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Introduction  
In a previous study on the secular changes of the concentration of PCB congeners in human breast milk, authors 

showed that the declining rate of high chlorinated PCB congeners is slower than that of low chlorinated 

congeners
1,2)

. The composition of detected PCB congeners in breast milk indicated that not only the number of 

chlorine atoms but its substitutional position affected the rate of decrease
3)

. Enantiomer is also a class of 

structural isomers, which consists of (+) and (-) (figure 1). Among PCBs, 19 congeners which are chlorine-

substituted in 3- or 4- ortho position are known to have enantiomers
4)

. In general, physical properties in chiral 

molecules (enantiomers) such as density, melting point, boiling point, refractive index, thermal conductivity are 

identical. However physiological behaviors of enantiomers are quite different in vivo, since functional 

biomolecules like metabolic enzymes distinguish their three dimensional structures precisely. Whereby, chiral 

separation is an important issue of pharmaceuticals and agricultural chemicals. It is also considered that 

enantiometric POPs would show similar characteristics and it closely relates to their physiological effect such as 

stablity in body and the strength of  toxicity. For the precise estimation the risk to human health caused by POPs 

in breast milk and food, it is necessary to analyze enantiomers separately and to caluculate enantiomer fraction 

value (EF value) (figure 2). In this study, we analyzed enantiometric PCB #183 (2,2’,3,4,4’,5’,6-hepta CB) in 

human breast milk and total diet study (TDS) fish samples and confirmed the time trends of the EF value, then, 

we evaluated the relationship among food intakes and human metabolism of chiral PCBs  

 

Materials and methods  
Breast milk specimens were collected from women living in Osaka Prefecture, Japan. To minimize maternal 

factors, milk specimens were obtained from the women who were primiparous and whose age ranged from 25 to 

29 years old. The milk specimens were collected between 1973 and 2008 and kept in frozen storage at -20 ºC 

until use. Equivalent amounts of milk fat from 30 to 40 milk specimens were mixed and named for each year’s 

representative sample. Samples were prepared in accordance with the "Dioxins measurement manual of breast 

milk sample" which was used in "Research on the establishment of biological exposure monitoring methods and 

ensuring reliability in a biological sample inspection and food chemicals such as dioxins." The human breast 

milk samples were obtained with the donor's informed consent via the Health Prevention Section of the Osaka 

Prefectural Health Division. 
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TDS samples were prepared as described below; a variety of fish samples were purchased in supermarket in 

Osaka. Fish are weighed as national nutrition survey in Japan and they were cooked as usual recipe. Then, they 

were combined and were homogenized by food processor. Samples were kept at -20 ºC until use. An aliquot of 

fish mixture was decomposed by potassium hydroxide overnight; then, PCBs were extracted by n-hexane and 

evaporated to dryness. Additional purification procedure was conducted by activated florisil column.  

PCB congeners were analyzed using high resolution gas chromatography/ high resolution mass spectrometry 

(HRGC/HRMS) connected to a capillary column using selected ion monitoring (SIM) method. A BGB-172 

column was used for the chiral analysis. Further detail of analytical method was shown in table 1. 

 

Results and discussion 
The concentrations of POPs in breast milk were found to decrease annually, but the decreasing rate was differed 

greatly from the types of POPs. The average concentrations of β-HCH, DDTs and PCBs were decreased to 

about 1/70, 1/15 and 1/8 respectively, compared to their highest concentration levels in early 1970’s
5)

. Even if 

the amounts of continuous dietary intakes of each POPs are taken into consideration, PCBs is considered to be 

the most stable compounds among these POPs 

(figure 3). Among 154 congeners from HpCB to 

TeCB, 48 types of congeners were still detected 

from a sample in 2000, although 51 types of 

congeners were detected from the sample in 

1973 (figure 4). Determined enantiomers in 

breast milk were #135, #149 (HxCB) and #171, 

#183 (HpCB).  PCB #183 was highest 

concentration in these congeners. However, 

these congeners were 2% or less of the total 

PCBs. The present analysis conditions, we could 

completely separate PCB #183 enantiomers, 

while the separation of others was inadequate 

(figure 5).  

It is known that seafood is the largest source of 

PCBs’ exposure. PCBs’ intake from seafood has 
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been gradually decreased from the first half of the 1990s (figure 6), but surprisingly, EF value sustained close to 

racemate (EF = 0.5) (figure 7). On the other hand, EF values of #183 in breast milk were elevated year by year 

(figure 8), despite decreasing its concentration over the time (figure 9). This fact indicated that (-)-PCB-183 is 

metabolized easily than (+)-PCB-183, therefore, the toxicity of (+)-PCB-183 should be the issue. 

In 1974, the Ministry of International Trade and Industry and Ministry of Health and Welfare of Japan 

designated PCBs as a specified chemical substance. Osaka Prefectural Government researched the “The Project 

for Breast Feeding Promotion” from 1972 to 2008 when environmental contaminations by POPs have become a 

serious problem in Japan. In this project, annual monitoring of POPs in human breast milk was performed. 
Almost thirty years have passed since their use was prohibited, PCBs are still persistent. The source of 

organochlorine compounds exposed to human body is mostly from food. The contamination of fish and shellfish 

has been a serious problem for the Japanese, who consume a large amount of seafood in their diet. In our next 

steps, we will consider the separation of another enantiometric PCBs, # 135, # 149 and # 171, and the difference 

of physiological effect among #183 enantiomers. 

 

 

 

 

 

 

 
Figure 5. HRGC/HRMS chromatogram     

for enantioselective analysis in human 

breast milk 

 

 

 

 

Figure 4.  PCB congener composition in human breast milk 

 

 

 

 

Organohalogen Compounds Vol. 76, 1018-1021 (2014) 1020 



 

 

 

Acknowledgements 
We wish to express our appreciation to the Maternal and Child Health Section of the Health Division, Health 

Prevention Section of Osaka Prefecture for assistance in planning and implementing this study, and the 

Environment and Public Health Bureau of Osaka City Office, the Sanitation Section of Sakai City, the Health 

Division of Higashiosaka City and health centers in Osaka Prefecture for the sample collection and delivery. We 

also gratefully acknowledge and thank all the study participants. 

 

References:  
1. Konishi Y, Kuwabara K, Hori S. (2003); Organohalogen Compound. 63: 441-444 

2. Nakano T, Konishi Y, Masho R. (2008); Hum Environ Dispos Toxicol .7-29 

3. Konishi Y, Kitagawa M, Akutsu K, TanakaY. (2006); Environ. Health Prev. Med. 11: 38-44 

4. Toda M, Matsumura C, Tsurukawa M. Okuno T, Nakano T, Inoue Y, Mori T. (2012); J Phys Chem A. 116: 

9340-6 

5. Konishi Y, Kuwabara K, Hori S. (2001); Arch Environ Contam Toxicol. 40: 571-578 

Organohalogen Compounds Vol. 76, 1018-1021 (2014) 1021 




