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Abstract 
Levels of the tettabrominated diphenyl ether, 2,2',4,4'-TeBDE, in the adipose tissue in 1995-
1997 of 77 individuals from Sweden were determined. The individuals, both men and women 
ranging from 28 to 85 years in age, represent 19 patients with non-Hodgkin's lymphoma 
(NHL), 23 patients with malignant melanoma, 8 patients with other cancers or in situ changes 
and 27 persons without cancer. The mean levels of 2,2',4,4'-TeBDE was 5.1 ppb (range 0.6-
28) on lipid basis for the 27 persons without malignancies. For NHL patients the mean level 
was 13 ppb (range 1.0-98). A dose responsive elevated risk, OR 2.7 (95% CI 0.5-18) and 3.5 
(95% CI 0.7-22), resepctively, was found for NHL when the cases and conttols were 
compared in the two highest concentration groups with the lowest group. 

Introduction 
The aim ofthis study was to determine levels of PBDEs, represented by 2,2',4,4'-TeBDE, in 
the adipose tissue of patients with NHL and malignant melanoma and also in the adipose 
tissue of persons with no cancer malignancy. Further correlation of levels with cancer, age 
and sex as well as with occupational form of activity was studied. The occupation aspects will 
be reported later. 

The monitoring of levels in humans is an important undertaking when making estimates 
conceming the population's exposure to persistent halogenated compounds, both known and 
unknown. The ultimate aim ofthe monitoring ofthe these compounds in any product, process 
or activity emitting to the environment is the environmental contamination and thereby a 
potential human exposure and a consequent health risk. 

The occurrence of polybrominated diphenyl ether, PBDE, in the environment has been known 
since the early 80's (1). The origin ofthis group of compounds in the tissues of humans is a 
consequence of the physical, chemical and biological properties of PBDE, many of which are 
shared with the other persistent organohalogens, and the extensive past and present use of 
PBDE mainly as a flame retardant. The total exposure path-way to humans is believed to 
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consists of varying degrees of food-chain exposures, skin contact and inhalation (2,3). Until 
today only a few reports on the levels in human tissue have been published and more data is 
urgently needed to answer questions on the present exposure and the consequent risks (4,5). 

Among the polybrominated diphenyl ethers, PBDEs, the 2,2',4,4'-reBDE congener, also 
denoted BDE #47 in accordance with the PCB notation, is the one which is most prevalent, 
present at the ppb level, in human tissue. In 1997 we reported for the first time, in connection 
with a feasibility project on determination of halogenated persistent compounds in the adipose 
tissue of patients with non-Hodgkin's lymphoma in Sweden, on the identification of PBDE 
#47, an other TeBDE, two PeBDEs and one HxBDPE isomer in human tissue (4). 

There is a typical pattem of PBDEs in biological tissues with distinct profiles for the different 
homologue groups. Out of the total 209 theoretical isomers we have recently detected 19 tetra 
to hexa isomers in the blubber of pilot whale (6) and one can expect to fmd at least half of 
these in human tissue if a method detection level on ppt is used. This current study uses a 
method detection level on ppb level and therefore PBDE #47 is the only isomer we here report 
on. 

Material and Methods 
The human adipose tissue samples. Adipose tissue samples, 1-10 grams, were taken in 1995-
1997 from 77 Swedish males and females between the age of 38 and 85 years. The persons 
were either newly diagnosed cases with NHL (n=19), malignant melanoma (n=23), other 
cancer malignancy or cancer in situ (n=8) or healthy persons (n=27) hospitalised for benign 
dieseases. None ofthe patients had yet received medical tteatment for their cancer. 

Chemical analyses of PBDE. The 77 coded samples were analyses with GC-MS, R=500, EI 
ioiusation, SIM mass specttometry of M (m/z 483.7) and M+2 (m/z 485.7) using deca PCB 
(m/z 509.7, m/z 511.7) as the intemal standard. Quantification was done by comparing the 
relative response ofthe target compounds against the intemal standard in both the sample and 
in a known standard solution of 2,2',4,4'-TeBDE. Sample clean-up was performed by SFE, 
supercrhical fluid exttaction, using CO2 as the extraction media (7). The PBDEs were 
collected in the pesticide fraction following LC separation from the trapping column. This 
fraction was analysed for tetta PBDEs as described above and also for pesticides and PCBs, to 
be reported separately. 

Statistical analyses. Logistic regression analyses was used (SAS/STAT) to estimate the odds 
ratio (OR) and the 95% confidence interval (CI). The data treatment took in consideration age 
and gender. 

Results and Discussion 
The presence of 2,2',4,4'-TeBDE was confirmed in all 77 samples. In table 1 the levels in 
ng/g lipid and mean ages for both males and females in the four different groups (NHL, 
melanoma, other cancersor cancer in situ and no-cancer) are given. The levels are expressed 
as mean and median levels, and the ranges are given for the different categories as well as for 
age. 
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The levels of 2,2',4,4'-TeBDE were higher for men than for women in all categories. The 
highest levels were seen in patients with NHL. The patients with malignant melanoma did not 
differ from the conttols. 

Table 1. Mean and median levels expressed in ppb, ng/g lipid, of 2,2',4,4'-TeBDE in the 
adipose tissue of 77 Swedish individuals in four different categories of cancer and no-cancer. 

Categories 

NHL 
-Men 
-Women 

melanoma 
-Men 
-Women 
o t h e r 
c a n c e r s 

(n=19) 
(n=12) 
(n=7) 

(n=23) 
(n=15) 
(n=8) 

(n=4) 
c a n c e r i n 
s i t u (n=4) 

n o - c a n c e r ( n = 2 7 ) 
-Men 
-Women 

(n=17) 
(n=10) 

Age(y) 
mean 
63 
63 
64 

62 
63 
62 

70 

64 

64 
66 
63 

range 
4 2 - 7 7 
4 2 - 7 7 
5 7 - 7 0 

2 8 - 8 5 
2 8 - 8 5 
4 6 - 8 2 

6 4 - 7 7 

6 1 - 6 6 

3 8 - 7 9 
3 8 - 7 9 
4 7 - 7 4 

mean 
1 3 . 0 
1 6 . 0 
7 . 8 

4 . 8 
6 . 7 
1 .5 

7 . 1 

5 . 1 

5 . 1 
5 , 8 
3 , 8 

2,2',4,4'-TeBDE 
median 
5 . 3 
6 . 9 
3 . 3 

1 .9 
2 . 6 
1 .3 

4 . 6 

4 . 4 

3 . 2 
3 . 9 
2 . 0 

range 
1 . 0 - 9 8 . 2 
1 . 1 - 9 8 . 2 
1 . 0 - 2 2 . 3 

0 . 6 - 3 2 . 4 
0 . 6 - 3 2 . 4 
1 . 1 - 2 . 4 

2 . 2 - 1 7 . 2 

3 . 1 - 8 . 2 

0 . 6 - 2 7 . 5 
0 . 6 - 2 7 . 5 
0 . 7 - 1 1 . 8 

In table 2 the risk for NHL is accounted for. This is based on the comparison ofthe cases with 
the controls in three groups, with nine individuals in each, depending on the levels of 
2,2',4,4'-TeBDE. 

Table 2. Odds ratio (OR) and 95% confidence interval (CI) for NHL in relation to levels of 
2,2',4,4'-TeBDE in the adipose tissues of 19 individuals with diagnosed NHL and 27 
individuals with no-cancer complaints. 

Categories 

NHL patients 
no-cancer patients 

OR 
CI 

< 2 . 0 5 
3 
9 

( 1 . 0 ) 

2 . 0 5 - < 4 . 
7 
9 

2 . 7 
0 . 5 - 1 8 

91 > 4 . 9 1 ppb 
9 
9 

3.5 
0 .7 -22 
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Conclusions 
The results show that PBDE, here represented by 2,2',4,4-TeBDE, has found its way to 
humans and is now present in the adipose tissue of the general population in Sweden. The 
correlation between age and levels of 2,2',4,4'-TeBDE is obscure, and does not follow the 
ttend usually seen for the persistent orgnochlorine compounds. Further, a connection with 
NHL can not be excluded at this moment. 
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