruits: - / 6 ng/kg 
  white fish: 2359 / 88 ng/kg 
  shellfish: 3140 / 88 ng/kg 
  tinned fish: 2117 / 260 ng/kg 
  blue fish: 10839 / 1019 ng/kg 
  pork / pork prod.: 597 / 172 ng/kg 
  chicken: 247 / 10 ng/kg 
  beef / beef prod.: 290 / 42 ng/kg 
  lamb: 261 / 31 ng/kg 
  eggs: 530 / 64 ng/kg 
  dairy products: 677 / 48 ng/kg 
  whole milk: 630 / 24 ng/kg 
  semi skimmed milk: 618 / 10 ng/kg 
  veg. oils/fats: 805 / 804 ng/kg 
  margarine: 188 / 155 ng/kg 
estimated daily intake [113]: 
  51 ng/day, Sweden, 2001 
  40.8 ng/day, Sweden, 2002 
  44 ng/day, Canada, 2001 
  90.5 ng/day, UK, 2002 
  81.9–97.3 ng/day, Spain, 2000  
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levels in food [114], mean / median:                  US, 2006 
  fish: 1120 / 616 pg/g 
  meat: 383 / 190 pg/g 
 dairy products: 116 / 32.2 pg/g 
levels in food [115], median / range:        Spain, 2003-05 
  oils: 119 / 14.8-2958 pg/g 
  eggs: 73.5 / 12.8-557 pg/g 
  dairy products: 66.1 / 3.24-1588 pg/g 
  meats: 75.9 / 6.82-2518pg/g 
  fish: 189 / 24-880 pg/g 
  shellfish: 75.7 / 3.29-677 pg/g 
Dietary intakes from whole diet (adults) [116]: U.K.,2003 
  average/high level: 5.8-5.9 / 15-15 ng/kg/day 

Di-BDEs 

BDE-15 no ER-agonist  in vitro [117]   

Tri-BDEs 

BDE-17  levels in food [115], median / range:        Spain, 2003-05 
  oils: 0.83 / <0.29-33.8 pg/g 
  eggs: <0.27 / - pg/g 
  dairy products: <0.91 / - pg/g 
  meats: <0.58 / - pg/g 
  fish: 0.93 / <0.13-13.5 pg/g 
  shellfish: 0.52 / <0.08-2.05 pg/g 
Dietary intakes from whole diet (adults) [116]: U.K.,2003 
  average/high level: 0.002-0.01 / 0.01-0.02 ng/kg/day 

liver: 0.01 ng/g [118]; 1F, 4M, Sweden, 1994  
adipose tissue: not detected [118]; 1F, 4M, Sweden, 1994 
maternal blood: median: <0.01 ng/g, <0.01-0.03 ng/g [119]; 
                          15F, Sweden, 2000/01 
cord blood: median: <0.01 ng/g, <0.01-0.1 ng/g, [119]; 
                   15F, Sweden, 2000/01 
breast milk: median: <0.01 ng/g, <0.01 ng/g, [119]; 
                    15F, Sweden, 2000/01 
serum: u.d., [120]; 91 F/M, Netherlands, 2004 

BDE-28 weak ER-agonist 
in vitro [117] 

levels in food [115], median / range:        Spain, 2003-05 
oils: 0.85 / <0.24-1.37 pg/g 
  eggs: 0.27 / <0.17-1.25 pg/g 
  dairy products: 0.8 / <0.02-6.12 pg/g 
  meats: <0.66 / - pg/g 
  fish: 2.04 / 0.28-52.2 pg/g 
  shellfish: 1.63 / <0.1-4.54 pg/g 
Dietary intakes from whole diet (adults) [116]: U.K.,2003 
  average/high level: 0.02-0.03 / 0.05-0.06 ng/kg/day 

adipose tissue: 0.05 ng/g (0–0.26 ng/g) [121];  
                         9F,11M, Belgium, 2000 
liver: 0.05–0.09 ng/g, [118]; 1F, 4M, Sweden, 1994  
adipose tissue: 0.05–0.15 ng/g, [118]; 1F, 4M, Sweden, 1994  
maternal blood: median: 0.07 ng/g, <0.01-0.2 ng/g, [119];  
                          15F, Sweden, 2000/01 
cord blood: median: 0.07 ng/g, <0.01-0.31 ng/g, [119];  
                   15F, Sweden, 2000/01 
breast milk: median: 0.06 ng/g, 0.02-0.18 ng/g, [119];  
                    15F, Sweden, 2000/01 
serum: 2 pg/g, [120]; 1 of 91 F/M, Netherlands, 2004 

BDE-30 ER-agonist in vitro [117]   

BDE-32 weak ER-agonist  
in vitro [117] 

  

Tetra-BDEs 

BDE-47 weak ER-agonist levels in food [115], median / range:        Spain, 2003-05 adipose tissue: 1.45 ng/g (0.54–4.71 ng/g), [121];  
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in vitro(and predominantly 
found in wildlife) [117], (in 
[122]) 
not in vitro (in [122]) 
AR-antagonist  
in vitro (and in vivo) [123] 

  oils: 21.6 / 6.65-55.3 pg/g 
  eggs: 8.25 / 2.16-41.9 pg/g 
  dairy products: 11.3 / 1.08-67.6 pg/g 
  meats: 16.9 / 2.32-81.3 pg/g 
  fish: 115 / 7.0-499 pg/g 
  shellfish: 11.4 / 1.29-45.3 pg/g 
Dietary intakes from whole diet (adults) [116]: U.K.,2003 
  average/high level: 0.5-0.5 / 1.0-1.0 ng/kg/day 

                         9F,11M, Belgium, 2000 
adipose tissue: 1.36 ng/g lipid (0.2–5.8 ng/g), [124];  
                         3F, 10M Spain, 1998 
liver: 1.5–4.9 ng/g, [118]; 1F, 4M, Sweden, 1994  
adipose tissue: 1.7–4.0 ng/g, [118]; 1F, 4M, Sweden, 1994  
foetal blood: median: 25 ng/g, 8.4-210 ng/g, [125]; 
                    12, Indiana, 2001 
maternal blood: median: 28 ng/g, 9.2-310 ng/g, [125];  
                         12F, Indiana, 2001 
maternal blood: median: 0.83 ng/g, 0.3-5.1 ng/g, [119];  
                          15F, Sweden, 2000/01 
cord blood: median: 0.98 ng/g, 0.33-3.28 ng/g, [119];  
                  15F, Sweden, 2000/01 
breast milk: median: 1.15 ng/g, 0.26-4.01 ng/g, [119];  
                    15F, Sweden, 2000/01 
serum: 2.3-226 pg/g, [120]; 47 of 91 F/M, Netherlands, 2004 

BDE-51 ER-agonist in vitro [117]   

BDE-66  levels in food [115], median / range:        Spain, 2003-05 
  oils: 0.65 / <0.2-9.92 pg/g 
  eggs: <0.24 / - pg/g 
  dairy products: 0.67 / <0.02-10.8 pg/g 
  meats: 0.71 / <0.1-12.6 pg/g 
  fish: 2.37 / 0.23-23.9 pg/g 
  shellfish: 0.4 / 0.04-5.22 pg/g 
Dietary intakes from whole diet (adults) [116]: U.K.,2003 
  average/high level: 0.04-0.04 / 0.08-0.08 ng/kg/day 

liver: 0.03 ng/g, [118]; 1F, 4M, Sweden, 1994  
adipose tissue: not detected, [118]; 1F, 4M, Sweden, 1994  
maternal blood: median: 0.02 ng/g, <0.01-0.14 ng/g, [119];   
                          15F, Sweden, 2000/01 
cord blood: median: 0.01 ng/g, <0.01-0.11 ng/g, [119]; 
                   15F, Sweden, 2000/01 
breast milk: median: 0.02 ng/g, <0.01-0.07 ng/g, [119];  
                    15F, Sweden, 2000/01 

BDE-71 weak ER-agonist 
 in vitro [117] 

Dietary intakes from whole diet (adults) [116]: U.K.,2003 
  average/high level: <0.001-0.01 / 0.002-0.02 ng/kg/day 

 

BDE-75 ER-agonist  
in vitro [117] 
not in vitro (in [122]) 

  

BDE-77 no ER-agonist in vitro [117] Dietary intakes from whole diet (adults) [116]: U.K.,2003 
  average/high level: 0.002-0.01 / 0.003-0.02 ng/kg/day 

 

Penta-BDEs 

BDE-85 weak ER-agonist 
in vitro [117] 

levels in food [115], median / range:        Spain, 2003-05 
  oils: <1.83 / - pg/g 
  eggs: <3.0 / - pg/g 
  dairy products: 1.22 / <0.07-6.8 pg/g 
  meats: 1.36 / <0.19-14.3 pg/g 
  fish: 1.05 / <0.1-82 pg/g 
  shellfish: <1.24 / -pg/g 

liver: 0.03–0.16 ng/g, [118]; 1F, 4M, Sweden, 1994  
adipose tissue: 0.02–0.07ng/g, [118]; 1F, 4M, Sweden, 1994  
maternal blood: median: <0.01 ng/g, <0.01-0.07 ng/g, [119];  
                          15F, Sweden, 2000/01 
cord blood: median: <0.01 ng/g, <0.01-0.09 ng/g, [119]; 
                   15F, Sweden, 2000/01 
breast milk: median: 0.04 ng/g, <0.01-0.17 ng/g, [119];  
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Dietary intakes from whole diet (adults) [116]: U.K.,2003 
  average/high level: 0.03-0.02 / 0.03-0.04 ng/kg/day 

                    15F, Sweden, 2000/01 
serum: u.d., [120]; 91 F/M, Netherlands, 2004 

BDE-99 weak ER-agonist  
in vitro (and predominantly 
found in wildlife) [117] 
no AR-antagonist  
in vitro (and in vivo) [123] 

levels in food [115], median / range:        Spain, 2003-05 
  oils: 13.9 / <1.08-54.5 pg/g 
  eggs: 7.94 / <1.86-53.9 pg/g 
  dairy products: 8.83 / 0.76-55.4 pg/g 
  meats: 14.5 / <0.42-68.1 pg/g 
  fish: 15.1 / 3.31-82 pg/g 
  shellfish: 4.84 / 0.54-35 pg/g 
Dietary intakes from whole diet (adults) [116]: U.K.,2003 
  average/high level: 0.5-0.5 / 0.8-0.8 ng/kg/day 

adipose tissue: 0.28 ng/g (0–1.61 ng/g), [121];  
                         9F,11M, Belgium, 2000 
adipose tissue: 0.42 ng/g (<0.07–2.1 ng/g), [124]; 
                         3F, 10M Spain, 1998 
liver: 1.5–8.0 ng/g, [118]; 1F, 4M, Sweden, 1994  
adipose tissue: 0.78–1.7 ng/g, [118]; 1F, 4M, Sweden, 1994  
fatal blood: median: 7.1 ng/g, 2.2–54 ng/g, [125];  
                   12, Indiana, 2001 
maternal blood: median: 5.7 ng/g, 2.4–68 ng/g, [125];  
                          12F, Indiana, 2001 
maternal blood: median: 0.19 ng/g, <0.01-1.43 ng/g, [119];  
                          15F, Sweden, 2000/01 
cord blood: median: 0.07 ng/g, <0.01-0.85 ng/g, [119];  
                   15F, Sweden, 2000/01 
breast milk: median: 0.21 ng/g, 0.07-2.2 ng/g, [119];  
                    15F, Sweden, 2000/01 
serum: 3.6-401, [120]; 23 of 91 F/M, Netherlands, 2004 

BDE-100 ER-agonist  
in vitro (and predominantly 
found in wildlife) [117] 
not in vitro (in [122]) 
AR-antagonist  
in vitro (and in vivo) [123] 

levels in food [115], median / range:        Spain, 2003-05 
  oils: 4.12 / <0.32-19.5 pg/g 
  eggs: <1.35 / - pg/g 
  dairy products: 2 / <0.11-12.5 pg/g 
  meats: 1.98 / <0.2-21.5 pg/g 
  fish: 21.4 / 4.91-155 pg/g 
  shellfish: 0.85 / 0.17-11.2 pg/g 
Dietary intakes from whole diet (adults) [116]: U.K.,2003 
  average/high level: 0.08-0.08 / 0.2-0.2 ng/kg/day 

adipose tissue: 0.48 ng/g (0.17–1.5 ng/g), [121];  
                         9F,11M, Belgium, 2000 
adipose tissue: 0.51 ng/g (0.15–1.4 ng/g), [124]; 
                         3F, 10M Spain, 1998 
liver: 0.24–0.71 ng/g, [118]; 1F, 4M, Sweden, 1994  
adipose tissue: 0.15–0.57 ng/g, [118]; 1F, 4M, Sweden, 1994  
foetal blood: median: 4.1 ng/g, 1.8–91 ng/g, [125];  
                     12, Indiana, 2001 
maternal blood: median:4.2 ng/g, 1.9–110 ng/g, [125];  
                         12F, Indiana, 2001 
maternal blood: median: 0.17 ng/g, <0.01-0.52 ng/g, [119];  
                          15F, Sweden, 2000/01 
cord blood: median: 0.07 ng/g, <0.01-0.27 ng/g, [119];  
                  15F, Sweden, 2000/01 
breast milk: median: 0.14 ng/g, <0.01-0.69 ng/g, [119];  
                    15F, Sweden, 2000/01 
serum: 2.4-132 pg/g, [120]; 21 of 91 F/M, Netherlands, 2004 

BDE-119 ER-agonist in vitro [117] Dietary intakes from whole diet (adults) [116]: U.K.,2003 
  average/high level: 0.003-0.01 / 0.007-0.02 ng/kg/day 

 

Hexa-BDEs 

BDE-138 no ER-agonist in vitro [117] Dietary intakes from whole diet (adults) [116]: U.K.,2003 
  average/high level: 0.005-0.02 / 0.01-0.03 ng/kg/day 
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BDE-153 ER-antagonist 
in vitro [117] 
ER-antagonist  
in vitro [117] 
no AR-antagonist  
in vitro (and in vivo) [123] 

levels in food [115], median / range:        Spain, 2003-05 
  oils: 5.38 / <0.63-15.9 pg/g 
  eggs: 6.91 / <0.5-15.67 pg/g 
  dairy products: 1.66 / 0.1-20.7 pg/g 
  meats: 4.96 / <0.15-35.1pg/g 
  fish: 5 / 0.16-19.7 pg/g 
  shellfish: 1.24 / <0.12-4.86 pg/g 
Dietary intakes from whole diet (adults) [116]: U.K.,2003 
  average/high level: 0.1-0.1 / 0.2-0.2 ng/kg/day 

adipose tissue: 2.49 ng/g, 1.42–4.72 ng/g, [121];  
                         9F,11M, Belgium, 2000 
adipose tissue: 1.83 ng/g, (0.67–4.2 ng/g), [124]; 
                         3F, 10M Spain, 1998 
liver: 0.44–4.3 ng/g, [118]; 1F, 4M, Sweden, 1994  
adipose tissue: 0.57–1.4 ng/g, [118]; 1F, 4M, Sweden, 1994  
foetal blood: median: 4.4 ng/g, 1.0–120 ng/g, [125];  
                     12, Indiana, 2001 
maternal blood: median: 2.9 ng/g, 1.0–83 ng/g, [125];  
                          12F, Indiana, 2001 
maternal blood: median: 0.56 ng/g, 0.27-1.03 ng/g, [119];  
                         15F, Sweden, 2000/01 
cord blood: median: 0.17 ng/g, <0.01-0.32 ng/g, [119];  
                   15F, Sweden, 2000/01 
breast milk: median: 0.32 ng/g, 0.03-1.16 ng/g, [119];  
                    15F, Sweden, 2000/01 
serum: 1.9-253 pg/g, [120]; 76 of 91 F/M, Netherlands, 2004 

BDE-154 no AR-antagonist  
in vitro (and in vivo) [123] 

levels in food [115], median / range:       Spain, 2003-05 
  oils: 1.82 / <0.54-10.7 pg/g 
  eggs: 0.37 / <0.24-2.46 pg/g 
  dairy products: 0.64 / <0.04-5.92 pg/g 
  meats: 0.77 / <0.09-7.14 pg/g 
  fish: 4.84 / <0.05-42.3 pg/g 
  shellfish: 1.14 / <0.1-6.61 pg/g 
Dietary intakes from whole diet (adults) [116]: U.K.,2003 
  average/high level: 0.03-0.04 / 0.06-0.07 ng/kg/day 

liver: 0.01–0.29 ng/g, [118]; 1F, 4M, Sweden, 1994  
adipose tissue: 0.04–0.09 ng/g, [118]; 1F, 4M, Sweden, 1994  
foetal blood: median: 0.7 ng/g, 0.2–7.2 ng/g, [125];  
                     12, Indiana, 2001 
maternal blood: median: 0.3 ng/g, 0.0–6.1 ng/g, [125]; 
                          12F, Indiana, 2001 
maternal blood: median: 0.04 ng/g, <0.01-0.16 ng/g, [119];  
                          15F, Sweden, 2000/01 
cord blood: median: <0.01 ng/g, <0.01-0.17 ng/g, [119];  
                   15F, Sweden, 2000/01 
breast milk: median: 0.02 ng/g, <0.01-0.14 ng/g, [119];  
                    15F, Sweden, 2000/01 
serum: 1.2-46 pg/g, [120]; 19 of 91 F/M, Netherlands, 2004 

BDE-166 ER-antagonist in vitro [117]    

Hepta-BDEs 

BDE-183  levels in food [115], median / range:        Spain, 2003-05 
  oils: 0.97 / <0.05-160 pg/g 
  eggs: 1.91 / 0.31-14.3 pg/g 
  dairy products: 1.29 / 0.08-42.7 pg/g 
  meats: 1.06 / <0.01-236 pg/g 
  fish: 0.75 / <0.02-1.58 pg/g 
  shellfish: 0.63 / 0.1-76.6 pg/g 
Dietary intakes from whole diet (adults) [116]: U.K.,2003 
  average/high level: 0.03-0.03 / 0.06-0.06 ng/kg/day 

foetal blood: median: 0 ng/g, 0.0–4.8 ng/g, [125];  
                     12, Indiana, 2001 
maternal blood: median: 0 ng/g, 0.0–2.7 ng/g, [125];  
                          12F, Indiana, 2001 
maternal blood: median: 0.06 ng/g, 0.01-0.44 ng/g, [119];  
                          15F, Sweden, 2000/01 
cord blood: median: 0.01 ng/g, <0.01-0.1 ng/g, [119];  
                   15F, Sweden, 2000/01 
breast milk: median: 0.01 ng/g, <0.01-0.14 ng/g, [119];  
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                    15F, Sweden, 2000/01 
serum: 2.2-308 pg/g, [120]; 10 of 91 F/M, Netherlands, 2004 

BDE-190 ER-antagonist in vitro [117]    

BDE-209  Dietary intakes from whole diet [116]:             U.K., 2003 
  average/high level: 4.5-4.5 / 13-13 ng/kg/day 

serum: 151-1944 pg/g, [120]; 11 of 91 F/M, Netherlands, 2004 

HO-PBDEs 

T2-like HO-BDE ER-agonist in vitro [117]   

T3-like HO-BDE ER-agonist in vitro [117]   

T4-like HO-BDE no ER-agonist in vitro [117]   
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Perfluorinated chemicals (PFCs) 

 

Perfluorinated chemicals (PFCs) are widely used in surfactants, as refrigerants, for surface protection (e.g. carpets, textiles), lubricants and in paper treatment 

(e.g. for food packages). PFOS is an end-stage metabolite of PFCs which are produced with perlfuorooctanesulfonylfluoride (POSF) as precursor and is also used 

in as surfactant in fire fighting foams, cleaners and floor polish. PFOS and PFOA are the most prevalently found PFCs in the environment and human tissues. 

Although only little is known of the major pathways of human exposure to PFCs as well as their potential endocrine activity, their stability and bioaccumulation 

suggest, that they might be taken up via the food chain and should thus be included in further testing. 
 

Class/ Compound Endocrine activity Food relevance Human tissue levels 

  Food type (e.g. fish, 
veg. etc) 

Level 
(M/g) 

Geog. 
location, 
year 

Tissue (plasma, 
lipid etc 

Mean/ median 
levels 

Subjects (gender, 
age, diet), Geog. 
location, year 

Perfluoroalkyl acids (PFAAs) 

Perfluorooctane 
sulfonate  
(PFOS) 

no ER-agonist in vitro [126] Dietary intake (adults) [127]:                     U.K., 2004 

  average: 0.01  0.003 – 0.1  0.03 g/kg/day 

  high level: 0.03  0.01 – 0.2  0.04 g/kg/day 
 

plasma: median: 22.3 g/l, 6.2-130.7 g/l, [128];  
             54F, 51M, Germany, 2003/04 
serum: mean/median/range: 4.4 / 3.5 / <1-8 ng/ml, [129];   
            8F, Italy, 2001  
serum: mean/median/range: 4.3 / 4.2 / <1-10.3 ng/m, [129]; 
            42M, Italy, 2001 
serum: mean/median/range: 33.3 / 33.8 / 16-60 ng/ml, [129];   
            15F, Poland, 2003 
serum: mean/median/range: 55.4 / 40.9 / 21-116 ng/ml, [129];   
            10M, Poland, 2003 
serum: mean/median/range: 11.1 / 10.4 / 4.9-19 ng/ml, [129];  
            4F, Belgium, 1998, 2000 
serum: mean/median/range: 16.8 / 17.6 / 4.5-27 ng/ml, [129];   
            16M, Belgium, 1998, 2000 

plasma: mean/median/range: 11.8 / 10.9 / 2.5-30.7 g/l, [130];  
             168F, Germany 2005 

plasma: mean/median/range: 15 / 13.7 / 2.1-55.0 g/l, [130];  
             188M, Germany 2005 
plasma: mean/median: 33.4 / 29.0 ng/ml, [131]; 
              17 F/M, Sweden, 1997, 2000 
plasma: mean/median: 14.2 / 12.9 ng/ml, [131]; 
              13 F/M, UK, 2003 
maternal serum: mean/median: 20.7/ 18.7/ 8.2-48 ng/ml,[132]; 
             12 F, Sweden, 2004 
milk: mean/median: 0.201 / 0.166 / 0.06-0.47 ng/ml, [132]; 
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             12 F, Sweden, 2004 
serum: mean/median/range: 21.3 / 20.8 / 17.7-29.5ng/ml,[133];  
            40 pools of 3802 samples, Australia, 2002/03 
maternal serum: 0.1-1.3 ng/g [134];  
                           38 of 42 F, Netherlands, 2005 
cord blood serum: 0.1-0.2 ng/g [134]; 
                            7 of 27 S, Netherlands, 2005 
Half-life in serum: 5.4 years (Olsen et al., in [128]) 

Perfluorooctanoate 
(PFOA) 

no ER-agonist in vitro [126] Dietary intake (adults) [127]:                     U.K., 2004 

  average: 0.001  <0.001 – 0.07  0.01 g/kg/day 

  high level: 0.003  0.002 – 0.1  0.03 g/kg/day 
 

plasma: median: 6.8 g/l, 1.7-39.3 g/l, [128];  
             54F, 51M, Germany, 2003/04 
serum: mean/median/range: <3 / <3 / <3 ng/ml, [129]; 
            8F, Italy, 2001  
serum: mean/median/range: <3 / <3 / <3 ng/m, [129]; 
            42M, Italy, 2001 
serum: mean/median/range: 21.9 / 23.2 / 9.7-34 ng/ml, [129]; 
            15F, Poland, 2003 
serum: mean/median/range: 20.5 / 18.4 / 11-40 ng/ml, [129]; 
            10M, Poland, 2003 
serum: mean/median/range: 4.1 / 2.4 / <1-7.6 ng/ml, [129]; 
            4F Belgium, 1998, 2000 
serum: mean/median/range: 5.0 / 4.3 / 1.1-13 ng/ml, [129];  
            16M, Belgium, 1998, 2000 

plasma: mean/median/range: 5.2 / 4.8 / 1.5-16.2 g/l, [130];  
             168F, Germany 2005 

plasma: mean/median/range: 6.0 / 5.7 / 0.5-19.1 g/l, [130];  
             188M, Germany 2005 
maternal serum: mean/median: 3.8 / 3.8 / 2.4-5.3 ng/ml, [132]; 
             12 F, Sweden, 2004 
milk: mean/median: NA / NA / <0.209-0.492 ng/ml, [132]; 
             12 F, Sweden, 2004 
serum: mean/median/range: 7.6 / 7.6 / 5.0-9.9 ng/ml, [133];  
            40 pools of 3802 samples, Australia, 2002/03 
maternal serum: 0.2-4.2 ng/g [134];  
                           39 of 42 F, Netherlands, 2005 
cord blood serum: 0.6-2.3 ng/g [134]; 
                            16 of 27 S, Netherlands, 2005 
 
Half-life in serum: 3.8 years (Olsen et al., in [128]) 

Perfluorohexane 
sulfonate  
(PFHxS) 

  serum: mean/median/range: 1.3 / 1.3 / <1-1.4 ng/ml, [129]; 
            8F, Italy, 2001  
serum: mean/median/range: 1.7 / 1.7 / <1-2.1 ng/m, [129]; 
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            42M, Italy, 2001 
serum: mean/median/range: 1.3 / 1.2 / 0.5-2.6 ng/ml, [129];   
            15F, Poland, 2003 
serum: mean/median/range: 1.3 / 1.2 / <0.4-1.8 ng/ml, [129];   
            10M, Poland, 2003 
serum: mean/median/range: <1 / <1 / <1 ng/ml, [129]; 
            4F Belgium, 1998, 2000 
serum: mean/median/range: 1.3 / 1.2 / <1-1.4 ng/ml, [129];   
            16M, Belgium, 1998, 2000 
maternal serum: mean/median: 4.7 / 4.0 / 1.8-11.8 ng/ml, [132]; 
             12 F, Sweden, 2004 
milk: mean/median: 0.085 / 0.070 / 0.031-0.172 ng/ml, [132]; 
             12 F, Sweden, 2004 
serum: mean/median/range: 7.2 / 6.2 / 2.7-19.0 ng/ml, [133];  
            40 pools of 3802 samples, Australia, 2002/03 

Perfluorooctane 
sulphonamide 
(PFOSA) 

  serum: mean/median/range: 1.7 / 1.7 / <1.3-1.7 ng/ml, [129];   
            8F, Italy, 2001  
serum: mean/median/range: 1.8 / 1.6 / <1.3-2.3 ng/m, [129]; 
            42M, Italy, 2001 
serum: mean/median/range: 2.3 / 1.6 / 0.4-7.7 ng/ml, [129]; 
            15F, Poland, 2003 
serum: mean/median/range: 1.7 / 1.0 / <0.4-4.4 ng/ml, [129];   
            10M, Poland, 2003 
serum: mean/median/range: <3 / <3 / <3 ng/ml, [129]; 
            4F Belgium, 1998, 2000 
serum: mean/median/range: <3 / <3 / <3 ng/ml, [129];  
            16M, Belgium, 1998, 2000 
maternal serum:mean/median: 0.24/0.19/<0.1-0.49 ng/ml,[132]; 
             12 F, Sweden, 2004 
milk: mean/median: 0.013 / 0.010 / <0.007-0.030 ng/ml, [132]; 
             12 F, Sweden, 2004 
serum: mean/median/range: 0.81 / 0.71 / 0.36-2.4 ng/ml, [133];  
            40 pools of 3802 samples, Australia, 2002/03 

Fluorotelomer Alcohols (FTOHs) 

6:2 FTOH ER-agonist  
in vitro[126], [135] 

  

8:2 FTOH ER-agonist  
in vitro[126], [135] 
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Parabens  
 

Parabens are used in food, cosmetics and pharmaceuticals for their antimicrobial activity. The parabens most widely used in food industry are methyl- and 

propylparaben. Their use increased 30 fold from 1960 to 1970. Parabens were detected breast milk, cord blood, in human breast cancer tissue and urine. 

A variety of studies showed, that parabens can act as endocrine disrupters and some were shown to be (anti-) estrogenic and (anti-) androgenic in vitro as well as 

in vivo. Their activity was shown to increase with length or branching of the alkyl chain.  

 
 

Class/ Compound Endocrine activity Food relevance Human tissue levels 

  Food type (e.g. fish, 
veg. etc) 

Level 
(M/g) 

Geog. 
location, year 

Tissue (plasma, 
lipid etc 

Mean/ median 
levels 

Subjects (gender, 
age, diet),Geog. 
location, year 

Parabens in general estrogenic activity 
increases with chain length 

estimated consumption (in 3 days) [136]: 
  Cake: 96 mg 
  Piecrust: 164 mg 
  Doughnuts / sweet-rolls: 82 mg 
  Syrup: 91 mg 
  Pickles: 6 mg 
  Jelly / jams: 27 mg 
total daily consumption[136]: 76 mg/day 
Generally found in: processed vegetables, baked 
goods, fats and oils, seasonings, sugar substitutes, 
coffee extracts, fruit juices, pickles, sauces, soft 
drinks, frozen dairy products.  
Concentrations: 450–2000 ppm 
 
daily consumption [137]: 
  infants: 1 – 16 mg/kg  
  >2 years / adults: 4 – 6 mg/kg   

 

Methylparaben (MP) ER-agonist 
in vitro [138], [139], [135] 
in vitro, not in vivo [137] 
binds ER, not in vitro [140] 
ER-binding [141] 
AR-antagonist  
in vitro [142] 
not in vitro [143] 

daily intake [136]: average: 222 mg,  LSRO / FASEB 
                        maximum: 347 mg, LSRO / FASEB 

Human breast cancer tissue: Mean: 12.8 ng/g, [144];  
                                               20F, UK, (2004) 
Urine: in 99 % of samples, median: 43.9 ng/ml, [145];  
          100 F/M, US, 2003-05 

Ethylparaben (EP) ER-agonist  Human breast cancer tissue: Mean: 2.0 ng/g, [144];  
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in vitro [138], [139], [135] 
in vitro, not in vivo [137] 
binds ER, not in vitro [140] 
ER-binding [141] 
AR-antagonist in vitro [143]  

                                               20F, UK, (2004) 
Urine: in 58 % of samples (no conc.), [145]; 
          100 F/M, US, 2003-05 

n-Propylparaben (PP) ER-agonist 
in vitro [138], [139], [135] 
in vitro, not in vivo [137] 
in vivo [146] 
binds ER, in vitro [140] 
ER-binding [141] 
AR-antagonist  
in vitro [142], [143]  

daily intake [136]: average: 238 mg LSRO / FASEB 
                        maximum: 381 mg LSRO / FASEB 
 

Human breast cancer tissue: Mean: 2.6 ng/g, [144];  
                                               20F, UK, (2004) 
Urine: in 96 % of samples, median: 9.1 ng/ml, [145];  
          100 F/M, US, 2003-05 
 

Isopropylparaben ER-agonist in vitro [139] 
binds ER, in vitro [140] 
AR-antagonist in vitro [143] 

  

n-Butylparaben (BP) ER-agonist 
in vitro [138], [139], [135] 
in vitro, in vivo [137] 
binds ER, in vitro [140] 
ER-binding [141] 
AR-antagonist  
in vitro [142], [143]  

 Human breast cancer tissue: Mean: 2.3 ng/g, [144];  
                                               20F, UK, (2004) 
Urine: in 69 % of samples, (no conc.), [145]; 
          100 F/M, US, 2003-05 
 

Isobutylparaben ER-agonist 
in vitro [139] 
in vitro, in vivo [147] 
binds ER, in vitro [140] 
AR-antagonist in vitro [143]  

 Human breast cancer tissue: Mean: 0.9 ng/g, [144];   
                                               20F, UK, (2004) 

Amylparaben ER-agonist 
binds ER, in vitro [140] 

  

Hexylparaben ER-agonist 
binds ER, in vitro [140] 

  

Heptylparaben ER-binding [141]   

Dodecylparaben ER-agonist 
binds ER, in vitro [140] 

  

Ethylhexylparaben ER-agonist 
binds ER, in vitro [140] 
ER-binding [141] 

  

Benzylparaben ER-agonist 
in vitro, in vivo [148] 
binds ER, in vitro [140] 

 Human breast cancer tissue: Mean: 0.0 ng/g, [144];  
                                               20F, UK, (2004) 
Urine: in 39 % of samples, (no conc.), [145]; 
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ER-binding [141]           100 F/M, US, 2003-05 

p-hydroxybenzoic acid 
(major paraben  
metabolite) 

ER-agonist 
in vitro [149] 
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Polycyclic musks (PCMs) 
 

Synthetic musk compounds are used in many personal care products, cosmetics, cleansing agents and detergents include nitro, polycyclic and makrocyclic. Due 

to the known toxicity of nitro musks, they have been largely replaced by PCMs with 70 % of musks produced being PCMs. Their lipophily and stability leads to 

their enrichment in the environment where they can be detected in most compartments and aquatic fauna as well as in human adipose tissue and mother‟s milk. 

Several of the PCMs were shown to be endocrine disruptors, including estrogenicity and antiandrogenicity in in vivo and in vitro studies. Although they only 

exhibited weak estrogenic responses, their contribution in the mixture of compounds that are present in the environment and in food might not be negligible. 
 

Class/ Compound Endocrine activity Food relevance Human tissue levels 

  Food type (e.g. fish, 
veg. etc) 

Level 
(M/g) 

Geog. 
location, year 

Tissue (plasma, lipid 
etc 

Mean/ median 
levels 

Subjects (gender, 
age, diet),Geog. 
location, year 

HHCB 
Galaxolide / Abbalide / 
Pearlide 
 

ER-agonist  
in vitro, not in vivo [150] 
not in vitro [151] 
weakly in vitro [152] 
ER-antagonist  
in vitro [152] (SERM) 
in vitro, in vivo [153], 
[154] 
AR-antagonist  
in vitro [154] 

farmed trout [155]:                                         Denmark 

5 g/kg fresh weight, in 98 %                               1999 

1.2 g/kg fresh weight, in 60 %                       2003/04  
 

daily intake in [150]: 0.6 g/kg (Ford, 1999) 

adipose tissue: 28–189 g/kg fat, [156];  
                         8F, 6M Germany, 1993-95 

breast milk: 16–108 g/kg fat, [156];  
                    5F, Germany, 1993-95 

breast milk: median/mean: 147 / 179 / 38–422 g/kg fat, [155];                    
                    10F, Denmark, 1999 

breast milk: median/mean: 62 / 73 / u.d.–281 g/kg fat, [157];   
                   52of53F, Switzerland 1998/99 
adipose tissue: 12-171 ng/g lipid, [158];  
                         15F, Switzerland 1983/84, 1994 
serum levels: median: 420 / u.d.-4100 ng/l [159];  
                      55F, 45M, higher in female, Austria 
adipose tissue: median/mean: 149 / 178 / 12-789 ng/g fat,[160];                 
                         37F, 12M, in 100 %, US (NY) 2003/04  
serum: 0.2-9.2 ng/g, [120]; 91 of 91 F/M, Netherlands, 2004 
maternal serum: 0.15-3.2 ng/g [134];  
                           38 of 42 F, Netherlands, 2005 
cord blood serum: 0.11-1.6 ng/g [134]; 
                            26 of 27 S, Netherlands, 2005 

ADBI 
Celestolide / Crysolide 
 

AR-antagonist  
weak in vitro [154] 

 adipose tissue: u.d. / low, [156]; 8F, 6M, Germany, 1993-95 
breast milk: u.d. / low, [156]; 5F, Germany, 1993-95 

breast milk: median/mean: 5.98 / 7.78 /u.d.–11.2 g/kg fat,[155];                    
                    10F, Denmark, 1999 

breast milk: median/mean: u.d. / u.d. / u.d. g/kg fat, [157];   
                    53F, Switzerland 1998/99 
adipose tissue: 0.12-3.5 ng/g lipid, [158];  
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                        15F, Switzerland 1983/84, 1994 
serum levels: u.d., [159]; 55F, 45M, Austria 
serum: 0.05 ng/g, [120]; 1 of 91 F/M, Netherlands, 2004 
maternal serum: 0.09-0.34 ng/g [134];  
                           4 of 42 F, Netherlands, 2005 
cord blood serum: 0.07-0.26 ng/g [134]; 
                            6 of 27 S, Netherlands, 2005 

AHDI (AHMI) 
Phantolide 
 

ER -antagonist 
in vitro [154] 
AR-antagonist  
in vitro [154] 

 adipose tissue: u.d. / low, [156]; 8F, 6M, Germany, 1993-95 
breast milk: u.d. / low, [156]; 5F, Germany, 1993-95 

breast milk: median/mean: u.d. / 8.03 /u.d.–9.94 g/kg fat, [155];                    
                    10F, Denmark, 1999 

breast milk: median/mean: u.d. / u.d. / u.d. g/kg fat, [157];   
                    53F, Switzerland 1998/99 
serum levels: < 100 ng/l (only in 1 subject), [159];  
serum levels: median: <LOD / <LOD-800 ng/l, [159];  
                      55F, 45M, higher in female, Austria 

ATII 
Traeseloid 
 

  adipose tissue: u.d. / low, [156]; 8F, 6M, Germany, 1993-95 
breast milk: u.d. / low, [156]; 5F, Germany, 1993-95 

breast milk: median/mean: u.d. / - / u.d.–2.58 g/kg fat, [155];                    
                    10F, Denmark, 1999 

breast milk: median/mean: 74 / 74 / u.d.-74 g/kg fat, [157];   
                    1of53F, Switzerland 1998/99 
serum levels: <100 ng/l (only in 2 subjects), [159];  
                      55F, 45M, higher in female, Austria 
serum: 0.1-11 ng/g, [120]; 4 of 91 F/M, Netherlands, 2004 
maternal serum: u.d. [134]; 42 F, Netherlands, 2005 
cord blood serum: u.d. [134]; 27 S, Netherlands, 2005 
 

DPMI 
Cashmeran 
 

  adipose tissue: - , [156]; 8F, 6M, Germany, 1993-95 
breast milk: - , [156]; 5F, Germany, 1993-95 

breast milk: median/mean: u.d. / u.d. / u.d. g/kg fat, [157];   
                    53F, Switzerland 1998/99 
serum levels: u.d., [159]; 55F, 45M, Austria 
serum: 8.0 ng/g, [120]; 1 of 91 F/M, Netherlands, 2004 
maternal serum: u.d. [134]; 42 F, Netherlands, 2005 
cord blood serum: u.d. [134]; 27 S, Netherlands, 2005 

AHTN 
Tonalide / Fixolide 
 

ER-agonist 
in vitro, not in vivo [150] 
in vitro [151]  
weakly in vitro [152] 
ER-antagonist  

farmed trout [155]:                                         Denmark 

1.2 g/kg fresh weight, in 98 %                            1999 

<0.2 g/kg fresh weight, in 34 %                      2003/04 
 

daily intake in [150]: 1.6 g/kg  (Ford, 1999) 

adipose tissue: 8–33 g/kg fat, [156];  
                         8F, 6M, Germany, 1993-95 

breast milk: 11–58 g/kg fat, [156];  
                    5F, Germany, 1993-95 

breast milk: median/mean: 17.5/ 19.5/ 5.58–37.9 g/kg fat,[155];                    
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in vitro [152] (SERM) 
in vitro, in vivo [153], 
[154] 
AR-antagonist  
in vitro [154] 

                    10F, Denmark, 1999 

breast milk: median/mean: 31 / 44 / u.d.–136 g/kg fat, [157];   
                    53F, Switzerland 1998/99 
adipose tissue: 1-23 ng/g lipid, [158];  
                    15F, Switzerland 1983/84, 1994 
serum levels: median: <LOD / <LOD-800 ng/l, [159];  
                      55F, 45M, higher in female, Austria 
adipose tissue: median/mean: 37.4 / 42 / <8-34 ng/g fat,[160];                 
                         37F, 12M, in 86 %, US (NY) 2003/04 
serum: 0.1-11 ng/g, [120]; 88 of 91 F/M, Netherlands, 2004 
maternal serum: 0.06-0.49 ng/g [134];  
                           18 of 42 F, Netherlands, 2005 
cord blood serum: 0.1-1.5 ng/g [134]; 
                            16 of 27 S, Netherlands, 2005 

ATTN (AETT) 
Versalide 
 

ER -antagonist 
in vitro [154] 
AR-antagonist  
in vitro [154] 

 adipose tissue: u.d. / low, [156]; 8F, 6M, Germany, 1993-95 
breast milk: u.d. / low, [156]; 5F, Germany, 1993-95 

breast milk: median/mean: u.d. / u.d. / u.d. g/kg fat, [157];   
                    53F, Switzerland 1998/99 
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UV-filters 
 

UV-filters comprise different groups of chemicals which are employed in a broad spectrum of use. They are used in sun screens and product protection in 

cosmetics as well as in plastics, folia, fabrics and washing powder. UV-filters are high production volume substances and due to their lipophilic nature tend to 

accumulate in the food chain. They are found in environment where they were detected not only in, in effluents from sewage treatment plants, but also in lakes 

and fish. Not much is known so far about their half-life or tissue levels. However, in addition to rising production volumes of UV-filters and their known 

accumulation in the food chain, some of them were also found to act as endocrine disruptors. The endocrine activities found included (anti-) estrogenicity as well 

as (anti-) androgenicity, which were shown in both, in vitro and in vivo assays. 
 

Class/ Compound Endocrine activity Food relevance Human tissue levels 

  Food type (e.g. fish, 
veg. etc) 

Level 
(M/g) 

Geog. location, 
year 

Tissue 
(plasma, lipid 
etc) 

Mean/ median 
levels 

Subjects (gender, 
age, diet),Geog. 
location, year 

Miscellaneous 

4-methylbenzylidene 
camphor 
(4-MBC) 

ER( )-agonist  
in vitro, in vivo [161], [162], [163] 
in vitro [164], [165], [154] 

in vitro, in vivo, ER  [166] 
in vivo [167], [146] 
in vitro, not in vivo [168] 
ER-antagonist in vitro [169], [163] 
AR-antagonist   
in vitro [169], [154] 
not in vitro [164] 

fish: 44-166 ng/g fat, [170] Switzerland, 3 lakes 
fish: up to 1800 ng/g fat, [171] Switzerland, different 
rivers 

human systemic exposure [164]: 0.23 mg/kg body 
weight 
 
serum after exposure: up to 20 ng/ml, [172];  
                                    17F, 15M Denmark, (2004) 

3-Benzylidene 
camphor 
(3-BC) 

ER( )-agonist  
in vitro [164], [169], [154] 

in vitro, in vivo, ER  [166] 
ER-antagonist in vitro [169] 
AR-antagonist  
in vitro [169], [154] 
not, in vitro [164] 

  

Octyl methoxy 
cinnamate  
(OMC / EHMC) 

ER-agonist  
in vitro, in vivo [161] 
in vitro [164], [165], [154] 
in vitro, not in vivo [168] 
in vivo [146] 
ER-antagonist in vitro [169] 
AR-agonist in vitro [169] 

drinking water: 0.45 g/l (1/15), [173] US 2001/02 
 
fish: 64 ng/g fat, [170] Switzerland, 3 lakes 

human breast milk: up to 445 ng/g lipid, ([174]in[175]); 
                                6F, Germany 
serum after exposure: up to 20 ng/ml, [172];  
                                    17F, 15M Denmark, (2004) 
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AR-antagonist  
in vitro [169] 
not, in vitro [164] 

Isopentyl-4-methoxy 
cinnamate 
(IMC) 

ER-antagonist in vitro [169] 
AR-agonist in vitro [169] 
AR-antagonist in vitro [169] 

  

butyl methoxy 
dibenzoyl methane 
(B-MDM) 

ER-agonist   
not in vitro, not in vivo [161] 
not in vitro [164] 
weakly, in vitro [154] 
in vitro, not in vivo [168] 
AR-antagonist  
not in vitro [164] 
weakly, in vitro [154] 

  

Octocrylene 
(OC) 

ER-agonist in vitro [169] 
AR-agonist in vitro [169] 
AR-antagonist in vitro [169] 

fish: 25 ng/g fat, [170] Switzerland, 3 lakes 
fish: up to 2400 ng/g fat, [171] Switzerland, different 
rivers 

 

Benzophenone derivates 

Benzophenone-1 
(BP-1) 

ER-agonist  
in vitro [164], [165], [169] 
AR-antagonist in vitro [169] 

drinking water: 0.25 g/l (1/15), [173] US 2001/02  

Benzophenone-2 
(BP-2) 

ER-agonist  
in vitro [164], [169] 
ER-antagonist in vitro [169] 
AR-antagonist in vitro [169] 

  

Benzophenone-3 
(BP-3) 

ER-agonist 
in vitro, in vivo [161] 
in vitro [164], [165], [169], [154] 
in vitro, not in vivo [168] 
ER-antagonist in vitro [169] 
AR-antagonist  
in vitro [164], [169], [154], [176] 

fish: 99-123 ng/g fat, [170] Switzerland, 3 lakes human breast milk: up to 445 ng/g lipid, ([174]in[175]); 
                                6F, Germany 
serum after exposure: up to 300 ng/ml, [172];  
                                    17F, 15M Denmark, (2004) 
urine after exposure: 260 ng/ml, [177]; 
                                  1S, USA, 1998 

Benzophenone-4 
(BP-4) 

ER-agonist in vitro [169] 
ER-antagonist in vitro [169] 
AR-antagonist  
in vitro [169] 
not, in vitro [164] 

  

Benzophenone-6  
(BP-6) 

   

Benzophenone-8 
(BP-8) 
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Benzophenone-12 
(BP-12) 

   

4-Hydroxy 
benzophenone 
(4HB; metabolite) 

ER-agonist in vitro [169] 
AR-antagonist in vitro [169] 

  

4,4'-Dihydroxy 
benzophenone 
(4DHB) 
 

ER-agonist  
in vitro [169] 
ER-binding [141] 
AR-antagonist in vitro [169] 

  

p-Aminobenzoates 

4-aminobenzoic acid 
(PABA) 

ER-antagonist in vitro [169] 
AR-antagonist in vitro [169] 

  

Octyl dimethyl-p-
aminobenzoic acid 
(OD-PABA) 

ER-agonist  
in vitro, not in vivo [161], [168] 
in vitro [164], [154] 
ER-antagonist in vitro [169] 
AR-antagonist  
not in vitro [164] 

  

Ethyl-4-amino 
benzoate (Et-PABA) 

ER-agonist  
in vitro, in vivo [169] 

  

Ethoxylated ethyl 4-
aminobenzoate 
(PEG25-PABA) 

ER-antagonist in vitro [169]   

Salicylates 

Homosalate 
(HMS) 

ER-agonist  
in vitro, not in vivo [161] 
in vitro [164], [154], [169] 
in vitro, not in vivo [168] 
ER-antagonist in vitro [169] 
AR-agonist in vitro [169] 
AR-antagonist  
in vitro [164], [169], [154],[176] 

  

Benzyl salicylate 
(BS) 

ER-agonist in vitro [169]  
ER-antagonist in vitro [169] 
AR-antagonist in vitro [169] 

  

Phenyl salicylate 
(PS) 

ER-agonist in vitro [169] 
ER-antagonist in vitro [169] 
AR-antagonist in vitro [169] 

  

Octyl salicylate 
(OS) 

ER-antagonist in vitro [169] 
AR-agonist in vitro [169] 
AR-antagonist in vitro [169] 
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Metals 
 

Food contamination with metals occurs either through environmental contamination, like contamination of soil which leads to accumulation in plants or the 

metals enter the food chain via feeds which contain toxic metals. Contamination can also happen during handling and processing of food via the processing 

equipment and storage and packaging containers. Metals have now also been found to be able to act as endocrine disruptors. The metals which are able to 

interfere with oestrogen action are thus a class of inorganic xenoestrogens which were termed metalloestrogens [178]. It was found that organometal compounds 

but also inorganic anions and cations possess endocrine activity and some of the metals have a known physiological role while for others no function is known. 
 

Class/ Compound Endocrine activity Food relevance Human tissue levels 

  Food type (e.g. fish, 
veg. etc) 

Level 
(M/g) 

Geog. location, 
year 

Tissue (plasma, 
lipid etc 

Mean/ median 
levels 

Subjects (gender, 
age, diet),Geog. 
location, year 

Cadmium (Cd) ER-agonist  
in vitro, ER-binding [179] 
not in vitro [180] 
in vitro [181], [182] 
in vivo [183], + rev. in[184] 
AR-agonist 
in vitro, in vivo[185] 
AR-binding [186], [187] 
 
Effects might be tissue 
dependent! [188] 
 
 

Food is the most important source of human exposure 
to Cadmium (and smoking) [189] 
Cadmium has no known physiological function 
 

Dietary intakes (in [190]):  10 g/day       Spain, 1990-91  

                                    to 30 g/day         Greece, (1994) 
1/3 via animal products (e.g. high levels in shellfish, 
kidneys), rest from plants 

Dietary intake [191]: mean: 13.8 g/day  Canada, (1987) 

                               median: 11.9 g/day Canada, (1987) 

Dietary intakes [192]: 11.17 g/day 
CanaryIslands,(2006) 

                         from 0.19 g/day             Germany, 2002 

                            to 143.42 g/day        Greenland, 2000 
Levels in food [192]:                     Canary Islands, (2006) 

  fish: 87.98  45.3 g/kg 

  Viscera: 22.73  10.92 g/kg 

  Red meat: 14.2  1.85 g/kg 

  Vegetables: 13.62  1.87 g/kg 

  Dairy products: 0.42  0.7 g/kg 
Levels in food [193]:                                        U.K., 2000 

  Bread: 15 g/kg 

  Meat products: 7 g/kg 

  Fish: 13 g/kg 

  Oils and fat: 1-2 g/kg 

Human breast cancer tissue:  

                        mean: 20.4±17.5 g/g, [195]; 43F 

Control tissue: mean: 31.7 ± 39.4 g/g, [195]; 32F 
                        Finland 1985 / 86 
no significant difference,  
positive correlation with smoking 
levels in breast tissue are high compared to other 
tissues. 
Cadmium is weakly excreted with breast milk [195]. 
 
Blood: mean: 0.85 ng/ml, [196]; 220F 
Follicular fluid: mean: 0.34 ng/ml, [196]; 220S  
                      Czech Republic, (2001) 
Placenta: mean: 18.02 ng/g, [197]; 688F, Czech 
Republic, 1992 
 
Biological half-life: 15 – 30 years [188] 
                              10 – 40 years [189] 
(due to accumulation in blood, kidney, liver, placenta, 
testis, ovaries)  
Acts toxic on testes [198] 
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  Vegetables: 9-14 g/kg 

  Milk: 0.07-0.1 g/kg 

  Dairy products: 1-2 g/kg 
Levels in food [194]; (mean/range):                 U.K., 2007 
  Mushrooms: 0.28 / <0.04-3.64 mg/kg 
  Honey: 0.04 / <0.04-0.04 mg/kg 
  Root vegetables: 0.04 / <0.04-0.06 mg/kg 
  Nuts: 0.06 / <0.04-0.15 mg/kg 
  Deer & pheasant: 0.04 / <0.04-0.04 mg/kg 
  Sweets: 0.04 / <0.04-0.04 mg/kg 
  Dried fruit: 0.04 / <0.04-0.04 mg/kg 

Mercury (Hg) 
Inorganic-Hg 
Methyl-Hg 
Ethyl-Hg 

ER-agonist in vitro [199] 
AR-binding [186] 

Primary human exposure via food (fish consumption),  
(+ exposure to Hg from amalgam fillings and vaccines) 
[200], [189]  
Dietary intakes (as in [190]):  

                         0.7 g/day Netherlands,1984-86  

                         to 13.5 g/day         Belgium, (1983) 
dependent on level of pollution in the local environment 
elemental, inorganic and organic forms,  
all forms are present in food 
Levels in food [193]:                                        U.K., 2000 

  Bread: 0.5-0.6 g/kg 

  Meat products: 0.8-0.9 g/kg 

  Fish: 71 g/kg 

  Oils and fat: 0-0.1 g/kg 

  Vegetables: 0-0.2 g/kg 

  Milk: 0-0.1 g/kg 

  Dairy products: 0-0.5 g/kg 

Placenta: I-Hg: median/max: 1.3 / 6.7 g/kg, [201];  

               Me-HG: median/max: 1.8 / 6.2 g/kg, [201]; 
               119F, Sweden (2002) 
Maternal blood:  

                 I-Hg: median/max: 0.32 / 1.9 g/kg, [201]; 

                 Me-HG: median/max: 0.73 / 2.8 g/kg, [201];                                  
                 119F, Sweden (2002) 
Cord blood:  

                  I-Hg: median/max: 0.34 / 1.1 g/kg, [201]; 

                  Me-HG: median/max: 1.4 / 4.8 g/kg, [201]; 
                  119F, Sweden (2002) 
 
approximate half-life in the body [200]: 
             I-Hg: 40 days; Me-Hg: 70 days; E-Hg: 20 days 
Can interfere with spermatogenesis [198] 

Arsenic (As) 
Arsenite 
 

ER-agonist in vitro [202] 
 

Primary human exposure through drinking water and 
food [202], [189]; high levels of organic arsenic in 
seafood [190] 
Levels in food [203]:                              Canada, 1985-88 
  all samples: mean/median: 73.2 / 5.1 / < 0.1-4830 ng/g 
  fish: 1662 ng/g 
  meat and poultry: 24.3 ng/g 
  bakery goods, cereals: 24.5 ng/g 
  fats and oils: 19.0 ng/g 
  vegetables: 7 ng/g 
Levels in food [204]:          West Bengal, 2 regions, 
(2003) 
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  total (mean): 60.3 and 102 g/kg 

  vegetables: 20.9 and 21.2 g/kg 

  cereals, bakery goods: 130 and 179 g/kg 

  spices: 133 and 202 g/kg 

  drinking water: 107 g/l 
Levels in food [193]:                                        U.K., 2000 

  Bread: 9 g/kg 

  Meat products: 10 g/kg 

  Fish: 3400 g/kg 

  Oils and fat: 16 g/kg 

  Vegetables: 2-7 g/kg 

  Milk: 2 g/kg 

  Dairy products: 6 g/kg 
Levels in food [194]; (mean/range):                 U.K., 2007 
  Mushrooms: 0.12 / <0.13-0.222 mg/kg 
  Honey: 0.13 / <0.13-0.16 mg/kg 
  Root vegetables: 0.13 / <0.13-0.17 mg/kg 
  Nuts: 0.39 / <0.13-0.84 mg/kg 
  Deer & pheasant: 0.18 / <0.13-0.33 mg/kg 
  Sweets: 0.14 / <0.13-0.22 mg/kg 
  Dried fruit: 0.15 / <0.13-0.30 mg/kg 
 

Dietary intakes (in [190]): 38 to 286 g/day  
(France, Belgium, Spain, Netherlands, UK, 1984-99, 
levels depending on seafood consumption) 

Dietary intake [191]: mean 16.7 g/day   Canada, (1987) 

                           median 9.79 g/day      Canada, (1987) 
Daily dietary intake (in [204]): 

Canada: 59.2 g; US: 38.6 g; Japan: 160 – 280 g; 

UK: 89 g; Austria: 27 g; New Zealand: 55 g 

Lead (Pb) ER-agonist  
in vitro [199], [182] 
AR-binding [186] 

Human exposure via food and air [189] 

Dietary intakes [190]:    16 g/day                 Spain, 1981 

                                to 280 g/day                 Italy, (1996) 

Dietary intake [191]: mean: 53.8 g/day  Canada, (1987) 

                            median: 42.7 g/day    Canada, (1987) 
Levels in food [193]:                                        U.K., 2000 

  Bread: 7 g/kg 

  Meat products: 6 g/kg 

  Fish: 14-15 g/kg 

  Oils and fat: 3-4 g/kg 

Has an effect on hormone levels [198] 
 

blood: mean, children/adults: 3.5 / 3.7 g/dl [205]; 
        European countries, including: Denmark, France,     
        Germany, Greece, Israel, Sweden, 1997-2000 

blood: mean, exposed/nonexposed: 39.5/30.6 g/l [206]; 
           400 children, France, 1995/97 

blood : mean, men/women: 74 / 49 g/l [207];  
           300F, 301M, France, (2001) 

blood: mean/median: 9.5 / 8.5 g/dl [208]; 
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  Vegetables: 11 g/kg 

  Milk: 1 g/kg 

  Dairy products: 1-2 g/kg 
Levels in food [194]; (mean/range):                 U.K., 2007 
  Mushrooms: 0.06 / <0.05-0.42 mg/kg 
  Honey: 0.06 / <0.05-0.28 mg/kg 
  Root vegetables: 0.05 / <0.05-0.28 mg/kg 
  Nuts: 0.16 / <0.05-0.5 mg/kg 
  Deer & pheasant: 0.23 / <0.05-1.63 mg/kg 
  Sweets: 0.09 / <0.05-0.41 mg/kg 
  Dried fruit: 0.06 / <0.05-0.2 mg/kg 

           430F, Mexiko, 1994/95 

bone (tibial): mean/median: 10.2 / 9.8 g/g [208]; 
           430F, Mexiko, 1994/95 

bone (patellar): mean/median: 15.2 / 14.6 g/g [208]; 
           430F, Mexiko, 1994/95 

Selenium (Se) 
(Selenite) 

ER-agonist  
in vitro [209], [182] 

Selenium is an essential micronutrient. 
Human exposure primarily through cereals, grains and 
vegetables [209] 
Counterbalances Cadmium induced toxicity [195] and  
might have a protective role against Hg poisoning [201] 
Levels in food [204]:        West Bengal, 2 regions, (2003) 

  total (mean): 90.9 and 109 g/kg 

  vegetables: 3.1 and 5.6 g/kg 

  cereals, bakery goods: 149 and 116 g/kg 

  spices: 495 and 365 g/kg 

  drinking water: 0.38 g/l 
Levels in food [193]:                                        U.K., 2000 

  Bread: 60 g/kg 

  Meat products: 100 g/kg 

  Fish: 320 g/kg 

  Oils and fat: 1-11 g/kg 

  Vegetables: 5-15 g/kg 

  Milk: 12 g/kg 

  Dairy products: 19-21 g/kg 

 

Iron (Fe) AR-binding [186] Levels in food [194]; (mean/range):                 U.K., 2007 
  Mushrooms: 5.5 / <1.5-29.7 mg/kg 
  Honey: 1.6 / <1.5-2.7 mg/kg 
  Root vegetables: 7.1 / <1.5-103.1 mg/kg 
  Nuts: 28.2 / 6.2-52.4 mg/kg 
  Deer & pheasant: 21.5 / 9.6-31.2 mg/kg 
  Sweets: 28.2 / <1.5-144.4 mg/kg 
  Dried fruit: 15.9 / 7.6-56.1 mg/kg 

 

Zinc (Zn) AR-binding [186], [187] Counterbalances Cadmium induced toxicity [195] 
Daily dietary intake (in [204]):  

Placenta: mean: 54.6 g/g, [197];  
                688F, Czech Republic, 1992 
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  different areas: 5-22 mg;  USA: 10-15 mg;  
  Finland: 16 mg;  
Daily dietary intake [210]: 6.7-11 mg;    Germany, (1991) 
Levels in food [204]:        West Bengal, 2 regions, (2003) 
  total (mean): 12.7 and 12.5 mg/kg 
  vegetables: 5.33 and 5 mg/kg 
  cereals, bakery goods: 19.4 and 15 mg/kg 
  spices: 42.1 and 28.4 mg/kg 

  drinking water: 51.8 g/l 
Levels in food [193]:                                        U.K., 2000 
  Bread: 8.2 mg/kg 
  Meat products: 26 mg/kg 
  Fish: 8.3 mg/kg 
  Oils and fat: 0.38 mg/kg 
  Vegetables: 2.4-3.5 mg/kg 
  Milk: 4.8 mg/kg 
  Dairy products: 11 mg/kg 
Levels in food [194]; (mean/range):                 U.K., 2007 
  Mushrooms: 6.4 / <2.2-49.1 mg/kg 
  Honey: 2.2 / <2.2-3.3 mg/kg 
  Root vegetables: 3.3 / <2.2-14.6 mg/kg 
  Nuts: 28.0 / 4.0-58.6 mg/kg 
  Deer & pheasant: 17.3 / 6.2-44.5 mg/kg 
  Sweets: 4.7 / <2.2-21.6 mg/kg 
  Dried fruit: 4.1 / <2.2-32.6 mg/kg 

 

Copper (Cu) ER-agonist  
in vitro [199]  
Zink-replacement on ER inhibits 
DNA binding [211] 
AR-binding [186] 

Daily dietary intake (in [204]): 

  Netherlands: 1200-1400 g; USA: 2-4 mg;  

Daily dietary intake [210]: 540-920 g;  Germany, (1991) 
Levels in food [204]:        West Bengal, 2 regions, (2003) 
  total (mean): 3.33 and 3.55 mg/kg 
  vegetables: 1.59 and 1.58 mg/kg 
  cereals, bakery goods: 5.53 and 3.95 mg/kg 
  spices: 8.66 and 8.08 mg/kg 

  drinking water: 1.95 g/l 
Levels in food [193]:                                        U.K., 2000 
  Bread: 1.4 mg/kg 
  Meat products: 1.6 mg/kg 
  Fish: 1.1 mg/kg 
  Oils and fat: 0.11 mg/kg 
  Vegetables: 0.88-0.96 mg/kg 
  Milk: 0.06 mg/kg 

Alters testosterone, LH, FSH secretion [198] 
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  Dairy products: 0.52 mg/kg 
Levels in food [194]; (mean/range):                 U.K., 2007 
  Mushrooms: 2.2 / <0.3-21.7 mg/kg 
  Honey: 0.3 / <0.3-0.6 mg/kg 
  Root vegetables: 2.0 / <0.3-139.2 mg/kg 
  Nuts: 8.4 / 1.1-13.8 mg/kg 
  Deer & pheasant: 1.2 / 0.5-2.0 mg/kg 
  Sweets: 1.4 / <0.3-5.1 mg/kg 
  Dried fruit: 6.5 / 2.2-68.4 mg/kg 

Nickel (Ni) ER-agonist  
in vitro [199] 
Zink-replacement on ER inhibits 
DNA binding [211] 

Daily dietary intake (in [204]):  

  different areas 100-300 g; 

Daily dietary intake [210]: 111-256 g;    Germany, 
(1991) 
Levels in food [204]:          West Bengal, 2 regions, 
(2003) 
  total (mean): 0.59 and 0.74 mg/kg 
  vegetables: 0.36 and 0.16 mg/kg 
  cereals, bakery goods: 0.87 and 0.72 mg/kg 
  spices: 1.33 and 2.26 mg/kg 

  drinking water: 9.58 g/l 
Levels in food [193]:                                        U.K., 2000 

  Bread: 53 g/kg 

  Meat products: 66 g/kg 

  Fish: 65 g/kg 

  Oils and fat: 26-27 g/kg 

  Vegetables: 44-83 g/kg 

  Milk: 8 g/kg 

  Dairy products: 41 g/kg 

 

Cobalt (Co) ER-agonist in vitro [199] 
AR-binding [186] 

  

Tin (Sn) 
(Organotin: 
Tributyltin – TBT 
Dibutyltin – DBT 
Monobutyltin – MBT) 

ER-agonist  
in vitro [199], [182] 

no ER -binding [212] 
AR-binding [212] 

Levels in food [193]:                                        U.K., 2000 

  Bread: 6 g/kg 

  Meat products: 130 g/kg 

  Fish: 28 g/kg 

  Oils and fat: 4-5 g/kg 

  Vegetables: 0.9-8 g/kg 

  Milk: 0.8-0.9 g/kg 

  Dairy products: 34 g/kg 

serum: TBT: 0.1 ng/g, [120];  
            3 of 91 F/M, Netherlands, 2004 
            DBT: u.d., [120];  
            91 F/M, Netherlands, 2004 
            MBT: 0.1 ng/g, [120];  
            3 of 91 F/M, Netherlands, 2004 

Chromium (Cr) ER-agonist  
in vitro [199], [182] 

Levels in food [193]:                                        U.K., 2000 

  Bread: 31 g/kg 
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  Meat products: 84 g/kg 

  Fish: 110 g/kg 

  Oils and fat: 100-110 g/kg 

  Vegetables: 8-16 g/kg 

  Milk: 5 g/kg 

  Dairy products: 26 g/kg 

Vanadium (V) 
Vanadate 

ER-agonist in vitro [199]   

Calcium (Ca) AR-binding [187]   

Magnesium (Mg) AR-binding [187]   

Lithium (Li) ER-agonist in vitro [182]   

Antimony (Sb) ER-agonist in vitro [182]   

Barium (Ba) ER-agonist in vitro [182]   
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Notes to Table: 

 

Estrogenic in vitro: estrogen agonist, e.g. in ER-CALUX, MCF7 or similar assay; this is more than simply binding the receptor, and means there was 

activation/agonism as well 

(gene), indicates estrogenicity measured as a change in gene expression, e.g ER-CALUX 

(mitogen), indicates estrogenicity measured as increased proliferation of estrogen-sensitive cell line, usually MCF7 

(…+Luc) indicates assay that incorporates a luciferase reporter gene 

 

Estrogen modulator: describes reduction in estrogen effect on co-application; includes ER antagonists if the mode of action was not proven to be ER antagonism  

ER antagonist: reduces effect of estrogen, has no agonist activity alone, antagonism of ER was demonstrated (for example binding of ER with no agonism?). 

 

LOD: limit of detection 

u.d.: undetectable in assay 

fw: fresh weight 

EP: subject was an „equol producer‟, based on urinary production >1umol/24hr after 10wk high soy diet. 

NEP: subject was a „non-equol producer‟, based on urinary production <1umol/24hr after 10wk high soy diet. 
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