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0

0
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0
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0
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0
0

1
0

2
0

0
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()
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()
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()
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1

1

16 90 
109 770 

51 740 
4 212

180 1,812 

5
5

1
4-t- 2,4-

16
1 2 5

PFOS
PFOA

1

1 E-2 C-4 W-3 12

LAS
2 E-2 E-6

1 4-t-
2,4-

2 1

1
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2

PFOS
PFOA

1

12 1
1

17

3
2 2

2

3

51 1

1,1-
1,2-
1,1,1-
1,1,2- 1,4-

1,3- p H
PCB

-1,2-
-1,2-

1,2-

2

No. 
1 No.1
2 No.2
4
5
6
8 No.2

10
11 No.1
12 No.2
13 No.1
14 No.2
15
16
17
18 No.1
19 No.2
20 No.3
21
22 No.1
23 No.2
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2

PFOS
PFOA

1

12 1
1

17

3
2 2

2

3

51 1

1,1-
1,2-
1,1,1-
1,1,2- 1,4-

1,3- p H
PCB

-1,2-
-1,2-

1,2-

2

No. 
1 No.1
2 No.2
4
5
6
8 No.2

10
11 No.1
12 No.2
13 No.1
14 No.2
15
16
17
18 No.1
19 No.2
20 No.3
21
22 No.1
23 No.2

1
17

4-t-
1

3   

3  

14 28 
3 6 

17 34 

24 BOD

4

4

31 248 

  29
29
5  

5  

51 153 
29 174 

80 327 

pH

TOC

6  

6  

772 7,720 
201 217 

3 3 
13 217 

989 8,157 

4
7

7

4 120 

E-
6 C-10 C-4 W-7 1

1
8  

8

96  96 

9
10  

9  

4 10 
83 

32 

234 

52 

119 296 

－23－



10  

TOC  

11  

11  

12 144 
92 1,004
6 18

52 572
0 0

PM2.5  160 6,560

322 8,298

1

pH SO42- Cl-  

2
1  

pH SO42- NO3-

Cl- NH4+ Na+ K+ Ca2+ M 2+  

11 12
113 2  

1  
23

1,2- 1,3-
11
10

22
6

2
PM2.5  

SO42- NO3- Cl- NH4+ Na+

K+ Ca2+ M 2+ Na Al Si K Ca
Sc Ti V Cr Mn Fe Co Ni Cu Zn As Se Rb
Mo Sb Cs Ba La Ce Sm Hf W Th Ta Pb

12
13

12

3 
70 

28 
840 

73 868 
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10  

TOC  

11  

11  

12 144 
92 1,004
6 18

52 572
0 0

PM2.5  160 6,560

322 8,298

1

pH SO42- Cl-  

2
1  

pH SO42- NO3-

Cl- NH4+ Na+ K+ Ca2+ M 2+  

11 12
113 2  

1  
23

1,2- 1,3-
11
10

22
6

2
PM2.5  

SO42- NO3- Cl- NH4+ Na+

K+ Ca2+ M 2+ Na Al Si K Ca
Sc Ti V Cr Mn Fe Co Ni Cu Zn As Se Rb
Mo Sb Cs Ba La Ce Sm Hf W Th Ta Pb

12
13

12

3 
70 

28 
840 

73 868 

13  

 pH 
 EC 

8  
SO42- NO3- Cl-  
NH4+, Na+, K+, Ca2+ 2+  

1,3  
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(1) 0.01 0.01 0.01 GC/MS/MS
(2) 0.01 0.01 0.01 GC/MS/MS
(3) 0.01 0.01 0.01 GC/MS/MS
(4) 0.01 0.01 GC/MS/MS
(5) 0.01 0.01 0.01 GC/MS/MS
(6) 0.01 0.01 0.01 GC/MS/MS
(7) 0.01 0.01 LC/MS/MS
(8) 0.01 0.01 0.01 GC/MS/MS
(9) 0.01 0.01 0.01 GC/MS/MS

(10) 0.01 LC/MS/MS
(11) 0.01 0.01 0.01 LC/MS/MS
(12) 0.01 0.01 0.01 GC/MS/MS
(13) 0.01 0.01 0.01 LC/MS/MS
(14) 0.01 0.01 0.01 LC/MS/MS
(15) 0.01 0.01 0.01 LC/MS/MS
(16) 0.01 0.01 0.01 GC/MS/MS
(17) 0.01 0.01 0.01 GC/MS/MS
(18) 0.01 0.01 0.01 GC/MS/MS
(19) 0.01 0.01 0.01 GC/MS/MS
(20) 0.01 0.01 0.01 GC/MS/MS
(21) 0.01 0.01 0.01 GC/MS/MS
(22) 0.01 0.01 0.01 GC/MS/MS
(23) 0.01 0.01 0.01 GC/MS/MS
(24) 0.01 0.01 0.01 GC/MS/MS
(25) 0.01 0.01 0.01 GC/MS/MS
(26) 0.01 0.01 0.01 GC/MS/MS
(27) 0.01 0.01 0.01 LC/MS/MS
(28) 0.01 0.01 0.01 GC/MS/MS
(29) 0.01 0.01 0.01 LC/MS/MS
(30) 0.01 0.01 LC/MS/MS
(31) 0.01 LC/MS/MS
(32) 0.01 0.01 LC/MS/MS
(33) 0.01 LC/MS/MS
(34) 0.01 0.01 LC/MS/MS
(35) 0.01 0.01 0.01 LC/MS/MS
(36) 0.01 0.01 0.01 GC/MS/MS
(37) 0.01 0.01 0.01 GC/MS/MS
(38) 0.01 0.01 0.01 GC/MS/MS
(39) 0.01 0.01 0.01 GC/MS/MS
(40) 0.01 0.01 0.01 LC/MS/MS
(41) 0.01 0.01 0.01 GC/MS/MS
(42) 0.01 0.01 0.01 GC/MS/MS
(43) 0.01 0.01 0.01 GC/MS/MS
(44) 0.01 0.01 0.01 GC/MS/MS
(45) 0.01 GC/MS/MS
(46) 0.01 0.01 0.01 GC/MS/MS
(47) 0.01 0.01 0.01 GC/MS/MS
(48) 0.01 0.01 LC/MS/MS
(49) 0.01 0.01 0.01 LC/MS/MS
(50) 0.01 0.01 0.01 LC/MS/MS
(51) 0.01 GC/MS/MS
(52) 0.01 0.01 0.01 LC/MS/MS
(53) 0.01 0.01 0.01 LC/MS/MS
(54) 0.01 0.01 0.01 GC/MS/MS
(55) 0.01 0.01 GC/MS/MS
(56) 0.01 0.01 LC/MS/MS
(57) 0.01 0.01 0.01 GC/MS/MS
(58) 0.01 0.01 0.01 GC/MS/MS
(59) 0.01 0.01 0.01 GC/MS/MS
(60) 0.01 0.01 0.01 GC/MS/MS
(61) 0.01 0.01 GC/MS/MS
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(1) 0.01 0.01 0.01 GC/MS/MS
(2) 0.01 0.01 0.01 GC/MS/MS
(3) 0.01 0.01 0.01 GC/MS/MS
(4) 0.01 0.01 GC/MS/MS
(5) 0.01 0.01 0.01 GC/MS/MS
(6) 0.01 0.01 0.01 GC/MS/MS
(7) 0.01 0.01 LC/MS/MS
(8) 0.01 0.01 0.01 GC/MS/MS
(9) 0.01 0.01 0.01 GC/MS/MS

(10) 0.01 LC/MS/MS
(11) 0.01 0.01 0.01 LC/MS/MS
(12) 0.01 0.01 0.01 GC/MS/MS
(13) 0.01 0.01 0.01 LC/MS/MS
(14) 0.01 0.01 0.01 LC/MS/MS
(15) 0.01 0.01 0.01 LC/MS/MS
(16) 0.01 0.01 0.01 GC/MS/MS
(17) 0.01 0.01 0.01 GC/MS/MS
(18) 0.01 0.01 0.01 GC/MS/MS
(19) 0.01 0.01 0.01 GC/MS/MS
(20) 0.01 0.01 0.01 GC/MS/MS
(21) 0.01 0.01 0.01 GC/MS/MS
(22) 0.01 0.01 0.01 GC/MS/MS
(23) 0.01 0.01 0.01 GC/MS/MS
(24) 0.01 0.01 0.01 GC/MS/MS
(25) 0.01 0.01 0.01 GC/MS/MS
(26) 0.01 0.01 0.01 GC/MS/MS
(27) 0.01 0.01 0.01 LC/MS/MS
(28) 0.01 0.01 0.01 GC/MS/MS
(29) 0.01 0.01 0.01 LC/MS/MS
(30) 0.01 0.01 LC/MS/MS
(31) 0.01 LC/MS/MS
(32) 0.01 0.01 LC/MS/MS
(33) 0.01 LC/MS/MS
(34) 0.01 0.01 LC/MS/MS
(35) 0.01 0.01 0.01 LC/MS/MS
(36) 0.01 0.01 0.01 GC/MS/MS
(37) 0.01 0.01 0.01 GC/MS/MS
(38) 0.01 0.01 0.01 GC/MS/MS
(39) 0.01 0.01 0.01 GC/MS/MS
(40) 0.01 0.01 0.01 LC/MS/MS
(41) 0.01 0.01 0.01 GC/MS/MS
(42) 0.01 0.01 0.01 GC/MS/MS
(43) 0.01 0.01 0.01 GC/MS/MS
(44) 0.01 0.01 0.01 GC/MS/MS
(45) 0.01 GC/MS/MS
(46) 0.01 0.01 0.01 GC/MS/MS
(47) 0.01 0.01 0.01 GC/MS/MS
(48) 0.01 0.01 LC/MS/MS
(49) 0.01 0.01 0.01 LC/MS/MS
(50) 0.01 0.01 0.01 LC/MS/MS
(51) 0.01 GC/MS/MS
(52) 0.01 0.01 0.01 LC/MS/MS
(53) 0.01 0.01 0.01 LC/MS/MS
(54) 0.01 0.01 0.01 GC/MS/MS
(55) 0.01 0.01 GC/MS/MS
(56) 0.01 0.01 LC/MS/MS
(57) 0.01 0.01 0.01 GC/MS/MS
(58) 0.01 0.01 0.01 GC/MS/MS
(59) 0.01 0.01 0.01 GC/MS/MS
(60) 0.01 0.01 0.01 GC/MS/MS
(61) 0.01 0.01 GC/MS/MS
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(62) 0.01 0.01 0.01 LC/MS/MS
(63) 0.01 0.01 LC/MS/MS
(64) 0.01 0.01 0.01 GC/MS/MS
(65) 0.01 0.01 0.01 LC/MS/MS
(66) 0.01 0.01 LC/MS/MS
(67) 0.01 GC/MS/MS
(68) 0.01 0.01 0.01 LC/MS/MS
(69) 0.01 LC/MS/MS
(70) 0.01 LC/MS/MS
(71) 0.01 0.01 0.01 GC/MS/MS
(72) 0.01 0.01 LC/MS/MS
(73) 0.01 0.01 LC/MS/MS
(74) 0.01 0.01 0.01 LC/MS/MS
(75) 0.01 0.01 LC/MS/MS
(76) 0.01 0.01 0.01 LC/MS/MS
(77) 0.01 0.01 0.01 GC/MS/MS
(78) 0.01 0.01 0.01 GC/MS/MS
(79) 0.01 0.01 0.01 GC/MS/MS
(80) 0.01 0.01 0.01 0.01 GC/MS/MS
(81) 0.01 0.01 GC/MS/MS
(82) 0.01 0.01 0.01 GC/MS/MS
(83) 0.01 0.01 0.01 GC/MS/MS
(84) 0.01 0.01 0.01 GC/MS/MS
(85) 0.01 GC/MS/MS
(86) 0.01 0.01 0.01 GC/MS/MS
(87) 0.01 GC/MS/MS
(88) 0.01 0.01 0.01 GC/MS/MS
(89) 0.01 LC/MS/MS
(90) 0.01 0.01 0.01 LC/MS/MS
(91) 0.01 0.01 0.01 GC/MS/MS
(92) 0.01 0.01 0.01 LC/MS/MS
(93) 0.01 0.01 0.01 GC/MS/MS
(94) 0.01 GC/MS/MS
(95) 0.01 0.01 LC/MS/MS
(96) 0.01 GC/MS/MS
(97) 0.01 LC/MS/MS
(98) 0.01 0.01 0.01 LC/MS/MS
(99) 0.01 0.01 0.01 GC/MS/MS

(100) 0.01 0.01 0.01 GC/MS/MS
(101) 0.01 0.01 0.01 GC/MS/MS
(102) 0.01 0.01 0.01 GC/MS/MS
(103) 0.01 0.01 0.01 GC/MS/MS
(104) 0.01 GC/MS/MS
(105) 0.01 GC/MS/MS
(106) 0.01 0.01 GC/MS/MS
(107) 0.01 0.01 0.01 LC/MS/MS
(108) 0.01 0.01 0.01 LC/MS/MS
(109) 0.01 GC/MS/MS
(110) 0.01 0.01 0.01 GC/MS/MS
(111) 0.01 0.01 0.01 GC/MS/MS
(112) 0.01 0.01 0.01 GC/MS/MS
(113) 0.01 0.01 0.01 GC/MS/MS
(114) 0.01 GC/MS/MS
(115) 0.01 0.01 GC/MS/MS
(116) 0.01 0.01 0.01 GC/MS/MS
(117) 0.01 0.01 0.01 GC/MS/MS
(118) 0.01 0.01 0.01 GC/MS/MS
(119) 0.01 LC/MS/MS
(120) 0.01 0.01 0.01 GC/MS/MS
(121) 0.01 LC/MS/MS
(122) 0.01 0.01 0.01 GC/MS/MS
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No.     

(123) 0.01 0.01 0.01 LC/MS/MS
(124) 0.01 0.01 0.01 GC/MS/MS
(125) 0.01 0.01 0.01 LC/MS/MS
(126) 0.01 LC/MS/MS

(127-1) 0.01 GC/MS/MS
(127-2) 0.01 LC/MS/MS
(128) 0.01 0.01 0.01 LC/MS/MS
(129) 0.01 0.01 0.01 GC/MS/MS
(130) 0.01 GC/MS/MS
(131) 0.01 LC/MS/MS
(132) 0.01 GC/MS/MS
(133) 0.01 0.01 LC/MS/MS
(134) 0.01 GC/MS/MS
(135) 0.01 0.01 0.01 LC/MS/MS
(136) 0.01 0.01 GC/MS/MS
(137) 0.01 0.01 0.01 LC/MS/MS
(138) 0.01 0.01 0.01 GC/MS/MS
(139) 0.01 0.01 0.01 GC/MS/MS
(140) 0.01 0.01 0.01 LC/MS/MS
(141) 0.01 0.01 0.01 LC/MS/MS
(142) 0.01 0.01 0.01 LC/MS/MS
(143) 0.01 0.01 0.01 LC/MS/MS
(144) 0.01 0.01 0.01 GC/MS/MS
(145) 0.01 0.01 0.01 LC/MS/MS
(146) 0.01 0.01 0.01 LC/MS/MS
(147) 0.01 0.01 0.01 GC/MS/MS
(148) 0.01 0.01 0.01 GC/MS/MS
(149) 0.01 0.01 0.01 GC/MS/MS
(150) 0.01 0.01 0.01 GC/MS/MS
(151) 0.01 0.01 0.01 GC/MS/MS
(152) 0.01 0.01 GC/MS/MS
(153) 0.01 0.01 0.01 GC/MS/MS
(154) 0.01 0.01 0.01 LC/MS/MS
(155) 0.01 0.01 0.01 GC/MS/MS
(156) 0.01 0.01 0.01 LC/MS/MS
(157) 0.01 0.01 0.01 GC/MS/MS
(158) 0.01 0.01 0.01 LC/MS/MS
(159) 0.01 GC/MS/MS
(160) 0.01 0.01 0.01 GC/MS/MS
(161) 0.01 GC/MS/MS
(162) 0.01 LC/MS/MS
(163) 0.01 0.01 0.01 GC/MS/MS
(164) 0.01 0.01 0.01 LC/MS/MS
(165) 0.01 0.01 0.01 LC/MS/MS
(166) 0.01 0.01 0.01 GC/MS/MS
(167) 0.01 0.01 0.01 LC/MS/MS
(168) 0.01 0.01 0.01 LC/MS/MS
(169) 0.01 0.01 GC/MS/MS
(170) 0.01 0.01 LC/MS/MS
(171) 0.01 0.01 0.01 GC/MS/MS
(172) 0.01 0.01 0.01 GC/MS/MS
(173) 0.01 0.01 0.01 LC/MS/MS
(174) 0.01 0.01 LC/MS/MS
(175) 0.01 0.01 0.01 GC/MS/MS
(176) 0.01 0.01 0.01 GC/MS/MS
(177) 0.01 0.01 0.01 LC/MS/MS
(178) 0.01 LC/MS/MS
(179) 0.01 0.01 0.01 GC/MS/MS
(180) 0.01 0.01 0.01 GC/MS/MS
(181) 0.01 LC/MS/MS
(182) 0.01 0.01 0.01 GC/MS/MS
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 8

No.     

(123) 0.01 0.01 0.01 LC/MS/MS
(124) 0.01 0.01 0.01 GC/MS/MS
(125) 0.01 0.01 0.01 LC/MS/MS
(126) 0.01 LC/MS/MS

(127-1) 0.01 GC/MS/MS
(127-2) 0.01 LC/MS/MS
(128) 0.01 0.01 0.01 LC/MS/MS
(129) 0.01 0.01 0.01 GC/MS/MS
(130) 0.01 GC/MS/MS
(131) 0.01 LC/MS/MS
(132) 0.01 GC/MS/MS
(133) 0.01 0.01 LC/MS/MS
(134) 0.01 GC/MS/MS
(135) 0.01 0.01 0.01 LC/MS/MS
(136) 0.01 0.01 GC/MS/MS
(137) 0.01 0.01 0.01 LC/MS/MS
(138) 0.01 0.01 0.01 GC/MS/MS
(139) 0.01 0.01 0.01 GC/MS/MS
(140) 0.01 0.01 0.01 LC/MS/MS
(141) 0.01 0.01 0.01 LC/MS/MS
(142) 0.01 0.01 0.01 LC/MS/MS
(143) 0.01 0.01 0.01 LC/MS/MS
(144) 0.01 0.01 0.01 GC/MS/MS
(145) 0.01 0.01 0.01 LC/MS/MS
(146) 0.01 0.01 0.01 LC/MS/MS
(147) 0.01 0.01 0.01 GC/MS/MS
(148) 0.01 0.01 0.01 GC/MS/MS
(149) 0.01 0.01 0.01 GC/MS/MS
(150) 0.01 0.01 0.01 GC/MS/MS
(151) 0.01 0.01 0.01 GC/MS/MS
(152) 0.01 0.01 GC/MS/MS
(153) 0.01 0.01 0.01 GC/MS/MS
(154) 0.01 0.01 0.01 LC/MS/MS
(155) 0.01 0.01 0.01 GC/MS/MS
(156) 0.01 0.01 0.01 LC/MS/MS
(157) 0.01 0.01 0.01 GC/MS/MS
(158) 0.01 0.01 0.01 LC/MS/MS
(159) 0.01 GC/MS/MS
(160) 0.01 0.01 0.01 GC/MS/MS
(161) 0.01 GC/MS/MS
(162) 0.01 LC/MS/MS
(163) 0.01 0.01 0.01 GC/MS/MS
(164) 0.01 0.01 0.01 LC/MS/MS
(165) 0.01 0.01 0.01 LC/MS/MS
(166) 0.01 0.01 0.01 GC/MS/MS
(167) 0.01 0.01 0.01 LC/MS/MS
(168) 0.01 0.01 0.01 LC/MS/MS
(169) 0.01 0.01 GC/MS/MS
(170) 0.01 0.01 LC/MS/MS
(171) 0.01 0.01 0.01 GC/MS/MS
(172) 0.01 0.01 0.01 GC/MS/MS
(173) 0.01 0.01 0.01 LC/MS/MS
(174) 0.01 0.01 LC/MS/MS
(175) 0.01 0.01 0.01 GC/MS/MS
(176) 0.01 0.01 0.01 GC/MS/MS
(177) 0.01 0.01 0.01 LC/MS/MS
(178) 0.01 LC/MS/MS
(179) 0.01 0.01 0.01 GC/MS/MS
(180) 0.01 0.01 0.01 GC/MS/MS
(181) 0.01 LC/MS/MS
(182) 0.01 0.01 0.01 GC/MS/MS
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(183) 0.01 0.01 0.01 GC/MS/MS
(184) 0.01 0.01 0.01 GC/MS/MS
(185) 0.01 0.01 0.01 GC/MS/MS
(186) 0.01 LC/MS/MS
(187) 0.01 0.01 LC/MS/MS
(188) 0.01 0.01 0.01 GC/MS/MS
(189) 0.01 0.01 0.01 GC/MS/MS
(190) 0.01 GC/MS/MS
(191) 0.01 0.01 0.01 GC/MS/MS
(192) 0.01 0.01 0.01 0.01 GC/MS/MS
(193) 0.01 0.01 0.01 GC/MS/MS
(194) 0.01 0.01 LC/MS/MS
(195) 0.01 0.01 0.01 LC/MS/MS
(196) 0.01 0.01 0.01 GC/MS/MS
(197) 0.01 0.01 LC/MS/MS
(198) 0.01 0.01 GC/MS/MS
(199) 0.01 LC/MS/MS
(200) 0.01 0.01 0.01 GC/MS/MS
(201) 0.01 0.01 0.01 GC/MS/MS
(202) 0.01 0.01 0.01 GC/MS/MS
(203) 0.01 GC/MS/MS
(204) 0.01 0.01 0.01 LC/MS/MS
(205) 0.01 0.01 0.01 GC/MS/MS
(206) 0.01 0.01 GC/MS/MS
(207) 0.01 0.01 0.01 LC/MS/MS

(208-1) 0.01 LC/MS/MS
(208-2) 0.01 GC/MS/MS
(209) 0.01 0.01 0.01 GC/MS/MS
(210) 0.01 0.01 0.01 GC/MS/MS
(211) 0.01 0.01 0.01 GC/MS/MS
(212) 0.01 0.01 0.01 LC/MS/MS
(213) 0.01 0.01 0.01 GC/MS/MS
(214) 0.01 GC/MS/MS

(215-1) 0.01 0.01 LC/MS/MS
(215-2) 0.01 GC/MS/MS
(216) 0.01 0.01 0.01 GC/MS/MS
(217) 0.01 0.01 0.01 GC/MS/MS
(218) 0.01 0.01 0.01 GC/MS/MS
(219) 0.01 GC/MS/MS
(220) 0.01 0.01 0.01 GC/MS/MS
(221) 0.01 0.01 GC/MS/MS
(222) 0.01 0.01 0.01 GC/MS/MS
(223) 0.01 0.01 0.01 LC/MS/MS
(224) 0.01 0.01 0.01 GC/MS/MS
(225) 0.01 0.01 0.01 GC/MS/MS
(226) 0.01 0.01 0.01 LC/MS/MS
(227) 0.01 0.01 0.01 GC/MS/MS
(228) 0.01 LC/MS/MS
(229) 0.01 0.01 0.01 0.01 GC/MS/MS
(230) 0.01 LC/MS/MS
(231) 0.01 0.01 0.01 GC/MS/MS
(232) 0.01 0.01 0.01 GC/MS/MS
(233) 0.01 0.01 0.01 GC/MS/MS
(234) 0.01 0.01 LC/MS/MS
(235) 0.01 0.01 GC/MS/MS
(236) 0.01 0.01 0.01 GC/MS/MS
(237) 0.01 GC/MS/MS
(238) 0.01 0.01 0.01 GC/MS/MS
(239) 0.01 0.01 0.01 GC/MS/MS
(240) 0.01 0.01 0.01 GC/MS/MS
(241) 0.01 0.01 0.01 LC/MS/MS

－29－
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No.     

(242) 0.01 0.01 0.01 GC/MS/MS
(243) 0.01 0.01 0.01 LC/MS/MS
(244) 0.01 0.01 LC/MS/MS
(245) 0.01 GC/MS/MS
(246) 0.01 0.01 0.01 GC/MS/MS
(247) 0.01 0.01 0.01 GC/MS/MS
(248) 0.01 0.01 0.01 GC/MS/MS
(249) 0.01 0.01 0.01 GC/MS/MS
(250) 0.01 0.01 0.01 GC/MS/MS
(251) 0.01 0.01 GC/MS/MS
(252) 0.01 0.01 0.01 GC/MS/MS
(253) 0.01 0.01 0.01 GC/MS/MS
(254) 0.01 0.01 0.01 GC/MS/MS
(255) 0.01 LC/MS/MS
(256) 0.01 0.01 0.01 GC/MS/MS
(257) 0.01 0.01 0.01 GC/MS/MS
(258) 0.01 0.01 0.01 GC/MS/MS
(259) 0.01 0.01 0.01 LC/MS/MS
(260) 0.01 0.01 0.01 LC/MS/MS
(261) 0.01 0.01 0.01 LC/MS/MS
(262) 0.01 0.01 0.01 GC/MS/MS
(263) 0.01 LC/MS/MS
(264) 0.01 0.01 0.01 GC/MS/MS
(265) 0.01 LC/MS/MS
(266) 0.01 0.01 0.01 GC/MS/MS
(267) 0.01 0.01 0.01 GC/MS/MS
(268) 0.01 0.01 0.01 GC/MS/MS
(269) 0.01 0.01 GC/MS/MS
(270) 0.01 0.01 0.01 GC/MS/MS
(271) 0.01 0.01 0.01 GC/MS/MS
(272) 0.01 0.01 GC/MS/MS
(273) 0.01 0.01 0.01 GC/MS/MS
(274) 0.01 0.01 0.01 GC/MS/MS
(275) 0.01 0.01 GC/MS/MS
(276) 0.01 LC/MS/MS
(277) 0.01 0.01 0.01 GC/MS/MS
(278) 0.01 0.01 0.01 GC/MS/MS
(279) 0.01 0.01 0.01 GC/MS/MS
(280) 0.01 0.01 0.01 GC/MS/MS
(281) 0.01 0.01 GC/MS/MS
(282) 0.01 0.01 0.01 LC/MS/MS
(283) 0.01 0.01 LC/MS/MS
(284) 0.01 0.01 GC/MS/MS
(285) 0.01 0.01 0.01 GC/MS/MS
(286) 0.01 0.01 0.01 LC/MS/MS
(287) 0.01 0.01 0.01 GC/MS/MS
(288) 0.01 0.01 0.01 GC/MS/MS
(289) 0.01 0.01 0.01 LC/MS/MS
(290) 0.01 0.01 0.01 LC/MS/MS
(291) 0.01 LC/MS/MS
(292) 0.01 LC/MS/MS
(293) 0.01 0.01 0.01 GC/MS/MS
(294) 0.01 0.01 0.01 GC/MS/MS
(295) 0.01 GC/MS/MS
(296) 0.01 0.01 0.01 GC/MS/MS
(297) 0.01 0.01 0.01 GC/MS/MS
(298) 0.01 0.01 0.01 GC/MS/MS
(299) 0.01 0.01 0.01 GC/MS/MS
(300) 0.01 0.01 0.01 GC/MS/MS
(301) 0.01 0.01 0.01 GC/MS/MS
(302) 0.01 0.01 0.01 GC/MS/MS

－30－
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No.     

(242) 0.01 0.01 0.01 GC/MS/MS
(243) 0.01 0.01 0.01 LC/MS/MS
(244) 0.01 0.01 LC/MS/MS
(245) 0.01 GC/MS/MS
(246) 0.01 0.01 0.01 GC/MS/MS
(247) 0.01 0.01 0.01 GC/MS/MS
(248) 0.01 0.01 0.01 GC/MS/MS
(249) 0.01 0.01 0.01 GC/MS/MS
(250) 0.01 0.01 0.01 GC/MS/MS
(251) 0.01 0.01 GC/MS/MS
(252) 0.01 0.01 0.01 GC/MS/MS
(253) 0.01 0.01 0.01 GC/MS/MS
(254) 0.01 0.01 0.01 GC/MS/MS
(255) 0.01 LC/MS/MS
(256) 0.01 0.01 0.01 GC/MS/MS
(257) 0.01 0.01 0.01 GC/MS/MS
(258) 0.01 0.01 0.01 GC/MS/MS
(259) 0.01 0.01 0.01 LC/MS/MS
(260) 0.01 0.01 0.01 LC/MS/MS
(261) 0.01 0.01 0.01 LC/MS/MS
(262) 0.01 0.01 0.01 GC/MS/MS
(263) 0.01 LC/MS/MS
(264) 0.01 0.01 0.01 GC/MS/MS
(265) 0.01 LC/MS/MS
(266) 0.01 0.01 0.01 GC/MS/MS
(267) 0.01 0.01 0.01 GC/MS/MS
(268) 0.01 0.01 0.01 GC/MS/MS
(269) 0.01 0.01 GC/MS/MS
(270) 0.01 0.01 0.01 GC/MS/MS
(271) 0.01 0.01 0.01 GC/MS/MS
(272) 0.01 0.01 GC/MS/MS
(273) 0.01 0.01 0.01 GC/MS/MS
(274) 0.01 0.01 0.01 GC/MS/MS
(275) 0.01 0.01 GC/MS/MS
(276) 0.01 LC/MS/MS
(277) 0.01 0.01 0.01 GC/MS/MS
(278) 0.01 0.01 0.01 GC/MS/MS
(279) 0.01 0.01 0.01 GC/MS/MS
(280) 0.01 0.01 0.01 GC/MS/MS
(281) 0.01 0.01 GC/MS/MS
(282) 0.01 0.01 0.01 LC/MS/MS
(283) 0.01 0.01 LC/MS/MS
(284) 0.01 0.01 GC/MS/MS
(285) 0.01 0.01 0.01 GC/MS/MS
(286) 0.01 0.01 0.01 LC/MS/MS
(287) 0.01 0.01 0.01 GC/MS/MS
(288) 0.01 0.01 0.01 GC/MS/MS
(289) 0.01 0.01 0.01 LC/MS/MS
(290) 0.01 0.01 0.01 LC/MS/MS
(291) 0.01 LC/MS/MS
(292) 0.01 LC/MS/MS
(293) 0.01 0.01 0.01 GC/MS/MS
(294) 0.01 0.01 0.01 GC/MS/MS
(295) 0.01 GC/MS/MS
(296) 0.01 0.01 0.01 GC/MS/MS
(297) 0.01 0.01 0.01 GC/MS/MS
(298) 0.01 0.01 0.01 GC/MS/MS
(299) 0.01 0.01 0.01 GC/MS/MS
(300) 0.01 0.01 0.01 GC/MS/MS
(301) 0.01 0.01 0.01 GC/MS/MS
(302) 0.01 0.01 0.01 GC/MS/MS

 8

No.     

(303) 0.01 0.01 LC/MS/MS
(304) 0.01 0.01 LC/MS/MS
(305) 0.01 0.01 LC/MS/MS
(306) 0.01 0.01 0.01 GC/MS/MS
(307) 0.01 0.01 0.01 GC/MS/MS
(308) 0.01 0.01 0.01 GC/MS/MS
(309) 0.01 0.01 0.01 GC/MS/MS
(310) 0.01 0.01 LC/MS/MS
(311) 0.01 0.01 0.01 LC/MS/MS
(312) 0.01 0.01 0.01 LC/MS/MS
(313) 0.01 0.01 0.01 LC/MS/MS
(314) 0.01 0.01 0.01 GC/MS/MS
(315) 0.01 0.01 0.01 GC/MS/MS
(316) 0.01 LC/MS/MS
(317) 0.01 0.01 0.01 LC/MS/MS
(318) 0.01 LC/MS/MS
(319) 0.01 0.01 0.01 GC/MS/MS
(320) 0.01 0.01 0.01 LC/MS/MS
(321) 0.01 LC/MS/MS
(322) 0.01 0.01 0.01 GC/MS/MS
(323) 0.01 0.01 0.01 GC/MS/MS
(324) 0.01 0.01 GC/MS/MS
(325) 0.01 0.01 GC/MS/MS
(326) 0.01 0.01 0.01 LC/MS/MS
(327) 0.01 LC/MS/MS
(328) 0.01 LC/MS/MS
(329) 0.01 GC/MS/MS
(330) 0.01 0.01 LC/MS/MS

 ppm

－31－



(1) 0.01 0.01 0.01 LC/MS/MS
(2) 0.01 0.01 0.01 LC/MS/MS
(3) 0.01 LC/MS/MS
(4) 0.01 0.01 0.01 LC/MS/MS
(5) 0.02 LC/MS/MS

(6) 0.02 0.02 0.02 LC/MS/MS

(7) 0.02 LC/MS/MS
(8) 0.02 LC/MS/MS
(9) 0.01 0.01 0.01 0.01 LC/MS/MS

(10) 0.01 0.01 0.01 0.01 LC/MS/MS
(11) 0.01 0.01 0.01 0.01 LC/MS/MS
(12) 0.01 0.01 0.01 LC/MS/MS
(13) 0.01 0.01 0.01 0.01 LC/MS/MS
(14) 0.01 0.01 0.01 0.01 LC/MS/MS
(15) 0.01 LC/MS/MS
(16) 0.01 0.01 0.01 LC/MS/MS
(17) 0.01 0.01 LC/MS/MS
(18) 0.01 0.01 0.01 0.01 LC/MS/MS
(19) 0.01 0.01 LC/MS/MS
(20) 0.01 0.01 0.01 0.01 LC/MS/MS
(21) 0.01 0.01 0.01 0.01 LC/MS/MS
(22) 0.01 0.01 0.01 0.01 LC/MS/MS
(23) 0.01 0.01 0.01 LC/MS/MS
(24) 0.01 0.01 LC/MS/MS
(25) 0.01 0.01 0.01 0.01 LC/MS/MS
(26) 0.01 0.01 0.01 LC/MS/MS
(27) 0.01 0.01 0.01 0.01 LC/MS/MS
(28) 0.01 0.01 0.01 0.01 LC/MS/MS
(29) 0.01 0.01 0.01 0.01 LC/MS/MS
(30) 0.01 0.01 0.01 0.01 LC/MS/MS
(31) 0.01 0.01 0.01 LC/MS/MS
(32) 0.01 0.01 0.01 0.01 LC/MS/MS
(33) 0.01 0.01 0.01 0.01 LC/MS/MS
(34) 0.01 0.01 0.01 0.01 LC/MS/MS
(35) 0.01 0.01 0.01 0.01 LC/MS/MS
(36) 0.01 0.01 0.01 LC/MS/MS
(37) 0.01 LC/MS/MS
(38) 0.01 0.01 0.01 LC/MS/MS
(39) 0.01 0.01 0.01 0.01 LC/MS/MS
(40) 0.01 0.01 0.01 0.01 LC/MS/MS
(41) 0.01 0.01 0.01 LC/MS/MS
(42) 0.01 0.01 LC/MS/MS
(43) 0.01 0.01 LC/MS/MS
(44) 0.01 0.01 0.01 0.01 LC/MS/MS
(45) 0.01 0.01 0.01 LC/MS/MS
(46) 0.01 0.01 0.01 0.01 LC/MS/MS
(47) 0.01 0.01 0.01 0.01 LC/MS/MS
(48) 0.01 0.01 0.01 0.01 LC/MS/MS
(49) 0.01 0.01 LC/MS/MS
(50) 0.01 0.01 0.01 LC/MS/MS
(51) 0.01 0.01 0.01 LC/MS/MS
(52) 0.01 0.01 0.01 0.01 LC/MS/MS
(53) 0.01 0.01 0.01 0.01 LC/MS/MS
(54) 0.01 0.01 0.01 0.01 LC/MS/MS
(55) 0.01 0.01 0.01 0.01 LC/MS/MS
(56) 0.01 0.01 0.01 0.01 LC/MS/MS
 ppm
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No.

－32－



(1) 0.01 0.01 0.01 LC/MS/MS
(2) 0.01 0.01 0.01 LC/MS/MS
(3) 0.01 LC/MS/MS
(4) 0.01 0.01 0.01 LC/MS/MS
(5) 0.02 LC/MS/MS

(6) 0.02 0.02 0.02 LC/MS/MS

(7) 0.02 LC/MS/MS
(8) 0.02 LC/MS/MS
(9) 0.01 0.01 0.01 0.01 LC/MS/MS

(10) 0.01 0.01 0.01 0.01 LC/MS/MS
(11) 0.01 0.01 0.01 0.01 LC/MS/MS
(12) 0.01 0.01 0.01 LC/MS/MS
(13) 0.01 0.01 0.01 0.01 LC/MS/MS
(14) 0.01 0.01 0.01 0.01 LC/MS/MS
(15) 0.01 LC/MS/MS
(16) 0.01 0.01 0.01 LC/MS/MS
(17) 0.01 0.01 LC/MS/MS
(18) 0.01 0.01 0.01 0.01 LC/MS/MS
(19) 0.01 0.01 LC/MS/MS
(20) 0.01 0.01 0.01 0.01 LC/MS/MS
(21) 0.01 0.01 0.01 0.01 LC/MS/MS
(22) 0.01 0.01 0.01 0.01 LC/MS/MS
(23) 0.01 0.01 0.01 LC/MS/MS
(24) 0.01 0.01 LC/MS/MS
(25) 0.01 0.01 0.01 0.01 LC/MS/MS
(26) 0.01 0.01 0.01 LC/MS/MS
(27) 0.01 0.01 0.01 0.01 LC/MS/MS
(28) 0.01 0.01 0.01 0.01 LC/MS/MS
(29) 0.01 0.01 0.01 0.01 LC/MS/MS
(30) 0.01 0.01 0.01 0.01 LC/MS/MS
(31) 0.01 0.01 0.01 LC/MS/MS
(32) 0.01 0.01 0.01 0.01 LC/MS/MS
(33) 0.01 0.01 0.01 0.01 LC/MS/MS
(34) 0.01 0.01 0.01 0.01 LC/MS/MS
(35) 0.01 0.01 0.01 0.01 LC/MS/MS
(36) 0.01 0.01 0.01 LC/MS/MS
(37) 0.01 LC/MS/MS
(38) 0.01 0.01 0.01 LC/MS/MS
(39) 0.01 0.01 0.01 0.01 LC/MS/MS
(40) 0.01 0.01 0.01 0.01 LC/MS/MS
(41) 0.01 0.01 0.01 LC/MS/MS
(42) 0.01 0.01 LC/MS/MS
(43) 0.01 0.01 LC/MS/MS
(44) 0.01 0.01 0.01 0.01 LC/MS/MS
(45) 0.01 0.01 0.01 LC/MS/MS
(46) 0.01 0.01 0.01 0.01 LC/MS/MS
(47) 0.01 0.01 0.01 0.01 LC/MS/MS
(48) 0.01 0.01 0.01 0.01 LC/MS/MS
(49) 0.01 0.01 LC/MS/MS
(50) 0.01 0.01 0.01 LC/MS/MS
(51) 0.01 0.01 0.01 LC/MS/MS
(52) 0.01 0.01 0.01 0.01 LC/MS/MS
(53) 0.01 0.01 0.01 0.01 LC/MS/MS
(54) 0.01 0.01 0.01 0.01 LC/MS/MS
(55) 0.01 0.01 0.01 0.01 LC/MS/MS
(56) 0.01 0.01 0.01 0.01 LC/MS/MS
 ppm
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1

 

1  

              

  5/31  15  

  6/13 14  3  

  6/26 28  7  

ECD GC

 GC-ECD  
7/18 19 

 4  

 1  

 

B

 
9/17 1/29  4  

 
 

 
10/9  5  

NAGINATA   10/16 11/15  3  

 LC-QTOFMS  10/23 30 31  7  

 ICP-MS  10/25  7  

 

 

11/5 7 

 

 17  
4  

 

H5

H5HA clade 2.3.4.4b  
11/24  4  

 
 

12/5 
 12  

5  

  12/10 13  2  

  
12/17 18  5  

 
 

GC-MS  
12/19  4  

  12/26  6  

 
 3/17  4  

 
150  3/28 

 10  

  3  
 2  

 1  
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1  

1  

   

1
511 2,479 

2
362 1,091 

180 550 

3
395 395 
137 144 

1,585 4,659 

 

2  

2  

   

461 2,429 

 50 50 

511 2,479 

 
43 461 2,429

/ 5 1
1 1

 2 3
6

4  

4  

   

 50 50  

50 50  

 

5  

 

37 220
25 114

6 6

 
43

142
32 80

4 10 4
6

6

4 10
5 15  

 

57 190
21 3

2 1 2 1
3 39 4 7 6 36

7 66 17
6

   

220 400 

 
142 501 

 190  190 
 
 

180 550 

 117 270 

659 1,911 
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54 180
7  

 

676 SARS-CoV-2 545

SARS-CoV-2
PCR Ct

8  

 
117

270  

3
(

) 

 

 

292 2 96 71 0 461 

2,098 2 96 233 0 2,429 

271 25 61 357 
262 59 321 
165 165 

43 2 14 6 65 
7 7 

176 57 233 
165 165 
165 165 
190 36 226 
165 165 

0 
0 
0 

165 165 
0 

11 11 
0 

280 71 351 
33 33 
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54 180
7  

 

676 SARS-CoV-2 545

SARS-CoV-2
PCR Ct

8  

 
117

270  

3

(
) 

 

 

292 2 96 71 0 461 

2,098 2 96 233 0 2,429 

271 25 61 357 
262 59 321 
165 165 

43 2 14 6 65 
7 7 

176 57 233 
165 165 
165 165 
190 36 226 
165 165 

0 
0 
0 

165 165 
0 

11 11 
0 

280 71 351 
33 33 

6  

4 5 6 7 8 9 10 11 12 1 2 3  

 
 

 

 1 2 2 5 3 3 4 6 11 37 

 (1) (1) (3) (3) (1) (3) (5) (8) (25) 

 18 23 6 14 21 18 20 58 42 220 

 
 

 

 1 2 1 2 1 1 3 6 2 5 10 9 43 

 (1) (2) (2) (1) (4) (2) (4) (8) (8) (32) 

 5 5 1 9 4 1 17 20 14 12 25 29 142 

7  

A  5 5  5 

E  6 6  3 

5 
3  1 
3 0 
5  0 

4 4 4 

SFTS
59 

SFTS 38  0 
19  6 
19  0 
4  0 
4  0 

52 
52  7 
52  0 

47 

41  0 
41  0 
47 1 
29 2 
41 1 
41 0 
41 0 
41 0 
12 3 

2 2 2 

180 550 35
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8

6  7  
4 5 6 7 8 9 10 11 12 1 2 3 

Ct

SARS-
CoV-2

24 44 74 285 80 24 18 12 22 36 42 15 676 

44 30 49 85 141 41 19 8 13 22 36 57 545 

9  

9  

395

10

6  

10  

11 , 

PFGE 6  

11  

395 395

137 144
532 539

393 393

2 2
395 395

  

 75 
74  

1  

 8  8  

PFGE  28 
25  

3  

 23 
9  

21  

 3 
2  

1  

 137 144  
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8

6  7  
4 5 6 7 8 9 10 11 12 1 2 3 

Ct

SARS-
CoV-2

24 44 74 285 80 24 18 12 22 36 42 15 676 

44 30 49 85 141 41 19 8 13 22 36 57 545 

9  

9  

395

10

6  

10  

11 , 

PFGE 6  

11  

395 395

137 144
532 539

393 393

2 2
395 395

  

 75 
74  

1  

 8  8  

PFGE  28 
25  

3  

 23 
9  

21  

 3 
2  

1  

 137 144  

PCB
1  

1  

23 38 

11 72 
PCB  34 34 

68 144 

2
23 38

3 11 72

30
 1 

 3  PCB 

2  

3  

 

1 4 3  SEM EDS 2 6 
2 4 3  SEM EDS 3 9 
3 8 14  FT-IR  1 3 

4 8 28  FT-IR 3 6 
5 11 5  3 3 
6 11 18  1 1 
7 1 30  10 10 

23 38 

 

1 7 11  CE  1 2 
2 12 10   10 70 

11 72 
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1  

1  

90 600 
4 14 

68 100 

162 714 

2

2  

36 308 
16 160 
4 28 

56 496 

3
 6

3  

23 285 
6 10 
7 13 

36 308 

4  

4  

16 160 

16 160 

COD T-N SS pH
5

5  

4  28 

4  28 

6
3  

1 3

6   

6  

pH 1 0 1 
1 0 1 
1 0 1 

COD 1 0 1 
DO 1 0 1 
SS 1 0 1 

1 0 1 
 1 0 1 

0 3 3 
0 3 3 

 8 6 14 

1 4
DNA
7  
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1  

1  

90 600 
4 14 

68 100 

162 714 

2

2  

36 308 
16 160 
4 28 

56 496 

3
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3  

23 285 
6 10 
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4  
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16 160 
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5

5  
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4  28 

6
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1 3
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pH 1 0 1 
1 0 1 
1 0 1 

COD 1 0 1 
DO 1 0 1 
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1 0 1 
 1 0 1 

0 3 3 
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 8 6 14 

1 4
DNA
7  

7  

8  

8  

14 84 

20 20 

34 104 

4 36 
DNA  64 64 

68 100 
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DVD

NPO

6 6,617 6,120

6,617 3,041 3,576 2,104 4,513

DVD

434 1,179

13    353

10    303

9    227

6    119 

3 78
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101 2,219

79 1,860

NPO

3 64

1 21

－44－



101 2,219

79 1,860

NPO

3 64

1 21

NPO

No. 

NEWS 11  R7.  3

6 8 25  

2024

6 10 26  

2024

6 11 24  
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1  
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3  89  

6 5 21 27  
1  

3 13  
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6 7 25 7 1 10
9

6 7 25
DNA

DNA
7 1 10

DNA
DNA

7 1 22
9

Python

7 1 31  
 5  

PFHxS

6

6 11 22  
 34  

LC-ICP-MS
DNA

 
GC/MS
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6 7 25 7 1 10
9
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DNA

DNA
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DNA
DNA

7 1 22
9

Python

7 1 31  
 5  

PFHxS

6

6 11 22  
 34  

LC-ICP-MS
DNA

 
GC/MS

8/7 8/9 
2  

8/22 14  

8/23 14  

8/27 29 2  

8/28 30 
1  

9/19 20 2  

33  5/21 WEB  2  

1  
5/28 WEB  3  

BVOC  
6/3 WEB  4  

6/7 WEB  4  

35  6/11 WEB  4  

DO / COD /

6 1  

6/25 WEB 3  

6/26 WEB 3

6/27 WEB  3  

3  7/2 5 1  

4  7/9 1  

44  7/10 11 2  
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2  
8/7 WEB  3  

65  9/11 13 1  

50  10/3 4 
6  
3  

1-MF-2301
10/30 1  

120  11/7 8 2

6  
11/8 1  

47  11/11 12 1  
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Bio-Rad)

5 M 1 Triton X-100 in 0.1 M EDTA(pH8.0) 121℃ 15

1 mL 80℃ 1

TE(pH8.0) 1 mL 1

5

FastDigest Thermo Fisher Scientific 50 μL 5 μL

37℃ 15

1 Seakem Gold Agarose in 0.5×TBE

3 0.3 μg /mL 30 UV
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2 mol/L
2 mol/L  
EDTA(2Na)

 

 

 
Proteinase K

Proteinase K 
2-

2-  

99.5  
1 mol/L Tris-HCl pH8.0

2.42 g 70 mL
2 mol/L pH8.0

100 mL  
100 mmol/L 

EDTA(2Na) 930.6 mg 25 mL
 

2 mol/L  3.5 g
30 mL  

1.5%SDS 450 mg
30 mL  

20 mg/mL Proteinase K Proteinase K 200 mg
0.5%SDS 10 mL  

1 mol/L Tris-HCl pH8.0 1 mL 100 mmol/L 
2.5  

mL 2 mol/L 10 mL 1.5% SDS
10 mL 20 mg/mL Proteinase K 0.5 mL

50 mL  

PowerUp SYBR Green Master Mix 
TE buffer:

TE pH8.0  
RFU666HA

 

qPCR
QuantStudio5 

6200
3780 CAX-571 

NanoDrop One 

RFU666HA 
QIAGEN Tissue 

Ruptor 

 

 

DNA
1.5 mL

50 mg 2
Extraction Solution 1 400 L

Extraction Solution 2 80 L
Extraction Solution 3 150 L

15 16,000×g 15
1.5 mL

2-
16,000×g 10

1 mL 16,000×g 3
TE buffer 80 

L DNA 80 L  

15 mL 200 mg 2 
mL

2 55 1
95 5

3,000×g 4 10 1.5 mL
DNA 1,700 L  

DNA 260 nm
DNA TE buffer DNA

20 ng/ L 280 nm
260 nm A260/A280

230 nm 260 nm
A260/A230  

DNA
 

ITS1: 5'-TCC GTA GGT GAA CCT GCG G-3' 
ITS2: 5'-GCT GCG TTC TTC ATC GAT GC-3' 

qPCR PowerUp SYBR Green Master 
Mix 12.5 L 20 mol/L 0.8 L
20 ng/ L DNA 2.5 L

25 L  
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2 mol/L
2 mol/L  
EDTA(2Na)

 

 

 
Proteinase K

Proteinase K 
2-

2-  

99.5  
1 mol/L Tris-HCl pH8.0

2.42 g 70 mL
2 mol/L pH8.0

100 mL  
100 mmol/L 

EDTA(2Na) 930.6 mg 25 mL
 

2 mol/L  3.5 g
30 mL  

1.5%SDS 450 mg
30 mL  

20 mg/mL Proteinase K Proteinase K 200 mg
0.5%SDS 10 mL  

1 mol/L Tris-HCl pH8.0 1 mL 100 mmol/L 
2.5  

mL 2 mol/L 10 mL 1.5% SDS
10 mL 20 mg/mL Proteinase K 0.5 mL

50 mL  

PowerUp SYBR Green Master Mix 
TE buffer:

TE pH8.0  
RFU666HA

 

qPCR
QuantStudio5 

6200
3780 CAX-571 

NanoDrop One 

RFU666HA 
QIAGEN Tissue 

Ruptor 

 

 

DNA
1.5 mL

50 mg 2
Extraction Solution 1 400 L

Extraction Solution 2 80 L
Extraction Solution 3 150 L

15 16,000×g 15
1.5 mL

2-
16,000×g 10

1 mL 16,000×g 3
TE buffer 80 

L DNA 80 L  

15 mL 200 mg 2 
mL

2 55 1
95 5

3,000×g 4 10 1.5 mL
DNA 1,700 L  

DNA 260 nm
DNA TE buffer DNA

20 ng/ L 280 nm
260 nm A260/A280

230 nm 260 nm
A260/A230  

DNA
 

ITS1: 5'-TCC GTA GGT GAA CCT GCG G-3' 
ITS2: 5'-GCT GCG TTC TTC ATC GAT GC-3' 

qPCR PowerUp SYBR Green Master 
Mix 12.5 L 20 mol/L 0.8 L
20 ng/ L DNA 2.5 L

25 L  

2
1 45

qPCR Threshold line baseline Auto 
analyze Amplification plot
Threshold line
Ct 40 Ct

 
 
 

DNA

  

2.3.1 1 2
DNA

1  
 

1 DNA  

A260/A280 A260/A230

50 25.3 2.1 2.0

50 56.5 2.1 2.2

200 655.0 1.9 0.8

200 844.4 2.0 1.2  
 

50 mg 200 mg
50 mg 25.3 

g DNA A260/A280 2.1 A260/A230
2.0 50 mg 56.5 g

DNA A260/A280 2.1 A260/A230 2.2
200 mg

655.0 g DNA A260/A280 1.9
A260/A230 0.8 200 mg
844.4 g DNA A260/A280 2.0
A260/A230 1.2  

DNA
A260/A280 A260/A230

1.8
DNA

A260/A280 1.8
A260/A230

0.8 1.2
3 2 .  

 

DNA
SYBR Green

DNA
4

DNA TE buffer
20 ng/ L

2  
 

2 DNA Ct (n=2) 

14.1/13.9

13.8/13.8

19.3/19.0

19.8/22.3

no Ct

PCR Ct

 
 

Ct 40
DNA

 

DNA A260/A230

 
 

DNA
 

1/4 50 mg
2.3.1 2 DNA

3  
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3 DNA  
A260/A280 A260/A230

50 1686.9 1.6 1.0

50 2180.3 1.7 1.0
 

 
50 mg 1686.9 g DNA

A260/A280 1.6 A260/A230 1.0
50 mg 2180.3 g DNA

A260/A280 1.7 A260/A230 1.0  
3.2

4
 

4 Ct (n=2) 

34.4/35.9

24.3/24.3

no Ct

PCR Ct

 

 
Ct 34.4/35.9

Ct 24.3/24.3 40
DNA

  
 

DNA
PCR

 
 
 
 

 

DNA

200 mg 101.2
226.0 g 655.0 844.4 g

A260/A280 1.8 A260/A230
1.8 0.8 1.2

DNA

Ct 40
DNA

DNA
A260/A230

DNA

 

DNA  
 
 

1) Sayuri Tsuruda, et al, Multiplex real-time PCR assay for 
simultaneous detection of Omphalotus guepiniformis and 
Lentinula edodes, Bioscience, Biotechnology and 
Biochemistry, 76(7), 1343-1349, 2012 

2)  , 
2 , , 18 54-57, 

2019 
3) PCR

26(1), 
56 62, 2019 
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A260/A280 1.6 A260/A230 1.0
50 mg 2180.3 g DNA
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4 Ct (n=2) 
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no Ct
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1) Sayuri Tsuruda, et al, Multiplex real-time PCR assay for 
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3) PCR

26(1), 
56 62, 2019 

 

Purification Method using Mixed-Mode Ion Exchange Solid-Phase
for Analysis of Diquat, Paraquat, etc. in Vegetables

Shiori MASUDA, Junko TSUNEMATSU and Makoto KINOSHITA

Health Science Section, Fukuoka City Institute of Health and Environment 

LC-MS/MS

WCX FF 5:4:1

0.01 ppm 0.1 ppm

7 6

Key Words pesticides diquat paraquat

mixed-mode weak cation exchange solid -phase

- LC-MS/MS

LC-MS/MS

CPMF

-7

20 μg/mL
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8:2 1 1000 ng/mL

LC-MS
LC-MS

LC-MS

LC-MS

RFD240

RFU666HA

IKA T18 digital UL-TRA-

TURRAX®

RECIPRO SHAKER SR-2w
CAX-571

ADVANTEC® 5 A

InertSep WCX 

FF 500 mg 20 mL
Biotage TurboVap LV

0.2 μm

13HP020AN

PP
50 mL 15 mL

1.5 mL

PP

LC- MS /MS
LC EXION LC AD

SYSTEM

MS QTRAP6500+

LC-MS/MS 1

2 MS/MS MRM

MS/MS DP
CE

1 2
10 g 25 mL 10000 rpm 1

10 mL 1

10000× g 5

1 LC-MS/MS
GL InertSustain AX-C18

150 mm×2.1 mm I.D. ,  3 μm
0.2 mL/min
20 μL
40
A 20 mM in 1:1
B 0.5%
B 98% 0 min 98% 2 min 50% 5 min

50% 10.00 min 98% 10.10 min 98% 16 min
MRM
ESI

CUR 35 psi
TEM 300

GS1 70 psi
GS2 70 psi

CAD 9 psi
IS 4,500 V

2

Q3(m/z ) DP(V) CE(V) Q3(m/z ) DP(V) CE(V)
1 8.1 231.0 92.0 61 31 155.9 61 17
2 CPMF 2.4 212.0 126.0 36 31 99.1 36 59
3 1.3 182.9 157.0 86 31 130.1 86 45
4 8.6 227.9 80.9 -45 -12 146.0 -45 -30
5 2.4 178.6 100.0 81 21 69.0 25 8
6 6.8 271.0 126.0 60 37 237.2 60 23
7 1.3 186.1 171.0 46 27 77.0 46 51

min
Q1(m/z )

DP Declustering Potential CE Collision Energy

5A 50 mL

5 mL

10 mL

WCX FF 5 mL
10 mL

10 mL WCX FF 2 mL

5:4:1 5 mL

5.5 mL
10 mL 0.2 μm

WCX

100 μL

WCX 900 μL

0.01 ppm

0.5 5 ng/mL
0.1 ppm

1 15 ng/mL

20 μL LC-MS/MS
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8:2 1 1000 ng/mL

LC-MS
LC-MS

LC-MS

LC-MS

RFD240

RFU666HA

IKA T18 digital UL-TRA-

TURRAX®

RECIPRO SHAKER SR-2w
CAX-571

ADVANTEC® 5 A

InertSep WCX 

FF 500 mg 20 mL
Biotage TurboVap LV

0.2 μm

13HP020AN

PP
50 mL 15 mL

1.5 mL

PP

LC- MS /MS
LC EXION LC AD

SYSTEM

MS QTRAP6500+

LC-MS/MS 1

2 MS/MS MRM

MS/MS DP
CE

1 2
10 g 25 mL 10000 rpm 1

10 mL 1

10000× g 5

1 LC-MS/MS
GL InertSustain AX-C18

150 mm×2.1 mm I.D. ,  3 μm
0.2 mL/min
20 μL
40
A 20 mM in 1:1
B 0.5%
B 98% 0 min 98% 2 min 50% 5 min

50% 10.00 min 98% 10.10 min 98% 16 min
MRM
ESI

CUR 35 psi
TEM 300

GS1 70 psi
GS2 70 psi

CAD 9 psi
IS 4,500 V

2

Q3(m/z ) DP(V) CE(V) Q3(m/z ) DP(V) CE(V)
1 8.1 231.0 92.0 61 31 155.9 61 17
2 CPMF 2.4 212.0 126.0 36 31 99.1 36 59
3 1.3 182.9 157.0 86 31 130.1 86 45
4 8.6 227.9 80.9 -45 -12 146.0 -45 -30
5 2.4 178.6 100.0 81 21 69.0 25 8
6 6.8 271.0 126.0 60 37 237.2 60 23
7 1.3 186.1 171.0 46 27 77.0 46 51

min
Q1(m/z )

DP Declustering Potential CE Collision Energy

5A 50 mL

5 mL

10 mL

WCX FF 5 mL
10 mL

10 mL WCX FF 2 mL

5:4:1 5 mL

5.5 mL
10 mL 0.2 μm

WCX

100 μL

WCX 900 μL

0.01 ppm

0.5 5 ng/mL
0.1 ppm

1 15 ng/mL

20 μL LC-MS/MS

10 g 50 mL PP

5A

50 mL

25 mL

1

10 mL

1

10000×g 5

50 mL

1

5 mL 15 mL PP

10 mL

WCX FF 500 mg 20 mL 5 mL 10 mL

WCX FF

WCX

5.5 mL

2 mL

5 4 1 5 mL

10 mL

0.2 μm

10 mL

2

5 mL 100 

ng/mL 1000 ng/mL
100 μL 10

mL

10 mL 2

5 3
WCX LC-MS/MS

InertSustain AX-C18

C18 

C18 

8:2 0.5 ng/mL

1
20 μL 40 μL

20 μL S/N 10

20 μL

5 mL

WCX FF 500 mg 20 mL WCX

FF 2

10

mL 25 mL

10 mL

9:1

5:4:1

2:7:1 2:7:1

5:4:1

5 mL 3.5 mL
5 mL 5 mL

WCX FF 10 mL

5:4:1 5 mL
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0.5 5
ng/mL 1 15 ng/mL

0.99

3

3

A B

3

0.01 ppm

0.1 ppm 2 4
4

3

4

0.01ppm n=5 0.1ppm n=3

No. % RSD% % RSD%

1 <50 7.9 77 3.6

2 CPMF 95 3.7 99 1.9

3 87 2.9 94 5.6

4 88 6.9 99 4.1

5 85 15.6 76 1.9

6 80 3.9 89 13.7

7 78 2.2 97 2.2

4 0.01 ppm

A B CPMF

C D

E F
G

7 6

WCX FF

y = 1.62329e6 x + -8.21067e4

r² = 0.99994

(A)

(B)

y = 1.78682e6 x + 6.25234e4

r² = 0.99767

(A) (B)

(C) (D)

(E) (F)

(G)
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0.5 5
ng/mL 1 15 ng/mL

0.99

3

3

A B

3

0.01 ppm

0.1 ppm 2 4
4

3

4

0.01ppm n=5 0.1ppm n=3

No. % RSD% % RSD%

1 <50 7.9 77 3.6

2 CPMF 95 3.7 99 1.9

3 87 2.9 94 5.6

4 88 6.9 99 4.1

5 85 15.6 76 1.9

6 80 3.9 89 13.7

7 78 2.2 97 2.2

4 0.01 ppm

A B CPMF

C D

E F
G

7 6

WCX FF

y = 1.62329e6 x + -8.21067e4

r² = 0.99994

(A)

(B)

y = 1.78682e6 x + 6.25234e4

r² = 0.99767

(A) (B)

(C) (D)

(E) (F)

(G)

7

6

WCX 

FF

1
LC/MS/MS

28(2) 117 125 2015

2

2 42
117 124 2019

3 1224 1

22 12 24
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Analysis of Tributylamine in Hakata Bay 

Makoto SHIMADA, Etsuko MIYAZAKI and Fuka IDOSHITA

Environmental Science Section, Fukuoka City Institute of Health and Environment 

6

LC-MS/MS
LC

IDL MDL
C-4

Key Words Hakata Bay tributylamine
LC-MS/MS coreshell column adamantly group

6
11

1

61

  

98
-d27 C/D/N Isotopes Inc. 98

  

1

CAS

logPow

pKa

C12H27N

185.35

102-82-9 

216 217

-70

0.3 g/100mL 20

0.040 0.093 kPa 20

4.46

10.86

1.60 10-4 atm-m3/mol
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Analysis of Tributylamine in Hakata Bay 

Makoto SHIMADA, Etsuko MIYAZAKI and Fuka IDOSHITA

Environmental Science Section, Fukuoka City Institute of Health and Environment 

6

LC-MS/MS
LC

IDL MDL
C-4

Key Words Hakata Bay tributylamine
LC-MS/MS coreshell column adamantly group

6
11

1

61

  

98
-d27 C/D/N Isotopes Inc. 98

  

1

CAS

logPow

pKa

C12H27N

185.35

102-82-9 

216 217

-70

0.3 g/100mL 20

0.040 0.093 kPa 20

4.46

10.86

1.60 10-4 atm-m3/mol

LC/MS
10
1 mol/L

LC/MS
LC/MS

LC/MS
Waters OasisHLB Plus 225 mg 

10 mg
10 mL 1000 g/mL

-d27 10 mg
10 mL 1000 g/mL

0.5 g/mL

/ / 2 : 
20 : 78 v/v 0.1 100 ng/mL

 100 ng/mL

LC-MS/MS LC LC-40DXR MS
AB SCIEX QTRAP 4500

2

4

100 mL 0.5 g / mL
100 L

5 mL 10 mL
10 mL/min

10 mL
10 mL

/ 2 : 98 v/v  5 mL
40 1 mL

5 mL
1

2 LC-MS/MS

1

6 12 11
C-4

2

MS

ESI-positive

650

2500 kV

60 V 

-d27 75 V 

MRM

m/z 186 > 130

m/z 186 > 74

-d27

m/z 213 > 149

LC

OSAKASODA CAPCELL CORE ADME 

2.1 mm 150 mm 2.7 m

A 0.1  (v/v)   

B 0.1 v/v

0  10 min     A : B  60 40

0.2 mL/min

40

1 L 
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2 C-4

MS 2.3
2

LC
3

10 ng/mL
3

3 LC-MS/MS (LC)

-d27

LC

PEEK

3

3 3 LC MRM
- 27 10 ng/mL

A 0.1 B
0.1 60 40

2.7

DDAC

OSAKA SODA CAPCELL CORE ADME 2.1 mm 150 
mm 2.7 m

CAPCELL 
CORE ADME

C18

A B = 60
40 InertSustain AQ-C18 PEEK
CAPCELL CORE ADME

4 CAPCELL CORE 
ADME

CAPCELL CORE ADME

5

LC

GL Science InertSustain AQ-C18 PEEK

A 0.1  (v/v)   

B 0.1 v/v

0  3 min     A : 80 B : 20

3 11 min    A : 80 5  B : 20 95

11 18 min   A : 5  B : 95

18 28 min    A : 80  B : 20

0.2 mL/min

40

1 L 
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2 C-4

MS 2.3
2

LC
3

10 ng/mL
3

3 LC-MS/MS (LC)

-d27

LC

PEEK

3

3 3 LC MRM
- 27 10 ng/mL

A 0.1 B
0.1 60 40

2.7

DDAC

OSAKA SODA CAPCELL CORE ADME 2.1 mm 150 
mm 2.7 m

CAPCELL 
CORE ADME

C18

A B = 60
40 InertSustain AQ-C18 PEEK
CAPCELL CORE ADME

4 CAPCELL CORE 
ADME

CAPCELL CORE ADME

5

LC

GL Science InertSustain AQ-C18 PEEK

A 0.1  (v/v)   

B 0.1 v/v

0  3 min     A : 80 B : 20

3 11 min    A : 80 5  B : 20 95

11 18 min   A : 5  B : 95

18 28 min    A : 80  B : 20

0.2 mL/min

40

1 L 

S / N  5
A B = 60 40

LC
2

4 LC
1 ng/mL MRM

5 MRM
1 ng/mL

3.1

6 R2 = 0.9999

6 0.1 2 ng/mL

IDL

0.1 ng/mL 10
IDL 4

IDL 0.0030 ng/L
IDL 1.1 ng/L

MDL
MQL

10 ng/L
LC-MS/MS 10

MDL
MQL 5 MDL
0.59 ng/L MQL 1.6 ng/L MDL

2.6 ng/L MQL 6.6 ng/L

4 (IDL) 

IDL
IDL 

S/N

ng/mL ng/mL ng/L

0.1065 0.8 0.0030 0.15 10 

－83－



C-4

1.6 ng/L
0.1 ng/mL C-4

7

7 0.1 ng/mL  C-4
m/z = 186 > 130

LC-
MS/MS

C-4

6

1 5
6 3

2 6
6 7

3
4 5

2
4

7 322 328 2021
5

4 148 153 2023 
6

2 3 3

5 (MDL)
(MQL)

MDL MQL

ng/L ng/L ng/L

10.2 1.6 0.59 1.6 89 
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C-4

1.6 ng/L
0.1 ng/mL C-4

7

7 0.1 ng/mL  C-4
m/z = 186 > 130

LC-
MS/MS

C-4

6

1 5
6 3

2 6
6 7

3
4 5

2
4

7 322 328 2021
5

4 148 153 2023 
6

2 3 3

5 (MDL)
(MQL)

MDL MQL

ng/L ng/L ng/L

10.2 1.6 0.59 1.6 89 

 
2024  

 

A Study of Non-Target Screening of Chemicals from River Water  
in Fukuoka City (2024) 

 Fuka IDOSHITA, Makoto SHIMADA and Etsuko MIYAZAKI

Environmental Science Section, Fukuoka City Institute of Health and Environment 

AIQS-GC 16

66
62 64 50 200  

Key Words  river water pesticides AIQS Automated Identification and 
Quantification System Gas Chromatograph Mass Spectrometry: 
GC-MS

2010

AIQS-GC

AIQS-GC

 
16

AIQS-GC 2

AIQS NAGINATA

6

 
6
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6 10 16

1  

 
1  

 
 

 

 

PCB
5000  

NAGINATA 
Mix II 4- -d4 1,4-

-d4 -d8 -d10

-d10 -d12 -d12 50 g/mL
n-  

 
NAGINATA Mix 4- -d4 1,4-

-d4 -d8 -d10

-d10 -d12 -d12 10 
g/mL n-  

AIQS/NAGINA 
TA Mix  2,4-
2,4- 2,6- 2,6-

2,6-

1-

2-

DFTPP C9
C10 C11 C12

C13 C14
C15 C16 C17

C18 C19
C20 C21 C22

C23 C24
C25 C26 C27

C28 C29
C30 C31

C32 C33 4-
-d4 1,4- -d4 -d8

-d10 -d10 -d12

-d12 1 g/mL
 

PCB 5000

n- PCB 5000
 

PCB 600 3  

PCB 600 3  
RFU666HA

 
66

DDVP DBN

1 2

EPN

DEP
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1  

 
1  

 
 

 

 

PCB
5000  

NAGINATA 
Mix II 4- -d4 1,4-

-d4 -d8 -d10

-d10 -d12 -d12 50 g/mL
n-  

 
NAGINATA Mix 4- -d4 1,4-

-d4 -d8 -d10

-d10 -d12 -d12 10 
g/mL n-  

AIQS/NAGINA 
TA Mix  2,4-
2,4- 2,6- 2,6-

2,6-

1-

2-

DFTPP C9
C10 C11 C12

C13 C14
C15 C16 C17

C18 C19
C20 C21 C22

C23 C24
C25 C26 C27

C28 C29
C30 C31

C32 C33 4-
-d4 1,4- -d4 -d8

-d10 -d10 -d12

-d12 1 g/mL
 

PCB 5000

n- PCB 5000
 

PCB 600 3  

PCB 600 3  
RFU666HA

 
66

DDVP DBN

1 2

EPN

DEP

 
 

MW-DRV 
ADVANTEC 2S 

Agilent7000D 
 

 
2.1.1 0.5 L 1 L

pH 6 8 15 g
50 mL 10

2

5 mL
0.5 mL

10 L
 

 
2.1.2 0.5 L

500 L
2.4.1

50 L

 

 
200 L

20 L
 

 

GC-MS 1  
 

1 GC-MS  

 

2.5 GC-MS II AIQS
NAGINATA 2

5

 
II AIQS AXEL for NAGINATA ver1.2.8 

No.36 
NAGINATA NAGINATA2 GC-MS

ver.2.03.05 
 
 

2.4.1 GC-MS
II AIQS

NAGINATA II AIQS
DIBP

NAGINATA

  

16 2.4.1
GC-MS II AIQS
2 NAGINATA 3

 II AIQS 43 NAGINATA 21

II AIQS 50 NAGINATA 14

II AIQS 6
6 2
NAGINATA

25
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10

6
2-

6 2- II AIQS
8 NAGINATA 9

II AIQS 1
6

2-tert- -4-
BHT

3,5- -4-
1-

5 6 II AIQS
NAGINATA

II AIQS 2-tert- -4-
13 8

NAGINATA BHT
3 3,5- -4-
2 1- 1

II
AIQS NAGINATA

 

3 2

2 II AIQS
2-

TCPP

- NAGINATA

25

  

2

II AIQS  
 
 

  

3.1.2 II AIQS NAGINATA
II AIQS

NAGINATA

2-
4-

TCPP

II AIQS
NAGINATA   
 

2.4.3 GC-MS 3
II AIQS

 

3.2.1
4

66 62

1 4

3.2.1
5 3.2.2

66 62

1 4

66 64 50 200
AIQS-GC 

200 2
50

II AIQS
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2
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2-
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TCPP

II AIQS
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2.4.3 GC-MS 3
II AIQS

 

3.2.1
4

66 62

1 4

3.2.1
5 3.2.2

66 62

1 4

66 64 50 200
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200 2
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-
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-
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66 STD1 STD2 STD3 STD1 STD2 STD3
0.80 0.89 0.90 0.66 0.62 0.65
1.0 1.1 1.1 0.90 0.89 0.92

0.71 0.77 0.79 0.86 0.87 0.88
1.1 1.1 1.1 0.94 0.94 0.96

0.74 0.78 0.79 0.82 0.88 0.90
1.1 1.1 1.1 0.79 0.76 0.76

0.77 0.82 0.83 1.3 1.2 1.3
0.67 0.69 0.71 0.87 0.87 0.92
0.66 0.72 0.74 0.76 0.79 0.82
1.1 1.1 1.1 0.66 0.62 0.64

0.65 0.70 0.74 0.84 0.88 0.90
1.0 1.1 1.1 0.73 0.73 0.76

0.96 1.0 1.0 0.92 0.92 0.94
0.74 0.78 0.81 1.4 1.4 1.4
0.83 0.85 0.82 0.81 0.84 0.88
1.1 1.1 1.1 0.45 0.44 0.44

TPN 0.68 0.65 0.63 0.65 0.69 0.68
1.1 1.1 1.1 CPN 0.89 0.88 0.92

0.67 0.69 0.72 0.87 0.88 0.96
0.87 0.88 0.92  2 0.31 0.31 0.30
0.97 0.99 1.0 0.86 0.91 0.92
0.80 0.82 0.83 0.66 0.69 0.70
1.3 1.3 1.3 0.66 0.64 0.64

0.94 0.96 0.97 EPN 0.68 0.72 0.74
1.3 1.3 1.3 0.82 0.91 0.87

0.88 0.89 0.90 0.67 0.70 0.71
2.5 2.5 2.6 0.78 0.83 0.89

0.76 0.74 0.79 0.61 0.64 0.66
1.2 1.2 1.2 0.70 0.67 0.67

0.75 0.76 0.79 0.46 0.50 0.50
1.0 0.99 1.0 0.57 0.57 0.55
1.1 1.0 1.1 0.11 0.18 0.16
1.4 1.3 1.4 0.40 0.43 0.41
1.1 1.1 1.0  1 0.55 0.54 0.56
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66 Sample1 Sample2 Sample3 Sample1 Sample2 Sample3
0.88 0.96 1.0 0.78 0.86 0.87
0.85 0.87 0.86 1.1 1.1 1.1
0.87 0.93 0.94 0.96 0.94 0.99
1.8 1.9 1.9 0.77 0.76 0.77

0.91 0.94 0.95 0.88 0.90 0.91
0.90 0.92 0.91 0.94 0.97 0.94
0.99 1.0 1.0 1.2 1.1 1.1
0.89 0.95 0.98 0.94 0.94 0.95
0.76 0.85 0.86 0.99 1.0 1.0
1.3 1.3 1.4 0.81 0.88 0.93

0.96 1.0 1.0 1.0 1.0 1.0
1.0 1.1 1.0 0.97 1.0 1.0
1.0 1.0 1.0 0.94 0.94 0.94

0.98 1.1 1.1 1.4 1.3 1.4
0.88 0.91 0.91 0.92 0.92 0.91
1.2 1.2 1.2 0.68 0.77 0.84

TPN 0.75 0.79 0.79 0.95 1.0 1.1
1.1 1.1 1.1 CPN 0.93 0.99 1.0
1.0 1.1 1.2 1.4 1.4 1.5
1.1 1.1 1.1 2 0.42 0.46 0.45
1.1 1.2 1.2 0.93 0.91 0.93

0.86 0.89 0.91 0.78 0.77 0.80
1.3 1.3 1.3 0.84 0.91 0.94
1.1 1.1 1.1 EPN 0.72 0.76 0.79
1.5 1.5 1.6 1.1 1.1 1.2
1.0 1.0 1.0 0.86 0.86 0.91
2.4 2.4 2.3 0.88 0.95 0.98

0.99 1.1 1.0 0.85 0.87 0.90
1.2 1.2 1.2 0.84 0.86 0.90

0.93 1.0 1.0 0.81 0.86 0.86
1.0 1.1 1.1 0.93 0.96 0.99
1.0 1.0 1.0 0.54 0.54 0.58
1.4 1.4 1.4 0.55 0.56 0.63
1.1 1.1 1.1  1 0.81 0.86 0.88
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, 2024

Evaluation of River Environment by Bottom Fauna in Fukuoka City
(Naka River, in 2024)

Keisuke ARIMOTO, Yuki MITOYA and Ryoichi OHIRA

Environmental Science Section, Fukuoka City Institute of Health and Environment

1992
5 5 2024

4 ASPT

Average score per taxon ASPT

7.6 7.6 7.0 6.0

Key Words freshwater area bottom fauna Naka River ASPT

average score per taxon
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5

1 1

2024

207

34.03
km

2024 4 18

4
1

1
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pH JIS K 0102 12.1 

DO JIS K0102 32.1 
BOD JIS K0102 21 JIS
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59 9 T-N JIS K 
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4 2024

Siphlonuridae 8 1
Isonychiidae 8 4 4
Heptageniidae 9 35 45 56 4
Baetidae 6 122 319 631 13
Leptophlebiidae 9 1
Ephemerellidae 8 45 40 25
Caenidae 7 1
Potamanthidae 8 3
Ephemeridae 8 1 1
Gomphidae 7 3 14 3
Perlodidae 9 1 1
Perlidae 9 22 5
Corydalidae 9 13
Stenopsychidae 9 1 18
Psychomyiidae 8 8 7
Hydropsychidae 7 84 20 5
Rhyacophiidae 9 14 22 5
Glossosomatidae 9 11 16 5
Hydroptilidae 4 1
Apataniidae 9 2 6 12
Uenoidae 10 18 1 3
Goeridae 7 12 2
Lepidostomatidae 9 1
Sericostomatidae 9 2 2
Crambidae 7 1
Hydrophilidae 4 2
Psephenidae 8 3 1
Elmidae 8 16 36 99 2
Tipulidae 8 6 22 2 1
Simuliidae 7 28 24 1
Chironomidae 2 1
Chironomidae 6 348 247 238 217
Ceratopogonidae 7 5
Dugesiidae 7 23 25 6
Lymnaeidae 3 1
Corbiculidae 3 24 2 20
Oligochaeta 4 2 3
Hirudinea 2 1
Gammaridae 8 9 1
Asellidae 2 1 6
Potamidae 8 1

845 884 1148 239
28 28 25 7

5 2024

2
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8 2024

2024 4 18 2024 4 18 2024 4 18 2024 4 18
10:30 11:50 13:45 14:50

( ) 18.8 22.8 20.3 21.5
( ) 13.0 17.0 22.0 19.1
(cm/s) 24~96 47~64 15~80 0~5

pH 6.9 7.3 7.2 7.3
DO(mg/L) 10 10 9.5 9.7
BOD(mg/L) <0.5 0.6 0.5 0.7
SS(mg/L) 1 3 9 11
T-N(mg/L) 0.38 0.48 0.61 0.68
T-P(mg/L) 0.005 0.016 0.024 0.028
EC(mS/m) 5.6 8.9 11 17
ASPT 7.6 7.6 7.0 6.0
H’ 3.1 3.0 2.2 0.6

ASPT 1994 1999 2004 2009
2014 2019 2024

6 ASPT
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Trajectory Analysis of Photochemical Oxidants Exceeding
Environmental Quality Standards in Fukuoka City

Yuri SHIMADA

Environmental Science Section, Fukuoka City Institute of Health and Environment 
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Key Words photochemical oxidant environmental quality 
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Python

1

33 35 10

130 15 10

3

202

1 24
16,301

https://www.mlit.go.jp/road/ir/ir-data/

census_visualizationR3/webmap.html#14/33.5829/130.2437

2025.2.10
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Analysis of Factors Contributing to High Photochemical Oxidant 
Concentration Cases in Fukuoka City

Atsuko TSUJII, Ayako NAKASHIMA, Daisuke TOMIHAMA and Yuri SHIMADA

Environmental Science Section, Fukuoka City Institute of Health and Environment
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RD-18S VeroE6 HEp-2 Caco-2
MDCK PCR
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MDCK PCR

79 61.2

2 6

※

4 5 6 7 8 9 10 11 12 1 2 3 R V H C M

1 1 1 3 3

1 1 1 2 2 2 2 1

2 1 4 4 9 7 6 9 2

3 1 1 1 1 1 1

5 1 1 1 1 4 1 3 2 1

6 1 1 1 1

11 1 1 2 2 1 2 2

41 1 1 2 1 2 1 1

A/H1pdm09
1 1 6 2 10 10 4

A/H3 1 2 3 3 1

A6 1 1 2 2

A16 1 1 2 2 2

B1 1 1 1 1

B2 1 1 1

B3 1 3 3 7 7 3 6 5 3

B5 1 1 1 1

71 1 1 1 1

6 1 1 1

1 1 1

A 1 1 2 2

RS 4 3 3 5 3 1 2 2 23 3 3 23

4 4 7 9 6 12 9 8 9 5 6 79 25 20 28 16 13 45

R: RD-18S V: VeroE6 H: HEp-2 C: Caco-2 M:MDCK

SARS-CoV-2 2024

COVID-19

SARS-CoV-2

COVID-19

2023 5 8
10 114

3 2021 2 5 0205

4
PCR 

2021 12 SARS-CoV-2

NGS

2024 SARS-CoV-2

SARS-CoV-2
2024 2 19 2025 3

18 720

RNA RT-PCR Ct

545
Ct

RNA RT-PCR

NGS FASTQ

PathoGenS Pathogen Genomic data collection 
System Pango Lineage

Nextclade

3.13.2

97 448 Pango 

Lineage WHO

Variants under Monitoring VUMs
Variants of Interest VOIs

1

Pango 

Lineage
Pango Lineage Lineage

BA.2.86 7 JN.1

42 XDQ 20 KP.2 11
KP.3 257 KP.3.1.1 32 LB.1

2 XEC 49 LP.8.1 8

20

2
Lineage 3

2
JN.1 5 KP.3

9

XEC KP.3

1

BA.2.86 JN.1

JN.1
KP.2 KP.3 KP.3.1.1

LB.1 LP.8.1

KP.2

KP.3 KP.3.1.1

KP.3.1.1

LB.1

LP.8.1

XDQ

XEC
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2

2024 2025

2 3 4 5 6 7 8 9 10 11 12 1 2 3

BA.2.86 1 6 7

JN.1 7 7 12 5 3 5 2 1 42

XDQ 3 4 5 5 3 20

KP.2 1 5 3 1 1 11

KP.3 1 23 50 99 52 15 9 3 3 2 257

KP.3.1.1 4 5 5 2 2 5 4 4 1 32

LB.1 1 1 2

XEC 1 1 4 7 13 16 7 49

LP.8.1 1 4 3 8

2 8 1 1 1 2 2 1 1 1 20

3 3 4 5 9 9 13 3 3 2 5 14 17 7 97

16 28 24 44 69 121 74 24 18 12 22 36 42 15 545

2024 2025

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

2 3 4 5 6 7 8 9 10 11 12 1 2 3

BA.2.86 JN.1 XDQ KP.2 KP.3 KP.3.1.1

LB.1 XEC LP.8.1 aaa

1
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2

2024 2025

2 3 4 5 6 7 8 9 10 11 12 1 2 3

BA.2.86 1 6 7

JN.1 7 7 12 5 3 5 2 1 42

XDQ 3 4 5 5 3 20

KP.2 1 5 3 1 1 11

KP.3 1 23 50 99 52 15 9 3 3 2 257

KP.3.1.1 4 5 5 2 2 5 4 4 1 32

LB.1 1 1 2

XEC 1 1 4 7 13 16 7 49

LP.8.1 1 4 3 8

2 8 1 1 1 2 2 1 1 1 20

3 3 4 5 9 9 13 3 3 2 5 14 17 7 97

16 28 24 44 69 121 74 24 18 12 22 36 42 15 545

2024 2025

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

2 3 4 5 6 7 8 9 10 11 12 1 2 3

BA.2.86 JN.1 XDQ KP.2 KP.3 KP.3.1.1

LB.1 XEC LP.8.1 aaa

1

3 Lineage

BA.2.86 (7)

BA.2.86 (1) BA.2.86.1 (3) JN.15 (2) JN.19 (1)

JN.1 (42)

JN.1 (6) JN.1.1 (1) JN.1.1.3 (1) KR.1 (1) JN.1.4 (5) JN.1.4.5 (3) JN.1.7 (2)

JN.1.11.1 (2) KP.1.1.1 (2) MG.1 (1) KP.1.1.3 (4) LP.5 (1) LP.8.2 (1) JN.1.16 (2)

NS.1.1 (1) MT.1 (1) JN.1.28 (1) KU.2 (2) JN.1.32 (1) MV.1 (1) JN.1.51.1 (1)

MD.1.1 (1) JN.1.68 (1)

XDQ (20)

XDQ (6) XDQ.1 (14)

KP.2 (11)

KP.2.1 (2) KP.2.2 (1) KP.2.3 (3) KP.2.3.8 (1) KP.2.9 (3) KP.2.16 (1)

KP.3 (257)

KP.3 (7) KP.3.1 (9) KP.3.2.3 (1) KP.3.3 (136) KP.3.3.1 (9) KP.3.3.3 (78) ML.1 (7)

ML.2 (2) KP.3.3.7 (6) PB.1 (1) KP.3.4 (1)

KP.3.1.1 (32)

KP.3.1.1 (13) MC.1 (8) MC.1.2 (1) MC.10 (1) MC.10.1 (3) MC.10.1.2 (1) MC.11 (1)

MC.13 (1) MC.15 (1) MC.24 (2)

LB.1 (2)

LB.1 (1) LB.1.3.2 (1)

XEC (49)

XEC (19) XEC.1 (1) XEC.2 (9) XEC.2.3 (1) XEC.4 (8) XEC.4.1 (1) XEC.5 (2)

XEC.6 (2) XEC.8 (2) XEC.9 (2) XEC.20 (1) XEC.30 (1)

LP.8.1 (8)

LP.8.1 (3) LP.8.1.1 (1) NY.1 (1) LP.8.1.6 (1) LP.8.1.7 (2)

(20)

XBB (1) JD.1.1.8 (1) HK.3.2 (2) JG.3.2 (1) XDK (2) XDS (1) XDU (2)

XDV.1 (1) XDV.1.3 (1) XDV.1.7 (2) XDW (1) XDY (1) XEK (2) XEK.1 (1)

XEL.1 (1)

1) 0205 4

PCR
3 2 5

2) SARS-CoV-2

2023 49 72-79

2024
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6

6

80 362

57 190
GⅠ 23 GⅡ 159 GⅠ GⅡ 8

Capsid

Genotype

Genogroup 1

Genotype 2
Genotype 3

1 Genogroup

4 5 6 7 8 9 10 11 12 1 2 3

GⅠ 8 3 1 12 6 1 31

GⅡ 15 3 5 9 18 14 9 50 44 167

23 3 0 8 9 0 0 18 15 21 56 45 198

G G

2 Genotype

4 5 6 7 8 9 10 11 12 1 2 3

GⅠ.1 5 1 11 3 1 21

GⅠ.2 2 1 3

GⅠ.7 2 2

GⅠ.NT 1 1 3 5

GⅡ.2 1 1

GⅡ.3 1 1

GⅡ.4 4 2 1 26 6 39

GⅡ.6 3 4 7

GⅡ.7 4 3 2 7 12 1 6 1 36

GⅡ.17 1 2 18 6 12 27 66

GⅡ.NT 5 1 2 1 2 6 17

23 3 0 8 9 0 0 18 15 21 56 45 198

NT Not Typed

3 Genotype

4 5 6 7 8 9 10 11 12 1 2 3

GⅠ.1 1 1 2

GⅡ.4 1 4 2 7

GⅡ.6 1 1 2

GⅡ.7 1 2 1 3 2 1 1 1 12

GⅡ.17 1 7 3 3 10 24

1 1 2 1 5

2 2 0 2 4 0 0 7 3 6 11 15 52
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6

6

80 362

57 190
GⅠ 23 GⅡ 159 GⅠ GⅡ 8

Capsid

Genotype

Genogroup 1

Genotype 2
Genotype 3

1 Genogroup

4 5 6 7 8 9 10 11 12 1 2 3

GⅠ 8 3 1 12 6 1 31

GⅡ 15 3 5 9 18 14 9 50 44 167

23 3 0 8 9 0 0 18 15 21 56 45 198

G G

2 Genotype

4 5 6 7 8 9 10 11 12 1 2 3

GⅠ.1 5 1 11 3 1 21

GⅠ.2 2 1 3

GⅠ.7 2 2

GⅠ.NT 1 1 3 5

GⅡ.2 1 1

GⅡ.3 1 1

GⅡ.4 4 2 1 26 6 39

GⅡ.6 3 4 7

GⅡ.7 4 3 2 7 12 1 6 1 36

GⅡ.17 1 2 18 6 12 27 66

GⅡ.NT 5 1 2 1 2 6 17

23 3 0 8 9 0 0 18 15 21 56 45 198

NT Not Typed

3 Genotype

4 5 6 7 8 9 10 11 12 1 2 3

GⅠ.1 1 1 2

GⅡ.4 1 4 2 7

GⅡ.6 1 1 2

GⅡ.7 1 2 1 3 2 1 1 1 12

GⅡ.17 1 7 3 3 10 24

1 1 2 1 5

2 2 0 2 4 0 0 7 3 6 11 15 52

6  

 
 

6 1 1

1

1 2024/9/2 55 M S. sonnei

6 69 74
1

2 O157 34

45.9 O26 6 8.1 O91 O111

5 6.8 OUT O
4 5.4 O103 3 4.1 O128 O146

O149 O152 2 2.7 O5 O8

O43 O48 O76 O93 O130 O145 O174

1 1.4
27 36.5

1 6
6

2

1 2024/3/27 22 M O91:H- VT1&2

2 2024/3/30 20 F O103:H- VT1

3 2024/4/8 22 F O157:H7 VT2

4 2024/4/15 34 F O91:H- VT1&2

5 2024/4/18 35 M O157:H7 VT2

6-1 2024/4/27 49 M O157:H7 VT2

6-2 2024/5/1 54 F O157:H7 VT2 6-1

7 2024/5/13 26 M O157:H7 VT1&2

8 2024/5/14 24 F O157:H7 VT1&2

9 2024/5/21 24 F O146:H21 VT2

10 2024/6/3 21 M O43:H- VT1
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11 2024/6/6 50 F OUT:H19 VT1&2

12 2024/6/7 71 F O157:H7 VT1&2

13 2024/6/17 24 F O149:H8 VT2

14 2024/6/17 35 M O149:H8 VT2

15 2024/6/20 76 M O157:H7 VT2

16-1 2024/6/25 27 F O26:H11 VT1

16-2 2024/7/3 54 F O26:H11 VT1 16-1

17 2024/7/2 63 F O157:H7 VT2

18 2024/7/5 29 F O111:H- VT1

19 2024/7/5 32 F O157:H7 VT2

20 2024/7/12 21 F O157:H7 VT2

21 2024/7/18 11 F O103:H2 VT1

22 2024/7/23 29 M O157:H7 VT2

23 2024/7/23 25 F O145:H- VT2

24 2024/7/25 72 M O157:H7 VT2

25 2024/7/25 63 M O157:H- VT2

26 2024/7/26 56 F O157:H7 VT2

27 2024/8/1 72 F O26:H11 VT1

28 2024/8/1 58 F O111:H- VT1

29 2024/8/26 9 M O157:H- VT1&2

30 2024/8/28 21 F O157:H7 VT1&2

31 2024/9/2 8 M O26:H11 VT1

32 2024/9/2 35 F O91:H- VT1&2

33 2024/9/5 24 M O157:H- VT1&2

34 2024/9/5 27 F OUT:H19 VT2

35-1 2024/9/11 25 F O91:H14 VT1&2

35-2 2024/9/13 26 M OUT:H14 VT1&2 35-1

36 2024/9/12 24 F O26:H11 VT1

37 2024/9/13 58 M O111:H- VT1

38 2024/9/13 20 F O26:H11 VT1

39 2024/9/17 27 F O76:H7 VT1

40 2024/9/20 75 M O157:H7 VT1&2

41 2024/9/26 26 M O157:H7 VT2
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11 2024/6/6 50 F OUT:H19 VT1&2

12 2024/6/7 71 F O157:H7 VT1&2

13 2024/6/17 24 F O149:H8 VT2

14 2024/6/17 35 M O149:H8 VT2

15 2024/6/20 76 M O157:H7 VT2

16-1 2024/6/25 27 F O26:H11 VT1

16-2 2024/7/3 54 F O26:H11 VT1 16-1

17 2024/7/2 63 F O157:H7 VT2

18 2024/7/5 29 F O111:H- VT1

19 2024/7/5 32 F O157:H7 VT2

20 2024/7/12 21 F O157:H7 VT2

21 2024/7/18 11 F O103:H2 VT1

22 2024/7/23 29 M O157:H7 VT2

23 2024/7/23 25 F O145:H- VT2

24 2024/7/25 72 M O157:H7 VT2

25 2024/7/25 63 M O157:H- VT2

26 2024/7/26 56 F O157:H7 VT2

27 2024/8/1 72 F O26:H11 VT1

28 2024/8/1 58 F O111:H- VT1

29 2024/8/26 9 M O157:H- VT1&2

30 2024/8/28 21 F O157:H7 VT1&2

31 2024/9/2 8 M O26:H11 VT1

32 2024/9/2 35 F O91:H- VT1&2

33 2024/9/5 24 M O157:H- VT1&2

34 2024/9/5 27 F OUT:H19 VT2

35-1 2024/9/11 25 F O91:H14 VT1&2

35-2 2024/9/13 26 M OUT:H14 VT1&2 35-1

36 2024/9/12 24 F O26:H11 VT1

37 2024/9/13 58 M O111:H- VT1

38 2024/9/13 20 F O26:H11 VT1

39 2024/9/17 27 F O76:H7 VT1

40 2024/9/20 75 M O157:H7 VT1&2

41 2024/9/26 26 M O157:H7 VT2

43 2024/10/7 33 F O157:H- VT1&2

44 2024/10/8 24 M O157:H- VT1&2

45 2024/10/9 57 M O157:H7 VT1&2

46 2024/10/9 76 M O157:H7 VT2

47 2024/10/21 9 F O5:H- VT1

48 2024/10/30 19 F O152:H8 VT1

49 2024/10/31 27 M O128:H2 VT1&2

50 2024/11/1 20 F O152:H- VT1

51 2024/11/3 12 M O111:H- VT1&2

52-1 2024/11/3 1 M O157:H7 VT1&2

52-2 2024/11/8 62 M O157:H7 VT1&2 52-1

52-3 2024/11/8 62 F O157:H7 VT1&2 52-1

53 2024/11/6 41 M O157:H- VT1&2

54 2024/11/15 22 F O157:H- VT1&2

55 2024/11/26 23 M O157:H7 VT2

56 2024/11/27 41 F OUT VT

57 2024/11/29 55 F O157:H7 VT2

58 2024/12/10 39 F O103:H2 VT1

59 2024/12/13 44 F O130:H11 VT1&2

60 2024/12/23 23 F O174:H8 VT1&2

61 2024/12/27 19 M O8:H19 VT1

62 2024/12/30 23 M O128:H2 VT1&2

63 2024/12/30 23 F O91:H- VT1&2

64 2025/1/7 72 M O146:H21 VT2

65 2025/1/18 24 F O93:H28 VT2

66 2025/2/10 19 M O157:H- VT1&2

67 2025/2/21 17 M O157:H7 VT2

68 2025/3/7 21 M O48:H49 VT1&2

69 2025/3/13 22 M O111:H- VT1
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6

6 4 6
A Enterobacter cloacae

CRE
4 4

PFGE PFGE
1 11

CRE

1
PFGE

2
2

1
PFGE 3

PFGE
1 1

2 5
.

1

No. AmpC

1 E. cloacae EBC R6 4

2 E. cloacae EBC R6 5

3 E. cloacae EBC R6 5

4 E. cloacae EBC R6 6

5 E. cloacae EBC R6 5 a 

2 Dice

No.1 5

1 PFGE

No.1 No.2 No.3 No.4 No.5
No.1 1.00 1.00 1.00 1.00 1.00

No.2 1.00 1.00 1.00 1.00 1.00

No.3 1.00 1.00 1.00 1.00 1.00

No.4 1.00 1.00 1.00 1.00 1.00

No.5 1.00 1.00 1.00 1.00 1.00
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6

6 4 6
A Enterobacter cloacae

CRE
4 4

PFGE PFGE
1 11

CRE

1
PFGE

2
2

1
PFGE 3

PFGE
1 1

2 5
.

1

No. AmpC

1 E. cloacae EBC R6 4

2 E. cloacae EBC R6 5

3 E. cloacae EBC R6 5

4 E. cloacae EBC R6 6

5 E. cloacae EBC R6 5 a 

2 Dice

No.1 5

1 PFGE

No.1 No.2 No.3 No.4 No.5
No.1 1.00 1.00 1.00 1.00 1.00

No.2 1.00 1.00 1.00 1.00 1.00

No.3 1.00 1.00 1.00 1.00 1.00

No.4 1.00 1.00 1.00 1.00 1.00

No.5 1.00 1.00 1.00 1.00 1.00

PFGE
3 4

2 5
2 . 

3

4 PFGE

80 1

FastDigest  Bcu 37 15

1 6 V/cm

Buffer 14 120

12.6 40.1

19

No. AmpC

1 E. cloacae EBC R6 11

2 E. cloacae EBC R6 4

No.1 22 PFGE

5 Dice

No.1 No.2

No.1 1.00 1.00

No.2 1.00 1.00

－133－



PFGE
6 7

3 8
4 . 

6

No. AmpC

1 E. cloacae EBC R6 11

2 E. cloacae EBC R6 11

3 E. cloacae EBC R6 11 b 

4 E. cloacae EBC R6 4

7 PFGE

80 1

FastDigest  Spe 37 15

1 6 V/cm

Buffer 14 120

12.6 40.1

19

3 PFGE

8 Dice

No.1 4

No.1 No.2 No.3 No.4  

No.1 1.00 1.00 1.00 1.00

No.2 1.00 1.00 1.00 1.00

No.3 1.00 1.00 1.00 1.00

No.4 1.00 1.00 1.00 1.00
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PFGE
6 7

3 8
4 . 

6

No. AmpC

1 E. cloacae EBC R6 11

2 E. cloacae EBC R6 11

3 E. cloacae EBC R6 11 b 

4 E. cloacae EBC R6 4

7 PFGE

80 1

FastDigest  Spe 37 15

1 6 V/cm

Buffer 14 120

12.6 40.1

19

3 PFGE

8 Dice

No.1 4

No.1 No.2 No.3 No.4  

No.1 1.00 1.00 1.00 1.00

No.2 1.00 1.00 1.00 1.00

No.3 1.00 1.00 1.00 1.00

No.4 1.00 1.00 1.00 1.00

6 8 B Klebsiella  
aerogenes CRE

6 2

1 6 8

2
A

PFGE
. 

PFGE
9 10
4 PFGE 5

11 No.
No.2

No.3 1 No.4
3 .

9

No.

1 K. aerogenes R6 8

2 K. aerogenes R6 2 A

3 K. aerogenes R6 8 A

4 K. aerogenes R6 8 A

No.3 No.4

10 PFGE

80 1

FastDigest  Xba 37 15

1 6 V/cm

Buffer 14 120

12.6 40.1

19

No.1 No.2 No.3 No,4

No.1 1.00 1.00 0.97 0.91
No.2 1.00 1.00 0.97 0.91
No.3 0.97 0.97 1.00 0.94
No.4 0.91 0.91 0.94 1.00

No.1 No.44 PFGE

5 PFGE

11 Dice
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6 8 9 C
Enterobacter cloacae CRE

2 5 11
CRE 2

PFGE .

PFGE
12 13
6 PFGE 7

14 No.
No.2 4 7 .

12

No.

1 E. cloacae R6 8

2 E. cloacae R6 9

3 E. cloacae R5 11

4 E. cloacae R5 11

13 PFGE

80 1

FastDigest  Bcu 37 15

1 6 V/cm

Buffer 14 120

12.6 40.1

19

No.1 No.2 No.3 No.4

No.1 1.00 0.43 0.40 0.49

No.2 0.43 1.00 0.62 0.72

No.3 0.40 0.62 1.00 0.59

No.4 0.49 0.72 0.59 1.00

6 PFGE

14 Dice

No.1 No.4

7 PFGE
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6 8 9 C
Enterobacter cloacae CRE

2 5 11
CRE 2

PFGE .

PFGE
12 13
6 PFGE 7

14 No.
No.2 4 7 .

12

No.

1 E. cloacae R6 8

2 E. cloacae R6 9

3 E. cloacae R5 11

4 E. cloacae R5 11

13 PFGE

80 1

FastDigest  Bcu 37 15

1 6 V/cm

Buffer 14 120

12.6 40.1

19

No.1 No.2 No.3 No.4

No.1 1.00 0.43 0.40 0.49

No.2 0.43 1.00 0.62 0.72

No.3 0.40 0.62 1.00 0.59

No.4 0.49 0.72 0.59 1.00

6 PFGE

14 Dice

No.1 No.4

7 PFGE

6 11 D Klebsiella 
pneumoniae CRE

A
CPE

KPC
5 6 12 KPC

CRE B

PFGE 1 6

11 A KPC
CRE C

A B C
PFGE

2 . 

PFGE
15 16
8 17 No.1

No.2
No.3 2 .

15

No. ESBL

1 K. pneumoniae KPC
CTX-M-9 TEM

SHV
R6 11 A

2 K. pneumoniae KPC
CTX-M-9 TEM

SHV
R5 6 B

3 K. pneumoniae KPC CTX-M-9 SHV R5 12 B

16 PFGE

80 1

FastDigest  Xba 37 15

1 6 V/cm

Buffer 14 120

12.6 40.1

19

17 Dice

8 PFGE No.1 No.3

No.1 No.2 No.3

No.1 1.00 1.00 0.95

No.2 1.00 1.00 0.95

No.3 0.95 0.95 1.00
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PFGE 4 2
18 9

19 No.
No.2 No.3

2 .  

18

No. ESBL

1 K. pneumoniae KPC
CTX-M-9 TEM

SHV
R6 12 C

2 K. pneumoniae KPC
CTX-M-9 TEM

SHV
R6 11 A

3 K. pneumoniae KPC CTX-M-9 SHV R5 12 B

1

49 86 90 2024

2

22 71 74 2019

9 PFGE No.1 No.3

No.1 No.2 No.3

No.1 1.00 1.00 0.95

No.2 1.00 1.00 0.95

No.3 0.95 0.95 1.00

19 Dice
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PFGE 4 2
18 9

19 No.
No.2 No.3

2 .  

18

No. ESBL

1 K. pneumoniae KPC
CTX-M-9 TEM

SHV
R6 12 C

2 K. pneumoniae KPC
CTX-M-9 TEM

SHV
R6 11 A

3 K. pneumoniae KPC CTX-M-9 SHV R5 12 B

1

49 86 90 2024

2

22 71 74 2019

9 PFGE No.1 No.3

No.1 No.2 No.3

No.1 1.00 1.00 0.95

No.2 1.00 1.00 0.95

No.3 0.95 0.95 1.00

19 Dice

6

6

7 5

2 1
5

1 1

1 1 1

2
7

3

1 6

5

2

7

2 6

1

1

1

1

1

5

SMZ-10A

SEM JCM-7000

X EDS
JED-2300

FT-IR

IRAffinity-1S

1

2 1

0.13 mm 0.14 mm 0.13

mm 0.22 mm 0.24 mm

0.23 mm 0.24 mm

0.21 mm 0.22 mm
2

X EDS

72

19 8 1
71

19 8 1

3

1 2

1
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1

1 2

2

2

3 _ EDS

4 80 90
1

2

1
5

FT-IR

1 1700

1800 2300 2400 2800 3000 3300 cm-1

2

6

1
2 7

4

1

5

1 _
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3 _ EDS

4 80 90
1

2

1
5

FT-IR

1 1700

1800 2300 2400 2800 3000 3300 cm-1

2

6

1
2 7

4

1

5

1 _

6 EVA FT-IR

1 1

2 2

7

1 0.5 mm

2 1 mm 8

1

Aureobasidium

2 1

1
2 1

9

1
Aureobasidium

Aureobasidium

3 1 Aureobasidium
10 2

8

1

1

2
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1 10 1 400

2 10 2 400

9 1 2 SEM

Aureobasidium pullulans Aureobasidium pullulans

10

6

3

1 Institut national de sante publique du Quebec(INSPQ) 
Moulds fact sheets

2

3

55 2004
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ICP-MS  

SCP SCIENCE
DigiPREP Jr. 

ICP-MS Agilent 
Technologies 7850

 PURELAB flex-UV 

PTFE

 

DISMIC- PTFE 0.20 m

Cd

5
 g

 

cm TOC<5 ppb  
 

 
  

 
20 mL  

 
Cd  

In
 

 

Cd Cd 2
0.2 0.8 2  

In 2
 

ICP-MS Cd
m/z In m/z  

ICP-MS  

Ar  0.99   
   

RF  550 W 
  

ICP-MS
 

Cd In
Cd   

5 2
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ICP-MS  

 

 
 

 
SCP SCIENCE

DigiPREP Jr. 
ICP-MS Agilent 

Technologies 7850
 PURELAB flex-UV 

 
 

PTFE

 

DISMIC- PTFE 0.20 m
 
 

 

Cd

5
 g

 

cm TOC<5 ppb  
 

 
  

 
20 mL  

 
Cd  

In
 

 

Cd Cd 2
0.2 0.8 2  

In 2
 

ICP-MS Cd
m/z In m/z  
 

ICP-MS  

Ar  0.99   
   

RF  550 W 
  

ICP-MS
 

Cd In
Cd   

5 2

 
 

- 144 -

5 R2 0.99
 

 

2
90

 RSD  
RSD 5 RSD

 
 

2  

g   RSD  RSD  

Cd      

  90     

ICP-MS
B

Cr Mn Cu As
Se Cd Sb
Ba Pb

 

  

cm TOC<5 ppb   
 Ultrapur-  

000 mL   
B Cr Mn Cu

As Cd Sb Pb 000 
Se Ba 000  

Be
Co Ga In

Tl Y 000  

5
Pb 0.25 5 

0.5 Mn Cu Ba Pb
 

 
  2   5 

B 25 50  250 500 
Cr  2   20 
Mn 2.5 5  25 50 
Cu 5  20 50  
As 0.5  2 5  
Se 0.5  2 5  
Cd 0.25 0.5  2.5 5 
Sb 0.25 0.5  2.5 5 
Ba 5  20 50  
Pb 0.5  2 5  

  

 
 

 
 

Be 000 
Co  
Ga  
In  
Tl  
Y  

5
20 mL  mL

ICP-MS  
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5  

 
 

  

B 5  
Cr 0.02  
Mn  8 
Cu  20 
As 0.0  0.2 
Se  0.2 
Cd   
Sb 0.005  
Ba  20 
Pb  0.2 

 
 

 

  

B 20  
Cr 2  
Mn 20  
Cu 20  
As 2  
Se 2  
Cd 2  
Sb 2  
Ba 20  
Pb 2  

ICP-MS 7
8  

 
7 ICP-MS

Ar    
  

RF  550 W 
  

 
 
 
 
 
 
 
 

8  

 
m/z  

 
m/z  

B  Be 9 

Cr 52 
Co 59 

Mn 55 

Cu  Ga  

As 75 
Y 89 

Se 78 

Cd  

In  Sb  

Ba  

Pb 208 Tl 205 

 

 
 

 

5 2

 
 

5 R2 0.99
 

9
95 0 90

0.7 2.8 RSD
2.8 RSD  

RSD  
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B 20  
Cr 2  
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Cu 20  
As 2  
Se 2  
Cd 2  
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Ba 20  
Pb 2  

ICP-MS 7
8  

 
7 ICP-MS

Ar    
  

RF  550 W 
  

 
 
 
 
 
 
 
 

8  

 
m/z  

 
m/z  

B  Be 9 

Cr 52 
Co 59 

Mn 55 

Cu  Ga  

As 75 
Y 89 

Se 78 

Cd  

In  Sb  

Ba  

Pb 208 Tl 205 

 

 
 

 

5 2

 
 

5 R2 0.99
 

9
95 0 90

0.7 2.8 RSD
2.8 RSD  

RSD  
 
 
 
 
 
 

 

9  

  RSD  RSD  

B 5  2.8   

Cr 0.02 99 0.7   

Mn  98 0.8   

Cu  97    

As    2.5  

Se  95 2.0 2.8  

Cd  99    

Sb 0.005 99    

Ba  98 .8 2.   

Pb 0.0   0.8   

  90     

Sn  

 

cm TOC<5 ppb   
 Ultrapur-

  

 
90 mL  

 
Sn  

In  

Sn  
20 50  

 
In  

 

 g  L   
 

 

ICP-MS Sn
m/z In m/z Sn

Sn m/z 5 In m/z 
Sn m/z 

 
 

ICP-MS  

Ar  0.99   
 5.0  

RF  550 W 
  

 
 

Sn  

2 2

 
 

5 R2 0.99
 

 

90
 RSD

 RSD
 

 
 

  RSD  RSD  

Sn .0     

  90  0    
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5  
2 22 7  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
20 9

 

202  
5

 

202  
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5

5  
2 22 7  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
20 9

 

202  
5

 

202  
 
 

 

 
 
 

  
6 11 5 6

LC-MS/MS
LC-QTOF-MS

 

 

2 mg 20 mL
1   

LC-MS  
1:9

1:9
0.5 50 ng/mL  

1 mol/L
HPLC

 
ADVANTEC RFD240NC 
ADVANTEC RFU666HA 

TOMY CAX-571 
ADVANTEC  DISMIC 13HP 

PTFE 0.2 m  
 

LC-MS/MS LC Agilent  1260 Infinity MS Agilent
 6470 TripleQuad 

LC-QTOF-MS LC AB SCIEX ExionLC AC TOF-MS
AB SCIEX X500R QTOF System 

 

LC-MS/MS 1 2
LC-QTOF-MS 3  

 
1 LC-MS/MS

2 LC-MS/MS  

 

LC 1260 Infinity
MS Agilent 6470 TripleQuad
Imtakt Scherzo SM-C18

0.2 mL/min

40 
A 10mM
B
B 1 0 min 99 8 min 99 18 min

1 18.01 min 1 21 min
MRM
ESI

Gas Temp( 300
10
50

SheathGas Heater 400
SheathGas Flow 12

4000
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3 LC-QTOF-MS
LC Sciex Exion LC AC
MS Sciex X500R
Imtakt Scherzo SM-C18

0.2 mL/min

40 
A 10mM
B
B 1 0 min 99 8 min 99 18 min
          1 18.01 min 1 21 min
SWATH
ESI
30psi
550
50
60
5500V

Deciustering potential 80V
Collision energy 5V
TOFMS m/z 50-1100
TOFMS/MS m/z 20-1100

LC-MS/MS 1
3 1 g 1:9
10 mL 10000 rpm 1

1928 ×g 5 5A
50 mL PP 1:9

10 mL 5 1928 ×g 5
5A 50 mL

1:9 20
  

LC-QTOF-MS
1:9 2 0.2

1

LC-MS/MS MRM

2.1
900 100 ng/mL 100

10 ng/mL

1 g
30

2.5 3

1000
2 5 10 15 20 ng/mL

5
0.99 2

2

124.1
138.1

a
10 ng/mL b 10 ng/mL
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3 LC-QTOF-MS
LC Sciex Exion LC AC
MS Sciex X500R
Imtakt Scherzo SM-C18

0.2 mL/min

40 
A 10mM
B
B 1 0 min 99 8 min 99 18 min
          1 18.01 min 1 21 min
SWATH
ESI
30psi
550
50
60
5500V

Deciustering potential 80V
Collision energy 5V
TOFMS m/z 50-1100
TOFMS/MS m/z 20-1100

LC-MS/MS 1
3 1 g 1:9
10 mL 10000 rpm 1

1928 ×g 5 5A
50 mL PP 1:9

10 mL 5 1928 ×g 5
5A 50 mL

1:9 20
  

LC-QTOF-MS
1:9 2 0.2

1

LC-MS/MS MRM

2.1
900 100 ng/mL 100

10 ng/mL

1 g
30

2.5 3

1000
2 5 10 15 20 ng/mL

5
0.99 2

2

124.1
138.1

a
10 ng/mL b 10 ng/mL

a b 100 105

3

3

4

113 3.49 RSD

5

111 2.38 RSD

LC-QTOF-MS 6 7

2.70 2.50

LC-QTOF-MS

4

No.20002
https://h-crisis.niph.go.jp/archives/186961/

70 14

18.28 3.66

2.5

1000

1

_ 10 ng/mL _ 10 ng/mL

_ 10 ng/mL _ 10 ng/mL
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_ 10 ng/mL

4

_ 10 ng/mL

5

6 LC-QTOF-MS 10
1 2 MS 3 MS/MS

1 2 3
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_ 10 ng/mL

4

_ 10 ng/mL

5

6 LC-QTOF-MS 10
1 2 MS 3 MS/MS

1 2 3

7 LC-QTOF-MS 10
1 2 MS 3 MS/MS

4

× ÷ 

70 

65 300 15.17 

6.12 0.33 60 200 21.00 18.28 

80 300 18.67 

14 

65 300 3.03 

9.28 2.54 60 200 4.20 3.66 

80 300 3.73 

1 2 3
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6

 

7 16 4 92

7 18
1,1-

12 128

10 1 PFOS PFOA 1 5

2 26
1,1-

-1,2-

-1,2-

6 60

23 285

 

4 26 2 2

9 25 2 2

11 19 pH 2 6

6 10

 

7 2 pH 1 2

7 29 pH 1 2

8 9 pH 4 8

12 10 1 1

7 13
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6

 

7 16 4 92

7 18
1,1-

12 128

10 1 PFOS PFOA 1 5

2 26
1,1-

-1,2-

-1,2-

6 60

23 285

 

4 26 2 2

9 25 2 2

11 19 pH 2 6

6 10

 

7 2 pH 1 2

7 29 pH 1 2

8 9 pH 4 8

12 10 1 1

7 13

 

TOC

1

TOC

pH

TOC TOC

TOC

TOC

TOC TOC-L

RFU666HA

C 1 mg/mL

RFU666HA

18.2MΩ cm TOC

3 ppb
2 mol/L

C 1

mg/mL 100 mg/L

C
1 mg/mL 10 mg/L

0.3 0.5 1.0 3.0 mg/L

0.3 mg/L

40 mL

TOC

TOC 1
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1 TOC

TOC-L

680

150 mL/min

90
1.5

500 μL

NDIR

Q A

3

3 2 1 2

3.0 mg/L

0.3 mg/L

2 95 99

80 120

2 0.1 4.6

20

2

95 99 80 120

RSD 0.1 4.6 20

3 101
70 130

3 2.9 3.1

20
25

3

101 70 130
RSD 2.9 20

RSD 3.1 25

3.1 3.2

TOC

1 64 1 1

2 261

15 7 22

3 0906 1

24 9 6

4

Q A 30 3 27
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1 TOC

TOC-L

680

150 mL/min

90
1.5

500 μL

NDIR

Q A

3

3 2 1 2

3.0 mg/L

0.3 mg/L

2 95 99

80 120

2 0.1 4.6

20

2

95 99 80 120

RSD 0.1 4.6 20

3 101
70 130

3 2.9 3.1

20
25

3

101 70 130
RSD 2.9 20

RSD 3.1 25

3.1 3.2

TOC

1 64 1 1

2 261

15 7 22

3 0906 1

24 9 6

4

Q A 30 3 27

PFOS PFOA PFHxS

2010

LC-MS/MS

2 2020 5

PFOS
PFOA

PFOS PFOA

50 ng/L

PFOS PFOA
3

PFOS PFOA

PFOS

PFHxS 3 3

PFHxS

4 POPs
A 6 2

PFOS PFOA

PFHxS

LC/MS

LC/MS
1 mol/L 

3 PFHxS PFOS PFOA

2 g/mL

3 (PFHxS-13C6
PFOS-13C8 PFOA-13C8 2 g/mL )

RFU666HA

Oasis HLB Plus 

Cartridge 225mg

3

10 ng/mL

3
10 ng/mL

1 ng/mL

0.1 0.2 0.5 1 2 ng/mL 1 1

100 mL 100 L

10 ng/L 10 mL
5 mL Oasis HLB Plus

10 mL 5 mL 2

6 mL 0.5 mL

1 mL

1
2

－157－



1

Sciex 4500 QTrap system

GL

InertSustain C18HP 2.1 100 mm 3

m

Waters AtlantisT3

2.1 100 mm 3 m

A:2 mM

B:

B 35 2min -6 min-98 4 min)

0.2 mL/min

10 L

2

PFHxS

1

2 PFHxS

0.1 2 ng/mL R2 0.99

1 PFHxS 2 ng/mL

2 PFHxS

2

IDL
IQL PFHxS IDL 0.03 g/L

0.3 ng/L IQL 0.08 g/L

0.8 ng/L

PFOS PFOA IDL
0.03 g/L 0.3 ng/L IQL

0.09 g/L 0.9 ng/L

2 ng/L

10

MDL

MQL
MDL 0.5 ng/L MQL 1.4 ng/L

PFOS PFOA MDL 0.6 ng/L

0.3 ng/L MQL 1.7 ng/L 0.9 ng/L

PFOS PFOA
PFHxS 1 ng/L

6 3 16
PFOS PFOA PFHxS

PFOS PFOA

PFHxS

1 ng/L 2 ng/L

PFOS PFOA PFHxS

PFOS 499 > 80 499 > 99
PFOA 413 > 369 413 > 169
PFHxS 399 > 80 399 > 99
PFOS-13C8 507 > 80        -
PFOA-13C8 421 > 376        -
PFHxS-13C6 405 > 80        -
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1

Sciex 4500 QTrap system

GL

InertSustain C18HP 2.1 100 mm 3

m

Waters AtlantisT3

2.1 100 mm 3 m

A:2 mM

B:

B 35 2min -6 min-98 4 min)

0.2 mL/min

10 L

2

PFHxS

1

2 PFHxS

0.1 2 ng/mL R2 0.99

1 PFHxS 2 ng/mL

2 PFHxS

2

IDL
IQL PFHxS IDL 0.03 g/L

0.3 ng/L IQL 0.08 g/L

0.8 ng/L

PFOS PFOA IDL
0.03 g/L 0.3 ng/L IQL

0.09 g/L 0.9 ng/L

2 ng/L

10

MDL

MQL
MDL 0.5 ng/L MQL 1.4 ng/L

PFOS PFOA MDL 0.6 ng/L

0.3 ng/L MQL 1.7 ng/L 0.9 ng/L

PFOS PFOA
PFHxS 1 ng/L

6 3 16
PFOS PFOA PFHxS

PFOS PFOA

PFHxS

1 ng/L 2 ng/L

PFOS PFOA PFHxS

PFOS 499 > 80 499 > 99
PFOA 413 > 369 413 > 169
PFHxS 399 > 80 399 > 99
PFOS-13C8 507 > 80        -
PFOA-13C8 421 > 376        -
PFHxS-13C6 405 > 80        -

PFHxS 0.1 2 ng/mL
IDL 0.03 g/L MDL 0.5 ng/L PFOS

PFOA 1 ng/L

1

35 41 46 2010

2

36 41 46 2011

3

II

38 45 49 2013
4

38

55 58 2013
5

40 74 79 2015

6
42 57 61 2017

7 2005281

2005282

2
2020 5 28

8

2103262

PFHxS 3 2021 3 26
9

2 3 2021

3
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-GC-MS

2000

5

6

0.0005 mg/L

3 GC-ECD

0.0005 mg/L GC-ECD

JIS

II

JIS K 0102-3 25.3.2 JIS

-GC-MS

6

II

II

20 g/L

2 g

100 mL

2,4,6- -d3 1 mg/mL 

PCB 5000

PCB 5000

300

3 mol/L

12 g 100 mL
23 mL

3 mol/L 8.5 mL 200 mL

PEG300 100 g/L 300

1 g 10 mL
RFU666HA

II Hg 100 g/mL

II 1.25 mg

10 mL

II Hg 100 g/mL
II 1.32 mg

10 mL

Hg 10 g/mL

II II
1 mL 10 mL
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-GC-MS

2000

5

6

0.0005 mg/L

3 GC-ECD

0.0005 mg/L GC-ECD

JIS

II

JIS K 0102-3 25.3.2 JIS

-GC-MS

6

II

II

20 g/L

2 g

100 mL

2,4,6- -d3 1 mg/mL 

PCB 5000

PCB 5000

300

3 mol/L

12 g 100 mL
23 mL

3 mol/L 8.5 mL 200 mL

PEG300 100 g/L 300

1 g 10 mL
RFU666HA

II Hg 100 g/mL

II 1.25 mg

10 mL

II Hg 100 g/mL
II 1.32 mg

10 mL

Hg 10 g/mL

II II
1 mL 10 mL

mg/L

mg/L

200 mL 300 mL 3 mol/L

1+1

10 mL pH 5.0 0.1

2 mL
10 mL

60 10

2 mL PEG 4 L

200 mL Hg
0.0005 0.001 0.002 0.005 0.01 mg/L

Hg 0.002 mg/L

1

1

Ⅱ
1 2

Hg

0.0005 0.01 mg/L

Ⅱ
3 4

1 Ⅱ

2 Ⅱ

3 Ⅱ

4 Ⅱ

GC/MS GC-MS/MS 7980B/ 7000D

DB-5MS 30 m×0.25 mm 0.25 m

100 3 min  10 /min-280 30 /min 300 5 min

250

1 L

― 1.2 mL/min

280

230

SIM

m/z 294 292

m/z 308 306

y = 121837x - 1214
R² = 0.9962

0

20000

40000

60000

80000

100000

120000

140000

0 0.2 0.4 0.6 0.8 1 1.2

y = 80319x - 2709
R² = 0.9947

0

10000

20000

30000

40000

50000

60000

70000

80000

90000

0 0.2 0.4 0.6 0.8 1 1.2

Peak area

Peak area
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Hg 0.0005 mg/L

DB-5MS

DB-17MS

Shigeta DB-1MS

JIS

2,4,6- -d3
- d10

SIM

0.0007 mg/L

Hg 0.0005 mg/L

118

119

-GC-MS

3

1) 10

9 1997 3 13

2)

20 2008 8
3)

21 875 878 1998

4)

27 61 65 2002
5)

30 117 121 2005

6) 59

46 1971 12 28
7) GC/MS

47 70 75 2020

8) Shigeta,K et al, A Simple and Robust Method for 
Determination of Alkylmercury in Seawater and Industrial 

Wastewater by Phenylation Pretreatment Combined with 

GC-MS, Analytical Sciences, 34 2 , 227 233, 2018

9) 6
7 2025

1 29
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Hg 0.0005 mg/L

DB-5MS

DB-17MS
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JIS
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SIM

0.0007 mg/L

Hg 0.0005 mg/L

118

119

-GC-MS

3

1) 10

9 1997 3 13

2)

20 2008 8
3)

21 875 878 1998

4)

27 61 65 2002
5)

30 117 121 2005

6) 59

46 1971 12 28
7) GC/MS

47 70 75 2020

8) Shigeta,K et al, A Simple and Robust Method for 
Determination of Alkylmercury in Seawater and Industrial 

Wastewater by Phenylation Pretreatment Combined with 

GC-MS, Analytical Sciences, 34 2 , 227 233, 2018

9) 6
7 2025

1 29

DNA
6

DNA 3 5
DNA

DNA

DNA
DNA

6

8
DNA

1
1

6 6 8 11

7 2 4 DNA

1

0.5 m

1.0 m

1 L

Sterivex 0.45 μm Merck
1 L Sterivex

RNAlaterTM Solution Thermo Fisher Scientific 2

mL

DNA DNA

DNA

Sterivex DNA

DNA

MiFish-E MiFish-U MiFish-U2 3

1 2 1 1st PCR
1st PCR 2nd PCR

iSeq100 illumina

PMiFish pipeline 
v2.4.1

3 98.5

NCBI

BLAST MiFish 

12S rRNA

1 2

2 5

6 69
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DNA

2 69 15

1 6

6 8 11 2
21 16 18 10
23 42 20 14
35 48 32 14

2 6 6 /

3 6 8 /

4 6 11 /

5 7 2 /

4 DNA

69

DNA

1 DNA

49

137 148 2024

2 DNA DNA 
Ver. 3.0 38 110 2024 8

3 MiFish

ver.1.2 2024 3
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DNA

2 69 15

1 6

6 8 11 2
21 16 18 10
23 42 20 14
35 48 32 14

2 6 6 /

3 6 8 /

4 6 11 /

5 7 2 /

4 DNA

69

DNA

1 DNA

49

137 148 2024

2 DNA DNA 
Ver. 3.0 38 110 2024 8

3 MiFish

ver.1.2 2024 3

2 6

6 11 2

/

/

/

/

/
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PM2.5 6

22 3 31

22

23

PM2.5

25

4

6

PM2.5 PM2.5

33

35 130 24 33 35
130 15 1

14 km

10 9

6 5 9 5 23
6 7 18 8 1

6 10 17 10 31

7 1 16 1 30

1

PM2.5

Thermo Fisher scientific FRM2000
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PM2.5 6

22 3 31

22

23

PM2.5

25

4

6

PM2.5 PM2.5

33

35 130 24 33 35
130 15 1

14 km

10 9

6 5 9 5 23
6 7 18 8 1

6 10 17 10 31

7 1 16 1 30

1

PM2.5

Thermo Fisher scientific FRM2000

PTFE

Whatman Pall
PM2.5 PTFE

21.5 1.5 35 5 24

1/4 10 mL
20 0.45 μm PTFE

Thermo Fisher 

scientific Integrion RFIC Aquion

SO42- NO3- Cl- NH4+ Na+ K+ Ca2+ Mg2+ 8

Si PTFE 1/2

Anton Paar Multiwave Pro

ICP-MS Agilent Technologies Agilent 7850
ICP-MS Na Al K Ca Sc

Ti V Cr Mn Fe Co Ni Cu Zn As Se Rb Mo

Sb Cs Ba La Ce Sm Hf W Ta Th Pb 29

Si X
EDX-7200

1 cm2

Sunset Laboratory

IMPROVE OC1
OC2 OC3 OC4 EC1 EC2 EC3 OCPyro

OC OC OC1 OC2 OC3 OC4 OCPyro

EC EC EC1 EC2 EC3 OCPyro

PM2.5

1/2

PM2.5 1

12 μg/m3 3.1 38 μg/m3

11 μg/m3 2.8 41 μg/m3

1 PM2.5

14 6.3 7.8 18 12

6.5 4.2 3.1 5.4 3.1

25 9.6 16 38 38

13 5.4 7.8 18 11

5.7 2.8 2.8 5.4 2.8

26 9.6 16 41 41

PM2.5 2

5.9 μg/m3

1.3 26 μg/m3 5.7 μg/m3 0.38 30 μg/m3

SO42-

2.3 μg/m3 2.2 μg/m3 NO3-

1.7 μg/m3 1.7 μg/m3

2 PM2.5

SO4
2- 2.7 1.7 1.7 3.1 2.3

NO3
- 0.99 0.22 0.41 5.0 1.7

Cl- 0.14 0.062 0.14 0.30 0.16

NH4
+ 1.3 0.57 0.73 2.8 1.3

Na+ 0.22 0.18 0.18 0.16 0.19

K+ 0.11 0.038 0.058 0.20 0.10

Ca2+ 0.24 0.054 0.056 0.077 0.11

Mg2+ 0.037 0.037 0.040 0.040 0.038

5.7 2.9 3.3 12 5.9

2.4 1.4 1.3 2.5 1.3

12 4.7 7.3 26 26

SO4
2- 2.6 1.5 1.7 2.9 2.2

NO3
- 0.96 0.22 0.40 5.1 1.7

Cl- 0.17 0.082 0.15 0.27 0.17

NH4
+ 1.4 0.55 0.73 2.7 1.3

Na+ 0.19 0.17 0.19 0.12 0.17

K+ 0.085 0.024 0.050 0.18 0.084

Ca2+ 0.063 0.029 0.048 0.059 0.050

Mg2+ 0.032 0.029 0.042 0.031 0.033

5.5 2.6 3.3 11 5.7

2.0 1.4 1.5 0.38 0.38

13 3.9 7.7 30 30

μg/m3

μg/m3
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PM2.5 3
690 ng/m3 190

2900 ng/m3 650 ng/m3 120 2600 ng/m3

3 PM2.5

Na 150 150 170 150 160 Na 130 140 190 220 170

Al 110 20 32 58 56 Al 85 25 38 160 78

Si 550 98 120 190 240 Si 460 80 140 170 210

K 89 22 52 150 78 K 62 16 45 180 75

Ca 130 37 47 55 66 Ca 39 26 34 45 36

Sc 0.019 0.0033 0.0047 0.013 0.010 Sc 0.013 0.0035 0.0052 0.014 0.0091

Ti 7.4 1.2 2.3 4.4 3.8 Ti 5.0 1.2 2.3 4.4 3.2

V 1.8 1.5 1.4 1.6 1.6 V 1.1 0.50 0.61 0.90 0.77

Cr 0.77 0.18 0.92 1.1 0.74 Cr 0.85 0.32 1.2 1.1 0.85

Mn 3.8 1.2 2.9 5.7 3.4 Mn 2.1 0.50 2.7 5.2 2.6

Fe 85 18 58 81 61 Fe 59 12 56 75 50

Co 0.053 0.011 0.029 0.054 0.037 Co 0.045 0.010 0.026 0.054 0.034

Ni 1.3 1.2 0.84 1.4 1.2 Ni 0.64 0.37 0.54 1.1 0.65

Cu 1.2 0.58 1.5 2.4 1.4 Cu 2.5 0.31 1.3 2.2 1.6

Zn 11 3.1 11 18 11 Zn 8.4 1.7 11 19 10

As 1.3 0.19 0.63 1.5 0.91 As 1.4 0.16 0.73 1.7 1.0

Se 0.48 0.16 0.42 0.76 0.45 Se 0.48 0.16 0.42 0.87 0.48

Rb 0.34 0.063 0.20 0.36 0.24 Rb 0.19 0.032 0.14 0.37 0.19

Mo 0.31 0.071 0.44 0.49 0.33 Mo 0.32 0.051 0.40 0.74 0.38

Sb 0.33 0.18 0.47 0.75 0.43 Sb 0.51 0.16 0.43 0.78 0.47

Cs 0.024 0.0025 0.023 0.028 0.020 Cs 0.017 0.0018 0.022 0.030 0.018

Ba 1.7 1.0 1.4 3.6 1.9 Ba 1.1 0.56 0.91 3.2 1.4

La 0.064 0.013 0.043 0.065 0.046 La 0.042 0.0076 0.053 0.068 0.043

Ce 0.12 0.022 0.036 0.10 0.069 Ce 0.070 0.011 0.029 0.096 0.052

Sm 0.0086 0.0010 0.0023 0.0045 0.0041 Sm 0.0051 0.00083 0.0023 0.0049 0.0033

Hf  0.0085 0.0024 0.0059 0.0088 0.0064 Hf 0.0054 0.0019 0.0052 0.012 0.0061

W 0.085 0.042 0.12 0.17 0.10 W 2.1 0.058 0.097 0.16 0.61

Ta 0.0023 0.00038 0.00067 0.0021 0.0014 Ta 0.00085 0.00042 0.00048 0.0013 0.00076

Th 0.017 0.0013 0.0041 0.011 0.0082 Th 0.011 0.0015 0.0038 0.010 0.0066

Pb 3.2 0.41 2.2 5.8 2.9 Pb 3.5 0.25 2.6 5.8 3.0

1200 350 510 730 690 870 310 520 900 650

400 190 190 440 190 280 120 130 410 120

2900 580 800 1600 2900 2000 460 770 2600 2600

ng/m3
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PM2.5 3
690 ng/m3 190

2900 ng/m3 650 ng/m3 120 2600 ng/m3

3 PM2.5

Na 150 150 170 150 160 Na 130 140 190 220 170

Al 110 20 32 58 56 Al 85 25 38 160 78

Si 550 98 120 190 240 Si 460 80 140 170 210

K 89 22 52 150 78 K 62 16 45 180 75

Ca 130 37 47 55 66 Ca 39 26 34 45 36

Sc 0.019 0.0033 0.0047 0.013 0.010 Sc 0.013 0.0035 0.0052 0.014 0.0091

Ti 7.4 1.2 2.3 4.4 3.8 Ti 5.0 1.2 2.3 4.4 3.2

V 1.8 1.5 1.4 1.6 1.6 V 1.1 0.50 0.61 0.90 0.77

Cr 0.77 0.18 0.92 1.1 0.74 Cr 0.85 0.32 1.2 1.1 0.85

Mn 3.8 1.2 2.9 5.7 3.4 Mn 2.1 0.50 2.7 5.2 2.6

Fe 85 18 58 81 61 Fe 59 12 56 75 50

Co 0.053 0.011 0.029 0.054 0.037 Co 0.045 0.010 0.026 0.054 0.034

Ni 1.3 1.2 0.84 1.4 1.2 Ni 0.64 0.37 0.54 1.1 0.65

Cu 1.2 0.58 1.5 2.4 1.4 Cu 2.5 0.31 1.3 2.2 1.6

Zn 11 3.1 11 18 11 Zn 8.4 1.7 11 19 10

As 1.3 0.19 0.63 1.5 0.91 As 1.4 0.16 0.73 1.7 1.0

Se 0.48 0.16 0.42 0.76 0.45 Se 0.48 0.16 0.42 0.87 0.48

Rb 0.34 0.063 0.20 0.36 0.24 Rb 0.19 0.032 0.14 0.37 0.19

Mo 0.31 0.071 0.44 0.49 0.33 Mo 0.32 0.051 0.40 0.74 0.38

Sb 0.33 0.18 0.47 0.75 0.43 Sb 0.51 0.16 0.43 0.78 0.47

Cs 0.024 0.0025 0.023 0.028 0.020 Cs 0.017 0.0018 0.022 0.030 0.018

Ba 1.7 1.0 1.4 3.6 1.9 Ba 1.1 0.56 0.91 3.2 1.4

La 0.064 0.013 0.043 0.065 0.046 La 0.042 0.0076 0.053 0.068 0.043

Ce 0.12 0.022 0.036 0.10 0.069 Ce 0.070 0.011 0.029 0.096 0.052

Sm 0.0086 0.0010 0.0023 0.0045 0.0041 Sm 0.0051 0.00083 0.0023 0.0049 0.0033

Hf  0.0085 0.0024 0.0059 0.0088 0.0064 Hf 0.0054 0.0019 0.0052 0.012 0.0061

W 0.085 0.042 0.12 0.17 0.10 W 2.1 0.058 0.097 0.16 0.61

Ta 0.0023 0.00038 0.00067 0.0021 0.0014 Ta 0.00085 0.00042 0.00048 0.0013 0.00076

Th 0.017 0.0013 0.0041 0.011 0.0082 Th 0.011 0.0015 0.0038 0.010 0.0066

Pb 3.2 0.41 2.2 5.8 2.9 Pb 3.5 0.25 2.6 5.8 3.0

1200 350 510 730 690 870 310 520 900 650

400 190 190 440 190 280 120 130 410 120

2900 580 800 1600 2900 2000 460 770 2600 2600

ng/m3

PM2.5 4
OC 3.2 μg/m3 0.98

7.7 μg/m3 EC 0.51 μg/m3 0.000057 1.7 μg/m3

OC 2.4 μg/m3 0.040 6.7 μg/m3 EC 0.41 μg/m3

0.000063 1.6 μg/m3

4 PM2.5

OC 4.2 2.5 2.7 3.6 3.2

2.0 1.6 1.4 0.98 0.98

7.7 4.1 4.8 6.2 7.7

EC 0.63 0.18 0.37 0.87 0.51

0.19 0.091 0.000057 0.17 0.000057

1.7 0.33 0.92 1.7 1.7

OC 3.3 1.8 1.9 2.7 2.4

1.2 0.87 0.87 0.040 0.040

6.7 3.5 3.7 5.5 6.7

EC 0.55 0.11 0.32 0.68 0.41

0.088 0.000063 0.025 0.0042 0.000063

1.3 0.31 0.74 1.6 1.6

PM2.5 5 PM2.5

OC 28

SO42- 20 OC 22 SO42- 20

5 PM2.5

SO4
2- 19 27 22 17 20

NO3
- 7 4 5 27 14

NH4
+ 9 9 9 15 12

5 6 6 4 5

OC 30 39 34 20 28

EC 5 3 5 5 4

8 6 7 4 6

16 7 11 8 11

SO4
2- 20 28 22 16 20

NO3
- 7 4 5 29 15

NH4
+ 10 10 9 15 12

4 6 6 4 5

OC 25 34 25 15 22

EC 4 2 4 4 4

7 6 7 5 6

23 10 22 12 17

1 177 75

22

5 11 9

2 PM2.5
2019 5

μg/m3
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6

58

13
25 29

pH

3

2

3
6 3 25

7 3 31

2

1

3 km

130 m 202

13 km

170 m

300 m 263

1

1

ANEOS
US-330H pH

EC SO42-

NO3- Cl- NH4+ Na+ K+ Ca2+ Mg2+

2

6 1

2 pH EC

6 10 17

7 29 8 5 8 5 13 9 2 9
9 24 30 1 20 27 2 17

25 0 mL 8 13 19

pH EC 6 10 17

7 29 8 5 8 5 13 9 2 9
9 24 30 1 20 27 2 17 25

0 mL 5 13 20 7 16

22 8 13 19 pH EC

8 26 9 2

1861.8 mm

2880.6 mm pH
4.20 6.45 4.90

4.25 6.45

5.03 5

https://www.env.go.jp/air/acidrain/monitoring/r05/index.ht
ml 5.03

2

Na+ Cl- NH4+ NO3- SO42-
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6

58

13
25 29

pH

3

2

3
6 3 25

7 3 31

2

1

3 km

130 m 202

13 km

170 m

300 m 263

1

1

ANEOS
US-330H pH

EC SO42-

NO3- Cl- NH4+ Na+ K+ Ca2+ Mg2+

2

6 1

2 pH EC

6 10 17

7 29 8 5 8 5 13 9 2 9
9 24 30 1 20 27 2 17

25 0 mL 8 13 19

pH EC 6 10 17

7 29 8 5 8 5 13 9 2 9
9 24 30 1 20 27 2 17 25

0 mL 5 13 20 7 16

22 8 13 19 pH EC

8 26 9 2

1861.8 mm

2880.6 mm pH
4.20 6.45 4.90

4.25 6.45

5.03 5

https://www.env.go.jp/air/acidrain/monitoring/r05/index.ht
ml 5.03

2

Na+ Cl- NH4+ NO3- SO42-

6 pH EC 2
2 1 10

8 12

12 8 2

1
pH 8

2 12

3 8

EC 2

11 1

nss-SO42- NO3- NH4+

nss-Ca2+ 3 11
3

8 nss-Ca2+ 2

4 8 nss-Ca2+ 2

5 NO3-/nss-SO42- 2
7 12 12 8

NH4+/nss-Ca2+

7 NH4+

8 2 1 2 3
4

nss-SO42- nss-SO42- nss-Ca2+

pH
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1
pH EC SO4

2- NO3
- Cl- NH4

+ Na+ K+ Ca2+ Mg2+ H+

mm mS/m mmol/m2 mmol/m2 mmol/m2 mmol/m2 mmol/m2 mmol/m2 mmol/m2 mmol/m2 mmol/m2

3/25 - 4/1 36.3 4.98 1.9 0.43 0.68 2.27 0.88 1.97 0.08 0.10 0.21 0.38
4/1 - 4/8 73.8 4.64 1.7 1.25 1.25 0.53 2.05 0.37 0.12 0.16 0.08 1.70
4/8- 4/15 41.9 4.41 2.6 1.06 0.73 1.81 0.89 1.54 0.05 0.16 0.18 1.63
4/15 - 4/22 37.9 4.59 1.5 0.54 0.56 0.31 0.56 0.16 0.03 0.10 0.04 0.98
4/22 - 4/30 18.9 4.31 3.0 0.51 0.44 0.53 0.40 0.42 0.02 0.05 0.05 0.94
4/30 - 5/7 7.0 4.76 2.8 0.13 0.35 0.53 0.27 0.47 0.02 0.06 0.06 0.12
5/7 - 5/13 32.8 4.83 1.0 0.26 0.30 0.30 0.33 0.23 0.02 0.04 0.03 0.48
5/13 - 5/20 1.5 5.46 24.8 0.17 0.13 2.76 0.17 2.36 0.05 0.08 0.25 0.01
5/20 - 5/27 49.6 5.25 0.4 0.24 0.15 0.17 0.14 0.14 0.02 0.06 0.04 0.28
5/27 - 6/3 31.6 5.17 0.7 0.19 0.39 0.21 0.50 0.15 0.01 0.06 0.03 0.21
6/3 - 6/10 29.6 4.62 1.6 0.55 0.32 0.17 0.60 0.13 0.02 0.06 0.02 0.71
6/10 - 6/17 0.0 - - - - - - - - - - -
6/17 - 6/24 149.1 5.09 0.5 0.73 0.69 0.18 0.97 0.12 0.03 0.09 0.05 1.22
6/24 - 7/1 65.9 5.50 0.5 0.18 0.81 0.39 0.97 0.29 0.02 0.09 0.05 0.21
7/1 - 7/8 49.7 5.42 0.3 0.07 0.23 0.19 0.23 0.15 0.02 0.01 0.02 0.19
7/8 - 7/16 108.8 5.29 0.5 0.29 0.97 0.44 1.20 0.32 0.04 0.05 0.05 0.56
7/16 - 7/22 3.3 5.18 0.9 0.02 0.07 0.05 0.08 0.05 0.00 0.01 0.00 0.02
7/22 - 7/29 23.8 4.41 2.5 0.57 0.48 0.28 0.46 0.20 0.02 0.11 0.03 0.93
7/29 - 8/5 0.0 - - - - - - - - - - -
8/5 - 8/13 0.0 - - - - - - - - - - -
8/13 - 8/19 0.7 - - 0.04 0.12 0.03 0.08 0.04 0.00 0.02 0.01 -
8/19 - 8/26 28.7 4.38 2.5 0.64 0.46 0.69 0.52 0.45 0.05 0.05 0.05 1.20
8/26 - 9/2 196.1 5.42 0.6 0.64 0.55 5.35 0.62 4.49 0.14 0.28 0.47 0.74
9/2 - 9/9 0.0 - - - - - - - - - - -
9/9 - 9/17 42.3 4.76 1.1 0.52 0.45 0.26 0.41 0.25 0.03 0.11 0.05 0.74
9/17 - 9/24 85.4 5.27 0.6 0.18 0.26 1.90 0.13 1.57 0.05 0.07 0.17 0.46
9/24 -9/30 0.0 - - - - - - - - - - -
9/30 - 10/7 41.2 4.70 2.7 0.78 0.92 3.91 1.07 3.45 0.07 0.14 0.36 0.82
10/7 - 10/15 32.4 5.32 0.8 0.17 0.21 1.10 0.29 0.94 0.03 0.03 0.10 0.16
10/15 - 10/21 26.1 5.00 0.8 0.15 0.23 0.25 0.25 0.22 0.02 0.02 0.03 0.26
10/21 - 10/28 46.4 4.52 1.8 0.69 0.54 1.09 0.38 0.88 0.03 0.06 0.09 1.39
10/28 - 11/5 261.1 4.75 1.0 2.27 0.74 4.16 0.63 3.26 0.14 0.14 0.37 4.64
11/5 - 11/11 16.5 4.82 0.9 0.12 0.17 0.09 0.16 0.07 0.01 0.01 0.01 0.25
11/11- 11/18 2.6 4.20 10.4 0.20 0.26 1.07 0.27 0.95 0.03 0.06 0.10 0.16
11/18 - 11/25 1.5 5.20 6.3 0.05 0.08 0.55 0.07 0.48 0.01 0.02 0.06 0.01
11/25 - 12/2 80.2 5.41 7.7 3.14 2.64 38.84 3.02 34.10 0.73 1.47 3.60 0.31
12/2 - 12/9 4.1 4.70 3.3 0.10 0.26 0.39 0.25 0.34 0.01 0.03 0.04 0.08
12/9 - 12/16 5.9 4.96 6.0 0.26 0.63 1.46 0.55 1.25 0.03 0.15 0.15 0.07
12/16 - 12/23 18.0 5.43 3.4 0.27 0.26 3.85 0.31 3.21 0.06 0.10 0.36 0.07
12/23 - 12/27 1.9 4.24 8.9 0.10 0.32 0.54 0.23 0.47 0.02 0.04 0.06 0.11
12/27 - 1/6 11.8 5.20 3.5 0.26 0.43 1.97 0.38 1.72 0.04 0.11 0.20 0.07
1/6 - 1/14 9.3 4.78 9.0 0.51 1.10 4.11 1.09 3.53 0.09 0.22 0.38 0.15
1/14 - 1/20 2.8 6.35 12.8 0.28 1.27 0.83 1.05 0.74 0.05 0.36 0.11 0.00
1/20 - 1/27 0.0 - - - - - - - - - - -
1/27 - 2/3 37.0 5.20 5.6 1.20 0.53 13.30 0.95 11.08 0.27 0.43 1.28 0.23
2/3 - 2/10 2.5 6.39 10.4 0.17 0.17 1.51 0.28 1.32 0.04 0.07 0.14 0.00
2/10 - 2/17 8.4 5.45 2.4 0.16 0.26 0.79 0.34 0.71 0.02 0.07 0.08 0.03
2/17 - 2/25 0.0 - - - - - - - - - - -
2/25 - 3/3 57.9 5.31 1.8 0.67 0.71 4.79 1.16 4.22 0.12 0.17 0.45 0.28
3/3 - 3/10 25.5 5.03 1.4 0.32 0.39 0.57 0.42 0.47 0.04 0.06 0.06 0.24
3/10 - 3/17 33.2 5.91 1.7 0.54 0.81 1.43 1.12 1.26 0.07 0.26 0.16 0.04
3/17 - 3/24 12.0 6.45 7.7 0.57 0.51 5.67 0.80 4.95 0.12 0.20 0.53 0.00
3/24 - 3/31 8.9 4.60 4.9 0.46 0.84 0.54 1.30 0.47 0.08 0.13 0.07 0.22

1861.8 - 167.3 22.66 24.70 112.16 28.82 95.97 2.99 6.20 10.75 23.31
- 4.90 - 0.49 0.54 2.44 0.63 2.09 0.06 0.13 0.23 0.52

261.1 6.45 24.8 3.14 2.64 38.84 3.02 34.10 0.73 1.47 3.60 4.64
0.0 4.20 0.3 0.02 0.07 0.03 0.07 0.04 0.00 0.01 0.00 0.00
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1
pH EC SO4

2- NO3
- Cl- NH4

+ Na+ K+ Ca2+ Mg2+ H+

mm mS/m mmol/m2 mmol/m2 mmol/m2 mmol/m2 mmol/m2 mmol/m2 mmol/m2 mmol/m2 mmol/m2

3/25 - 4/1 36.3 4.98 1.9 0.43 0.68 2.27 0.88 1.97 0.08 0.10 0.21 0.38
4/1 - 4/8 73.8 4.64 1.7 1.25 1.25 0.53 2.05 0.37 0.12 0.16 0.08 1.70
4/8- 4/15 41.9 4.41 2.6 1.06 0.73 1.81 0.89 1.54 0.05 0.16 0.18 1.63
4/15 - 4/22 37.9 4.59 1.5 0.54 0.56 0.31 0.56 0.16 0.03 0.10 0.04 0.98
4/22 - 4/30 18.9 4.31 3.0 0.51 0.44 0.53 0.40 0.42 0.02 0.05 0.05 0.94
4/30 - 5/7 7.0 4.76 2.8 0.13 0.35 0.53 0.27 0.47 0.02 0.06 0.06 0.12
5/7 - 5/13 32.8 4.83 1.0 0.26 0.30 0.30 0.33 0.23 0.02 0.04 0.03 0.48
5/13 - 5/20 1.5 5.46 24.8 0.17 0.13 2.76 0.17 2.36 0.05 0.08 0.25 0.01
5/20 - 5/27 49.6 5.25 0.4 0.24 0.15 0.17 0.14 0.14 0.02 0.06 0.04 0.28
5/27 - 6/3 31.6 5.17 0.7 0.19 0.39 0.21 0.50 0.15 0.01 0.06 0.03 0.21
6/3 - 6/10 29.6 4.62 1.6 0.55 0.32 0.17 0.60 0.13 0.02 0.06 0.02 0.71
6/10 - 6/17 0.0 - - - - - - - - - - -
6/17 - 6/24 149.1 5.09 0.5 0.73 0.69 0.18 0.97 0.12 0.03 0.09 0.05 1.22
6/24 - 7/1 65.9 5.50 0.5 0.18 0.81 0.39 0.97 0.29 0.02 0.09 0.05 0.21
7/1 - 7/8 49.7 5.42 0.3 0.07 0.23 0.19 0.23 0.15 0.02 0.01 0.02 0.19
7/8 - 7/16 108.8 5.29 0.5 0.29 0.97 0.44 1.20 0.32 0.04 0.05 0.05 0.56
7/16 - 7/22 3.3 5.18 0.9 0.02 0.07 0.05 0.08 0.05 0.00 0.01 0.00 0.02
7/22 - 7/29 23.8 4.41 2.5 0.57 0.48 0.28 0.46 0.20 0.02 0.11 0.03 0.93
7/29 - 8/5 0.0 - - - - - - - - - - -
8/5 - 8/13 0.0 - - - - - - - - - - -
8/13 - 8/19 0.7 - - 0.04 0.12 0.03 0.08 0.04 0.00 0.02 0.01 -
8/19 - 8/26 28.7 4.38 2.5 0.64 0.46 0.69 0.52 0.45 0.05 0.05 0.05 1.20
8/26 - 9/2 196.1 5.42 0.6 0.64 0.55 5.35 0.62 4.49 0.14 0.28 0.47 0.74
9/2 - 9/9 0.0 - - - - - - - - - - -
9/9 - 9/17 42.3 4.76 1.1 0.52 0.45 0.26 0.41 0.25 0.03 0.11 0.05 0.74
9/17 - 9/24 85.4 5.27 0.6 0.18 0.26 1.90 0.13 1.57 0.05 0.07 0.17 0.46
9/24 -9/30 0.0 - - - - - - - - - - -
9/30 - 10/7 41.2 4.70 2.7 0.78 0.92 3.91 1.07 3.45 0.07 0.14 0.36 0.82
10/7 - 10/15 32.4 5.32 0.8 0.17 0.21 1.10 0.29 0.94 0.03 0.03 0.10 0.16
10/15 - 10/21 26.1 5.00 0.8 0.15 0.23 0.25 0.25 0.22 0.02 0.02 0.03 0.26
10/21 - 10/28 46.4 4.52 1.8 0.69 0.54 1.09 0.38 0.88 0.03 0.06 0.09 1.39
10/28 - 11/5 261.1 4.75 1.0 2.27 0.74 4.16 0.63 3.26 0.14 0.14 0.37 4.64
11/5 - 11/11 16.5 4.82 0.9 0.12 0.17 0.09 0.16 0.07 0.01 0.01 0.01 0.25
11/11- 11/18 2.6 4.20 10.4 0.20 0.26 1.07 0.27 0.95 0.03 0.06 0.10 0.16
11/18 - 11/25 1.5 5.20 6.3 0.05 0.08 0.55 0.07 0.48 0.01 0.02 0.06 0.01
11/25 - 12/2 80.2 5.41 7.7 3.14 2.64 38.84 3.02 34.10 0.73 1.47 3.60 0.31
12/2 - 12/9 4.1 4.70 3.3 0.10 0.26 0.39 0.25 0.34 0.01 0.03 0.04 0.08
12/9 - 12/16 5.9 4.96 6.0 0.26 0.63 1.46 0.55 1.25 0.03 0.15 0.15 0.07
12/16 - 12/23 18.0 5.43 3.4 0.27 0.26 3.85 0.31 3.21 0.06 0.10 0.36 0.07
12/23 - 12/27 1.9 4.24 8.9 0.10 0.32 0.54 0.23 0.47 0.02 0.04 0.06 0.11
12/27 - 1/6 11.8 5.20 3.5 0.26 0.43 1.97 0.38 1.72 0.04 0.11 0.20 0.07
1/6 - 1/14 9.3 4.78 9.0 0.51 1.10 4.11 1.09 3.53 0.09 0.22 0.38 0.15
1/14 - 1/20 2.8 6.35 12.8 0.28 1.27 0.83 1.05 0.74 0.05 0.36 0.11 0.00
1/20 - 1/27 0.0 - - - - - - - - - - -
1/27 - 2/3 37.0 5.20 5.6 1.20 0.53 13.30 0.95 11.08 0.27 0.43 1.28 0.23
2/3 - 2/10 2.5 6.39 10.4 0.17 0.17 1.51 0.28 1.32 0.04 0.07 0.14 0.00
2/10 - 2/17 8.4 5.45 2.4 0.16 0.26 0.79 0.34 0.71 0.02 0.07 0.08 0.03
2/17 - 2/25 0.0 - - - - - - - - - - -
2/25 - 3/3 57.9 5.31 1.8 0.67 0.71 4.79 1.16 4.22 0.12 0.17 0.45 0.28
3/3 - 3/10 25.5 5.03 1.4 0.32 0.39 0.57 0.42 0.47 0.04 0.06 0.06 0.24
3/10 - 3/17 33.2 5.91 1.7 0.54 0.81 1.43 1.12 1.26 0.07 0.26 0.16 0.04
3/17 - 3/24 12.0 6.45 7.7 0.57 0.51 5.67 0.80 4.95 0.12 0.20 0.53 0.00
3/24 - 3/31 8.9 4.60 4.9 0.46 0.84 0.54 1.30 0.47 0.08 0.13 0.07 0.22

1861.8 - 167.3 22.66 24.70 112.16 28.82 95.97 2.99 6.20 10.75 23.31
- 4.90 - 0.49 0.54 2.44 0.63 2.09 0.06 0.13 0.23 0.52

261.1 6.45 24.8 3.14 2.64 38.84 3.02 34.10 0.73 1.47 3.60 4.64
0.0 4.20 0.3 0.02 0.07 0.03 0.07 0.04 0.00 0.01 0.00 0.00

2
pH EC SO4

2- NO3
- Cl- NH4

+ Na+ K+ Ca2+ Mg2+ H+

mm mS/m mmol/m2 mmol/m2 mmol/m2 mmol/m2 mmol/m2 mmol/m2 mmol/m2 mmol/m2 mmol/m2

3/25 - 4/1 64.3 5.09 1.5 0.57 0.73 3.41 0.94 2.97 0.12 0.14 0.32 0.52
4/1 - 4/8 93.6 4.81 1.2 1.07 1.32 0.61 1.85 0.48 0.18 0.16 0.10 1.46
4/8- 4/15 61.3 4.69 1.7 1.01 0.82 1.89 0.95 1.66 0.09 0.19 0.21 1.26
4/15 - 4/22 40.9 4.65 1.4 0.50 0.53 0.30 0.40 0.14 0.08 0.12 0.05 0.91
4/22 - 4/30 26.6 4.54 2.4 0.54 0.54 1.22 0.59 1.06 0.05 0.07 0.12 0.76
4/30 - 5/7 20.4 4.70 2.4 0.40 0.63 1.07 0.60 0.99 0.09 0.09 0.12 0.40
5/7 - 5/13 48.1 4.99 1.0 0.32 0.35 1.02 0.39 0.82 0.05 0.07 0.11 0.49
5/13 - 5/20 0.9 - - 0.11 0.10 1.63 0.12 1.41 0.03 0.05 0.15 -
5/20 - 5/27 56.1 5.19 0.4 0.22 0.15 0.11 0.14 0.10 0.02 0.06 0.04 0.37
5/27 - 6/3 38.3 5.14 0.7 0.21 0.41 0.20 0.47 0.15 0.02 0.07 0.04 0.28
6/3 - 6/10 27.5 4.54 1.8 0.54 0.42 0.20 0.55 0.13 0.03 0.08 0.03 0.80
6/10 - 6/17 0.0 - - - - - - - - - - -
6/17 - 6/24 156.6 5.09 0.5 0.68 0.73 0.23 1.03 0.17 0.05 0.08 0.06 1.27
6/24 - 7/1 120.4 5.35 0.5 0.41 1.05 1.20 1.04 0.98 0.07 0.11 0.13 0.54
7/1 - 7/8 60.1 5.83 0.2 0.08 0.22 0.23 0.46 0.19 0.04 0.02 0.03 0.09
7/8 - 7/16 213.4 5.28 0.3 0.40 1.05 0.51 1.35 0.43 0.08 0.06 0.09 1.11
7/16 - 7/22 0.3 - - 0.02 0.04 0.03 0.04 0.05 0.01 0.00 0.00 -
7/22 - 7/29 1.5 4.61 2.9 0.05 0.02 0.11 0.03 0.09 0.00 0.01 0.01 0.04
7/29 - 8/5 0.0 - - - - - - - - - - -
8/5 - 8/13 0.0 - - - - - - - - - - -
8/13 - 8/19 0.5 - - 0.02 0.05 0.02 0.04 0.02 0.01 0.01 0.00 -
8/19 - 8/26 45.6 5.34 1.3 0.77 0.38 1.57 0.34 0.61 1.14 0.59 0.17 0.21
8/26 - 9/2 515.0 5.46 0.3 0.98 1.02 4.07 1.17 3.36 0.29 0.30 0.49 1.78
9/2 - 9/9 0.0 - - - - - - - - - - -
9/9 - 9/17 32.3 4.63 1.3 0.39 0.35 0.13 0.29 0.12 0.03 0.05 0.03 0.77
9/17 - 9/24 143.1 5.26 0.7 0.40 0.45 4.27 0.41 3.51 0.11 0.11 0.35 0.79
9/24 -9/30 0.0 - - - - - - - - - - -
9/30 - 10/7 128.7 4.92 1.2 0.98 1.09 4.74 1.01 4.05 0.12 0.15 0.42 1.57
10/7 - 10/15 89.8 5.20 0.8 0.37 0.81 2.49 0.25 2.64 0.08 0.08 0.27 0.57
10/15 - 10/21 27.6 4.68 3.1 0.50 0.46 3.91 0.43 3.34 0.08 0.09 0.37 0.58
10/21 - 10/28 63.7 4.67 1.3 0.70 0.62 1.01 0.47 0.86 0.05 0.05 0.10 1.35
10/28 - 11/5 327.3 4.83 1.1 2.70 0.76 9.63 0.77 8.05 0.23 0.22 0.82 4.89
11/5 - 11/11 25.2 4.75 1.5 0.24 0.61 0.80 0.46 0.74 0.03 0.05 0.09 0.45
11/11- 11/18 15.8 4.44 8.3 0.92 1.10 6.10 1.27 5.37 0.13 0.29 0.62 0.57
11/18 - 11/25 1.9 5.28 10.9 0.10 0.10 1.39 0.07 1.25 0.03 0.05 0.13 0.01
11/25 - 12/2 87.5 5.37 6.0 2.78 2.55 33.04 2.81 28.48 0.66 1.48 3.32 0.37
12/2 - 12/9 5.0 4.30 6.8 0.22 0.55 1.12 0.47 0.97 0.03 0.06 0.12 0.25
12/9 - 12/16 6.4 4.90 8.1 0.33 0.85 2.41 0.62 2.14 0.06 0.19 0.26 0.08
12/16 - 12/23 19.7 5.10 3.9 0.41 0.82 4.06 0.71 3.50 0.08 0.15 0.40 0.16
12/23 - 12/27 3.9 4.25 7.0 0.15 0.49 0.85 0.30 0.76 0.03 0.06 0.09 0.22
12/27 - 1/6 16.5 5.13 4.2 0.45 0.81 3.48 0.51 3.14 0.08 0.21 0.37 0.12
1/6 - 1/14 21.2 4.66 10.9 1.38 2.57 11.65 2.33 10.40 0.28 0.53 1.10 0.47
1/14 - 1/20 4.8 6.29 10.9 0.40 2.01 0.91 1.78 0.81 0.08 0.45 0.13 0.00
1/20 - 1/27 0.0 - - - - - - - - - - -
1/27 - 2/3 49.7 5.13 5.5 1.67 0.93 16.66 1.52 14.08 0.33 0.58 1.65 0.37
2/3 - 2/10 5.0 6.43 10.0 0.32 0.33 2.95 0.46 2.66 0.07 0.12 0.28 0.00
2/10 - 2/17 15.0 5.13 1.9 0.25 0.27 0.88 0.29 0.80 0.03 0.07 0.09 0.11
2/17 - 2/25 0.0 - - - - - - - - - - -
2/25 - 3/3 75.1 5.40 1.2 0.64 0.79 2.88 1.03 2.60 0.11 0.14 0.28 0.30
3/3 - 3/10 36.5 5.11 2.3 0.50 0.50 3.59 0.43 3.14 0.09 0.13 0.33 0.28
3/10 - 3/17 52.5 5.90 1.6 0.71 1.02 2.92 1.56 2.57 0.16 0.30 0.28 0.07
3/17 - 3/24 15.9 6.45 5.3 0.60 0.63 4.55 1.04 3.98 0.12 0.25 0.47 0.01
3/24 - 3/31 19.2 5.07 2.2 0.52 0.96 0.46 1.41 0.41 0.13 0.19 0.10 0.16

2880.6 - 138.5 27.54 32.98 146.5 35.18 126.1 5.65 8.31 14.71 26.81
- 5.03 - 0.60 0.72 3.19 0.76 2.74 0.12 0.18 0.32 0.62

515.0 6.45 10.9 2.78 2.57 33.04 2.81 28.48 1.14 1.48 3.32 4.89
0.0 4.25 0.2 0.02 0.02 0.02 0.03 0.02 0.00 0.00 0.00 0.00
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