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Introduction

Polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs) are
broadly distributed environmental contaminants. PCDDs/PCDFs are highly stable in the environment.
They are unwanted by-products in a variety of industrial and thermal processes. Daily consumption of
contaminated food is the main route of environmental exposure to PCDDs/PCDFs. Food consumption
normally comprises 90% of the total daily intake of dioxins. They are lipophilic and can be
bioaccumulated via food chain into human bodies with long half-lives of elimination1.

Measurement of PCDD/PCDF levels in human tissue is useful to assess long-term dioxin exposure.
The PCDD/PCDF concentrations, based on lipid weight, in human adipose tissue, blood, and milk are
very similar 2. The adipose tissue, blood, and breast milk are usually analyzed for the assessment of
human exposure to PCDDs/PCDFs. Among these three types of specimen, analysis of breast milk for
exposure assessment provides two specific advantages. Firstly, the collection of breast milk is
noninvasive. Secondly, the analytical data can be used to assess the exposure of both the mother and the
infant.

Concerns over contamination from dioxins from waste incinerators and other sources have risen in
recent years in Taiwan. The objectives of the study are (1) to measure the PCDDs/PCDFs levels in
breast milk samples collected in Tainan area of the sourthern Taiwan, and (2) to utilize these data to
evaluate infant’s exposure via breast-feeding.

Methods and Materials

Study Subjects and Breast Milk Sample Collection
The breast milk samples were collected from three hospitals in Tainan city, National Cheng Kung

University (NCKU), Sin-Lau, and Chi-Mei hospitals. Breast milk samples were collected from 37
mother volunteers two to eight weeks after delivery in these hospitals in years 2000 and 2001. Each
study participant provided 30 mL of breast milk sample. The samples were stored at –80 oC until
analysis.

Sample Preparation and HRGC/HRMS Analysis of PCDDs and PCDFs
 Breast milk lipids were extracted by ethanol and n-hexane, followed by sulfuric acid digestion. For

the analysis of seventeen PCDDs/PCDFs, the extracts were fractionated with ion exchange (SCX),
silica (Si), and Florisil solid phase extraction columns, and the fraction containing dioxins and furans
were analyzed. The concentrations were determined using high resolution gas chromatography - high
resolution mass spectrometry (HRGC-HRMS) combined with isotope dilution method. A Fison 8060
GC and a Micromass AutoSpec Ultima EBE tri-sector mass spectrometer were used for the HRGC/
HRMS analysis. Samples were chromatographed on an 60-m Rtx-5MS capillary fused-silica column.
The HRMS was operated in electron impact ionization mode. Isotope dilution HRGC/HRMS method
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was used to determine quantitatively the seventeen PCDD/PCDF congeners. Selected ion monitoring
(SIM) was used to acquire M/(M+2) or (M+2)/(M+4) PCDD/PCDF ions for identification. Quality
assurance/quality control protocols were established, according to those defined in USEPA method
1613, in our laboratory to ensure positive identification and the quality of the measurements.

Results and Discussion

The average age of the subjects in this study was 30 years (N = 37, SD = 3.5 yrs). Table 1 lists the
levels of seventeen PCDD/PCDF congeners in breast milk samples collected from the volunteers. The
values are expressed on a lipid-adjusted basis. The total concentration of 17 dioxin congeners in the
breast milk was 213 ± 141 pg/g-lipid. The concentration was expressed as 12.7 ± 8.40 pg-I-TEQ/g-
lipid when the international toxic equivalences (I-TEQs) of 2,3,7,8-tetrachlorinated dibenzo-p-dioxin
(TCDD) is calculated, or 14.6 ± 9.26 pg-WHO-TEQ/g-lipid using WHO toxic equivalences (WHO-
TEQs). The data represent these mothers’ dioxin/furan exposure. These concentrations can be regarded
as an indicator of background human exposure to PCDDs/PCDFs in the area.

The infants’ exposure through breast-feeding given by these nursing mothers can also be estimated.
Several assumptions were made to facilitate the calculation of the infants’ exposure: (1) the breast milk
intakes per day for an infant are 630 mL in the first two months after birth, 660 mL in the third month, and
850 mL from the 4th to the 6th months respectively; (2) an absorption efficiency of 95 %3 was assumed; (3)
a 1.7% per week decrease in a mother’s breast milk dioxin/furan levels due to breast-feeding.

Table 2 summarizes the estimation of infants’ dioxin/furan exposure reported in the literature and
the assumptions made to facilitate the calculation of the infants’ exposure4-6. The average infant’s
dioxin/furan exposure was estimated to be 183 ± 109 pg-I-TEQ/day (or 213 ± 125 pg-WHO-TEQ/day).
Due to the weight difference between boys and girls, these values translate into 29.6 ± 17.6 pg-I-TEQ/
kg/day (34.3 ± 20.2 pg-WHO-TEQ/kg/ day) for boys, and 34.0 ± 20.2 pg-I-TEQ/kg/day (39.4 ± 23.2
pg-WHO-TEQ/kg/ day) for girls.

Table 3 summarizes the dioxin and furan congener levels in human milk obtained in this study and
those reported in the literature 7-11. OCDD comprised 62 % of the total dioxin/furan level in our study,
and this congener comprised more than 50 % of the total dioxin/furan level in the literature data. The
values obtained in this study were similar to those reported in the literature. The percentage of each
congener’s contribution relative to the total dioxin/furan concentration was also calculated in Table 3. It
is noted that the percentage of 2,3,7,8-TCDF was higher than those reported in these literature. By
converting these congener concentrations into TCDD toxic equivalences, 2,3,4,7,8-PeCDF, 2,3,7,8-
TCDD, 1,2,3,7,8-PeCDD and 1,2,3,6,7,8-HxCDD were the major congeners contributing to toxicity in
the milk samples collected in this study.
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Table 1. Levels of PCDD/PCDF congeners in breast milk samples (N = 37)

Table 2. The estimation of infants’ dioxin/furan exposure reported in the literature and the assumptions
made to facilitate the calculation of the infants’ exposure
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Table 3. The dioxin and furan congener levels in human milk obtained in this study and those reported
in the literature (unit: pg/g-lipid)


