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�
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�

�°��

PL2005 �� LC/MS Mix I%II%III 
� 4©� 20 µg/mL��_u_dñ�

� ª̄����1�

���`-d6

ª�����1

h�xfñ

ª��4ä� LC/MS @

��


ª��
©��< m/D�85au�� Ḡ��
����tñ�x

PURELAB Ultra #��9}E�

�����å��

� �¡f_��[�¢

 ���`-d6 10.0 mg 5Ña��Y£Y%h�xfñ# 100 mL ���9%

100 mg/L ���[�8��G

� �¡f_����¢

  �¡f_��[�B�¤¥7�¦\9:%h�xfñ#¦\9: 500

µg/L �¡f_����5å�9}G

�§\�����¢

 PL2005 �� LC/MS Mix I%II%III 
� 4 B�%�p¨p 1 mL ô¥Å£9%

h�xfñ# 100 mL �¦\9:%0.2 µg/mL©200 µg/L¯h�xfñ§\��

���5å�9}G

�ß�©;K@���¢

§\�����5¤¥7�¦\9:%0.10 µg/L B� 100 µg/L 5å�9}G�

�ª%0.10 µg/L B� 100 µg/L �����p¨p��9: 500 µg/L ���`-d6

 �¡f_����5 4 µg/L �/�Ú�«ø9}G��8µ%Table 1 �>�

18 KÅ����¥D:%¦�5ÙF}G

�qYef_dx��

qYMHef_dx�89:%Oasis HLB Plus LP©�¬f�f­/Milford/
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Table 1 Target pesticides, those use and the main application crops

Pesticides name Use
The main application

crops

Oxamyl Carbamate based insecticide Cucurbitaceae

Carbofuran-3-

hydroxy
Metabolite of carbamate insecticide Rice Plant

Propoxur Carbamate based insecticide Livestock

Carbaryl Carbamate based insecticide
Fruit Tree,

Vegetables

Fenobucarb Carbamate based insecticide Rice Plant

Cumyluron Urea based herbicide Rice Plant

Tepraloxydim Cyclohexanedione based herbicide Vegetables

Tebufenozide Benzoyl hydrazide based insecticide
Fruit Tree, Rice

Plant

Triflumizole Imidazole based fungicide

Fruit Tree,

Vegetables, Rice

Plant

Carbendazim

Benzimidazole based fungicides

(Lapse) Vegetables, Rice

Plant, Fruit TreeDecomposition products of

Benomyl and Thiophanate methyl

Vamidothion
Organophosphorus insecticide

(Lapse)

Rice Plant,

Vegetables

Tricyclazole Blast fungicide Rice Plant

Diflubenzuron Urea based insect growth inhibitor
Fruit Tree,

Vegetables

Isouron Urea based herbicide Tree

Diuron Urea based herbicide
Fruit Tree, Rice

Plant

Dymuron Urea based herbicide Rice Plant

Tebuthiuron Urea based herbicide Tree

Oxaziclomefone Oxazinone herbicides Rice Plant

� �
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���� ���������

������  !"#$"#$ %&��'()*��&)�

�LC/MS/MS §¦()�

��KÅ©18 KÅ¯$%LK�()#§¦5ÙF}G

�LC()¢

�� ªWaters� Alliance2695

e�� ª�¹��ñzdxw� Ascentis Express C18

(10 cm º 2.1 mm , 2.7 µm)

»�Y ªAª��
 %Bª��_u_dñ

0¼1.0 min Aª80 ¼ 55 Bª20 ¼ 45 linear gradient

1.0¼3.5 min Aª55 Bª45

3.5¼6.0 min Aª55 ¼ 50 Bª45 ¼ 50 linear gradient

6.0¼8.0 min Aª50 ¼ 45 Bª50 ¼ 55 linear gradient

8.0¼17.5 min Aª45 ¼ 5 Bª55 ¼ 95 linear gradient

17.5¼24 min Aª 5 ¼ 80 Bª95 ¼ 20 linear gradient

24¼30 min Aª80 Bª20

e��½� ª0.2 mL/min

e��¾b ª40 °C

°G¿À� ª10 µL

�MS()¢

Á�          ªWaters� QuattroMicro API

ÂÃ·�dfÄÅ    ª3.00 kV

vf`�Ô½�     ª50 L/hr

P�ñíf�Æ`�Ô½�ªN2 (700 L/hr)

�fÔ¾b       ª100 °C

P�ñíf�Æ`¾b  ª350 °C

yt`4Þ       ªESI(+)SRM

�u�fyt`
�ßH()

Table 2 �ËF}G

�

�ß�©¢

�ß�©@��� 10 µL 5�p¨p LC/MS/MS �¿À9:§¦5ÙF}G

pÛ����Ûb�p}Õ��_¹���ìD:%��< �·fÕÇÈ5ß
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�©�ÉÊ%��< �¨b5VÊ89:%�ËHÌÞ�iYqÍ�ß�©5

;K9%�£Î
�Y�£»5]¼9}Gá}% �¡f_�����`-d6 �

i�¿À�ÏÑ�5ÙD%���5¦�9}G

�¦�¢

°±� 10 µL 5 LC/MS/MS �¿À9:§¦5ÙjGb�p}Õ��_¹��

�����< �·fÕÇÈB�% �¡f_�����`-d6 �i�¿À�Ï

Ñ�5ÙD%���< �°±�¨b(ng/mL)5}�}G

�
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Table 2 Monitor pesticides

Monitor Pesticides

Pesticides name
Monitor

ion

Cone Collision

voltage

( V )
Energy ( eV )

Vamidothion 288 > 166 25 15

Carbofuran-3-hydroxy 238 > 181 25 10

Carbendazim 192 > 160 30 20

Tricyclazole 190 > 163 40 30

Tepraloxydim 245 > 117 25 20

Propoxur 210 > 168 20 10

Tebuthiuron 229 > 172 30 20

Isouron 212 > 167 30 15

Carbaryl 202 > 145 20 10

Oxamyl 237 > 72 15 15

Diuron 233 > 72 30 20

Diuron-d6 ( Surrogate ) 239 > 78 30 20

Fenobucarb 208 > 95 15 15

Dymuron 269 > 151 25 15

Cumyluron 303 > 185 30 15

Diflubenzuron 328 > 158 10 20

Tebufenozide 353 > 133 15 20

Triflumizole 346 > 278 20 10

Oxaziclomefone 376 > 190 25 15
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2017 S� 1 �B� 12 �á#ã�%Fig. 1 �>��	 10J®8�1 5J®�

] 15J®#Ð£9}GÐ
Ñ�$ 1 L �cd��·±`�Ñ5@D/ÒÓ9

:°±Ô�{kÕY%Ö×¤´©4 °C¯9}GÐ
e%1��L��ØÙl5

ÙF}G/ì/°G�Ð
Ýìi�¤´Ý�ìD:/§¦��89}����

®¯���¿À*Å��i�Ún���$u��p/BF}G

qê�%�����ÛÜ�$%ÝÞm;mF:ìY%No.10 �|	��½1

�$%��ÝÞm�DG��qr#%No.3 * No.4 �ß	�ij�TUà�Ü

5½p:ìY%½1�XáYÝÞmÊ�p/D�	EX�G

�ØÙlrÞ¢

°G
�ØÙlrÞ5 Fig. 2 �>�G
 °G 200 mL 5 300 mL Å��f_

�ÐY%25%áâ
 25 mL%��_` 50 mL 
�ãÂ ` 50 mL 5ø�:B�

10 Å�ä9Ìå8j��Gæ�e%ãÂ `5Å£9:%ç�ãÂ ` 50 mL

5ø�:å8j��GãÂ `5Å£9:��ãÂ `8\óC�GãÂ `

è5��_u_dñ 50 mL #éêe%ë
ìíî_d��#ï
9%°gc±

f�f#» mL abá#¨ð��G��_u_dñ 30 mL 5ø�:çb°gc

±f�f#» mL abá#¨ð��G��_u_dñ#ñÇ5éD/m�°±

´�»9:��_u_dñ# 10 mL �9}E�5°±�8��G

�������ö_¢

ºKÅÅ�*TUÅ�/0�������$%College Analysis Ver.6.7©öd

f�ö_¯5?@9}G
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Fig. 1 Water sampling points in Nagoya city

name River Name

1 Arako River Pump Station Arakogawa

2 Tokai Bridge Nakagawa Canal

3 Koshio Bridge Horikawa

4 Minato New Brigde Horikawa

5 Hinode Bridge on Shin-Horikawa River Shin-Horikawa

6 Doutoku Bridge Yamazakigawa

7 Tenpaku Bridge Tenpakugawa

8 Chidori Bridge Tenpakugawa

9 Omori Bridge Yadagawa

10 Hinode Bridge on Shinkawa River Shinkawa

name Sea Name

11 Shiomi Pier West Nagoya Port

12 Shonai River estuary Nagoya Port

13 Shiomi Pier South Nagoya Port

14 Fujimae Flats Nagoya Port

15 Garden Pier Nagoya Port

No
Water Sampling Points
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Fig. 2 Analysis scheme of the pesticides in environmental water

Aquatrace�ASPE-799

Oasis HLB

Methanol 4 mL

Backflush

N2 gas

to 1 mL

1 mL

LC/MS/MS ESI positive

Water 200 mL

Extraction

Eluate

Concentration

Dilution

��500 µg/L Surrogate standard solution�8 µL
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����5� 67�89�

°G
�������¨b C ( ng /L )$%ÍÎ�iY¼H��G

C ò( Ca óCb ) º v / V

Ca : ß�©B�}�}°±�����< ¨b ( ng/mL )

Cb : ß�©B�}�}ô°±�����< ¨b ( ng/mL )

v : �õ°±�� ( L )

V : °G� ( L )

�Å�Þ��\%LK�»¸5?@��G

v = 0.001 ( L )

V = 0.200 ( L )

jk%

C = ( Ca –Cb ) × 0.001 / 0.200

= ( Ca –Cb ) × 0.005
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����:� 	
����4��(9;<=>#? @'&);<=>#A @'BCD

EF�� !G =�

�����B�Ð£9}�	
©No.10¯� 1 µg/L��h�xfñ��5 1

mL«ø9:%18 KÅ�����p¨p� MDL%MQL%«øyö3
�

CV(n=7)5}�}G/ì%MDL 
� MQL �¼H�$%÷4ä< ��ÃÓåæ

Ãç��øµ©JK 27 Sbù ú̄�ËF}Gá}%�
©No.11¯� 1 µg/L�

�h�xfñ��5 1 mL«ø9:%18 KÅ�����p¨p�«øyö3


� CV(n=7)5}�}G��²³5 Table 3 �>�G�	
�¥D:$%18 KÅ

����5«ø��Z[ 79%þ112%�ûü#ç~�ýÌyö���8m#µ

}Go��%�
�¥D:$%18 KÅ����5«ø��Z[ 75%þ107%�

ûü#ç~�ýÌyö���8m#µ}G
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Table 3 MDL, MQL and recovery rate of the pesticides in river water, and recovery rate

of the pesticides in sea water.

Pesticides Name

River Water (n=7) Sea Water(n=7)

MDL MQL
Recovery

CV
Recovery

CV
Rate Rate

( µg/L ) ( µg/L ) ( % ) ( % ) ( % ) ( % )

Vamidothion 0.0014 0.0035 85 8.2 81 2.6

Carbofuran-3-

hydroxy
0.0019 0.0049 113 8.7 104 2.6

Carbendazim 0.0014 0.0037 95 0.48 102 5.1

Tricyclazole 0.00084 0.0022 101 2.3 96 4.7

Tepraloxydim 0.00076 0.0019 94 4.2 85 4.1

Propoxur 0.00039 0.0010 98 2.1 88 3.5

Tebuthiuron 0.00081 0.0021 104 2.0 97 7.5

Isouron 0.0016 0.0041 98 6.7 100 4.0

Carbaryl 0.00059 0.0015 103 2.4 87 2.6

Oxamyl 0.0025 0.0064 112 5.8 107 7.0

Diuron 0.0019 0.0050 104 2.7 93 9.5

Fenobucarb 0.0013 0.0033 96 3.1 99 3.8

Dymuron 0.0018 0.0045 96 0.97 78 6.5

Cumyluron 0.00036 0.00092 81 2.3 80 2.3

Diflubenzuron 0.0014 0.0036 105 6.9 101 3.2

Tebufenozide 0.0013 0.0034 99 6.8 93 1.7

Triflumizole 0.0025 0.0063 110 4.7 99 2.2

Oxaziclomefone 0.0010 0.0026 79 5.9 75 2.9
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Fig. 3 Monthly change in total concentrations of the pesticides summed over the all

sampling points.

Fig. 4 Pesticide concentrations in 15 sampling points on April in 2017
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Fig. 5 Pesticide concentrations in 15 sampling points on May in 2017
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Fig. 6 Pesticide concentrations in 15 sampling points on June in 2017
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Fig. 7 Pesticide concentrations in 15 sampling points on July in 2017
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� Cluster B-2 ḠCluster A 8 Cluster B-1 5&'��

8%$qºKÅB�����/4mT8�0ëÌ%$HºKÅB����5�

p¨pÑ3_��Q:D��8móB�Gqr%Cluster B-2 $%Cluster A 
�

Cluster B-1 iYE%$qºKÅB����m¶µD�8mau#µ}G��

#%$qºKÅ
�$HºKÅ8��©�����¨b¯8��£5�>9}

TU3I�©Factor Loading¯5 Fig. 11 �>�GFig. 11 B�%Z[ 4 ¥�TU

�Å�#µ�8Á��p�©Factor 1 ó 4 ḠFactor 1 $%_d�Õ�îfñ
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Fig. 9 Principal component scores of first and second principal component character

assigned to the marked point shows the number of the sampling site and month of

the sampling
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Fig. 10 Principal component scores of first and second principal component within the

range of -3 to 3 at first principal component, and the range of -4 to 3 at second

principal component character assigned to the marked point is the same as Fig.9
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Fig. 11 Factor loading of first and second principal component
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Fig. 12 Scree Plot of factor analysis

Table 4 Contribution rate and cumulative contribution rate of factor analysis at 5 factors

	

Common Factor

1 2 3 4 5

Contribution
0.266 0.184 0.142 0.074 0.032

Rate

Cumulative
0.266 0.450 0.592 0.665 0.697

Contribution Rate

Common Factor
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Table 5 Factor loading in factor analysis at 3 factors

	

Factor

Common
Uniqueness

1 2 3 Commonality

Pesti

cides

Oxaziclomefone 0.974 -0.086 -0.117 0.970 0.030

Tricyclazole 0.961 -0.052 0.101 0.937 0.063

Dymuron 0.938 -0.08 -0.128 0.902 0.098

Fenobucarb 0.665 0.091 0.385 0.599 0.401

Cumyluron 0.633 0.016 0.056 0.405 0.595

Diuron -0.071 0.925 0.228 0.912 0.088

Oxamyl -0.094 0.915 0.303 0.939 0.061

Isouron -0.051 0.464 0.255 0.283 0.717

Tebufenozide -0.034 0.463 -0.029 0.217 0.783

Triflumizole 0.085 0.427 0.024 0.191 0.809

Carbaryl 0.188 -0.141 0.972 1.000 0.000

Propoxur 0.007 0.231 0.581 0.391 0.609

Carbendazim -0.052 0.334 0.550 0.417 0.583

Tebuthiuron -0.007 0.241 0.005 0.058 0.942

Contribution Rate 0.261 0.184 0.142 	 	

Cumulative

Contribution Rate
0.261 0.445 0.587 	
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Table 6 Estimated amount to use by usage based on the PRTR data of pesticides in Aichi

prefecture in 2016

	

amount to use by usage ( kg/year)

rice field fruit farm field

P
esticid

es

Oxaziclomefone 110 	 140

Tricyclazole 	 	 	

Dymuron 	 	 	

Fenobucarb 870 	 100

Cumyluron 48 	 	

Diuron 	 530 160

Oxamyl 	 	 6.4

Isouron 	 3.9 16

Tebufenozide 9.6 	 0.39

Triflumizole 	 	 	

Carbaryl 	 160 1300

Propoxur 	 	 	

Carbendazim 750 4200 4800

Tebuthiuron 	 	 	
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Fig. 13 Plot in factor score of common factor 1 and 2

Fig. 14 Plot in factor score of common factor 1 and 3
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Fig. 15 Plot in factor score of common factor 2 and 3
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Table 7 Summary of multivariate analysis results

multivariate analysis new finding

cluster analysis

(1) three clusters are found.

(2) two clusters are belong to river waters, the other

cluster is belong to sea waters.

principal component

analysis

(1) three clusters are found with the principal

component scores.

(2) four factors are found with factor loadings.

(3) one of the factors is mostly affected by

Tricyclazole and Cumyluron.

factor analysis

(1) three factors are found.

(2) the primaly factor might affect to pesticides

applied to rice farming.

(3) the secondaly factor might affect to pesticides

applied to fruit growing.

(4) the third factor might affect to pesticides applied to

vegetable cultivation and fattening pens.

�

�

� �



- 49 - 
 

�ø@��� 

1) ��
>â�G ���=>-HI��-»©JK�þ28 ��Sb¯

2) ��â%
 ¡¢�£�����©����>$ 59�%�� 46 S 12 � 28

"¯

3) ��
>â%��£�Þ$ 3($ 1�$ 4�B�$ 7�á#�����\�

�Z��B0jB���5¦����)©��â�>$ 346�%�� 46 S 3

� 2 "¯

4) Takahashi, Y. and Onodera, S.: Laboratory procedure for analysis of volatile semi-

and hardly-volatile pesticides in drinking water. Journal of Environmental

Chemistry, 25, 167-176 (2015)

5) Takenouchi, T. and Aoi, T.: Determination of drift of Neonicotinoid insecticide

Thiacloprid caused by aerial spraying by liquid chromatography-tandem mass

spectrometry. Journal of Environmental Chemistry, 26, 27-32 (2016)

6) 4ä< Å�Þ�^åæ���©JK 19 Sb /̄2-h_Â�eñ�uñ�ï

xí`îyïðîfñ©O�ªeñí`ð��¯, 1301-1317 (2007)

7) 4ä< Å�Þ�^åæ���©JK 19 Sb /̄N-[1-(N-n-�wñeñg�

yñ)-1H-2-í`îyïðîdñ]eñgï`íhwñ©O�ªíxïñ �̄2-

h_Â�eñ�uñ�ïxí`îyïðîfñ©O�ªeñí`ð��¯,

1123-1141 (2007)

8) Hirao, S. and Watanabe, M.: A study on the analysis for Benomyl by LC/MS. Annual

Report of Nagoya City Environmental Science Research Institute, 38, 47-51 (2008)

9) JK 24 Sbù 4ä< 8�� *�ý��åæ* (2012)

10) ��¤�Õ�y"d�©Enviromental Health Criteria :EHC¯"��� No.148

íxïñ©Benomyl /̄No.149 : eñí`ð��©Carbendazim)/òª4ä<

 *é�]�© International Programme on Chemical Safety : IPCS¯(1993)

11) 
 ¡¢�£���kl¤�����¦�����G y���`©��

â/JK 29 S 9 � 26 "�>¯

12) 
>��<��$)��£���kl¤�����¦�����G ��

�`©��â/JK 25 S 9 � 11 "�>¯

13) ����%��q�%!���.: 
Ý��5��89}
H-¦�Pñ�

��	��¹@, Annual report of Kagoshima Prefectural Institute for

Environmental Research and Public Health, 13, 105-108 (2012)

14) Matsumoto, G., Koga, T., Noriyama, S., Fujikawa, K., Ishibashi, Y. and Baba, Y.:

Runoff of pesticides around the paddy area, Annual report of the Fukuoka Institute of

Health and Environmental Sciences, 41, 92-96 (2014)



- 50 - 
 

15) Kondoh, H., Fukuyama, R. and Liu, A.: Simultaneous determination of pesticides

and their seasonal variation in Ishikari river basin. Journal of Environmental

Chemistry, 11, 253-266 (2001)

16) Yoshida, M. and Fujimori, K.: The study of pesticide in the river water around the

paddy area, Bulletin of the Hyogo Prefectural Institute of Public Health and

Environmental Sciences, 2, 28-36 (2005)

17) Yoshioka, T., Kenmotsu, K., Fujiwara, H., Nakagiri, M., Maeda, D., Takano, H. and

Fujita, K.: Environmental survey of pesticides in the river water of Okayama. Annual

report of Okayama Prefectural Research Center of Environmental Science and

Public Health, 33, 65-72 (2009)

18) Goto, Y., Sato, T., Narushima, T and Takahashi, Y.: Annual behavior of pesticides in

river and tap waters in Niigata city. Journal of Environmental Chemistry, 19, 487-

495 (2009)

19) Sato, M., Uemura, H., Kosaka, K., Asami, M. and Kamata, M.: Survey of pesticide

concentrations, including Neonicotinoids, in the Sagami river, its tributaries and tap

water. Journal of Japan Society on Water Environment, 39, 153-162 (2016)

20) Ninomiya, K.: Study on simultaneous analysis of pesticides by LC/MS/MS. Annual

Report of Yokohama Environmental Science Research Institute, 33, 47-51 (2009)

21) Ninomiya, K., Inukai, M., Koichi, Y., Shimomura, K. and Mizuo, H.: Study on

investigation of pesticides using by LC/MS at rivers and sea in Yokohama City.

Annual Report of Yokohama Environmental Science Research Institute, 34, 61-64

(2010)

22) Tsuda, T.: Transition of pesticides in Lake Biwa. Journal of Environmental

Chemistry, 27, 103-109 (2017)

23) 
>��<��$)��£���kl¤�����¦�����G ö!

x�eñ�©��â/JK 24 S 10 � 10 "�>¯

24) Hirao, S., Hasegawa, H., Watanabe, M. and Suzuki, S.: Investigation of pesticides in

river and sea water in Nagoya City. Annual Report of Nagoya City Environmental

Science Research Institute, 6, 29-35 (2017)

25) ¶�BìY%. ¡q%¢£¤H%�¥¦§: LC/Q-TOF �i���
��

��B�CD%Characterization of groundwater quality drinking water source in

Izu-Oshima island by multivariate analysis. Annual report of Saga Prefectural

Institute of Public Health and Pharmaceutical Research, 34, 18-23 (2012)

26) Osman R., Saim N., Juahir H. and Abdullah Md P.: Chemometric application in

identifying sources of organic contaminants in Langat river basin, Environmental

Monitoring and Assessment, 184, 1001-1014 (2012)



- 51 - 
 

27) Takino, M.: Multivariate analysis and other data minding technique to visualize

LC/MS data. BUNSEKI KAGAKU, 63, 497-513 (2014)

28) Mac Loughlin Tomas M., Mac Loughlin Tomas M., Peluso L., et al.: Pesticide

impact study in the peri-urban horticultural area of Gran La Plata, Argentina. Science

of the Total Environment, 598, 572-580 (2017)

29) Xie H., Wang X., Chen J., et al.: Occurrence, distribution and ecological risks of

antibiotics and pesticides in coastal waters around Liaodong Peninsula, China.

Science of the Total Environment, 656, 946-951 (2019)

30) Garcia Reiriz Alejandro G., Olivieri Alejandro C., Teixido E., Ginebreda A. and

Tauler R.: Chemometric modeling of organic contaminant sources in surface waters

of a mediterranean river basin. Environmental Science, 16, 124-134 (2014)

31) Fujiwara, T., Ohtoshi, K., Tang, X. and Yamabe, K.: Study on the characterization of

groundwater quality in a coastal farming-area through the multivariate analysis.

Journal of Japan Society on Water Environment, 24, 724-732 (2001)

32) Tochimoto, H., Sekiyama, N., Yaguchi, K. and Seto, H.: Characterization of

groundwater quality drinking water source in Izu-Oshima island by multivariate

analysis. Journal of Japan Society on Water Environment, 28, 759-767 (2005)

33) Sato, N.: Non-targeted screening and structual elucidation with UPLC/Q-TOF-MS

and multivariate analysis. Journal of Japan Society on Water Environment, 39, 372-

375 (2016)

34) Mitsui, T., Okuyama, S. and Hida, M.: Qualitative and quantitative analysis using

multivariate analysis. BUNSEKI KAGAKU, 53, 773-791 (2004)

35) ¨©ª«ªïuö÷yñ Å�4ä¬�}�������À­ Õ�Ô�f

Å�©�zl® /̄¯�Cµ/11/547-548 (2017)

36) ¨©ª«ªïuö÷yñ Å�4ä¬�}�������À­ Õ�Ô�f

Å�©°@ /̄¯�Cµ/12/581-582 (2017)

37) ±�²§ªïuö÷yñ Å�4ä¬�}�������À­ ºKÅÅ�

©�zl® /̄¯�Cµ/1/17-18 (2017)

38) ±�²§ªïuö÷yñ Å�4ä¬�}�������À­ ºKÅÅ�

©°@ /̄¯�Cµ/2/62-63 (2017)

39) ³Ü´�ªïuö÷yñ Å�4ä¬�}�������À­ TUÅ�

©�zl® /̄¯�Cµ/7/303-304 (2017)

40) ³Ü´�ªïuö÷yñ Å�4ä¬�}�������À­ TUÅ�

©°@ /̄¯�Cµ/8/347-348 (2017)

41) µ�¶·/¸¹º»/e¼½¾/»¿¥Àª��ÁÂ©$ 7ù /̄4ä�1

"�Ã/(1989)



- 52 - 
 

42) ����øµ/4ä�1"�Ã/(1999)

43) ��Ä`z�xÕ/"��<)ÅÆÇ/(2011)

44) ��Ä`z�xÕ/"��<)ÅÆÇ/(2016)

45) ��
Â 2017/"��<)ÅÆÇ/(2017)

46) 2015 S��1�` Ô©��
>â¯(2017)

47) °vÈïÔ_df��Ç/?D*�D PRTR0�©JK 28 Sb¯(2018)



- 53 - 
 

��LC/MS/MS������	
 N-��
����-1-�
���
���
�

�

�������

�

� ����� !"#�$%&'��()*+,-�./01
234&5

6�78�9:;<
=>)�?�@AB�C:D:9;<
EF)��AG

H�?#�IJ
KL)��AMN�?#�IJ
OP�;<'Q�RI�S

TU,�����V�W�X3Y�XZ[\]�^#�_`"a�bcde*

+,-�S_`"a���T
)f@gh�ij,k�l�_`"a��m�

l�_`"a��n�l�_`"a�opq�l�_`"a��rs[t*+

�

1)
Su%v�k�l�_`"a�3U,�wxyz{|}-R~����@

���
�
�����
��{|}LAS� ��h;�
&5�S�I�m

�l�_`"a�3U,��
�
����
������|;<
 4x��

����| ��h;�
&5�S*c��n�l�_`"a�3U,���


���:
���7�:�}NPE� ��h;�
&5�S�+c
_`"

a�����;<
��bc��&;���� ¡¢£bc�¤��¥�Z¦

,��	�¥§*+��3 Rb¨,-�S©¨,��+c
_`"a���

���ª«��n¬�­®;¯°&5�Su%v���
���:
���7

�:�����
���:
bc±e*+�_`"a�&5� ����	�

²§*+�3�³!0
´)µ��¨,���7X ¶+�·¸h���
�

��:
����7�:�;<Z¦,��
���:
 ¹º!e*+�

2), 3),

4)
S��
���:
����
���:
���7�:�3»¼U,�!!

0�½#�¾a w-3¿��][Àb�Á´)�ÂÃ*+,-�

3), 4)
S�$

UI	&����Ä
ÅÆ Ç-��
���:
op LAS�4-,��1ª

È�É���XÊ Ë�c+���ÌÍ ¬�ÎR+,-�3�Ï&5�

5)
S

 Ð&��+cÑ¶
_`"a�@T
Ò!01;<
ÓÔ;��ÕÖ�4-

,��×Â Ø[&;-IJ�ÙÚ
./01
��Ä
��ÛÜÝ ÞJc

+,-�
 ßà&5�S

N-��
����-1-�
���(N-Methyldidecane-1-ylamine)��IUPACáâ

��©¨,�N-��
��7
���(N-methyldidecykamine)@��7
��


���(Didecylmethylamine)3�ãv+�m�l�_`"a�
 4&5���

�l�ä�å 4x������|
æç3U,)-c+,-�S�
m�l�

_`"a���èé@ê>;<
ëì�`�Ç�íîU�ïða@ñòóôa

;<Zõö&÷�IJ�V�èé
ïð��Ä�����3U,()*+,-

�

6), 7))
Sßø�m�l�_`"a�� 5ù��úû
üýþ� ÂÃ*+,�



- 54 - 
 

6�#�,
_`"a�
	&���s 5%úû&5� 6)
S Ð�æç01&5

� N-��
����-1-�
���
��������	
��
��56�

2011
�� 113 t�2013
�� 224 t�2014
�� 530 t�2015
�� 517 t
�
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01��.����-,�N-��
����-1-�
���3

-$â"&#$*+,-�IJ�Ñû�
â"&%&#�S�
01�'U

,�( )
����ÛZ*+#�IJ���
01
,-
¾a./

6)
bc

0c+I1a¾a&
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�����IUPACáâ��©¨,�N-��
��7
���(N-

methyldidecykamine)@��7
��
���(Didecylmethylamine)3�ãv+,

-�Sßø��
01��.����-,�N-��
����-1-�
���

}YUZ[ 100�3-$â"&#$*+,-�IJ�Ñû�
â"&%&#

�S

�I�N-��
����-1-�
���
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}a�[\b C21H45N

}c�def 93.4 °C

}g�hf -7.4 °C

}i�jf 145 °C ( 0.3 kPa )
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������ ,-#$./01�

� ./�()UI.�opÕ/HtZÑH�X#S

\.�]

N-��
����-1-�
���}��7
��
����

uvw.e�� >95.0%

�x��

uyz{����� 300|3} ~����PCB[8)

��ä�

uyz{����� 300|3} ~����PCB[8)

�x����


u'v./�� LC/MS)

���

u�{�}½�01 ;-�3Z��#��S�{�����l
��

PURELAB Ultra&��UI�


�{

uyz{����}� 99%�� LC/MS)

|.�����

uyz{����� PCB��E
{���
./)

600�C& 4����#�

2��{�����

uyz{����� PCB��E
{���
./)

}()ú� 10 g�20 g�6�x�� 30 mLop��ä� 30 mL&Ø[��

?#�S�

\�Ê@
S�]

��Êæ@�

� N-��
����-1-�
��� 20.0 mgZ����6�6��x����


& 20 mL���U�1000 µg/mL
�Êæ@3#�S

��Ê@�

�Êæ@ 1000 µg/mLZ 100 µL[�U��x����
& 100 mL���U,

1000 ng/mL�Ê@ZS�#�S

�M��´e)�Ê@�
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������ LC/MS/MS23456*78#$37�

\LC/MS/MS7�©ª]

N-��
����-1-�
�����ÑH
©ª&7�ZÎ¨IS

�LC©ª�

�� uWaters�� Alliance2695

�D� u7CB�
å�L�� Ascentis Express C18

(10 cm « 2.1 mm , 2.7 µm)

¬W­ uAu�{/���(0.1:99.9) �Bu�x����


0®1.0 min Au50 ® 35 Bu50 ® 65 linear gradient

1.0®8.0 min Au35 Bu65

8.0®17.5 min Au35 ® 5.0� Bu65 ® 95 linear gradient

17.5®24 min Au5.0 ® 50� Bu95 ® 50 linear gradient

24®30 min Au50� Bu50

�D�¯� u0.2 mL/min

�D�°4 u40 °C

.ç±�� u10 µL

�MS©ª�

²-� � � � � � � � � � uWaters�� QuattroMicro API

�8§D�:òp� � � � u3.00 kV

¢:���¯�� � � � � u50 L/hr

�D
�:7³���¯�uN2 (700 L/hr)

D:�°4� � � � � � � u110 °C

�D
�:7³�°4� � u450 °C

�l�.�� � � � � � � uESI(+)SRM

��E:�l�opM§©ª

�´�
E��

(Sec)

¢:�òp

(V)

¢��³��µ
�:

(eV)

7��l�

(m/z)

0.125 25 25 312 > 172}���

0.125 25 25 312 > 85}���

�
MS©ªZ¶�#�·�0c+IB��¨Û�
Z Fig. 2op Fig. 3�X

#S*c��7�UI�Ê@
ÛAB�CD�Z Fig. 4�X#S
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Fig. 2 Mass scan spectrum of N-methyldidecane-1-ylamine

Fig. 3 Product ion spectrum of precursor ion in m/z 312.0

[ C21H45N ] H+

[ C6H13 ] +

[ C11H25N ] H+
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Fig. 4 Chromatogram of standard solution ( 100 ng/mL )

N-methyldidecane-1-ylamine

m/z 312 > 172
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�M���

,M��)�Ê@ 10 µLZT+¸+ LC/MS/MS�±�U,7�ZÎ¨IS

,Ú0c+IÛAB�CD���-,�½�01
§:Û`¹ZM��
º

»�½�01
34Z¼»3U,�½¾¹¿���6 º
M��Z´eU�

'Ébop­'ÉþZGÀUISFig. 5�0c+IM��Z�M��´e)�

:EZ Table 1�X#S

����

./@ 10 µLZ LC/MS/MS�±�U,7�ZÎ$S0c+IÛAB�CD�

Á
½�01
§:Û`¹bc�½�01
./@34(ng/mL)ZÞJ�S
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Fig. 5-1 Calibration curve ( 1.00 ng/mL-100 ng/mL )

Fig. 5-2 Calibration curve ( 0.0500 ng/mL-1.00 ng/mL )

y = 3238.7x - 2665.9

R² = 0.9996
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Table 1 Response of N-methyl-1-ylamine standard solution

Concentration of response

standard solution N-methyldidecane-1-ylamine

(ng/mL) m/z = 312 � 172

0.05 124.2

0.10 271.0

0.20 507.1

0.30 753.2

0.40 1106.2

0.50 1384.9

1.00 2768.0

5.00 14464.0

10.00 29918.2

25.00 76417.7

50.00 155619.8

100.00 323417.3
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;<#$=>?@��

�.ç
Â��

.çÂ�û�?@b�K§ZÎ$SÃU�#Ä�./ Î%;-�±�100 mL

Z�D�Å�[�U,ÆÇÈÉ#��3S�I�./��Ê�UI N-��
�

���-1-�
��� �D�Ë`�íî#�ß� ��*+IIJ�./
·

����D�Å
Ë`Z�x��&���-��@Z.ç�3ÌÍ�ST
�±

��-,��Î�3� 3ÏÑ]�./ZÎ$S

�úqrÐ��

.ç�
úqrÐ�Z Fig. 6�X#S�1.ç 100 mLZ 300 mL[@A:�

�Â6�25%G|� 25 mL��x�� 50 mLop��ä� 50 mLZ�%,bc

10[�ÐU�Ñ3$#�SÒ�û���ä�Z[�U,�Óp��ä� 50 mL

Z�%,Ñ3$#�S��ä�Z[�U, 
��ä�3±RÍ�S��ä�

ÔZ�x����
 50 mL&�?û�2��{�����&Õ�U�� ¡�

:E:&þ mLÖ4�&3}#�S�x����
 30 mLZ�%,Ó4� ¡

�:E:&þ mLÖ4�&3}#�S�x����
&Ë`Z�-; c./

¤�¬U,�x����
& 10 mL�UI�
Z./@3#�S
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Fig. 6 Scheme of analysis

1. 25% NaCl aqueos solution

25 mL

2. acetone 50 mL

3. hexane 50 mL, 2 times

at 40 ̊C

acetonitrile

at 40 ̊C

Water Sample Liquid-liquid Extraction Acetonitrile–Hexane Partition

100 mL acetonitrile 50 mL

washing on surface of glass bottle

with 20 mL of acetone

washing solution added in water

Dehydration of Hexane Layer Concentration Solvent exchange

Anhydrous Na2SO4 Concentration with rotary Addition with 30 mL of

acetonitrile10-20 g evaporator under 180 kPa

evaporator under 120 kPa

Concentration Sample for measurment LC/MS/MS-SRM

Concentration with rotary Making up to 10 mL with ESI-positive
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����A� BC
DE�

.ç�	
 N-��
����-1-�
���
34 C ( µg /L )��ºb��6

À§#�S

C ×( Ca ØCb ) « v / V

Ca : M��bcÞJI./@	
½�0134 ( ng/mL )

Cb : M��bcÞJIÙ./@	
½�0134 ( ng/mL )

v : ½Ú./@� ( L )

V : .ç� ( L )

Û[8�
�±�ÑH
þÜZ()#�S

v = 0.010 ( L )

V = 0.100 ( L )

ÝÞ�

C = ( Ca –Cb ) × 0.010 / 0.100

= ( Ca –Cb ) × 0.10
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*EGH6IJKLM#$�N&OPQRS�T,/�

\7�Ð�
M§Hß(MDL)op��Hß(MQL)]

Û./Ð����� N-��
����-1-�
���
 MDL op MQL ��

âPQR]
à\á
âãäõ	�5�à\á¡�9L&0c+Iâá���

Ê@Z 0.0050 µg/L�;��$�Ê�U�Fig. 6
�A:�©¨,úqrZÎ¨

IS0c+I./@Z LC/MS/MS 7�U,�,./@
34ZÞJIST
å

æZ Table 2�X#S;��ç´èD�Ûopâá�bc�N-��
����-1-

�
����M§*+;b¨ISMDL op MQL 
À§��é./01��Õ

ÖSTÕê
Od÷ë}ìe 28
 3í��©¨,À§UI 18)
STable 2
åæb

c�MDL� 0.00055 µg/L�MQL� 0.0014 µg/L3;¨IS�

�

\Ê�îïð]

� âá�
Ê�îïð��Table 2 �XUIåæZ)-,�Ê���½#�M§

34
»bcÀ§UIS�I�âPQñ
òóô=õ&Â�UIö�.çZ)-

,�Ê�îïZÎ¨IST
åæZ��3J, Table 3�X#S0c+IÊ�î

ïð��âá�& 98%�ö�& 85%3;¨,�T
÷WGþ� 2.4�6.2 %3øù

;åæ 0c+IS

\[�a�Û�:��C./]

pHZ 5�7op 9�S�UI� 100 mL� N-��
����-1-�
���Z

5.0 ngÊ�U�0.05 ng/mL
34�S�UIS20ú5�C
ûLopüL�È¤

U�1��ûop 7Ïû�7�UISåæZ Table 4�X#S-ý+
 pH��-

,�Ê��û&���þ :3;<óc+;b¨I �7Ïû��­�
�þ 

�Jc+IS�%,�pH 7 ��-,�üLÈÉ
�±3ûLÈÉ
�±3»¼

#�3ü�;����Jc+;b¨IS
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Table 2 Results of MDL and MQL

½�01â� N-methyldidecane-1-ylamine

Sample river water*1

Sample Volume ( mL ) 100

Added Amount ( ng ) 0.500

concentration of a sample ( µg/L )� 0.0050

solution volume ( mL ) 10

concentration of a solution ( ng/mL ) 0.0500

injection volume ( µL ) 10

blank ( µg/L )*1
� ND

no adding in sample ( µg/L )� ND

sample 1 ( µg/L )� 0.00477

sample 2 ( µg/L ) 0.00497

sample 3 ( µg/L ) 0.00521

sample 4 ( µg/L ) 0.00502

sample 5 ( µg/L ) 0.00486

sample 6 ( µg/L ) 0.00487

sample 7 ( µg/L ) 0.00499

average ( µg/L )� 0.004956

standard deviation ( µg/L )� 0.000140

ΜDL ( µg/L )*2 0.000545

MQL ( µg/L )*3 0.00140

S/N ratio 9.5

CV ( % ) 2.8

*1 Arako River Pump Station (Arako River) in Nagoya City

*2 MDL = t (n-1, 0.05) × σn-1 × 2

*3 MQL = σn-1 × 10
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Table 3 Addition recovery test in river and sea waters

Sample

Sample Added No. of
concentration

Recovery
CV

Volume Amount experiments Rate

( mL ) ( mg ) ( µg/L ) ( % ) ( % )

river water*1
100 0 1 ND � �

100 0.0005 7 0.00492 98.3 6.2

sea water*2
100 0 1 ND � �

100 0.0020 5 0.0170 85.2 2.4

*1 Arako River Pump Station (Arako River) in Nagoya City

*2 Shiomi Pier West (Nagoya Port) in Nagoya City

Table 4 Degradable screening

pH

No. of prepared
concentration ( µg/L )

( residual rate ( % )* )

experiments concentration
1 hour left

seven days left

� ( µg/L ) dark place bright place

5 2 0.05 0.049 (98.2) 0.016 (31.8) -

7 2 0.05 0.048 (96.5) 0.0035 (7.09) 0.0066 (13.1)

9 2 0.05 0.045 (905) 0.0074 (14.7) -

* Residual rate for prepared concentration

� �



- 71 - 
 

����U� ./VWXYZC
37[�#\]^_�

�Ê@@èD�Û�âá�	
 N-��
����-1-�
���
 SRMÛA

B�CD�Z Fig. 7�X#S�
·��2��{�����@|.�����

Z��3#�èD�Û �7*+IS

\2��{�����]

� ��ä�K§@ZÕ�#�IJ�()#�2��{�����bc�'�


N-��
����-1-�
��� �§#�ß� �Jc+IS�
ß���2

��{�����Z��ä�&�?U,����9�&÷;-�3�ÌÍ,�

�*+ISFig. 7-(2) �0c+IÛAB�CD�ZX#S Ð&�2��{��

���Z��ä�op�x��&�?#��3&�Fig. 7-(3) �X#�$� N-�

�
����-1-�
���Z2��{�����bc9�#��3 &÷��

3 Rb¨IIJ�./ç´�	6
��3�UIS

\|.�����]

� ��K§
·�Ê�#�|.�������Rýb; c N-��
����

-1-�
��� ÉøU,-��3 Rb¨ISFig. 7-(4) �0c+IÛAB�C

D�ZX#ST�&�|.�����Z 600�& 2 ����qrZ#��3&�

Fig. 7-(5) �X#�$�:
��� N-��
����-1-�
���Z9�#�

�3 &÷IS

� �



- 72 - 
 

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

Fig. 7 Selected reaction monitoring (SRM) chromatograms of N-methyldidecane-1-

ylamine

(1) 1 ng/mL of standard solution

(2) blank solution using anhydrous Na2SO4 washed with hexane

(3) blank solution using anhydrous Na2SO4 washed with hexane and acetone

(4) blank solution using non-purified NaCl

(5) blank solution using NaCl baked at 600 ̊C for 2 hours

�

� �

N-methyldidecane-1-ylamine 

m/z 312>172 

(1) 

(2) 

(3) 

(4) 

(5) 

x10 

x10 

x10 

5.0 6.00 7.0 7.50 
Time 

5.0 6.00 7.0 7.50 
Time 

6.00 7.0 7.50 
Time 

5.0
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Fig. 8 Water sampling points in Nagoya city

name River Name

1 Arako River Pump Station Arakogawa

2 Tokai Bridge Nakagawa Canal

3 Koshio Bridge Horikawa

4 Minato New Brigde Horikawa

5 Hinode Bridge on Shin-Horikawa River Shin-Horikawa

6 Doutoku Bridge Yamazakigawa

7 Tenpaku Bridge Tenpakugawa

8 Chidori Bridge Tenpakugawa

9 Omori Bridge Yadagawa

10 Hinode Bridge on Shinkawa River Shinkawa

name Sea Name

11 Shiomi Pier West Nagoya Port

12 Shonai River estuary Nagoya Port

13 Shiomi Pier South Nagoya Port

14 Fujimae Flats Nagoya Port

15 Garden Pier Nagoya Port

No
Water Sampling Points
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Table 5 Changes in concentration of N-methyldidecane-1-ylamine in prepared sample 

solutions preserved during 7 days at 4 °C 

Experiment*
� Addition Preservation period ( % )

� Concentration 1 day 2 days 3 days 5 days 7 days

(1) µg/L 0.005 103.2 101.7 96.7 0.0 0.0

(2) µg/L 0.005 104.1 102.5 102.6 0.0 0.0

(3) µg/L 0.005 104.4 101.4 53.8 - 25.5

(4) µg/L 0.005 101.4 83.5 27.5 - 20.6

(5) µg/L 0.005 99.9 84.9 80.8 - 29.4

(6) µg/L 0.005 98.2 87.5 59.0 - 31.1

(7) µg/L 0.005 102.7 96.2 97.5 96.1 94.9

(8) µg/L 0.005 102.4 96.5 101.4 98.0 92.6

(9) µg/L 0.005 104.1 99.9 96.2 100.2 98.6

* Experiment

(1) preserved in hexane in glass tube

(2) preserved in hexane in plastic tube

(3) preserved in river water in glass bottle

(4) preserved in seawater in glass bottle

(5) preserved in autoclaved river water in glass bottle

(6) preserved in autoclaved seawater in glass bottle

(7) preserved in methanol in glass tube

(8) preserved in methanol saturated with non-contaminated Na2SO4 in glass tube

(9) preserved in acetonitrile in glass tube
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Fig. 9 Degradation behavior of N-methyldidecane-1-ylamine preserved in standard

hexane solution in glass and plastic tube under 4 °C

Fig. 10 Degradation behavior of N-methyldidecane-1-ylamine preserved in river water

and seawater in glass bottle under 4 °C
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Fig. 11 Degradation behavior of N-methyldidecane-1-ylamine preserved in river water

and seawater in glass bottle under 4 °C

Fig. 12 Degradation behavior of N-methyldidecane-1-ylamine preserved in hexane,

methanol and acetonitrile in glass tube under 4 °C
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Fig. 13 Device configuration of QToFMS ( XevoG2-S )
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Fig.14 TICs ( m/z 50 to 500 in positive mode ) illustrating changes in concentration of 

N-methyldidecane-1-ylamine, prepared at 1.0 mg/L in hexane, preserved at 

4 °C for 7 days 

(1) 0 day, (2) 1 day, (3) 2 days, (4) 3 days, (5) 5 days, (6) 7 days of the preservation 

A: N-methyldidecane-1-ylamine, B-D: peaks of unknown species 

(1) 0 day (2) 1 day 

(4) 3 days (3) 2 days 

(5) 5 days (6) 7 days 

A 

B C 

D 
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Table 6 Chemical candidates estimated for the peaks of A to D in Fig. 14 with the 

accurate mass spectra 

Peak
Retention Accurate mass of Possible composition Chemicals

suspectedtime (min) precursor ion (m/z) of precursor ion

A 4.50 312.3643 C21H46N

N-methyldidecane-

1-ylamine ( original

chemical )

B 8.22 301.1422 C21H19NO

an oxidized

compound of the

original chemical

C 11.33 385.2920 C21H39NO5

an oxidized

compound of the

original chemical

D 13.88 413.2659 C26H37O4

di-octyl- and di-(2-

ethylhexyl)- esters

of phthalic acid
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