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Introduction

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

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

Concerns over contamination from dioxins from waste incinerators and other sources have risen
recent years in Taiwan. The objectives of the study are (1) to measure the PCDDs/PCDFs levels
breast milk samples collected in Tainan area of the sourthern Taiwan, and (2) to utilize these data
evaluate infant's exposuwéa 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 Kun
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. Ea
study participant provided 30 mL of breast milk sample. The samples were stored °at 480!
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. Fo
the analysis of seventeen PCDDs/PCDFs, the extracts were fractionated with ion exchange (SC.
silica (Si), and Florisil solid phase extraction columns, and the fraction containing dioxins and furan
were analyzed. The concentrations were determined using high resolution gas chromatography - h
resolution mass spectrometry (HRGC-HRMS) combined with isotope dilution method. A Fison 806
GC and a Micromass AutoSpec Ultima EBE tri-sector mass spectrometer were used for the HRG
HRMS analysis. Samples were chromatographed on an 60-m Rtx-5MS capillary fused-silica colum
The HRMS was operated in electron impact ionization mode. Isotope dilution HRGC/HRMS methot
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was used to determine quantitatively the seventeen PCDD/PCDF congeners. Selected ion monito
(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 mett
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
levels of seventeen PCDD/PCDF congeners in breast milk samples collected from the volunteers.
values are expressed on a lipid-adjusted basis. The total concentration of 17 dioxin congeners in
breast milk was 213 + 141 pg/g-lipid. The concentration was expressed as 12.7 + 8.40 pg-I-TEQ
lipid when the international toxic equivalences (I-TEQs) of 2,3,7,8-tetrachlorinated dipetiarin
(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 rege
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 estima
Several assumptions were made to facilitate the calculation of the infants’ exposure: (1) the breast n
intakes per day for an infant are 630 mL in the first two months after birth, 660 mL in the third month, ar
850 mL from the # to the 8 months respectively; (2) an absorption efficiency of 95vs 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 al
the assumptions made to facilitate the calculation of the infants’ exgésiitee 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-TE
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..
pg-WHO-TEQ/kg/ day) for girls.

Table 3 summarizes the dioxin and furan congener levels in human milk obtained in this study a
those reported in the literatufé. 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. T
values obtained in this study were similar to those reported in the literature. The percentage of e
congener’s contribution relative to the total dioxin/furan concentration was also calculated in Table 3.
is noted that the percentage of 2,3,7,8-TCDF was higher than those reported in these literature.
converting these congener concentrations into TCDD toxic equivalences, 2,3,4,7,8-PeCDF, 2,3,7
TCDD, 1,2,3,7,8-PeCDD and 1,2,3,6,7,8-HxCDD were the major congeners contributing to toxicity i
the milk samples collected in this study.
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Table 1.Levels of PCDD/PCDF congeners in breast milk samples (N = 37)

congener pg/g-lipid pe-I-TEQ/g-lipid pg-WHO-TEQ/g-lipid
Mean SD Median Mean SD Median Mean SD Median
2,3,7,8-TCDF 2,70 2,64 2,97 0,270 0,264 0,459 0,265 0,262 0,404
1,2,3,7,8-PeCDF 1,40 1,35 1,05 0,070 0,067 0,073 0,069 0,067 0,072
2,3,4,7,8-PeCDF 9,50 4,80 3,98 4,75 2,40 0,459 4,74 2,37 0,404
1,2,3,4,7,8-HXCDF 4,77 4,37 2,95 0,477 0,437 0,274 0,475 0,431 0,274
1,2,3,6,7,8-HXCDF 3,30 3,22 3,29 0,330 0,322 0,322 0,330 0,318 0,327
2,3,4,6,7,8-HXCDF 2,22 325 3,41 0,222 0,325 0,353 0,220 0,321 0,353
1,2,3,7,8,9-HXCDF 1,41 3,35 1,52 0,141 0,335 0,152 0,138 0,331 0,152
1,2,3,4,6,7,8-HpCDF 5,53 3,57 1,73 0,055 0,036 0,090 0,055 0,035 0,090
1,2,3,4,7,8,9-HpCDF 1,18 1,89 1,09 0,012 0,019 0,056 0,012 0,019 0,054
OCDF 5,89 6,57 1,61 0,006 0,007 0,017 0,001 0,001 0,015
2,3,7,8-TCDD 1,91 1,06 1,53 1,91 1,06 0,010 1,88 1,06 0,007
1,2,3,7,8-PeCDD 4,17 2,43 2,68 2,09 1,21 1,13 4,14 2,40 1,40
1,2,3,4,7,8-HxCDD 4,46 13,5 2,23 0,446 1,347 1,25 0,438 1,33 1,45
1,2,3,6,7,8-HxCDD 12,3 13,2 3,04 1,23 1,32 1,08 1,22 1,30 1,24
1,2,3,7,8,9-HxCDD 4,51 12,9 3,09 0,451 1,294 0,483 0,444 1,28 0,499
1,2,3,4,6,7,8-HpCDD 15,1 9,53 4,69 0,151 0,095 0,225 0,150 0,094 0,210
OCDD 133 90,3 11,1 0,133 0,090 0,177 0,013 0,009 0,148
Total 213 142 176 12,7 8,40 0,177 14,6 9,26 0,148

Table 2. The estimation of infants’ dioxin/furan exposure reported in the literature and the assumption
made to facilitate the calculation of the infants’ exposure

Level of PCDD/PCDF in human milk (pg-I- Exposure

TEQ/g-lipid) (pg-I-TEQ/kg/day) Assumptions
34.9+20.7
(boy) 1.PCDD/PCDF decrease of 1.7% weekly 2.duration of
12.748.40 tud breast-feeding was 6 months 3.infant intaked 630 mL in the
748.40 (our study) first two months after birth, 660 mL in the third month, and 850
40.1+23.8 mL from the 4th to the 6th months per day
(girl)
233% 71.6+36.7 1.duration of breast-feeding was 1 year
5 1.PCDD/PCDF decrease of 1.7% weekly 2.duration of
30.6° 112 .
breast-feeding was 6 months
imiparas )° 97,2
128 (primiparas) Linfant intaked 120 g breast milk/kg/day
17.6 (multiparas )° 121
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Table 3.The dioxin and furan congener levels in human milk obtained in this study and those reportt
in the literature (unit: pg/g-lipid)

Japan(1993) F rance(1998) Spain(1996) _ Netherlands(1991) _ USA(1995) Germun(1995) __ Our s tydy (2000)
N=26 % N=244 %  N=15 % N=209 % N=5 %  N=38 % _ N=37___ %
2.3.7.8-TCDF 17 0,50 097 049 068 028 08 0,08 091 048 0,60 029 270 127
1,2,3,7,8-PcCDF 16 047 038 019 031 0,13 03 0,03 051 027 030 0,14 1,40 0,66
2,34,7,8-PcCDF 38 1,19 1471 746 795 328 27 229 281 149 1350 645 9,50 445
1,2.3.4,7,8-HxCDF 65 191 399 2,02 306 126 66 0,67 3,88 2,05 490 234 477 224
1,2,3,6,7,8-HXCDF 68 2,00 3,58 182 2,49 1,03 57 0,58 240 1,27 3,70 1,77 330 1,55
2,3,4,6,7.8-HXCDF 40 1,18 183 093 004 002 36 036 141 0,75 1,70 0,381 222 1,04
1,2,3,7,8,9-HxCDF 12 035 012 006 1,00 041 03 0,03 0,15 0,08 - 141 0,66
1.234,6.7.8-HpCDF 42 124 3,05 155 2,00 0.83 79 0.80 543 287 280 134 5,53 2,59
1,2,34,7,8,9-HpCDF 59 1,74 021 0,11 014 006 02 0,02 0,53 028 - 1,18 0,55
OCDF 36 1,06 11 0.56 034 014 22 022 246 130 0.7 033 5,89 2,76
2,3,7,8-TCDD 27 0,80 172 087 104 043 40 040 145 0,77 2,10 1,00 1,91 089
1,23.7.8-PeCDD 12 3,53 637 323 402 1,66 10,6 1,07 248 131 5,70 272 417 195
1,2,34,7,8-HxCDD 35 1,03 32 1,62 284 117 87 0,88 3,01 1,59 480 229 446 2,09
57 1678 2027 1028 2788 1151 474 479 2000 1063 2180 1042 123 5,75
99 292 409 207 455 1,88 6,7 0,68 3,50 1,85 2,90 1,39 451 2,12
21 618 2668 1353 3826 1579 632 638 340 1799 2190 1047 151 7,10
0OCDD 160 4701 10493 5321 14567 6013 7996 8073 10400 5502 121,80 5822 133 6233
Total 3396 100 1972100 2423 100 9905 100 189,0 100 2092 100 2134 100
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