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Age-related increase of PCDD/F-levels in human blood — 
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Summary. Levels of PCDD and PCDF were determined in whole blood of 95 persons, with 
no known exposure, living in a rural area of Northrhine-Westfalia, Germany. Age ranged 
between 12 and 82 years with at least 5 female and 5 male persons per age-decade. 
The mean values ofthe PCDD/F-blood levels ofthe youngest and oldest subcohort were 16.6 
and 64.5 pg/g I-TEQ (lipid basis) or 87.7 and 407 fg/g I-TEQ (whole-weight basis) and show 
therefore a 3.9- or 4.6-fold increase with age. For statistical evaluation the results of isomer 
specific determination on lipid basis[pg/g] and on whole-weight basis [fg/g] were correlated 
with age [a] using a multiplicative model: CONCENTRATION IN BLOOD = A-AGE ̂ . The age-
related increase of human blood levels, calculated as Intemational Toxicity Equivalents, can 
therefore be described by the following equations: TEQ [pg/g (lipid basis)] = 1,52 • AGE ̂ -̂ ^̂  
or TEQ [fg/g (whole-weight basis)] = 6,06 • AGE ̂ •^^. The 95%-prediction-limits are given 
by 0.878-AGE0-871 and 2.62-AGEO-S l̂ (F) or 3.33<AGE0-965 and 11.0-AGE0-965 fW)̂  
respectively. A statistically significant increase (a < 0,01) was found for the following conge­
ners (factors J4 and B for concentrations on lipid basis (F) and on whole-weight basis (W) are 
given in parenthesis): 2,3,7,8-TetraCDD (F: 0.122, 0.945; W: 0.483, 1.04), 1,2,3,7,8-PentaCDD 
(F: 1.07, 0.738; W: 4.37, 0.826), 1,2,3,4,7,8-HexaCDD (F: 0.714, 0.814; W: 2.84, 0.910), 1,2,3,6,7,8-
HexaCDD (F: 2.16, 0.798; W: 8.67, 0.892), 1,2,3,7,8,9-HexaCDD (F: 1.01, 0.577; W: 3.96, 0.676), 
1,2,3,4,6,7,8-HeptaCDD (F: 8.46, 0.596; W: 33.6, 0,692), OctaCDD (F: 91.7, 0.401; W: 371, 0.492), 
2,3,7,8-TetraCDF (F: 0.172, 0.490; W; 0.749, 0.568), 2,3,4,7,8-PentaCDF (F: 0.619, 1.04; W: 2.43, 
1.14), 1,2,3,4,7,8-HexaCDF (F: 0.551, 0.794; W- 2.21, 0.888), 1,2,3,6,7,8-HexaCDF (F: 0.794, 
0.791; W; 3.24, 0.880) and 2,3,4,6,7,8-HexaCDF (F: 0,461, 0.534; W: 1.86, 0,625). No correlation 
with age was found for 1,2,3,4,6,7,8-HeptaCDF and for 1,2,3,7,8-PentaCDF and OctaCDF, 
which were found in low concentrations. 1,2,3,7,8,9-HexaCDF and 1,2,3,4,7,8,9-HeptaCDF 
could be determinated only in a few cases near the detection limit. 
With regard to the age-range of the group the relative increase between 10- and 80-year-old 
persons can be calculated by 8^. The age-related increase was mostly pronounced for 
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2,3,4,7,8-PentaCDF (F: 8.7; W: 10.7) and 2,3,7,8-TetraCDD (F: 7.1; W: 8.7). For higher chlorina­
ted congeners, e. g. OctaCDD (F: 2.3; W: 2.8), the age-related increase was considerably lower. 

Introduction. PCDD and PCDF, predominantly 2,3,7,8-chlorosubstituted isomers, are known 
to accumulate in the food chain and therefore in man. As a result of their long biological half-
life and their lipophilic nature they accumulate in human tissues, especially in those with a 
high fat content. Typical pattern and concentrations due to background-exposure have been 
found in several organs, adipose tissue, human milk and blood l" .̂ 
In most epidemiological studies blood samples are used to estimate human exposure, because 
procuring human blood is less invasive than procuring tissues and can be obtained from all 
persons in contrast to human milk samples. To have a good knowledge of parameters influen­
cing human background exposure-levels is important both for risk assessment and for plan­
ning and realization of epidemiological studies. 
In this study the influence of age on the levels of PCDD/F in human blood was observed in a 
group of unexposed persons living in Kreis Steinfurt, a rural area of Northrine-Westfalia, 
Germany. All persons were asked for personal data, habits of life, food consumption, number 
of breastfed infants, possible contact with PCDD/F-sources, physical condition, and other re­
levant data using a standardized questionnaire. 

Methods. A method which has been developed for the determination of PCDD/F in human 
serum ^ was modified for analysis of whole blood samples, 50 ml of homogenized whole 
blood diluted with 50 ml deionized water is spiked with 100 [il of an intemal standard solu­
tion containing 16 13Ci2-labelled PCDD/F'-isomers and shaken overhead for 30 min. Extrac­
tion-procedure: addition of 50 ml of aqueous saturated ammonium sulfate solution, shaking 
for 1 min, addition of 50 ml of absolute ethanol, shaking for 1 min, twofold extraction with 
100 ml of hexane. The hexane layer is dried with anhydrous sodium sulfate and evaporated at 
40°C under vacuum to constant weight. The residue, which represents the fat content, is 
weighed and redissolved in hexane for sample clean up. The clean up is performed by stan­
dard methods using modified silicagels and activated charcoal 5. After addition of 2 \i\ of do­
decane the final sample extract is evaporated under a nitrogen stream to dryness and re­
constituted to 10 \i\ with toluene, containing l3Ci2-l,2,3,4-TetraCDD as external standard. 
The analytical instrument system consists of a VG AutoSpec high-resolution mass spectrome­
ter and a Hewlett-Packard 5890 series 11 gas chromatograph equipped with a Gerstel KAS 2 
vaporization-system [MS: SIR, Resolution 10,000 at 10%, El-f, 40 eV, PFK lock mass check, 
observation of 2 ions for native and labelled isomers, setting of 5 time windows; GC: column: 
J&W Scientific, DB-5, 60 m, 0,1 jim; temperature program: 200°C (3 min), 5°C/min, 220°C 
(16 min), 5°C/min, 235°C (7 min), S'C/min, 330°C (9 min); injector program: 70°C (60 s), 
n^C/s, 330°C (10 min), split off (1 min); split on (2 min); injection volume: 2 \i\\. 
The blood analyses were performed in series of 4 samples and 1 blank. Each third series con­
taines additionally 1 pool blood sample for intemal quality control. The standard deviation of 
the repeated pool blood analysis is smaller than 10% for most congeners and up to 25% for 
congener-concentrations near the detection limit. The recovery rate is typically in the range of 
70-95%. The detection limits (S:N = 3:1) are < 1 pg/g on lipid basis. 
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Results and discussion. Basic statistical results of the PCDD/F blood determinations of the 
population studied are presented in table 1, both on lipid basis and on whole-weight basis. For 
most congeners the blood levels increase with age. In order to fit the data set and for statisti­
cal evaluation the following multiplicative model was used: CONCENTRATION IN 
BLOOD = A-AGE ̂ . Calculated factors A and B, correlation coefficients r and the 95%-
prediction-llmits for A are listed in table 2. The correlation is highly significant for most of 
the 2,3,7,8-chlorosubstituted PCDD/F except for some of the higher chlorinated PCDF (see 
table 2). Isomers increasing with age show an appreciable smaller range of variation for 
younger people. The relative increases with age are not equal for all congeners (see fig, 2), It 
shows a decrease with the chlorination grade. The age-related increase was mostly pronoun­
ced for 2,3,4,7,8-PentaCDF and 2,3,7,8-TetraCDD and only low for OctaCDD (see fig. 1), 
With regard to the age-range of the group and considering the lipid based PCDD/F-Ievels in 
blood the age-related increase is 8.7-fold for 2,3,4,7,8-PentaCDF, 7.1-fold for 2,3,7,8-Tetra­
CDD and 2.3-fold for OctaCDD. The conespondings on whole-weight basis are 10,7, 8.7 and 
2.8, respectively, A twofold increase of age is associated with a significant increase of the 
PCDD/F-levels in blood which can be described by the increase factors 2^ given in table 2, 
Regarding human exposure to PCDD/F expressed as I-TEQ (lipid basis) in relation to age the 
regression curve and the 95%-prediction-limits are shown in figure 1. The fitted line shows a 
more than 6-fold increase between 10 and 80 year-old persons and a nearly 2-fold increase 
with doubling of age. 

The observed increase of PCDD/F in human blood reflects the accumulation of these substan­
ces in the human body and may also be influenced by higher background exposure to 
PCDD/F in the past. The data suggest that the biological half-life of some congeners may be 
considerably higher than calculated from previous studies on highly exposed subjects. For the 
most toxic isomers, 2,3,7,8-TetraCDD and 2,3,4,7,8-PentaCDF, and some others a steady 
increase was observed over the whole age-range (see fig. 2). The different age-related in­
creases of the PCDD/F congeners in blood may result from their different toxicocinetic be­
haviour (rates of metabolism, membrane permeance resulting in different distribution volu­
mes in the body, binding to biomolecules) and/or different routes of intake such as ingestion, 
dermal absorption or inhalation. The increase ofthe scattering range in the higher age-groups 
may be explained by different forms of nutrition, different background exposure sources 
and/or different individual biochemical factors. 

Conclusion. This study presents data on the PCDD/F-levels in individual human blood sam­
ples obtained from a selected group of 95 subjects with no known exposure. A significant 
age-related increase was observed for most congeners as well as for the I-TEQ values. Our 
data indicate that the PCDD/F-levels in human blood are strongly influenced by age. With 
respect to the assessment of individual exposure and further epidemiological studies this has 
to be taken into account. 

Acknowledgement. Our thanks are expressed to Dr. Schmeer, Public Health Office, Kreis 
Steinfurt, for his support. 
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Table 1: Basic statistical data on levels ofPCDDIF in human blood of unexposed persons from Germany 
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1480 

52.08 
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MEAN 
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3.77 
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94 
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49 
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6.7 

3.8 
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59 

88 

19 

82 
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5.4 
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13 

66 

52 
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34 
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In t roase with aga: 

++++ Very strong increase with age (2^ > 1.90). 

+*+ Strong increase with age (1.65 < 2 ^ 5 1.90). 

++ Medium irttrease with age (1.45 < 2^ £ 1.65). 

+ Low increase with age (2^^1.45) . 

No significant correlation with age on the 99%-level. 

1) Calculation wittraut non-detects and not quantHied samples 
dua to l)iank probtems. 

2) Cakxitation without non-detscts. 

^ 123789-HoxaCDF was only found in 2 samples with concentrations 
near the detection limit. 
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Table 2: Correlation of PCDD/F-levels in human blood of unexposed persons from Germany with age 
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1234678-HeptaCDF 

11234789-HeptaCOF 

1 OctaCDF 

Total PCDD 

Total PCOF 

Total PCDD/F 

German TEq 

International TEq 

N 

95 

95 

95 

95 

95 

95 

95 

51 « 

5 6 « 

95 

95 

95 

95 

2'> 

95 

3 8 ^ 

7 0 « 

95 

95 

95 

95 

95 

LIPID BASIS [pg/g] 

StE 

CONCEIi 

T 

0.8472 " 

0.7999 " 

0.7782 " 

0.8250' ' 

0.6719 " 

0.5500 " 

0.4370 " 

0.3666^ 
1) 

0.B566' 

0.8278' ' 

0.8174 " 

0.5628' 

*) 
*) 
*) 
0.5625' 

0.8077' 

0.6100' 

0.8489' ' 

0 .8514' ' 

i t isticalMo 

imAnoN = 

A 

0.122 

1.07 

0.714 

2.16 

1.01 

8.46 

91.7 

0.172 

0.619 

0.551 

0.794 

0.461 

93.9 

5.95 

97.7 

0.958 

1.52 

del: 

A A G £ ^ 

B 

0.945 

0.738 

0.814 

0.798 

0.577 

0.596 

0.401 

0.490 

1.04 

0.794 

• 0.791 

0.534 

0.493 

0.695 

0.517 

0.818 

0.871 

95%-

I Prediction-limits 

"Lower | Aupper 

0.068 

0.608 

0.365 

1.24 

0.528 

3.36 

39.5 

0.046 

0.326 

0.319 

0.450 

0.207 

44.9 

3.54 
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2B 

2.06 1 
1.77 1 

1.88 1 

1.86 1 
1.60 

1.62 1 

1.41 1 

1.48 1 

1.19 1 

2.20 

1.85 1 
1.84 1 

1.54 1 

(1) 

(1) 1 
0) 1 
1.50 1 
1.73 
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^) Conelation significant on the g9,9%-leveL 

^ Correlation significant on the 99%-leveL 

^ Correlation significant on the 95%-level. 

^ No significant corralalion with age on the 95%-leve(. 

^ Calculation wiihout non-detects and not quantified samples 
due t> blank problems. 

^ Calojlalion wiihout non-detects. 

^ 1237B9-HexaC0F was only found in 2 samples with concentrations 
near the detection i m i t CO 
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F i g u r e I : PCDD/F-levels [pg/g (lipid basis)] in human blood of unexposed persons 
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Figure 2 : Relative levels of PCDD/F (lipid basis) in human blood of unexposed persons 
in relation to age 
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