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Environmental exposure to polychlorinated biphenyls and quality of the
home environment: effects on psychodevelopment in early childhood

Intellectual Impairment in Children Exposed to 
Polychlorinated Biphenyls in Utero

日本でも環境要因が子供の成長に与える影響の
解明を目的とした大規模疫学調査がスタート
100,000組の親子を対象とした出生コホート

IQ下がる→平均知能が下がることでさまざまな損失が

PCBs以外のPOPsの影響についての懸念
POPs曝露が健康に悪影響をおよぼすのか？ 最近は難燃剤等も懸念
どのような媒体を介して体内に取り込まれるのか？
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分析法確立 

曝露起源 
モデリング 

平成28年度 平成29年度 平成30年度 

POPs一斉分析条件
検討 
（前処理条件・聞
き条件検討） 
 
既存手法による血
清中PCBs分析 

既存研究データ
の再検討 
 
母親へのPCBs曝
露経路の解析 

POPs一斉分析法確立 
 
測定精度の確認（試
験所間比較・標準試
料分析） 
 
上記手法による測定
の開始 

新規手法により得
られたデータの解
析開始 
 
母親・胎児POPs暴
露に関するプライ
マリ解析 

分析法精度の継続
的なモニタリング 
 
ISO17025のアップ
デート 
 
新規手法による
POPs測定の継続 

母子のPOPs曝露経
路詳細解析 
 

表1. 研究全体のアウトライン 
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��500 μl

PCBs��� : ISO/IEC 17025<��
�=��
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86

GC-NICI-MS

Eguchi, A., Enomoto, T., Suzuki, N., Okuno, M., Mori, C. (2017).. Acta Chromatographica
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1�20����'���%	�

GC/NICI-MS method (JMS-Q1050GC� JEOL)
-86: HP5-MSUI (30 m$ 0.25 mm ID$ 0.25 μm film).
*:2+04: 280#C, pulsed splitless mode.
-86,;5: 130#C for 1 min, heated to 180#C at a rate of 20#C min−1, heated to 260#C at
a rate of 2#C min−1, heated to 300#C at a rate of 5#C min−1, and maintained at 300#C for 4
min.
/79).3: Helium at a column flow rate of 1.3 mL/min (constant flow rate)
�.3: Methane
��*,:: m/z = 35 and 81 (Cl- and Br-)



0.05 0.15 0.25 0.35

0.
1

0.
2

0.
3

CB138

CB138 HRMS (ng/g wet wt.)

C
B

13
8 

N
IC

I M
S

 (n
g/

g 
w

et
 w

t.)

Pearson's r = 0.888

0.1 0.2 0.3 0.4 0.5 0.6
0.

0
0.

1
0.

2
0.

3
0.

4
0.

5

CB153

CB153 HRMS (ng/g wet wt.)

C
B

15
3 

N
IC

I M
S

 (n
g/

g 
w

et
 w

t.)

Pearson's r = 0.967

0.05 0.15 0.25

0.
00

0.
10

0.
20

0.
30

CB180

CB180 HRMS (ng/g wet wt.)

C
B

18
0 

N
IC

I M
S

 (n
g/

g 
w

et
 w

t.)

Pearson's r = 0.906
Coefficients	=	0.91	
Pearsons’	r=	0.888�

Coefficients	=	0.91	
Pearsons’	r=	0.967�

Coefficients	=	0.91	
Pearsons’	r=	0.906�

Coefficient = 0.91
Peasons’s r = 0.888

Coefficient = 0.73
Peasons’s r = 0.967

Coefficient = 0.90
Peasons’s r = 0.967
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Eguchi, A., Enomoto, T., Suzuki, N., Okuno, M., Mori, C. (2017).. Acta Chromatographica
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JEOL HP����

自動化手法 (ITSP: instrument top sample preparation)

Lehotay, S. J., Han, L., & Sapozhnikova, Y. (2016). Automated mini-column solid-phase 
extraction cleanup for high-throughput analysis of chemical contaminants in foods by low-
pressure gas chromatography—tandem mass spectrometry. Chromatographia, 79(17-18), 
1113-1130.

�������POPs��������	���
→�
�������



JEOL HP����

Surrogate: CB30, 55, 207
Syringe spike: PBB154
対象物質: PCB19異性体, p, p’-DDE, BDE47
試料:ウシ胎児血清, NIST SRM1957

自動化手法 (ITSP: instrument top sample preparation)
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試料をセットするだけでinjectionまで自動化
添加回収率: 55-102% (ウシ胎児血清: n = 7)
良好な回収率を得た
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メソッド検出下限計算 (ウシ胎児血清: n = 7)
PCBs: 0.53-15 pg g-1 wet wt
p, p’-DDE: 15 pg g-1 wet wt
BDE-47: 16 pg g-1 wet wt
高分解能GC-MSと同等の研究感度を得た
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PCBはCB180を除き概ね良好な結果
DDE, BDE47は認証値の20%誤差範囲内

スクリーニング法としては十分な精度 (30min/sample)
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PCBsC>8?F$��;AC �
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Total PCBs!� �C>8?FISO170250/N�=

���('2., PBDEsC4<?F7#"E ��C)G
3H�@F7�D����:
+B�5

OYTXSPYUQZURYVWZ + Mini-SPECIL,�	C
�K�9, �D-B*�:�JM=

�!�SRME ��C�6B<
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測定法まとめ
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Sakurai, K., Miyaso, H., Eguchi, A., Matsuno, Y., Yamamoto, M., Todaka, E., ... & Fujita, S. (2016).
Chiba study of Mother and Children's Health (C-MACH): cohort study with omics analyses. BMJ
open, 6(1), e010531.
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��500 μl

PCBs��: ISO/IEC 17025;��	
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65

GC-NICI-MS

Eguchi, A., Enomoto, T., Suzuki, N., Okuno, M., Mori, C. (2016).. Acta Chromatographica, Accepted.
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�PCB��: �����430 pg g-1 wet wt,�
�:91 pg g-1 wet wt
!�*��,��*��)�+���
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 �'&/��!�: 0.659 ng/g wet
��#/��!�: 0.366 ng/g wet
�'�	�/��!*
(��$: 0.399ng/g wet
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Maternal Blood Cord Blood
(Intercept) 0.0398 0.0640
PC1 0.0101 0.0034
PC2 0.0055 0.0025
PC3 0.0026 0.0017
PC4 - 0.0072
PC5 0.0099 0.0024
PC7 0.0028 0.0052
PC8 - 0.0016
PC9 - -0.0038
PC11 - -0.0069
PC12 - -0.0024
PC13 - 0.0077
PC14 - 0.0061
PC15 -0.0113 -0.0057
Parity -0.1197 -0.0298
Mothers’ BMI 0.0092 0.0031
Mothers’ Age 0.0121 0.0006

��$�
: ���PCBs��$��&��

����$PCBs��&��+Lasso����%()��
���"*'	��&�����1-3 PCBs��$�&��+�!#



• PC1����� = &��"
• PC2����� = &3�-��", PC2����� = !�3��-��"
• PC3����� =�3��
-��", PC3����� = !�3��-��"
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���
Maternal Blood Cord Blood

(Intercept) -0.1307 -0.0986
Mother's Age 0.0130 0.0014
Mother's BMI 0.0111 0.0033
Parity -0.1336 -0.0337
Carbohydrate 0.0002 0.0009
Magnesium > -0.0000 -0.0006
Iron - 0.0004
Zinc - -0.0187
Copper - -0.0005
Manganese -0.0630 -0.0175
Vitamin D - 0.0035
Alpha Tocopherol 0.0454 0.0488
VitaminB1 0.0842 0.0835
VitamineB2 - -0.1413
Niacin - -0.0022
VitaminB6 - 0.1210
VitaminB12 - -0.0052
Folic Acid - 0.0006
Pantothenic Acid -0.0392 0.0328
Vitamin C - -0.0010
Saturated Fatty Acid -0.0126 -
Monounsaturated Fatty Acid - -0.0077
Polyunsaturated Fatty Acid - -0.0014
Cholesterol - 0.0002
Total Dietary Fibre -0.0132 -0.0176
Salt Equivalent - 0.0046
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Maternal Blood Cord Blood
(Intercept) -0.1373 0.0867
Mother's Age 0.0155 0.0006
Mother's BMI 0.0093 0.0014
Parity -0.1445 -0.0297
Fish

Raw 0.0038 0.0010
Grilling -0.0003 -
Stew 0.0003 < 0.0000
Deep Frying 0.0015 -

Other than fish
Grilling (Meat) -0.0037 -0.0004
Pan Frying (Hamburger 
Meat) 0.0014 0.0001
Deep Frying -0.0010 -
Sautéed 0.0007 -
Stew 0.0004 < 0.0000

�	���: ���PCBs����
���

����������������

Jin, W et al., Sci. Rep. 2017: 7(1), 17357.
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Annotation p-value FDR correction 

Maternal serum �  �  

Pyrimidine metabolism 1.03E-03 1.80E-02 

Purine metabolism 3.64E-03 3.28E-02 

Glutathione metabolism 7.63E-03 5.15E-02 

Cysteine and methionine metabolism 1.58E-02 8.53E-02 

�  �  �  

Cord serum �  �  

Phenylalanine metabolism 5.32E-03 3.40E-02 

Glycine, serine and threonine metabolism 6.00E-03 3.40E-02 

Ubiquinone and other terpenoid-quinone biosynthesis 1.38E-02 4.51E-02 

Arginine and proline metabolism 1.59E-02 4.51E-02 
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Mytilineou, C et al., Parkinsonism Relat Disord 2002;8:385-387



Annotation p-value FDR correction 

Maternal serum �  �  

Pyrimidine metabolism 1.03E-03 1.80E-02 

Purine metabolism 3.64E-03 3.28E-02 

Glutathione metabolism 7.63E-03 5.15E-02 

Cysteine and methionine metabolism 1.58E-02 8.53E-02 

�  �  �  

Cord serum �  �  

Phenylalanine metabolism 5.32E-03 3.40E-02 

Glycine, serine and threonine metabolism 6.00E-03 3.40E-02 

Ubiquinone and other terpenoid-quinone biosynthesis 1.38E-02 4.51E-02 

Arginine and proline metabolism 1.59E-02 4.51E-02 
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Eguchi, A  et al., Environment Int., 2017 157-164.
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• Eguchi, A., Sakurai, K., Watanabe, M., & Mori, C. (2017). Exploration of 
potential biomarkers and related biological pathways for PCB exposure in 
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