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Abstract

The purpose of the present study is to evaluate the exposure sources of perfluorinated compounds (PFCs) for
infants. Highly sensitive methods for measuring four kinds of PFCs (perfluorooctanesulfonate; PFOS,
perfluorooctanoic acid; PFOA, perfluorononanoic acid; PFNA and perfluorohexanesulfonate; PFHxS) in house
dust and human milk were developed using liquid chromatography tandem mass spectrometry (LC/MS/MS).
The average recovery which was assessed at two different concentrations were more than 97.9% in house dust
samples and 94.3 % in human milk samples, respectively. The detection limits of the methods for each PFCs
were assessed as being 0.58 ng/g to 0.72 ng/g in house dust and 0.004 ng/mL to 0.1 ng/mL in human milk. To
investigate the source of PFCs exposure for infants, house dust samples (n = 20) and breast milk samples (n =
51) were measured by the developed methods. PFOS and PFOA were detected in all dust samples (PFOS: 7.0 to
41 ng/g; PFOA: 18 to 89 ng/g). In human milk sample, PFOS was detected in all samples with the range from
0.008 to 0.401 ng/mL. Based on our experiments, house dust or human milk might be one of the human
exposure sources of PFCs.

Introduction

Perfluoronated compounds (PFCs), such as perfluorooctane sulfonate (PFOS) and perfluorooctanoic acid
(PFOA), which have their biological and chemical stability are widely used in the manufacture of plastic,
electronics, textile, and construction material in the apparel, leather, and upholstery industries'. However, PFCs
may be detrimental to rodent development possibly affecting thyroid hormone levels, so affect of PFCs on infant
is concerned’. Moreover, environmental pollution and human exposure’*’ of PFCs have been reported.
According to these studies, PFCs level in human blood is significantly higher than that in environment. So, it is
very important to elucidate human exposure of PFCs. House dust is a curious sample to give an assessment of
PFCs exposure in infant who is exposed though maternal feeding as indoor environment. PFCs level of human
milk is very low compared to that of human blood, but infant takes a lot of milk during lactational period, so it is
required to estimate intake amount of PFCs. Although human exposure of PFCs is widely reported, very few
information about exposure source of PFCs have indicated so far. In this study, we have developed an analytical
method for the determination of PFCs in house dust and human milk by liquid chromatography tandem mass
spectrometry (LC/MS/MS) to investigate exposure source of PFCs.

Materials and Methods

Chemicals: Perfluorohexane sulfonate (PFHxS; 98%) was purchased from Wellington Laboratories Inc., Japan.
Perfluorooctane sulfonate (PFOS; 98%) were purchased from Wako Pure Chemicals Industries, Ltd.. Japan.
perfluorooctanoic acid (PFOA; >90%) and perfluorononanoic acid (PFNA; 95%) were purchased from Fuluka
Chemie AG Buchs, Switzerland. "C,-PFOS was purchased from Wellington Laboratories Inc., Japan.
"C;-PFOA was purchased from PerkinElmer Inc., USA. Other chemicals were purchased from Wako Pure
Chemicals Industries, L.td., Japan Water was purified using a Milli-Q cartridge system (Millpore, Bedford, MA,
USA).

Instrumentation and analytical conditions of LC/MS/MS:

LC/MS/MS analysis was performed using a Waters Quattro micro system. Separation was achieved on an
Xbridge column (2.1 x 50 mm, 2.1 pm, Waters Inc., Japan). The column oven was maintained at 40°C. The
separation was carried out using a mobile phase of 1.0 mM ammonium acetate in water/acetonitrile at a flow rate
of 0.2 mL/min. The gradient profile of mobile phase was as follows: 0-10 min. using a linear increase from 10 to
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70% acetonitrile solution, and holding at 70%. The conditions of MS/MS were as follows: the desolvation and
source temperatures were set at 350 and 100°C. respectively; the capillary was held at a potential of 600 V
relative to the counter electrode in the negative ion mode for all compounds. The cone gas and desolvation gas
were 50 and 350 L/hr, respectively. The cone and collision voltage were 48 and 40 V for PFHxS, 60 and 65 V for
PFOS, and 14 and 11 V for PFOA, 18 and 10 V for PFNA, respectively.

Sample preparation of human milk sample by solid phase extraction

Because of very low concentrations of PFCs in the sample matrix, the solid phase extraction (SPE) has been
applied for the sample extraction and concentration. The average extraction recoveries for PFCs and relative
standard deviation (R.S.D.) were over 94.3% and 10.3%, respectively. The milk samples were extracted using a
solid-phase extraction cartridge (Waters Oasis WAX, Milford, MA, USA). Internal standards ("'C,-PFOA and
C,-PFOS) and 15 mL of 0.1 mol/L formic acid were added to 5 mL of milk. The solution was sonicated for 15
min and centrifuged at 6000 rpm for 15 min. The supernatant was loaded onto the cartridge and rinsed by wash
solvent. The PFCs were eluted from the SPE cartridge with 3 mL of 3% ammonium hydroxide in acetone. The
extracts were concentrated by dry nitrogen stream, and finally, filtered through a nylon membrane filter, The
final sample volume for the milk extracts was adjusted to 100 pL. This SPE method using the Oasis WAX® was
successfully used for the pretreatment of PFCs in human milk samples.

Sample preparation of house dust sample by SFE

House dust sample were contained several compounds. It was necessary to clean up for the determination of
PFCs. We tried to use Supercritical fluid extraction (SFE) method for PFCs extraction in house dust. First of all,
the dust samples were collected from the dust bags of vacuum cleaners from residential homes in Japan, and
were passed though two different size of sieves (mesh size: | mm and 75 pum). The relatively large solids and
minute powders were removed. The selected dust samples having a particle size of 75 pm-1 mm were used for
analysis. A 0.5 g of house dust was charged in cell for SFE and internal standard was added. Then, the samples
were extracted for one hour by SFE at 0.5 mL/min with carbon dioxide as extraction solvent, and 4% v/v
methanol were added as a modifier. The SFE extract was got through same procedure on human milk samples.
The final volume for the dust extracts was adjusted to 2.5 mL.

Result and Discussion

Validation of the LC/MS/MS method:

To validate of the LC/MS/MS method, several experimental parameters, such as limit of detection (LOD) and
limit of quantitation (LOQ), were examined. LOD was 0.08 to 0.15 ng/mL in house dust sample. LOQ was 0.004
to 0.1 ng/mL and 0.5 ng/mL in human milk and house dust, respectively (S/N = 10). The calibration curves were
obtained by analyzing mixtures containing and the internal standard in the range from 0.2 to 20 ng/mL for PFCs,
respectively. The average recoveries and relative standard deviation (R.S.D.) were over 94.3 and 10.3% for PFCs
at the spiked. On the other hand, the average recoveries and relative standard deviation (R.S.D.) were over
93.4% and 8.6% for PFCs at the spiked. Our methods were enabled to prepare in the human milk and the house
dust samples.

Determination of PFCs in human milk and house dust samples:

The proposed method was applied to the analysis of human milk samples from healthy mother volunteers. The
representative chromatogram of the milk sample is shown in Fig. 1. PFCs were detected in all the samples, and
PFOS from the milk samples ranged from 0.008 to 0.4 ng/mL, as shown in Table 1. The house dust samples were
relatively high concentrations of PFCs were detected (Table 2).
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Fig. 1 Chromatogram of PFCs in the milk sample

Table 1 Concentration of PFCs in human milk samples

Compound Detection rate (%) Maximum (ng/mL) Minimum (ng/mL)
PFHxS 64 0.025 N.D.
PFOS 100 0.401 0.008
PFOA 44 0.339 N.D.
PFNA 86 0.150 N.D.

Table 2 Concentration of PFCs in house dust samples

Compound Detection rate (%) Maximum (ng/g) Minimum (ng/g)
PFHxS 40 5.5 N.D.
PFOS 100 41.0 7.0
PFOA 100 88.5 17.5
PFNA 100 69.0 5.5

Conclusion

The proposed LC/MS/MS method enabled the simultaneous determination of PFCs in human milk and house
dust samples. In addition, interferences from sample matrice were removed by using the SPE for human milk or
SFE for house dust, respectively. To investigate the source of PFCs exposure for infants, house dust samples (n

20) and human milk samples (n = 51) were measured by developed methods. PFOS and PFOA were detected in
all dust samples (PFOS: 7.0 to 41 ng/g; PFOA: 18 to 89 ng/g). Based on our results, house dust might be one of
exposure sources of PFCs. Further studies are necessary to make sure the exposure source of PFCs for infant
from indoor condition. In addition, PFOS was also detected in all samples in human milk (PFOS: 0.008 to 0.401
ng/g; ). The infants will be exposed to PFCs from not only the umbilical cord blood but also human milk with

maternal feeding.
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Table 1

Average recoveries of nicotine and cotinine from human serum

Blank/ Spiked amount/ Recovery, RSD,
ngmlL ' ngmL ' %o Ya
100 90.3 39
ek q
Nicotine 1.9 200 98 7 28
o 100 95.1 52
s Gl
Cotinine 123 900 96.0 Al
(n=6)

Table 2

Concentration of nicotine and cotinine in human serum

Detection range /

Detection rate,

n Analyte ngmL -1 %
Pregnant woman serum 5l e S e
regnar e : Cotinine N.D.~177.2 975
Nicotine N.D.~1.7 18.0
T ) |
Umbilical cord serum 1 CHiiTie ND ~ 87 9.0

(Nicotine: N.D.< 1.0 ng/mL, Cotinine: N.D. < 0.4 ng/mL)
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Determination of Nicotine and Cotinine in Human Serum for
Evaluation of Tobacco Smoke Exposure by
Hydrophilic Interaction Chromatography/Mass Spectrometry
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Tobacco smoke contains more than 200 harmful compounds and 40 carcinogenic compounds.
Tobacco smoke exposure is a significant risk of growth suppression for fetuses and infants. A
highly sensitive and selective method for the determination of nicotine and cotinine in human
serum samples, to evaluate the exposure amount of tobacco smoke, was developed.  Solid-phase
extraction was employed for sample preparation, and a measurement was performed by
hydrophilic interaction chromatography with mass spectrometry (HILIC/MS).  The limits of
detection of nicotine and cotinine were 0.2 and 0.1 ng/mL, respectively. Moreover, the limits
of quantification of nicotine and cotinine were 1.0 and 0.4 ng/mL, respectively.  The average
recoveries of nicotine and cotinine were over 90% (RSD < 6%, n = 6). The proposed method
was applied to measure the serum and umbilical cord serum of a pregnant woman. The detec-
tion rate of cotinine in the pregnant woman serum and umbilical cord serum were 51 to 14 and
11to 1.

Keywords : tobacco: nicotine; cotinine; solid phase extracton; HILIC/MS; pregnant woman
serum ; umbilical cord serum.
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ASSESSMENT OF PRENATAL EXPOSURE TO NEUROTOXIC METALS
(ALUMINIUM, ARSENIC, CADMIUM AND LEAD) AND UP-REGULATION OF
DIOXIN-INDUCIBLE GENE, CYPIAL, IN THE NEURAL STEM CELL CULTURE
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Abstract

Although previous studies have suggested a relationship between the environmental toxicant such as heavy
metals and neurodevelopmental disorders, these involvements have not been fully investigated. In this study, we
measured concentrations of neurotoxic metals (aluminium, arsenic, cadmium and lead) in 6 types of human
perinatal samples (maternal blood, urine, breast milk, umbilical cord blood, placenta and umbilical cord) by
inductively coupled plasma mass spectrometer (ICP-MS) to assess the transplacental contamination during
pregnancy. Detectable levels of metals were found in almost all samples, suggesting that fetuses are exposed to
these metals during pregnancy. In addition, effects of neurotoxic metals on developing neural cells were
investigated using murine neurosphere culture, which is a selective culture method for neural stem cells. As the
results, exposure to 100 pg/L metals decreased size of neurospheres. Immunohistochemical analysis showed beta
I1I tubulin positive neurons and GFAP positive astrocytes remarkably decreased in culture treated with 100 pg/T.
of metals. By using this culture technique. we also found exposure to metals caused up-regulation of
dioxin-inducible gene, Cyplal, in neural stem cells. These results suggested even transient exposure to metals
during early neurodevelopmental stage causes adverse effects on proliferation and differentiation of neural stem
cells.

Introduction

A number of children diagnosed the neurodevelopmental disorders such as attention deficit hyperactivity
disorder (ADHD), autism and learning disorder have been increasing in recent years ' The exact ctiology 1s
complicated and not understood completely. Environmental pollutions are suspected of causing neurological
disruption in children **, Although heavy metals such as lead, cadmium, arsenic and methyl mercury are known
as neurotoxic chemicals against all people, fetuses are more sensitive to these heavy metals. Many kinds of
heavy metals can easily cross the placenta and invade umbilical cord blood *. Also, the blood-brain barrier,
which protects brain parenchyma from toxic chemical in the adult brain, is not completely formed until 6 months
after birth °. The fetal exposure to heavy metals is great concerns considering the involvement of environmental
pollutions in neurodevelopmental disorders. However, we know little about the effect of heavy metals on early
stage of ncural development. Therefore, first aim of this study was to assess the fetal exposure levels of
neurotoxic metals by measuring perinatal maternal and fetal samples.

In addition, we investigated the effect of neurotoxic metals on neural stem cells, which are the most primitive
cells in the developing central nervous system. Neural stem cells are characterized by their abilities of
self-renewal, proliferation and differentiation into all types of neural cells. To perform the present study. we used
neurosphere method, which is a selective culture method for neural stem cells.

Materials and Methods

Sample collections and analysis for I[CP-MS

All peninatal samples including maternal blood (MB), maternal urine (MU), breast milk (BM), placenta (PL),
umbilical cord blood (UCB) and umbilical cord (UC) were collected from healthy female volunteers at Tokai
University after the procedure of informed consent. Samples were frozen at -20°C until analysis. After thawing
samples, placenta and umbilical cord were dried at 80°C oven and weighed. All samples were pre-treated with
ultrapure nitric acid and hydrogen peroxide at room temperature and then digested with microwave.
Concentrations of aluminium (Al), arsenic (As), cadmium (Cd) and lead (Pb) in resulting samples were analy zed

Organohalogen Compounds Vol 69 (2007) P-178 1779



TOXICOLOGY II (CANCER AND OTHER CHRONIC EFFECTS)

by ICP-MS (HP4500, Yokokawa analytical systems).

Cell isolation and Cultures

Ganglionic eminences were dissected from E14.5 (The day of appearance of the vaginal plug is E0.5.) C57BL6
mice. Tissues were collected into Ca**, Mg®* free Hanks balanced salt solution (Invitrogen), and mechanically
triturated by using a blue tip and yvellow tip sequentially. Dissociated cells were suspended into Neurophere
medium (DMEM/F-12 [Invitrogen] supplemented with EGF [Peprotech, 20 ng/ml|, FGF2 [Peprotech, 20 ng/ml].
and B27 [Invitrogen, 1:50]) at 1x10° cells/ml, and cultured in 25cm? tissue culture flasks (Iwaki) for 7 days. To
evaluate effects of metals, mix solution including arsenic, cadmium and lead were added into neurosphere
medium at final concentrations ranging from 50 to 200ug/L.

Proliferation and differentiation assay

To evaluate effects of metals on proliferating potential, we measured the diameter of neurospheres after 7days in
culture with or without metals. Additionally, to study effects of exposure of metals on differentiation potential,
neurospheres were collected and re-plated onto poly L-lysine- coated dishes in differentiation medium
(DMEM/F-12 supplemented with B27). After 7 days, cells were fixed for 10 minutes with 4% paraformaldehyde.
Immunocytochemistry was performed by using primary antibodies against beta-III tubulin (Tujl, SIGMA) and
glial fibriary acidic protein (GFAP, DAKO) to detect neurons and astrocytes, respectively. Appropriate
fluorescent conjugated-secondary antibodies were used to visualize specific immunoreactions.

RT-PCR analysis

Total RNA was prepared from neurospheres after 7days in culture using the RNA extraction kit ISOGEN
(Nippon Gene), and lug of RNA was transcribed using Superscript III reverse transcriptase (Invitrogen),
following the manufacture’s recommendations. Resulting cDNA was subjected to the PCR using Ex-Taq kit
(Takara Bio). The sense and antisense primers, respectively, were as follows: GAPDH,
5’-GGTCATCATCTCCGCCCCTTC-3’ and 5’-CCACCACCCTGTTGCTGTAG-3", Cyplal,
5'-AACACTTCCAAGTGCAGATGCGGTC-3" and 5’-TCAAACCAGTTAGCCACTGGAGCAC-3",

Results and Discussion

Detection of metals in maternal and fetal samples

Table 1 shows the mean concentrations and S.D. of the metals in maternal and fetal samples. Al, As and Pb were
detected in almost all samples in this study. Cd was detected 5 of 7 MB, 4 of 7 MU, and 6 of 7 UCB samples. Cd
was also detected all of BM, PL and UC samples. Thus, it became clear that fetuses were contaminated with
multiple neurotoxic metals during pregnancy. It has been reported that concentrations of several toxic chemicals
were higher in maternal than in umbilical cord blood &7 However, there are no significant differences between
the levels of MB and UCB in all elements investigated.

Association between maternal age and fetal samples

Previous studies have reported a positive correlation between maternal age and blood concentrations of toxic
chemicals such as DDE and PCBs ®, because older women have a greater opportunity for exposures to these
chemicals. 7 mothers aged 34 + 4.2 years (range 28-41) and their children participated in this study. Correlation
coefficients between maternal age and UCB are shown in Table 2. Between maternal age versus UCB, Al and Pb
showed a relatively high correlation coefficient (Al: »=0.73, Pb: »=0.83).

Association between maternal and fetal samples

The association between maternal and fetal samples of toxic metals is important to evaluate the transplacental
exposure of fetuses. Correlation coefficients between maternal and fetal samples are shown in Table2. Between
MB versus UCB, As and Pb showed high correlation coefficient (As: »=0.83, Pb: r=0.949).

Association among maternal samples

There is the great concern that some toxic chemicals might be transferred to nursing infants via breast milk. We
compared the concentrations of metals among maternal samples (Table 2). Between MB versus BM, As and Pb
showed a relatively high correlation coefficient (As:»=0.51, Pb: r=0.69).

Association among fetal samples

The umbilical cord blood has been used to assess the exposure to toxic chemicals during pregnancy. However,
the umbilical cord is easier to collect technically without ethical problems. The use of umbilical cords to assess
the chemical exposure seems to be an ideal method. Thus, we compared the concentrations of metals among fetal
samples. Correlation coefficients among fetal samples are shown in Table2. Cd showed a significant correlation
between PL and UC (r=0.95). However, there was no correlation between UCB versus UC in any elements.
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Adverse effects of metals on fetal

neural development
In order to investigate effects of

metals on fetal neural development,
we used neurosphere method, in
which neural stem cells can
proliferate as maintaining abilities
to differentiate into mature neurons
and ghal cells. First, the effect of
metals on neural stem cell
proliferation was evaluated by
measuring size of neurospheres
treated or untreated with metals for
7 days. At S50pg/L  metals
concentration, there was no
significant difference as compared
with control neurospheres.
Exposure to 100pg/L. of metals
significantly reduced the size of
ncurospheres  (Figurel  A,B).
Treatment with 200pg/l of metals
completely inhibited the formation
of ncurosphere (data not shown).
Thus, it was suggested that fetal
exposure to metals prevent
proliferation of neural stem cells.
We next examined the effect of
metals on the subsequent
differentiation potential of neural
stem cells derived from neurosphere
culture. In control culture, cells
derived from neurospheres attached
onto Poly L lysine and fibronectin
coated-dishes and elongated

Table1. Concentrations of metals in maternal and fetal samples

@ Aluminium
Sample 10 MB g L MU ug L BM ux L PLjg o * UcB ue L UC ik a =
] ToE T 03 L33 L5 Toe 0
? 815 435 490 27113 70 2287
3 410 545 J9s 1293 a0 1340
4 530 als 505 2080 485 1787
] 00 516 1z 176 0 504 947
] 912 548 502 23712 572 Ba 2
ant ’8:§l!! g!!_éigg ﬁ!zv!!! !!!g:L:UI 1!5:&5! ill:!lu
@Arsenic
Sampie ID MB e L MU ua L BM g L PLg i * UCH ne L UG g w =
I e o8 8 54 470 130 T
2 56 R71 L 180 87 2729
k) 179 185 41 447 163 134
4 14 | 433 44 293 1213 179
5 "7 o 32 197 17 95
6 137 1038 92 254 105 a9
@Cadmium
Sample ID MB g L MU ug L BM ug L PlLug ¢ = UCB ua L UC ua g *
1 01z 321 [R1)
2 ND ND 048 3321 038 049
3 023 ND 049 3491 0as 116
4 042 ND 037 3368 022 049
5 ND 009 040 2023 ND 048
6 035 033 083 2296 029 122
— —
Mean + S0 023+015 055+ 1 43 +018 3320+ 3000 0D26+029 ] \ﬁ-t-liﬁ
@Lead
Samp's 1D MB ug L MU g L BM e L PlLjgw = UCB ug L UC g & =
1 04 04 18 135 a2 48
2 25 8 22 120 24 17
3 17 14 21 98 21 59
4 23 18 24 72 23 64
3 09 09 36 135 06 49
6 B3 32 09 91 88 41

Abbreviations. MB. maternal blood. MU, maternal unne BM breast milk. PL placenta.
UCB. umbilical cord blood. UC: umbilical cord
* Dry weight

processes (Figure 1C). Immunohistochmical analysis detected beta IT1 tubulin positive neurons and GFAP positive
astrocytes in control culture (Figure 1D). On the other hand, process elongation could not be found in culture
pre-treated with 100mg/L. metals (Figure 1C). The number of differentiated neurons and astrocytes decreased
compared to control culture (Figure 1D), suggesting prenatal transient exposure of metals impairs differentiation of

neural stem cells.

Table2. Correlation coefficients | 7 of metals between maternal age and MB. between maternal age and UCB between maternal and
fetal samples. among maternal samples and among fetal samples

Maternal age and
concertrations in
MB uce

Matomal age and

Between matemal and fetal samples Among maternal samples Among fetal samples

MB vs PL MB vs UCB MB vs UC MB vs MU MB vs. MM
S e L M

057 _9,34

UCB vs. UC PL vs UC
057

051 0.94
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Up-regulation of dioxin-inducible gene, Cyplal, in (A)
neural stem cells. T
Expression of Cyplal has been used as a biomarker for
aryl hydrocarbon receptor (AhR) activation and a
warning of dioxin-like toxicity. Recently, it has been -
demonstrated that Cyplal is up-regulated by heavy ‘ l

metals such as Pb, Cu and As in several types of cells. :
We performed RT-PCR analysis to investigate whether i
Cyplal expression is induced by metals in neural stem
cells or not. There was no detection level of Cyplal in
neurospheres untreated with metals (Figurel E). On the
other hand, treatment with metals (50 and 100 pg/L)
remarkably increased Cyplal expression. In this study,
we could not clarify whether up-regulation of Cyplal
in neural stem cells by exposure of metals is mediated
by AhR-XRE pathway or not. To understand this
mechanism. further studies are required.

In conclusion. our results demonstrated (1) fetus tissues
were contaminated with multiple neurotoxic metals
during pregnancy, and (2) these metals caused adverse
effects on proliferation and differentiation of neural
stem cells.

Figure 1. Effects of metals on neural stem cells. Neural stem cel's ~ere
cultivated sith or without Pb Cd and As aithin neurpsphere culture medium
for 7 days Subsequently neurospheres were colected and transferred nto
differentaton medium to induce neuronal and gl al maturabon

A) Exposure of 100..g L metals signficantly decreases proiiferaton of neural (E)
stem cells *** P<0 001 B Representatve mages of neurosphere cultures

showing metals decrease neurosphere size (C ' Phase contrast microscopy of
neurosphere-derived cells treated or untreated «ith metals Exposure of

100:.g L metals inhbits cells to elongate ther processes (D1 Immunostaining

for neurons (anti-beta 11l tubulin green) and astrocyles 1ant-GFAP red)

Nucleus vere staned with DAPI (blue, Exposure of 100..g L metals prevents
differentation into neurons and asrocyles E1 R1-PCR analysis for detecting

Cyplal mRNA Expression of Cyplal s up-regulated by exposure of metals

References

L Parris MK . Alternative Medicine 2000; 5:402

2. Grandjean P, Landrigan PJ. Lancer 2006; 368:2163

3. Chen A, Dietrich KN, Ware JH, Radcliffe J. Rogan WJ. Environ Health Perspect 2005, 113:597

4 Zhang Y, Zhao Y, Wang J. Zhu H. Liu Q, Fan Y, Wang N, Liu A, Liu H, Ou-Yang L. Zhao J. Fan T. Bio/
Trace Elem Res 2004; 102:39

5. Adinolfi M. Dev Med Child Neurol 1985; 27:532

6, Sarcinelli PN, Pereira ACS, Mesquita SA. Oliveira-Silva JJ, Meyer A, Menezes MAC. Fnviron Res 2003,
91:143

7 Walker JB, Seddon L. McMullen E. Houseman J. Tofflemire K, Corriveau A. Sci Total Environ 2003,
302:27

8. Laden F, Neas LM, Spiegelman D. Environ Health Perspect 1999; 107:75

Organohalogen Compounds Vol 69 (2007) P-178

1782



PRI SEHE SRS IR AR (LA WE ) R 7 WE%E

KIETHHLTWALEmEE 1L %)0)@%

Chemical Substances in Household Utensils and Child Health

Tokai University School of Medicine
Department of Obstetrics & Gynecology

REAFEZBERAR Center for Growth and Reproductive Medicine
B O OfE A Tsunehisa MAKINO, M.D., Ph.D.
Summary

MW BRI RO 7 T KL BAMEE SN 50 (O hOMEIconT, BRT~ |
EBERLBL-OICEEE - SHAMA SO L OMEEA T CMEL:. Boh-%

B 7 AE LD L 7o AR

/L1
I 30 &I
VELFOHRHSEIIHSTEH, DELFFELD

KREZEZDE, ZIEROUHBZELLD
Bbhbh KATRTIZEBE L -BETH L, T
NWZ, TORRIIABHZEXRIZLTIEZS
IBVWLHEBLTVE, bbb T
ABULBR ML AROF L2 bIcH LTA
LERLTEZ, Y Fv 4 FOEB, BEMK
BiR, YAFLAFLANZbP—L(DES)IZL B K
HROENAL EDNEFDOEETH S,

uwE

Ff % Bl L, Epigenetics OEAH» G LG L FHE44E

0MREDHZENG, ARIEERRE, 752
F o 7 B T OB, REAGOREIEMEA
L EO—EOLFEWHLSERNONTUERE 2 <
HLT, ADREICEBXRZIZLIBESN
T& o LLAds, AGwrEILEDMR (R

ERLE)ICHTLIHEML MO, SR
AaTRPENTELMEIZH D, CDI L,
LRI LI IchbhbhoFBEERY) &3 TD
MEXSHTPLEMBRICEALEBTL LT
LV BEVRA IR I NGO RIES I 2,
NGNS EIEFEDEE L TH OB A

21



AS/EMRR  Vol57. No. 10 (2007)

t:":(?rl/—wA THIVEETATIVIR JZNIx/=N
T e v
PRUFR | (Cezwmewmrs ) (saweeses)  ( REEKr )
v
L2 A B CamrEeg| | BMERN GEESHER)
B kBeRs o || RREEEER | R R ()
FHISTIE | | eI 2 B \_BERAE )| mimiem i)
=58 JORAFxv7
mEEA
RO R R
]
) v
164 FE BAEH KT AL CORYZE &I,
|
v
. FELE A (RS ST~ OO i (RO RIB L)
B DS (AT

1 {ePHEMEERREOZAX L

LHOPEBELRBICER NGO,

ZOL) HEHEPHFOMEAl R/ LTELY
Loh, BEIRIMEEORE, v FELIZHE
EMOR}E~OBRER, #EEZECET 5O
B, BL5—BEIORSCEARTRIEL TAV,

I {EHEAEORER

Mo L BUEEREROBEE M T A2 EDL
EHLE B, BEMICERBWHLEESLVWERESE ]
BihThh, BE~OEEINE2IIKENT
b Tk %V FO12FEDARADORER*
FOEIRASNEVIMBETH S,

BWEOMELIBE, HETHEIZL LD,
WE R G % IR L2 R milE ks L b4
ZABITE S, oA H5sE Y o B i
ET24EMFNAEEIEDFRET LA LI
BENT VLA EREREY. —7, BEEOR
Hh O REEHME R (RIA, ELISAEL L) A
BERTWLAMTIHLS LOE LME L ifid
BLTkEwv, 2T, @ - @B EDOLEY
Bk AL, ANBORE, #HELEED
{LEmE e &dh, TECEDEOELRETARILR
UBDTizhvd & B S BEoLFEWEOR
TERCOFEIZLIDZLOE Do/, HEST

——

(

[RAF | 20DFI LD a7 { VA
e iit62 XHi2gecm e Effi 100/ (96+%i) ekt R

HEEAN BAREmE LR S

22




KETEALTW3{EEMBEEFELDRE

mE, FREOMECEHTEIGMELER, |
BoiET, ARAZUS b FIT7 40—, ks
2574 =L EREAEDETHEDE IR
bl L-PEEEZ TN ERARET 5, R LR
FEIOELIERT LS, MEEDHTA K4~
FLTHARLHEE*FNEFNLOYMATHEL
2 A5

ZTORE, MEEFHRELTL, BEETEBRLEC
FFALEVEDH L, TOLhHhilid, REFEROBEO
HHROHR, RIESROHS, Ny sy FO
fiOkET, RE~BHgEOMELHML CoME
PEDOR % BEHNICIT-o T, YHTHORE
BEAFTELILIZRA,

I AEFEME DR — 1

REFNVEYELTYA My 7S8R WHIZ
BEEBICDIIRL, ZOhMT, 1999FEHD6MH
FoCBAEMFENETE 1 O L5 LWEA RN
BLanhi,

1 BEMRME
EA7x/—ILA
7YYL FIILE
L2 Tw S
TF LA X{LE
raaxXy¥y, R CH

(52 B

EZ27x/—IABPAIZFEY A—FH— Fi

RESNLEMPEE26H b v OEERIRESR
bW AR TH L, TOFEERLS
FwrZbodz AERPBE STV,

TYNBEIATVEIITIAF v s O 8H L
LTERMB0F P OEEFRESR TV, 1
FWMLARE L THYE Y-, BEOKEMEL
EXHIFohL, RATIRE L DFTRIHEEDH
Hh, JxaFN, E/SZAFAELEEIZKHT
ik,

JZNTF /= (NPHETMFL T/ — Nk
LTHEB SN L —FOLEYHTHICID, =
W7 x /= Vi RETEHEA, 7o/ —VElELE
ZERHSN, L »oRTE» EULFRREL
THERASINL TV EH2A M Y ZRILEER
MPRESNFEELDHD, REETLIHH,IGR
BMREEARIF LT, A TORFERG
6.08ug/1 7225 AAROWN, W ORI L
003ug/lE ENTWwa,

TFNATALE®IEHOT, 8, MEOEE
ELTHMH S TWwzA, BERBOEOREIZE
BELEHLELEENTYD,

rouNryEry, MNTNCBIIEEAL B
CHwehTwa,

IhLEOMEAOBEIZHIY, FlICEBELS
HI=B8OMEEORE, FREIZOVWTE2IIR
Lz

F2 FAICHRBLAEFESRERAHSPOBPA, DEHP, NP RIEZORESE

BEYITNR | WRE | 7707 ?ﬂfﬁfﬁ i:,ﬁf
gzz;%;»A 1ml LC/MS/MS 5E$ 0.1 0.5
77w&i;;£“#&w 1ml GC/MS sg%) 3 10
/iiﬁﬁﬁ” 14l o Lo/ms < 5ppb 2 5

23



HERE  Vol57, No.10 (2007)

o sy g Rl 3 LN
o o BRI e i g

J

THED | BEm

Dk 86 48

W] 1 0

ogﬁﬂﬁ%
e 3
= |H
Ll L

—

fa) BPA

538388

304 &3
201 B9
107 53

st SR

S TN _‘j
| R .

BEm | BR | W

IR

[ litieg

4% | 24 16
TR 0

(b)] DEHP

pslratd

[_Legsek=d

@2

24

(e} NP

& +EZEFEFPO)BPA, (b)DEHP, (¢)NP®
br 3==t])

B2 iz hoMEOFLEL~ORBERE L
<, EEMOREEC DL, BEN, S5
CRIZOWTHE L R8T TORER
DiEdiz, BPAIRA » bA 7{EX05ng/ml &L
T, ZOELETHRE SN0 BED, KTE
1 BlOATEOMLMEREEN ENOETH-
7o BPAZOW TS B ZICHME L CEBRED
WEEEAVTS, A0 88%IIMINTE
hhots 7NVBYIAFMIZIDWTIEA Y b
A 7% 10ng/ml & L7258, Bl S h 7o f i
EALT4 6, BEMT1HAOAELD, TR
& OREME b AT, SR 96.9 % HERR
MFThotte TFLT 2/ —NII20TH
#v bt 7% Sng/ml & LHE, BTG
B, EEmMT4H, RTLRFATEARD 133 %I
PEXNIAE, FhoOMEMIAT—F LR LS
ETH o 7o

NV ALFHMEOBE— 2

FROMERREESTR, 2006 FELIDERII
BT 2WE IS0 S FEEAGOBRER T BT L7
B L CHAEHE L, FPRE - SRS
Eh-fEEEr ThEhoWRII>VWTRELZ.

%3 BEMRMHA

FYVRFELL Tz =—NIZ—T N
7 v BRLEY

PLAnd FRRE

HEg) o RR%E

Zi iy, aF=Y

2 ¥ &%/ T AT NV, 2-EHol, 2-EHal

Sh U o W N

AVRFELY T == LI —T VRO LD
COEBIEORMM L LTETREICSEICER
2hTwbd, ZOLFEEEL ARG CELEFE
MEIEESh, RCALREFEREMRIEES
RT3, KE, LERTHILPOEMA®E =N
T a5, 1980 EARREM AL L LM M v



FETHEAL TV ALEMHETELORE

£4 NIAFAMIEENIFRT v FRILEW
WEH e B e eie s
(ng/g) {ng/g) (ng/g)
PFOS 20/20 20.8 7.0 41.0
PFHxS 8/20 19 ND(< 0.5) 55
PFNA 20/20 24.3 55 69.0
PFOA 20/20 398 175 88.5

BT H2bAETIIRE~OER, LTI
HTa@ErEbTLEY,

87 v ZRLEWE QZs—7rFdufkEl
(RO, HAR, REmENR L LTS E
I E TS, RO, dhoSB~0ER
LT S ST edt, ABR~OEGAARIZD
WTIEEE T XEVw OO AHEH s T
%o $ b H, PFOS(Perflucrooctanesulfonate) T
8 4£, PFOA (Perfluorooctanoic acid) T 4 4 & [l
FEREBVEDOTRVYH TH L, 2HICER
ATHESMETMHRICFRAIZERL, §TCH
WRRERED CELIER, MEHEML EomENDH S,
—F, BHEnErEL ToORR~OFR, %8
LTOFER~OFEIZOWTIHEERM L v,

UL2o4 FREEIRETHEA I AL RAA
DEW%IZHLENTEY, TDO%ELH3-PBA
(3 -phenoxy benzoic acid) (2 EEHTHB E N 5S,

iR CRREGHBATHRTRL S (EH
EhTsh), RAFELTOFHRHBEEIERED
50%LLEICDIZA, o ThruolE) k2
LRI 2 G HER RO EICEREL RIZT I
PEESNTED, AF220REMTTIR, T
Eb7Lod), REH, RS SO T A RS
INTWw5E, LA Lads, BHE, BR~ORE,
FHOFMIRF STV RVONFEETH L.

FoNaERIEM 4000 EEOLFEWHAEE
N, TOHILH00MHERAEWET, BVAY
HL40~60MESThaltshTwd, b
DMEITRXTOBREELHRITLIEIZHELL,

FHETIEVD@ L= F 2 & aF = ORI
E AR L A RSB TR L 72

FINBELAFVAZDWTIIRERIZEETS
ExLsoiIEFHTALD, T/ A7 VEICD
TR L7,

IhSOWEII DWW THERS L& RO WL
OPELTICEED TR, FES, &I
FEGET OB AR M (KR 25 OF S ) A
EREL ARG L, FICTHREWERTANTAY
A b % FEMAEFRELSPIZGO/MS EERL
SHEMESETHRITLAZLDS, TELAN
YA A I ppm D F — ¥ — TR ELAEDFRE H*
2oHohi,

A7 o ZRIEEW, L ICPFOSKRTXTD
bRl HSEH S 4, PFOA &6 U< SHEI
MESND, BEEEL LTHREY, kK KAHO
HR7 v FRILEDOREIIERFICERZDOR
FASWEER, YA A MIDWTHEEL
HENEATHL. £DLHIZ, PFOS, PFOA
D D2 PFNA (Perfluorononanoic acid) & /37 A
¥ A R HIEERRIE S 0, PFOA @139 $*PFOS
I B, EERRRE LR - BB R R LAY,
WFRIZEINT A YA MZEAORBEACH
~FEVWIREORR Y v EFRLEWESATED,
MBEETENATZY AL, ZOWMED 12D
REFW L LD EAWBELL, TABARAB/II2
WTRRE L2 & 24, &R AOGRLPIZIZFY
60ng/1 D PFOS AR LT b Z LA HHTHL

75‘[:&’3 f:a

25



BEREEMRE  Vol.57, No. 10 (2007)

£S5 EFRFICEFIELZIOAC FRBERA

%6 bEIrMEDP7RAILEBT/ IATLOSH

(3-PBA) (iR (LOD : 0.1 ppb)
(ppb) Compounds Concentration (ppb)
Sample No.  Sex Free Glucuronide Glucuronidase ( =) Glucuronidase ( +)
1 F <0.02 0.32 1 MMP < LOD* < LOD
2 M <0.02 0.76 2 MEP < LOD < LOD
3 M < 0.02 0.07 3 MBP 0.49 £ 0.08 1.00 £ 0.11
4 M <0.02 0.23 4 MBzP < LOD < LOD
5 F <0.02 <0.02 5 MEHP < L0Q(0.61 = 0.04) < LOQ(0.80 %0.12)
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