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Introduction

Polybrominated diphenyl ethers are a group of brominated compounds with the wide use as brominated flame

retardants1. Currently, little is known about the sources of human exposure to PBDEs and the adverse health

effects for public health2. Breast milk and house dust had been indicated the possibly main exposure pathways

for PBDEs intake of breastfed infants after delivery3. In the Great Boston’s study, there was a statistically

significant and positive correlation between PBDE concentrations in house dust and breast milk4. Infants with

prenatal and postnatal exposure to PBDEs might be associated with PBDEs coated on house dust in their

parent’s home. Up to date, the data are limited to suggest that breast milk is a significant source of infant

exposure, but inhalation and dust may be important.

Breast milk is the only food for the breastfed infants. Biomonitoring of PBDEs in breast milk provides a good

marker of exposure from the environment and the food chain especially for mothers and their nursing infants.

From our previous study5, PBDE levels in breast milk and the daily intake of a breastfed infant in Taiwan were

no higher than the reports from other countries. In a recent biological study in Taiwan6, the contaminants of

PBDEs in fish samples caught from Taiwan were reported to have higher magnitudes compared to those from

European countries. The goal of the present study was examine the association between PBDEs in breast milk

and the consumption of animal fat in Taiwanese general population. The indicators of exposure from the dietary

habits and socioeconomic statues were also determined.

Materials and Methods

Participants were selected from the cohort of the dioxin survey described previously5. The study protocol was

approved by the Institutional Review Boards (IRB) of the Human Ethical Committee at the National Health

Research Institutes (NHRI), Taiwan. Ethical standards formulated from the Helsinki Declarations of 1964 and

revised in 2000 were followed. All participants gave informed consent after receiving detailed explanations prior
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to enrollment. Participants, who were healthy pregnant women, were recruited from a medical center in central

Taiwan between December 2000 and November 2001. Our participants answered a detailed questionnaire

including maternal age, maternal weight before pregnancy, maternal height, socioeconomic statues (i.e. home

annual income), smoking and dietary habits (i.e. the frequent and amount consumption of fish), drinking alcohol,

and medical and pregnancy history. 176 individual breast milk samples were collected with the providence of

breast milk. 20 subjects were further randomly selected.

Breast milk was collected approximately two weeks after the delivery and milk samples were stored at –20oC

refrigerator. The milk samples of 25 ml were shipped frozen to ERGO laboratory in Germany for chemical

analysis. Chemical analysis for PBDEs in breast milk was described in detail previously5. The extract was

identified and quantified by high-resolution gas chromatograph equipped with high-resolution mass

spectrometry (HRGC/HRMS: HP GC5890 II / VG-AutoSpec) using a DB-5 column (J&W Scientific) for gas

chromatographic separation. Typical HRGC and HRMS conditions had been published previously5. The

congeners of 12 PBDEs (IUPAC 17, 28, 47, 66, 85, 99, 100, 138, 153, 154, 183, 209) were measured to

determine the levels in human milk and the correlated factors.

We defined PBDEs as the sum of 9 individual congener without BDE-17, 66, and 138 based on all the

measurements of these congeners lower than LODs. Log-normality of PBDEs was used for further statistical

analyses by the Kolmogorov-Smirnov method. Spearmen’s rank correlation coefficients were initially used to

find the correlations between individual PBDEs and subjects’demographic characteristics (systolic blood

pressure) or the associated factors (i.e. fish consumption). We compared PBDE levels in breast milk with dietary

habits, socioeconomic statues, and demographic characteristics. When two groups (i.e. parity) were compared,

Student t-tests were used. Analysis of variance (ANOVA) and covariance (ANCOVA) and Bonferroni post-hoc

test were used for comparisons among the socioeconomic groups (e.g., education level). Multiple linear

regressions were used to evaluate differences in the groups (i.e. eating fish) after maternal age, maternal

pre-pregnant BMI, and parity were adjusted. Analyses were carried out using the Statistical Package for Social

Science (SPSS) 13.0 version.

Results and Discussion

The participants of the present study were described previously in detail elsewhere5. Maternal age was not

correlated with PBDE levels in breast milk in Table 1. The significant differences were found in the congeners of

BDE-28 and BDE-183 between the lower (<22 kg/m2) and higher (≥22 kg/m2) body mass index (BMI) groups.

Multipara mothers had a significantly higher BDE-28 level than Primopara mothers did (p=0.029). There was a

significant difference in BDE-28 concentrations between higher and lower systolic blood pressure groups

BROMINATED FLAMERETARDANTS I (TOXICOLOGY)

Organohalogen Compounds Vol 69 (2007) P-404 2660



(p=0.045), but no significant difference was presented after maternal age, pre-pregnant BMI, and parity were

adjusted (p=0.113). When maternal age, pre-pregnant BMI, and parity were adjusted, we still found that women

with higher diastolic blood pressure (≥76 mmHg) had a higher PBDE magnitude than those with lower pressure

(<76 mmHg) (p=0.038).

Table 2 was shown that levels of PBDEs were in the different socioeconomic groups. There were no significant

differences in PBDE concentrations between lower and higher annual income groups before and after the

adjustment of maternal age, pre-pregnant BMI, and parity. We found that PBDE levels in breast milk were

positively associated with women with higher education levels particularly for the statistical significance of

BDE-47, BDE-100, and BDE-153. There were no significant differences in individual PBDEs and total PBDEs

among these three education level groups. Women reported Taoist had higher BDE-28 levels than those reported

other religion after maternal age, pre-pregnant BMI, and parity (p=0.010).

Women who consumed more fish (≥4 times/week) had a higher PBDE level than those who consumed less ones

(<4 times/week), but there were no statistical differences in these two groups after maternal age, pre-pregnant

BMI, and parity were adjusted. Body burden of BDE-85 in the higher meat consumption group (≥11 times/week)

was higher compared to those in the lower consumption group after the adjustment of maternal age, pre-pregnant

BMI, and parity (p=0.025). The finding of the present study was indicated that PBDEs in breast milk was

significantly correlated with the lower consumption of shellfish group (p=0.002) after maternal age, pre-pregnant

BMI, and parity were adjusted.

Table 1. PBDE levels in Taiwanese breast milk (ng/g lipid)
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Table 2. PBDE levels in breast milk from the different socioeconomic groups (ng/ g lipid)

Table 3. The deference in PBDE levels between the different food consumption groups
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