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1.1 ETW*E
ANFHIDEDHK) 60%I1ZKTTHY . TOHEEEFDO T2, AKLEMLENSOBEE L L
T1HYSVKAL ODABMEE SNTWD, £io, KIFBHAGRUAMCE, AEEHAK, T3¥%
K, BERKREOHEE L TREARFRTHDL, NADNERL, #WHBRHRINLT2DH
WX, SN AN ZENRZ DT EOKEMET DB & 503, 1%0)7}@_ ZBW\WT
X, oK EERAET D LV EEITZT T KEE WO BN D RERIKEEY
THEVWHIZ &Y, REREE OO ESLRSTWNS D
1.2 KEEE KEESE

HAOKEKEEHRICEZEBRFRT 2165 UL, KEEYE. ZRICESHTED BN
HREATA . FEATHLRN, ACEIEYE D, KB HE FR OO FAN A FEE R A /K 2 18 DA%} O o JL
WERZE T LD, KEOKEHRE (DWQSs : Drinking Water Quality Standards) (%, A DO
DI & ATERIH EOBFE O b OMFHI RSV TRES N TWD, TOMIZH, KE
FHEHETNESHEHA & U OKEERBAEREHER Y23, =612, BB TIEFEMEIC >N T
F 3 7R E AN | IKEAKH T ORI 6Tl ie E OB T KEERESCKEE
HEEREHEBICOETER»SEHB L LTERFEH MR EINTWD, T HAHE
H OMEZE & FH A BEFR 9% Fig. 1-1 12, F724HH OWNZ % Table 1-1~Table 1-3 (Z~7,

* Legally-binding standards

Being kept up-to-date

by a "rolling revision" (31items for human health, 20items for user
needs)

- Water Works Law ( § 20) requires water
D S ‘ suppliers to monitor the items and meet
‘ standards.

+ Items detected in purified water on the level

of over 10% of the standard value

Complementary Items

(27 i) ‘ * MHLW encourages water supplier to monitor
and manage (non-legally binding)

Items for Further Study \ . Risk assessment is provisional and detected
(45 items)

at few points

* Risk assessments are provisional
* Detected level in purified water is unlcear yet.

* Further study, information and knowledge are needed

Fig. 1-1 Scheme of Drinking Water Quality Control ©
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Table 1-1 Drinking Water Quality Standards in Japan

No. Items Standard Value
1 |Common Bacteria 100 per 1 mL
2 |E. coli Not to be detected
3 |Cadmium 0.003 mg/L
4 |Mercury 0.0005 mg/L
5 [Selenium 0.01 mg/L
6 |Lead 0.01 mg/L
7 |Arsenic 0.01 mg/L
8 |Chromium (VI) 0.02 mg/L
9 |Nitrite nitrogen 0.04 mg/L
10 |Cyanide ion and Cyanogens chloride 0.01 mg/L
11 |Nitrate and Nitrite 10 mg/L
12 |Fluoride 0.8 mg/L
13 |Boron 1.0 mg/L
14 |Carbon tetrachloride 0.002 mg/L
15 |1,4-dioxane 0.05 mg/L
16 |cis-1,2-Dichloroethylene and trans-1,2- Dichloroethylene 0.04 mg/L
17 |Dichloromethane 0.02 mg/L
18 |Tetrachloroethylene 0.01 mg/L
19 |Trichloroethylene 0.01 mg/L
20 |Benzene 0.01 mg/L
21 |Chlorate 0.6 mg/L
22 |Chloroacetic acid 0.02 mg/L
23 |Chloroform 0.06 mg/L
24 |Dichloroacetic acid 0.03 mg/L
25 |Dibromochloromethane 0.1 mg/L
26 |Bromate 0.01 mg/L
27 Total trihalomethanes (Total of Chloroform, Dibromochloromethane, 0.1 mg/L

Bromodichloromethane and Bromoform)

28 |Trichloroacetic acid 0.03 mg/L
29 |Bromodichloromethane 0.03 mg/L
30 |Bromoform 0.09 mg/L
31 |Formaldehyde 0.08 mg/L
32 |Zinc 1.0 mg/L
33 |Aluminium 0.2 mg/L
34 |Iron 0.3 mg/L
35 |Copper 1.0 mg/L
36 [Sodium 200 mg/L
37 |Manganese 0.05 mg/L
38 |Chloride ion 200 mg/L
39 |Calcium, Magnesium (Hardness) 300 mg/L
40 |Total residue 500 mg/L
41 |Anionic surface active agent 0.2 mg/L
42 |(4S, 4a8S, 8aR)-Octahydro-4,8a-Dimethylenaphtalene-4a(2H)-ol (Alias: Geosmin) 0.00001 mg/L
43 |1,2,7,7 - Tetramethylbicyclo[2,2,1]JHeptane-2-ol (Alias: 2-Methylisobolneol) 0.00001 mg/L
44 |Nonionic surface active agent 0.02 mg/L
45 |[Phenols 0.005 mg/L in terms of Phenol
46 |Organic substances (Total Organic Carbon) 3 mg/L
47 |pH Value 5.8 ~ 8.6
48 |Taste Not abnormal
49 |Odor Not abnormal
50 |Color 5 degree
51 |Turbidity 2 degree
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Table 1-2 Complementary Items

No. Items Target Value
1 |Antimony 0.02 mg/L
2 |Uranium 0.002 mg/L(P)
3 [Nickel 0.02 mg/L
4 |1,2-dichloroethane 0.004 mg/L
5 |Toluene 0.4 mg/L
6 |Diethylexyl phthalate 0.08 mg/L
7 |Chlorite 0.6 mg/L
8 |Chlorine dioxide 0.6 mg/L
9 |Dichloroacetonitrile 0.01 mg/L(P)
10 |Chlorate hydrate 0.02 mg/L(P)
11 [Pesticides 1
12 |Chlorine residue 1 mg/L
13 |Calcium, Magnesium (Hardness) 10-100 mg/L
14 |Manganese 0.01 mg/L
15 |Free carbon dioxide 20 mg/L
16 |1,1,1-Trichloloethane 0.3 mg/L
17 |Methyl-t-butylether (MTBE) 0.02 mg/L
18 |Organic substances (Potassium permanganate consumption) 3 mg/L
19 |Threshold Odor Number 3 TON
20 |Total residue 30-200 mg/L
21 |Turbidity ldegree
22 |pH Value Approx.7.5
23 |Causticity (Langelier's Index) -1~0
24 |heterotrophic bacteria 2000 per 1 mL(P)
25 |1,1-Dichloroethylene 0.1 mg/L
26 |Aluminium 0.1 mg/L
27 |PFOS and PFOA 0.00005 mg/L(P)
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Table 1-3 Pesticides of Complementary Items

No. Items Target Value | No. Items Target Value
1 [1,3-Dichloropropene (D-D) 0.05 mg/L 58 |Thiodicarb 0.08 mg/L
2 |2,2-DPA (Dalapon) 0.08 mg/L 59 |Thiophanate-methyl 0.3 mg/L
3 [2,4-D(2,4-PA) 0.02 mg/L 60 |Thiobencarb 0.02 mg/L
4 |EPN 0.004 mg/L 61 |Tefuryltrione 0.002 mg/L
5 |MCPA 0.005 mg/L 62 |Terbucarb (MBPMC) 0.02 mg/L
6  [Asulam 0.9 mg/L 63 |Triclopyr 0.006 mg/L
7 [Acephate 0.006 mg/L 64 |Trichlorfon (DEP) 0.005 mg/L
8 |Atrazine 0.01 mg/L 65 |Tricyclazole 0.1 mg/L
9 |Anilofos 0.003 mg/L 66 |Trifluralin 0.06 mg/L
10 [Amitraz 0.006 mg/L 67 [Napropamide 0.03 mg/L
11 |Alachlor 0.03 mg/L 68 |Paraquat 0.005 mg/L
12 |Isoxathion 0.005 mg/L 69 |Piperophos 0.0009 mg/L
13 |Isofenphos 0.001 mg/L 70 |Pyraclonil 0.01 mg/L
14 |Isoprocarb (MIPC) 0.01 mg/L 71 |Pyrazoxyfen 0.004 mg/L
15 |Isoprothiolane (IPT) 0.3 mg/L 72 |Pyrazolynate 0.02 mg/L
16 |Iprobenfos (IBP) 0.09 mg/L 73 |Pyridaphenthion 0.002 mg/L
17 [Iminoctadine 0.006 mg/L 74 |Pyributicarb 0.02 mg/L
18 |Indanofan 0.009 mg/L 75 |Pyroquilone 0.05 mg/L
19 |Esprocarb 0.03 mg/L 76 |Fipronil 0.0005 mg/L

20 |Etofenprox 0.08 mg/L 77 |Fenitrothion (MEP) 0.01 mg/L

21 |Endosulfan 0.01 mg/L 78 |Fenobucarb (BPMC) 0.03 mg/L

22 [Oxaziclomefone 0.02 mg/L 79 |Ferimzone 0.05 mg/L

23 [Oxine-copper 0.03 mg/L 80 |Fenthion (MPP) 0.006 mg/L

24 [Orysastrobin 0.1 mg/L 81 [Phenthoate (PAP) 0.007 mg/L

25 |Cadusafos 0.0006 mg/L. | 82 |Fentrazamide 0.0l mg/L

26 |Cafenstrole 0.008 mg/L 83 |Fthalide 0.1 mg/L

27 |Cartap 0.08 mg/L 84 |Butachlor 0.03 mg/L

28 |Carbaryl (NAC) 0.02 mg/L 85 |Butamifos 0.02 mg/L

29 [Carbofuran 0.005 mg/L 86 [Buprofezin 0.02 mg/L

30 [Quinoclamin (ACN) 0.005 mg/L 87 |Fluazinam 0.03 mg/L

31 |Captan 0.3 mg/L 88 |Pretilachlor 0.05 mg/L

32 |Cumyluron 0.03 mg/L 89 |Procymidone 0.09 mg/L

33 |Glyphosate 2 mg/L 90 |Prothiophos 0.007 mg/L

34 [Glufosinate 0.02 mg/L 91 [Propiconazole 0.05 mg/L

35 [Clomeprop 0.02 mg/L 92 |Propyzamide 0.05 mg/L

36 [Chloronitrofen (CNP) 0.0001 mg/L | 93 [Probenazole 0.03 mg/L

37 [Chlorpyrifos 0.003 mg/L 94 |Bromobutide 0.1 mg/L

38 |Chlorothalonil (TPN) 0.05 mg/L 95 |Benomyl 0.02 mg/L

39 |Cyanazine 0.001 mg/L 96 |Pencycuron 0.1 mg/L

40 |Cyanophos (CYAP) 0.003 mg/L 97 |Benzobicyclon 0.09 mg/L

41 [Diuron (DCMU) 0.02 mg/L 98 |Benzofenap 0.005 mg/L

42 |Dichlobenil (DBN) 0.03 mg/L 99 |Bentazon 0.2 mg/L

43 |Dichlorvos (DDVP) 0.008 mg/L | 100 |Pendimethalin 0.3 mg/L

44 |Diquat 0.01 mg/L 101 |Benfuracarb 0.04 mg/L

45 |Disulfoton (Ethylthiometon) 0.004 mg/L | 102 |Benfluralin (Bethrodine) 0.01 mg/L

46 |[Dithiocarbamate Fungicides 0.005 mg'L 103 |Benfuresate 0.07 mg/L

(as CS2)

47 |Dithiopyr 0.009 mg/L | 104 |Fosthiazate 0.003 mg/L

48 |Cyhalofop-butyl 0.006 mg/L | 105 |Malathion (Malathon) 0.7 mg/L

49 |Simazine (CAT) 0.003 mg/L | 106 [Mecoprop (MCPP) 0.05 mg/L

50 |Dimethametryn 0.02 mg/L 107 |Methomyl 0.03 mg/L

51 |Dimethoate 0.05 mg/L 108 |[Metalaxyl 0.2 mg/L

52 |Simetryn 0.03 mg/L 109 |Methidathion (DMTP) 0.004 mg/L

53 [Diazinon 0.003 mg/L | 110 |Metominostrobin 0.04 mg/L

54 |Dymron 0.8 mg/L 111 [Metribuzin 0.03 mg/L

Dazomet, Metham and 0.01 mg/L

33 Methyl isothiocyanate (MITC) (as MITC) 112 |Mefenacet 0.02 mg/L

56 |Tiadinil 0.1 mg/L 113 |Mepronil 0.1 mg/L

57 |Thiram 0.02 mg/L 114 |Molinate 0.005 mg/L
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Table 1-4 Items for Further Study

No. Items Target Value

1 [Silver -

2 |Valium 0.7 mg/L

3 |Bismuth -

4 |Molybdenum 0.07 mg/L

5 |Acrylamide 0.0005 mg/L

6 |Acrylic acid -

7 [17-B-Estradiol 0.00008 mg/L(P)

8 |Ethynyl-Estradiol 0.00002 mg/L(P)
9 |Ethylenediaminetetraacetic acid (EDTA) 0.5 mg/L

10 |Epichlorohydrin 0.0004 mg/L(P)
11 |Chloroethene 0.002 mg/L
12 |Vinyl Acetate -

13 [2,4-Diaminotoluene -

14 |2,6-Diaminotoluene -

15 |[N,N-Dimethylaniline -

16 [Stylene 0.02 mg/L

17 |Dioxins 1pgTEQ/L (P)
18 |Triethylenetetramine -

19 |Nonylphenol 0.3 mg/L (P)
20 |Bisphenol A 0.1 mg/L (P)
21 |Hydrazine -

22 |1,2-Butadiene -

23 |1,3-Butadiene -

24 |Dibutyl phtalate 0.01 mg/L (P)
25 [Dibutyl benzyl phtalate 0.5 mg/L (P)
26 [Microcystin—LR 0.0008 mg/L (P)

[\
~J

Organotin compounds

0.0006 mg/L (P)(TBTO)

[\
e o]

Bromochloroacetic acid

[\
e

Bromodichloroacetic acid

30 [Dibromochloroacetic acid -

31 |Bromoacetic acid -

32 |Dibromoacetic acid -

33 [Tribromoacetic acid -

34 |Trichloroacetnitrile -

35 [Bromochloroacetnitrile -

36 [Dibromoacetnitrile 0.06 mg/L
37 |Acetaldehyde -

38 |MX 0.001 mg/L
39 |Xylene 0.4 mg/L
40 [Perchloric acid 0.025 mg/L
41 |N-Nitrosodimethylamine (NDMA) 0.0001 mg/L
42 |Aniline 0.02 mg/L
43 |Quinoline 0.0001 mg/L
44 11,2 3-Trichlorobenzene 0.02 mg/L
45 |Nitrilotriacetic acid (NTA) 0.2 mg/L
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DO L, KEEHEMERTEHBIZED D EFIFICOWTL, 114 WEOZENEIZ BEE
EREDHNTEY, TeDNTEHEZ LD HHFEIEME (# 2 ORI OV TREEZ B IE
B CESTZEDOF) N1 2Bz L ETRBEEGTTEREMNMT b TND Y,

DI: Value of detection index
DVi: Detection value of pesticide i

GVi: Target value of pesticide i
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Fig. 1-2 Scheme of omission or reduction of water quality inspection numbers
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Fig. 1-3 Commissioned ratio of water quality inspection
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YEIZBI9 B4 OflE K OKEERET BRI O — e E5E T N KEKEEICB T 2B E
FIHIZOWT CFRk 15410 A 10 AAHEIKIEE 1010001 &) | O TR 4 KEE P B
EHEHOREFE] & LTS RAE D (BUF, @aE s W o) 2 HWTIT O O —
I CTH D, 72721, HoriE L Bre 0 laAEIZ OW T, RAESBIAM B IZBH%E L 7o sys
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Y% Fig. 1-4 (2, FoKEEEREE R OUKEE P B R EH B O ERAEDNE % Table
1-5 127

+ Water quality inspection execute with

MHLW Notification methods
D S ‘ * Original method or major improvement of
MHLW Notification method is not permitted

Complementary Items - Water quality inspection execute with Water
(27 items) ‘ Supply Division Notification methods
* Validated original method can be use for

Items for Further Study | water quality inspection
(45 items)

* There are no Standard methods by MHLW

* Validated original method can be use for water quality
inspection

Fig. 1-4 Scheme of test method for water quality inspection
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Table 1-5 Standard Method for DWQSs

Standard method

Items

Sensory analysis

Taste, Odor

Incubator

Common Bacteria, E. Coli

Analytical balance

Total residue

pH meter with glass electrode pH Value
Absorption spectrophotometer Color, Turbidity
Atomic absorption photometer Hg

TOC analyzer TOC

Flameless atomic absorption photometer

Cd, Se, Pb, Cr™", Zn, Al Fe, Cu, Na, Mn, Ca, Mg

Ion chromatography

NO;, NO; , CN, F, Chlorate, Bromate, Na, CI

Inductively-coupled plasma emission analyzer (ICP)

Cd, Pb, Cr6+, Zn, Al, Fe, Cu, Na, Mn, Ca, Mg

Inductively-coupled plasma mass spectrometer
(ICP-MS)

Cd, Se, Pb, Cr*", Zn, Al, Fe, Cu, Na, Mn, Ca, Mg

Gas chromatography-mass spectrometer (GC-MS)

Carbon tetrachloride, 1,4-dioxane, 1,2-Dichloroethylene,
Dichloromethane, Tetrachloroethylene, Trichloroethylene,
Benzene, Chloroacetic acid, Chloroform, Dichloroacetic
acid, Dibromochloromethane, Total trihalomethane,
Trichloroacetic acid, Dibromochloromethane, Bromoform,
Formaldehyde, Geosmin, 2-Methylisoborneol, Phenols

Liquid chromatography

Formaldehyde, Anionic surface active agent, Nonionic
surface active agent

Liquid chromatography-mass spectrometer (LC-MS)

Chloroacetic acid, Dichloroacetic acid,
Trichloroacetic acid, Formaldehyde, Phenols

Note: Some of the items can be measured by different kind of methods.
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Table 1-6 Standard Method

for Complementary Items

Standard method

Items

Sensory analysis

Threshold Odor Number

Incubator

heterotrophic bacteria

Analytical balance

Total residue

pH meter with glass electrode

pH Value

Absorption spectrophotometer

Turbidity, Chlorine residue

Titration

Organic substances (Potassium permanganate
consumption), Free carbon dioxide

Calculation

Causticity (Langelier's Index)

Ton chromatography

HCIO,, CIO, , Ca, Mg

Inductively-coupled plasma emission analyzer (ICP)

Sb, U, Ca, Mg, Mn, Al

Inductively-coupled plasma mass spectrometer
(ICP-MS)

Sb, U, Ca, Mg, Mn, Al

Gas chromatography-mas s spectrometer (GC-MS)

1,2-dichloroethane, Diethylexyl phthalate,
Dichloroacetonitrile, Chlorate hydrate, 1,1,1-
Trichloloethane, Methyl-t-butylether (MTBE), 1,1-
Dichloroethylene

Liquid chromatography-mass spectrometer (LC-MS)

PFOS and PFOA

Note: Some of the items can be measured by different kind of methods.

Table 1-7 Standard Method for Pesticides in Complementary Items

Standard method
. 1 SPE-GC/MS|SPE-GC/MS| LCMS | siher | other
0. tems Method Method Method
( No.5) (No.5-2) 5\10.20-2) GC/MS | LC/MS
1 |1,3-Dichloropropene (D-D) o*
2 [2,2-DPA (Dalapon) O
3 [2,4-D (2, 4-PA) o O
4 |EPN o* @)
5 |MCPA o*
6 |Asulam o* O
7 |Acephate O
8 |Atrazine O O
9 [Anilofos o* O
10 |Amitraz o*
11 |Alachlor O O
12 |Isoxathion O O
13 |Isofenphos o* O
14 |Isoprocarb (MIPC) ©) @)
15 |Isoprothiolane (IPT) O O
16 |Iprobenfos (IBP) O O
17 |Iminoctadine O
18 |Indanofan O o*
19 |Esprocarb O O
20 |Etofenprox O O
10
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Table 1-7

—continued-

21

Endosulfan

22

Oxaziclomefone

23

Oxine-copper

24

Orysastrobin

25

Cadusafos

o0

26

Cafenstrole

27

Cartap

28

Carbaryl (NAC)

29

Carbofuran

30

Quinoclamin (ACN)

31

Captan

o)(@)

32

Cumyluron

O] |O|0|0|0|o|0|0] (O

33

Glyphosate

34

Glufosinate

O|0

35

Clomeprop

36

Chloronitrofen (CNP)

37

Chlorpyrifos

38

Chlorothalonil (TPN)

@)

39

Cyanazine

40

Cyanophos (CYAP)

o0

41

Diuron (DCMU)

ololo@lo| |o

42

Dichlobenil (DBN)

43

Dichlorvos (DDVP)

C.

44

Diquat

45

Disulfoton (Ethylthiometon)

C.

46

Dithiocarbamate Fungicides

47

Dithiopyr

48

Cyhalofop-butyl

49

Simazine (CAT)

50

Dimethametryn

51

Dimethoate

52

Simetryn

53

Diazinon

O|0|0|0|0] |0 |0 |00

54

Dymron

o|0|o|o|0|0] |O

55

Dazomet, Metham and
Methyl isothiocyanate (MITC)

56

Tiadinil

57

Thiuram

58

Thiodicarb

59

Thiophanate-methyl

60

Thiobencarb

61

Tefuryltrione

62

Terbucarb (MBPMC)

63

Triclopyr

64

Trichlorfon (DEP)

65

Tricyclazole

66

Trifluralin

67

Napropamide

O|0| |Of |O] |©

68

Paraquat

69

Piperophos

70

Pyraclonil

olo| |ololololololololelo] |o
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Table 1-7 —continued-

71

Pyrazoxyfen

72

Pyrazolynate

73

Pyridaphenthion

C.

74

Pyributicarb

75

Pyroquilone

76

Fipronil

71

Fenitrothion (MEP)

78

Fenobucarb (BPMC)

79

Ferimzone

80

Fenthion (MPP)

81

Phenthoate (PAP)

82

Fentrazamide

83

Fthalide

84

Butachlor

85

Butamifos

86

Buprofezin

87

Fluazinam

88

Pretilachlor

89

Procymidone

90

Prothiophos

91

Propiconazole

92

Propyzamide

93

Probenazole

94

Bromobutide

95

Benomyl

96

Pencycuron

O| |O] |00 [O|O] |O|0| |O] |O]|o] |00 |o]0

97

Benzobicyclon

98

Benzofenap

99

Bentazon

100

Pendimethalin

@)

101

Benfuracarb

102

Benfluralin (Bethrodine)

103

Benfuresate

104

Fosthiazate

0|0

105

Malathion (Malathon)

106

Mecoprop (MCPP)

107

Methomyl

O|0

108

Metalaxyl

109

Methidathion (DMTP)

0|0

110

Metominostrobin

111

Metribuzin

0|0

112

Mefenacet

®)

113

Mepronil

®)

114

Molinate

®)

OX(e}(e](e)e)(c](e](o)e])c](e](c] CAle)(e](o](e] CAlc] (o) (c)NuIc] (o] INc)(e] (o] (o] e]) (e} (c)(o] o) (e} (e](e] CXle)(e](o] o] CXle)

Note: Some of the items can be measured by different kind of methods.
*: Non-standard method due to lack of accuracy, precision or validity.
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KEAREREICOWTE, [RKEREEROESIIKEDO L ORH D . 2 b OHER
AWUNZE D AT ZE B METH D, |, UKERERIN OFEFE RIS TE D
T DD, AEMRBEELANATH-TH, 26 ERIFELUL EOFEELED LD
BIZOWTE, ZREEBOICATREEERBD DRI AT A TRTDH I ENNE
Thbd,] LOBRND, BAEFBEARERAERRENRE L KEKEREERGTS]
%@DT\ﬁﬁ@ﬂ?%ﬁﬁ%%iif*gﬁﬁ%ﬁowfﬁﬁéﬁ5k&%ﬁ\mﬁﬁﬁ
EOFRRERE LD 2T LAEH S TS 9,

AR OFEYERAVAIEIZ DUV TCUE Table 1-8 127”7 &80 TH Y . LCMS Z HW 7= X 0 K
FEDOEWREENZ B RIN TV LIONRETH D, /o, TA KT 42 19732013 4£(T
WHSNTZZ &b H Y PIBRIOR SN ERELEITIE T, A FIA4 VORSNIHEID
ONWT, BEMBIC I 2N T = a 2B L THLN UDHERIN TS Z LN KER
R chH s,

Table 1-8 Revision history of standard method for water quality inspection

MHLW Notification methods Water Supply Division Notification methods
for DWQSs for Complementary Items
2012 |Method No.17-2 (Haloacetic acids, LC-MS/MS)

Year

Enactment of Japanese validation guidline for tap water analysis
2013 Method No.5-2 (46 pesticides)

Method No.20-2 (64 pesticides)

Method No.29-2 (Phenols, SPE-LC-MS/MS) Method No.20-2 (Cartap, Pyraclonil, Ferimzone)

Method No.21 (Iminoctadine, Diquat, Paraquat)

Method No.22 (Glyphosate, Glufosinate, AMPA)

Method No.23 (Dazomet, Metham)

Method No.24 (Dithiocarbamate Fugicides)

Method No.25 (Prothiofos)

2015

Method No.19-2 (Formaldehyde, HPLC, LC-

2016 MS/MS)
2017 |[Method No.18-2 (Bromate, LC-MS/MYS) Method No.20-2 (Tefryltrion)
Revision of Japanese validation guidline for tap water analysis
2018 Method No.25 (prothiophos oxon)
Method No.20-2 (114 pesticides)
2019 Method No.20-2 (5Z-orysastrobin)

Method No.5-2 (5Z-orysastrobin)

13
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1.5 ZLMETMOEE

HA RFA L DRSNS HERHEEE OFEMIIUL T O L 3B0 THY . AP
T, 2D OREEL - LMEEOMEL BIELE L,

(1) REROFTE

FEAEGRE 2 O TERR L 72 REBRRIZ DWW T, LR OMREN T A= ZRkd, T ENDH
B A LTWD Z & 2l T 5,

items Accuracy (%) Precision (RSD, %)

80 % ~ 120 %
Inorganic substance o . =20%
(at every calibration point )

80 % ~ 120 %
Organic substance o . =10%
(at every calibration point )

(2) HMEAH M
BTN Z FHNTERBR L, ZORENSLLTOMERE T A —2 2R ZHEHD
HEIZHEALTWD Z & 2RI 5,

Repeatability Intermediate
items Accuracy (%)
(RSD, %) precision (RSD, %)
Inorganic substance 70 % ~ 130 % =10% =15%
Organic substance 70 % ~ 130 % =20% =25%
Pesticides 70 % ~ 130 % =30% =35%

1.6 XARDODEMEAR
KEKDREZHRT D720, KEIHFRD L ETOEHB IOV TE W RAFEE CR R
E L. & ORGSR Z KU OB/EEIRIC KT 2 Z L2 KD KIEY AT A EBROHA
EHNEETH D, KEKEOREIZE T DRBEMRKZX D20, EAETTEEIL 2013 £
HA RTA @Ml EEREIEORER D 5\ LUMEER AL OB AR AT A R
TANIRINTFHIEEZ R CTE DL 2 TOMRT 5 2 L 2 EKMEIKRD TS,
ZDHA RIA VHIEURNCR SIVEEEREIEIZOWTIL, A FT A RS RE
MFEHENS KT IG U 72 B B B s - A W b 5, £72, —EOKEEHE IR S
EHERAIRIC OV L, BRERERE FETERE FTIREMEMA TE RV ATREERE W (25
ELIMEMTONTWE 0L 5D, £ 2 TARIFETIE, TNOLOREED S L, MER
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EX

DERERRE RO FFBMICBIT 5 RN 2 < i STV D IEA A o FimiE Al (NIS) 5
RIEL, TBEE] THY ., HoEBEICH L TCROLN D ERTRME (HEEED 1/100) %
W TE TR ri= ka7 (CNP) BATEDOMEERAEILIZ OV T, KEKER
TICBTDLY —EHORBEMEELZ B E LT, WEFEORKECICET MFET 2 &
L7z,

1.7 WX DER

AL O % Fig. 1-5 12/~ 7,

B 1 ETIE, FROE R E B OWTRIRT 5,

w2 IR, REIEMEA OFESSWPEIC DWW TR 4 & & 112, NIS Ok B 55 H)
HEIZDOWTIHR R 5, F7o, NIS RAEIEIZOW TR EDOIFIE R A £ LD L & b, NISH
TRIE DI EEE Z 53K 95 Co-NCS % & PAR {EDQJFERIZOWT, S 2R~ %,

FIETIE, F2ETHRARALLINETOHEE S LI, NIS HREDIEEEE 2R
% Co-NCS £ & PAR VED 2 DDOEERAESNIE & OWERIZER L, SERE O fci kI B
THRBEITD, £io. BFONT RS2 AW T, ZKiEAK & AKGEFEKIZS L THRINIEIIG
BRAEATV, YOG ZTT 5,

54 BT CNP DOFREAI & L CTOMARESCZ OBREHRBIZOWTEAET L & &b,
CNP W FNEDOBENZ SOWTCEI 5, F72, CNP fdik & L CAMZE THU 2 LC-MS/MS
HEIZOWT, MOWPEEE DA R Z RN, Z OB LRI OV TR S,

FSETIE, FHA4AETRNZINETOMAEL S &2, BEED 1/100 £ THE R < JIE
T 5 CNP 2 DR TH D CNP—T 2/ {ED LC-MS/MS 12 L 5 —F /WL DS
FHEE L CTRMEITY . & L M U2 BRIE 2 W CKERTSMEBIGRBR 21T\, £
DI DN TR 5,

%6 ETIX, ASLOMBROBEER DA% OREREIZOVWTIRET 5,
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NIS O & BEFE O BRIEFREIC oW T
filii %

CNP OWME & BEAE O BRIE R B DWW T
filiaL %

LC-APCI-MS/MS |Z & % CNP M ED
HBR 2 a1 5

NIS HRiEOREREE DL EERTTT 5

l

GRS DGR DR

Fig. 1-5 Flow chart of this thesis

16



2 NIS Ok & iR iE R

F2E NIS oWt L HBRERE

2.1 [FLBIC

SETEMEANT, WIRORERED 2D S AMEE/HL, ZhEFA LT, Bl 235,
WAL, i, FUb, b, BYE, W, R EoMRE LT OEE TR I T
%, RETIL, FEIEHEA ORECY M /e CICBE L2 EREE @A BT 5 L L hic, Kl
REEMEHH TH S NIS OKEAEERETT 5. 78 B OIS NIS O I W B 5 iERTE
DR & 2 DORERIC DN TR D,
2.2 REEMRIOEE L KREHE

(1) REEMAOEELENEIR

SREVEPESNIZ, Table 2-1 (2" K 912, BIAKED A A PEIC LY | A A 2 SR mEiEEA,
NIS, WMESRAETEEAL B A REEER O 4 IO HE SN D, ERNICE T 5 RimiEt
FIDOEPERHER I Fig. 2-1 [Z7- T B0V THY . 1950 FEZTANHD 40 FEHE D ORICE
DEPEBIIFRBBEANAR DN, A A SRl Al O EPE BT, 1990 FARET L 0 A PE & D3
VI LA S D23, —5T NIS OAEFERIL, KEHHOWETEH L LTAHWLND X
NI o ToTod MO TV D, 205 B [ENIZEIT D NIS OAERO R 191,
Fig.2-2 |ZR" B0 THDH, NISOFTET/Va—Lx hF v L— bk (AE) OEERNK
H 2% < FREMATITASEREAIO ER Yy & LT, —EIXEFTAEA E LTHHWLR TS,
THNFNTx /) =T hFTL— b (APE) FEICTEACREOREREAIE L THNLRT
WA, BRENTOMT 5B TT AR L7 =) —/L (AP) MNER L. ZANBREER/LE
HERE RO, TEFEOWEEELEBUEIICH D,

17



2 E NIS Otk & BEBRIEFEE
Table 2-1 Typical types of surfactants
Classification Type General formula
Fatty acid salts (Soap) R-COONa
Linear alkyl benzene sulfonates (LAS) R-(CsH4)SO:Na
Anionic Alkyl sulfates (AS) R-OSO3Na
Alkyl ether sulfates (AES) R-O(CH2CH20),SO3Na
Methyl ester sulfonates (MES) R-CH(SO3Na)COOCH3
Polyoxyethylene alkyl ethers (AE) R-O(CH2CH20)nH
Nonionic Alkylphenol ethoxylates (APE) R-(C¢H4)O(CH2CH20).H
Fatty acid diethanolamide (DEA) R-CON(CH>CH>0H);
Alkyltrimethyl ammonium salts R-N*(CH3); * CI
Dialkyl dimethyl ammonium chloride R2-N*(CH3)2 * CI
Cationic (R-COOCH2CH2)2-
Ester-type dialkyl ammonium salts
N*(CH3)CH2CH20H
Alkylpyridinium chloride R-(N*CsHs) « ClI
Alkyl carboxy betaine R-N*(CHs)2 + CH2CO0"
Zwitterionic
Alkyl amine oxide (AO) R-N*(CH:3)20"
1400
éuA JT-) |
1200 | L R 1 Eﬂfﬂ 7777777777
m A A Il Lo " .
o n [
oo | OB " .| !EHE
W fEAA ot
—~ =
B
% 800 ; g4 i
H_ -
- - g
o mp= =HANNNENNRE RN
iﬁi - -
a0 [ U=
200 111
0
Fig. 2-1 Production weight volume trend of surfactants
B - BRI Y 2R ZFHlES Y —X 14 Tra— Lz b b— |~ D (2007)9
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F2FE NIS Otk & RBREFE

other nonionic
surfactants, 13%

polyhydric alcohol
esters, 11%

other ethers, 22%

polyoxyethlene alkyl aryl ethers,
5%

Fig. 2-2 Production weight volume ratio of NIS in Japan (2018)'9

(2) AE DFEE L%

REHLRNIS TH Y | EIZAWFEO EZRPERGRMT TH D AEIZOWT, ZDOFEME &
Wtz R _%, AEIL, BKETHDIENRT L34 (CH#) &, BAREOMb=F L v

(EO) OFIEAICL Y Gland, HIRENTWD AE X, #@%. C#HOHE L EO £L
BORR D ZHOFBEN DR SN DIRAY TH Y . BO DAITE AT L0 BUKMEZR E
NE2 D, PeEANCIE, C#HE 12~15 12 EO & 6~10 E/AFLEMIM L 7= H D28, — i
Anbind, AE OWPEEIL, E2Z2EBREICET2 b0 LGS cninizd, 22

Cl% U.S. EPA @ Estimation Program Interface (EPI) Suite % V7=, & [RIBIKOHEE Y HAE %
Table 2-2 (2779 19,
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B2 NIS Otk & 3Bk iE R

Table 2-2 Estimated chemical and physical properties of AE homologues'>

AE homolog M\oNl::glﬁ?r log Kow | Boiling Point |[Melting Point S(Xi:;irty
[g/mol] [C] [C] [mg/L]

CI12EO1 230.4 4.5 318.2 64.8 14.19
CI12EO2 274.5 4.22 355.6 98.1 13.86
CI2EO3 318.5 3.95 390.8 130.8 13.18
CI2EO4 362.6 3.67 426.1 154 12.3
CI2EOS 406.6 34 461.4 175.9 11.31
CI2EO6 450.7 3.12 496.6 197.3 10.27
CI2EO7 494.7 2.85 531.9 222.7 9.24
CI2EO8 538.8 2.57 567.1 244 8.25
CI2EO9 582.8 2.3 602.4 260.4 7.32
CI12EO10 626.9 2.03 637.7 276.9 6.45
CI12EO11 670.9 1.75 672.9 2934 5.66
CI2EOI12 715 1.48 708.2 309.8 4.94
CI2EO13 759 1.2 743.4 326.3 4.3

CI2EO14 803.1 0.93 778.7 342.8 3.73
CI2EO15 847.1 0.65 814 349.8 3.22
CI13EOl 244.4 4.99 331.3 74.2 4.53
CI3EO2 288.5 4.71 367.2 107.1 4.38
CI3EO3 332.5 4.44 402.4 139.8 4.14
CI3EO4 376.6 4.16 437.7 162.3 3.85
CI13EOS 420.6 3.89 473 183.8 3.52
CI3EO6 464.7 3.61 508.2 205 3.19
CI3EOQ7 508.7 3.34 543.5 2304 2.86
CI3EOS8 552.8 3.07 578.7 249.4 2.55
CI3EO9 596.9 2.79 614 265.9 2.25
CI3EO10 640.9 2.52 649.3 282.3 1.98
CI13EO11 685 2.24 684.5 298.8 1.74
CI13EOI12 729 1.97 719.8 3153 1.52
CI3EO13 773.1 1.69 755.1 331.7 1.32
CI13EO14 817.1 1.42 790.3 348.2 1.14
CI3EOlS5 861.2 1.14 825.6 349.8 0.99
CIl4EOl 258.5 5.48 3434 83.4 1.44
CI4EO2 302.5 52 378.8 116.1 1.38
CI4EO03 346.6 4.93 414 141.9 1.3

CI4E04 390.6 4.65 449.3 170.6 1.2

CI4EOS5 434.7 4.38 484.6 187.2 1.1

CI14EO06 478.7 4.11 519.8 212.7 0.99
CI4E07 522.8 3.83 555.1 238.1 0.88
CI14EO8 566.8 3.56 590.3 254.8 0.79
CI4E09 610.9 3.28 625.6 271.3 0.69
CI4EO10 654.9 3.01 660.9 287.7 0.61

CI4EOl11 699 2.73 696.1 304.2 0.53
CI4EO12 743 2.46 7314 320.7 0.47
CI4EO13 787.1 2.18 766.7 337.2 0.4

CI14EO14 831.2 1.91 801.9 349.8 0.35
CI14EOI5 875.2 1.64 837.2 349.8 0.3
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Table 2-2 -continued-

CI15EOl 272.5 5.97 355.1 92.5 0.46
CISEO2 316.5 5.69 390.4 125.1 0.44
CISEO3 360.6 5.42 425.6 150.2 0.41
CI5EO4 404.6 5.15 460.9 178.8 0.37
CI5EQO5 448.7 4.87 496.2 194.9 0.34
CI5EO6 492.7 4.6 531.4 220.3 0.31
CI5EO7 536.8 4.32 566.7 243.8 0.27
CISEO8 580.9 4.05 602 260.2 0.24
CISEO9 624.9 3.77 637.2 276.7 0.21
CISEOI10 669 3.5 672.5 293.2 0.19
CISEOL11 713 3.22 707.7 309.6 0.16
CI15EO12 757.1 2.95 743 326.1 0.14
CI5EO13 801.1 2.68 778.3 342.6 0.12
CI15EO14 845.2 24 813.5 349.8 0.11
CI15EO15 889.2 2.13 848.8 349.8 0.09

(3) NIS DKIRIFEENEE

AE OV APE (&, FRIRIZ LY 90% L EFREEND Z ERH LN ER->TS 7, APE
OMALAELATE T AP NAERT 52 E b L E 2> TV DAY, IRAELER (EIEHTEE)
T AP OREDRBRESND, ENOIGAMBEA D03 & =RIE, 1998 FERIZIL 67% Th o7z
H OB 2018 FEERITIZ 91.4% 'O~ M ELTRY ., T2bbIfER, AEHEIkD 9 BT
ITHEAKWLIR A 2T D72, ZZTNIS DRENRREIN TS EEZ L, £72, 7KV T
FALPE TSI HEH ST D,

PE 4072 NIS TR T 2 OO EERDOIWIK % T2 53 fEakBRic X 5 AE
OHEELHEHNIL 1,12 B TH Y | EHEITH O RBERO R KRG 12.72 B, f/IMEIX 0.16
A LGS THY EOENMHOEIMI > THfR LIS K RABEMNRAHND D, 7235,
H AR O TIFHEA~OBFERFF N2 & 006 ZO—5IE, W)IKF CTIXERIO T 5
ZERUHENRH L T D EE X HID, APE IZOWTIE, BIAKETH D 7 /LF LN
SR DLG G AR IRITIELS 720 | — I &2 AT D 2 E R BN E RS TN D,

KO NIS O—#iE, LECREBEME ~DOWAEIZ LV REICBITT 203, WETEH
DN SIEA AV RITEA AR ED BIEDNICEE LT, ZOWE LT S,
AE>APE>LAS>AES>AOS DIHTH D & SNTWD D, [EOEHEEIZHEETH 5 A3,
JEE T II AR R & i35 & 100 (FREEZ VW E S bl T b,

2.3 NISOKEEEFLHRTEER

DRENZIRT 2 R mmEHANCE T 2 /KEEBEEE & LTE, 1966 FITRE S Nfa 1 4
CREIETER] (R 0.5mg/L) 23D, HIF, SRIEAIOE R BN K5, ARtk o
ML T L VAR B U ZVRVEET U U A (ABS) OBREEA~OPEH S22 RE
WZHREL, ZOINEMEIZ LD FR~OEENEE IO TH S, HIZ 1992 HF12iF, 73
SEH O Z I T D2 BUR D BEA A S mEiE A O KB FEHED 0.2 mg/L 1IZH b S H
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7o ZOR, Whwa Y7 MEDITBHREIZ L D, ABS L0 & 50D LAS ~D#sfa
HY . BRETCTOREREIMETL T2,
—J7. NISIZDOWTiX, ERNICBITDEEENFELAEIML, R0 X 5, mFE ks
v RETENAI O EFER % A>T b, WHO AR [ CIRCERE I ITED Hh
TWRWAS, B S 290/F7EIC K 0 | NIS OFIAMEIZEE 9 2 5HME & LT 0.02 mg/L 23/~ S
NEZEbdH 0 T EFARKIROEKIZIE T DRI & OGBS E 2, KIEKDFH
TOBLE S KEEHOMIEZ DO E DL LT 2004 I /KEEAEE B BN S, HE

fE 0.02 mg/L MERE S 7z,
2.4 NISOBREZERERE
(1) EESWEDEE

IHNETHOWLNTE/-FEA NIS EESHTEL . Table 2-3 (27”7,

Table 2-3 Major analysis methods of NIS and their features

Analysis method

Major literature

Features

Potassium picrate active sub-

stances (PPAS) method

Favretto et al. (1983)?D

Quantitate total amount of POE-type
NIS (contain more than 3 EO moles),

difficult to handle picrate safely

§ Cobalt thiocyanate active sub- | Crabb and Persinger (1964)*? | Quantitate total amount of POE-type
E stances (CTAS) method NIS (contain more than 3 EO moles),
g employed as several official method (JIS
§ K0102, APHA, etc)
S Bismuth active substances | Wickbold (1972)%) Quantitate total amount of POE-type
(BiAS) method NIS (contain more than 3 EO moles),
this requires lengthy procedures and
takes a long time
Derivatization LC/MS Dunphy et al. (2001)* Quantitate also NIS with short EO
chains, this requires complex proce-
dures and takes a long time
LC-ESI-MS Zembrzuska et al. (2014)>) Fatty acid and AE with a single etoxy

group (1 or 2) can not determine

Derivatization HPLC (UV /

Physical Chemical Techniques

Fluorescence)

Zanette et al. (1996)%9; Lemr

(1996)27

this requires complex procedures
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SHTFEDSIEE LTI, Rk 72ildi & O OS CTHER L7286 % | R £ 7213+
WS R CHIE T D bR ik &L SR Z H W TSR L7 b O % @ik 7
Y NTTTRH A uw N7 T T TRET DB FRITFED 2 DI TE D,

{LFRIFEZ, AU AF=F L (POE) B NIS OEZHET 52 FIETHY, AE &
APE DXBNITER, A A FETEMER 2 SMOMEITHINRT WV E W) KA
bbH, iz, BEO BENVEDD 72N RO MW T2, —fiRAYIZIZ EO £ V403 LA
ELDERETER,

MELFRITFIED 9B LCMS ZHWI b DIZOWTIEL, JAVWELFH O [F R IR % @ T
BRHETED L WHORERH DL, ERABE UTHEHTE 2K RIERE & ATELEYE D
FAEL72NWZ & & 2RI BT A T 2 2 Lo B 2 WITEREIFEH T
A AVBNTWER, EEBAOAEEE LTIRA STV,

(2) KEKEREICHAWASNIS & REDHRE

KREAREREIZH NS NIS O 0L LT, EARH — 66 5 & OE AR flH —
EHRER 7 v~ 87T ZIERED LIV D, ik E ., BILEEILE URELAE VT
BN, KEFUMEE FIIREAE U CHEYE (0.02mg/L) @ 1/10 T THET S Z &R bH
L7 W T AT D EET — sl v~ N7 T 7IERRICHW GRS,
s (DURE, TEARRhH — @ik 7 o~ N 77 71k O Z L %ET) O 7 v—% Fig.2-

3127, HRIEIX, Table 2-3 O FHIZH S LADLE S L, CTAS £ (Co-NCS ik & A F%)
ZICIZ, ZAUC PAR IEEMAARDLED Z L TIRWER FIRMEZ ER LK BEL S 25,
HoREOFEE, BEPK O NIS Z B L, M= UK CNIS & F 4T Ulika
7L K (Co-NCS) OHAEEE (Co-NIS) B S W7ctk. Z DEAMET D 2L kZ&K
WIS L CTa L R e 4-Q-B U DT V)LV LY ) — L DK (Co-PAR) %
REH, TORAEHET DI L TNIS BEZBBEMICERT D HETHD ),
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Rl
i

| Sample 500 mL|

—adjust to pH 9 with 4% NaOH solution
| s |

— wash with distilled water 10 mL

| purge with N, |

| Elute |T01uene
[
— | Toluene 5 mL |

| Co-NCS solution [0.08 mol/L Co(NO3), - 3

mol/L NH4SCN1 2.5 mL
Co-NCS <
—KCI1.5¢g

| Shake |5 min
[
_ | Centrifuge |
[
Take 4 mL of
toluene layer

method

— 10 mg/L PAR solution (pH 9) 0.75 mL

PAR | Shake |120 rpm, 3 min, horizontal rotation

method | -
| Centrifuge |
[
Collect lower
aqueous layer
[
HPLC

Fig. 2-3 Procedure of official method for the determination of NIS in tap water!'”

2.5 Co-NCS ;iZDHE

Co-NCS {£ETHW 5 Co-NCS HiklE, ez v b &@migE (BRETIE 3 mol/L) OF
FTT T SR T AN RDLFEDKBR TH D, ZDREBIZOWNTIE, 1877 FIZ
Morrell (2 &V #E 2 X0, Hi T 1882 T VogePYZ L W 2L hoRHiEE L TOREN
72 EbBHY, Co-NCSHEKDOF D EAKSEEN, 1950 FREHE T Vogel reaction] &
MEEN TV, ZOHFEAOREGIE, R THLT VT4 VY FAHTTFH hasv ks D) 44
> [Co(NCS)s>] DAERRIZE D HDTH D, Drew b 3DIZ K - TRENTZZE DOfE S % |
Fig. 2-4 |2/~ T,
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Fig. 2-4 The structure of Co(NCS)4*

Source : Drew et al.(1975)%?

Co(NCS)>1Z. EiEE (W 2~3M L L) OF 47 VB h TORAR T M T
AEREFORNEEATH Y . ZDEREE 3D log K1 = 1.20, log K> =1.69, log K3 =-0.10,
log Ks = -2.02 EHEESN TS, 2D, Co-NCS WIKICHEIZKEZMZ CTHEDD L,
Co(NCS)f‘ﬁﬁ@%ﬁ@"é*jiT“ Co(NCS) AR L, IR DN EF N bIREa~EET 5, =
iz, AT UEBBERREIEMNZ D & CoNCS)Z DO LIRIRNE A x 23 2 K
m#ﬁ%héo%ﬁkiﬁmuini Co(NCS)s> DA R IS I B BRI e T 2S . F AT
YIRS E VIRRITRVEETIE, T

[Co(H,0)* + SCN° ==  [Co(NCS)(H20)s]" 1)

DODRISREZY . KBEIOF 47 R OFEET

[Co(NCS)(H20)s]" + 3SCN° == [Co(NCS)s(H:0):]* )
NEBXxAHEHEINTWS,
BB, HEORAIL, COPZ2EHREBEDF AT VERIRIKIZ T & b o7 O a i

A ZRINT 5 Z L THELD Z LD, Co(NCS) > DAERMITIRIR D EROEELEZ 1T T
WHEBEZBID Y,

1950 ALK, BRI FEZ W c @A A OEBENERE LIESR LI Z LIS
X V. Vogelreaction & L CIZZFDHHAWSLNRL Ieo72H DD, Hoeve®39/Z L 1 Co-NCS
WA T2 POEAL G O HE & LT S 4L CUIRE e i — WO EEVEIZ K D NIS
EREORRE P3DEH 0 | BUETIE, HRIEZIILO L LIEAEE DO R s Tn
24
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Co-NCS 1EDRIERI LS Td 5 POE HL D NIS 1%, EO HAKIER T THHAMEL L -
TEBY, ZOLEAMEEICEREA 4 DEY AT, NIS O&EERA 4 (NIS-MY) %
AT D ERMLERTWS, Z OB % Fig, 2-5*VI0RT,

Fig. 2-5 Estimated structure of NIS »+ M* complex
Hi  HIE (1979) 4D
Co-NCS i£i%., ZT®D NIS - M"& Co-NCS I D CoNCS)* b 72 oA F xtw hro
[T 20 THY . 2O L ETHIM SN FRIL. Q) TH D PEBEX HILTVDHN,
— 5T, HTHHLOREPEH D,

(NIS-NH,"), + Co(NCS)4* A3)

(NIS-Co?") + Co(NCS),> @)

BRI SN EARIIFOZ 2L TWAD, ZOWEELEHIET S Z & TNIS
FEETDHZELTELN, HREVTHEETREZ X HITES TH0OFELE LT,
2.6 |29 PAR VEA A DOE TN D,

723, NIS D2 EO $HEDEWIZ L V| Co-NCS IETHR LN DWEN R/ D Z & b
LNTEY., ZO—FHlL LTCEH#HE 12D AE 2 HW=5E8125 b N5 W GE % Fig. 2-6*9(2
9, EOFEMEO NIS t, EO AIIE /LA 5~10 Rii#é T KD B E R L, EO (1L
BoRs 2 fH & 15~20 Tk, BEPHERD TR 25MHMICH D, LNLRBEH, 22 (2) T
HIk~72 KT, AT BEEAl & LTI, C 8K 12~15 12 EO & 6~10 E/RREMNL
ZHLONRANLNTEY, 2 &V EOMME/ VR bz ok, TORBELIET
LW, KREFEEH B OIFA A o FmiEANL, BIatEOBENORESNIZbDTH D
Tl EBEZ D & EOMIIEAEDEN L AWRSEEEIFER AT SO0, ko
BV ZEE X SR TE 5720, FBatkoBERICE L TWb B2 bhd,
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AE-C12
|
0.3 2 I
" i
02 -
g I
01
ol . |
0 5 10 15 20
EO¥
|

Fig. 2-6 Analytical sensitivity versus the number of molecules of EO in NIS by
Co-NCS method
it - KIEICB T 2R OmENE, 268 % OMKBILIC BT D RFJE, TRk 10 4REEH T E(1999)%)

2.6 PR ZDOBE

(1) PAR ¥tk

PAREIZ DWW TR DIZHZ D | EFTHOIC, KISAIE L L THW D PAR OFFPEIZ DU
TR %, 4], Pk & LT 1955 442 Cheng & Bray* 2 X U 1-(2-pyridylazo)-2-naphtol
(PANYDEI SNTctk, ZOERILAWMTHY . KEEE L @ -eRfirIEE LT Pol-
lard © 92XV PAR 2375 S 4172, PAN & OF PAR Of§i&ElL Fig. 2-7 IR 280 Th b,
F7-. PAR OFEfFEETEEL “VI Fig. 2-8 (/R T80 TH Y, PAR Z /KIS D 561F
INEZBELC, MEBELITRT ALY B—EICHNLLD,

— A = or
// N
N /

N HO N HO

(@) (b)

Fig. 2-7 The structure of (a) PAN and (b) PAR
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H2FE NIS O & Bk
— N OH C11HoN30O,
/y
N HO

H:L* -~ HL ) > HL- ) - L
pKa; (N"H) pKa, (p-OH) pKas (0-OH)
3.1 5.6 11.9%

Fig. 2-8 The proton dissociation scheme of PAR*”

* estimated value

PAR IZIX, 7V —ROMIZTF R U 7 AENTIRSATE Y . O 474913 Table 2-4
T B ThD, TR UL ERSNTT Y —(KOBMRENE L /KW OIX, Fig. 2-9
IZRTEEBYD, PAR @ 0-OH & V7 VENKFHAG L TNWDHTDTHD LHfEE I Tk
D, —FTFH MY ULEORREREODOIE, o-OH D71 o3 M) U ATEBRINT
WL ThHDH, ARTIHE, 7V —KBAEH SN TERER S 72D AFHIC B,
IHREAWD Z ENRZOD, EREORIBEN S FEIE DT N Y U A O R S
NTHHHHH0 . N TIET MY U AEEAERT 256020, HRik 102817 5 PAR
Wi (100 mg/L) OFHRLGEIL, 7V —1KD PAR 2T [pH 11 IR TS, 58
BT 2N E X T BT FEHLTHIVESIN TS, EFEd PAR 7 U —1K
\ZBIT DA E 2 D &L pH 11 FREE CTITEMIEIC O R o 5 Z LB CTE 5, Th
WZOWTIE, 7 U — K TiE7e <+ MU U LB AT ULHFMEOKIZES T 57289, pH
11 FRECH 2 BB S | 72 OBMMEICHET 2 A LI Vb D LE X
HILD, AWFFEIZENTH, PARDO—F hU 7 A (A/v7 | Reag. PhEur) Z AFL, &
DIEFREIZ DN TH B U DR LTz,

Table 2-4 Water solubility of PAR and its sodium salts*”-*®

Chemical species Water solubility (H20)
H>L 50 mg/L
NaHL - H20 38 g/L
NazL * 2H20 112 g/L*

* Estimated value by EPA comptox
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— p) OH
(a) \ p N\\
N H—O
— /;\l OH
N
(b) /)
\ N +_O
Na

Fig. 2-9 The structure of (a) PAR-free acid*” and (b) PAR-mono sodium salt

(2) PAR SEADIEE & i
PAR [IFFIEINMEDAIE TH 5708, ENVWIARBDO RE WEBEIEARZ BT 5, € OIE
L Fig.2-10 IR T &80 THY, @ B 1: 1 F2F 1220838 ETHL, @B il
PA 10 1 OREFNL AL, B, Co® TH Y, 1:2 OREHNL, Co*. Ni*', Fe*', Mn* T

2%,

OH

n=1or2

Fig. 2-10 The structure of metal-PAR complex®”
NIS #7R1ETIE, Co? & PAR OSSEASUS R AV LTV D 23, Co? IEEEE ARF I (b S
T CPMNTed EHEE DENTEY, ZDL &0 pH HHEFEIRIC KT 2L FRUSRILG)IC

RTEBYTH S,
Co" + 2HL — [Co"L, + 2H" + e (5)
PAR 5% F T2 85 B R DU 2 IEREIC RN T~ 2 72 D 12iE, PAR IHRIZ & 52> U]
SOREEIR 2 M 2. SO FIE TR D pH DEAL LAWK 2 ICT A0 EERH D, 22

TlX., Co?'& PAR OSSN ISIZHWS Z E N TEX A5 ERE L TCINETHRENDH D B
D% . Table 2-5 |7~
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Table 2-5 Buffer types used in PAR solution

Buffer type pH range Major literature
Citrate buffer 4~8 WP P R
Phosphate buffer 8 Inaba>¥
Phospahte-Borate buffer 6~10 Yotsuyanagi et al.>®
Phosphate-Borate buffer 6.5~11 ILHF& 39

LEEETERH 15.71~16.55 L 5 X TV 5 Co-EDTA IZ PAR Z ¥ 25 & Co-PAR 234
B L, F72 Co-PAR IFIRIZ EDTA X CTH VAT U 7SI PasnTtnspZ &
735, Co-PAR $EADLEEERIIMD TEWEEZBND, ZDI=® Table 2-5 (/R T &
D78, REERE L C—RIICHNWOL TN D b ODR}%, Co*' & PAR OFEAIGIZH
WHZENTEDLEEZDLILD,

(8) PARZICEKBanL FEHEHORA

PAR IEDIEHEE LTNIS H/RIETREN TN D, b H1dD Co-NIS §{A% PAR ¥
W L C Co-PAR $5{AZ AR S 5 FIEIZ DWW TIL, Inaba (2K 5 1 & 903G &
NTWDLOHRTHY | SEEREMHICET 2 HITREN TH D, ZDOFIAIL, Co-NIS B4
ZRi L7 AR 8 mL IZxF LT, U iR C pH8 IZFHHE L7 100 ppm @ PAR ¥ 4
mL ZMZT10 2RSS TDHEVNI LOTHD, HRIETIL, PAR IRIKE U VU BEREENK
T pH8 ([ZFHHLT 2 FIENE N TE Y, £72 PAR BECR S 9 FF S Inaba O FENHE
HINTVDR, TR ED LI RREZRTERINTZLDRON, LHRREEIT-72
OO L7272,
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FIE wmEHREORBELICE HKEKSP NIS HREDOAEHE
DRE

3.1 [FLBHIC
NIS 71 19 (Fig. 2-3) ORTEEAEIIIER ITHEMETH Y | ZIUTER T Do |
FPECHE RO FHIMEICET 2 RIEN Z < s STV b, ZOFEMIL, Table 3-1 (2R3 &
BYTHD,

Table 3-1 Reported major problems and the solutions of NIS-official method

Reported major problems and its solutions Major literature

When using glassware for colour-development, absorbance value is much

S0 28) A 57)
lower. It obtain good results by using PP and PE ware. IED(2009) 7, 4 IF5(2012)

Blank value is too high

Accuracy of recovery test is low, or abnormal value is detected

Linearity of calibration curve is not obtained

Slope of calibration curve is not always constant value

Repeatability of test is wrong 58)

JITE (2009
SPE column is clogged ( )

Linearity of calibration curve is not obtained with silica-based SPE
column

To obtain linearity of calibration curve, it is necessary to dehydrate SPE
column completely

When using higher shaking speed of PAR solution than official method,

- 59) 60)
absorbance value is much higher (2013)7, F/AHI2015)

Higher recovery ratio is obtained by rinsing sample bottle with 20~40%

= 3 61)
MeOH A LAETE(2014)

2O BEFHHEIZ W TR, A EAGEE V23, B OB #E 20~40% A
H ) — VIR & I THEVIATe Z & T NIS OFREIF AR~ DO AE DMEJR S 41, FRERR O B
MR 2D LERELTWD, —FH, BEBRIEHIZOWTIX, NIS DR E~ DO AE K
DizdARY TrELy (PP) WERAMHAT L & B0, PARFIROIE L 5 W E DR
N ONZSNWTHEN®H D, FFIZ, PAR IFIROIR & 5 HEDORBICET 2 M Tix, S5k
TEDDHIRE SR (347) NTORETIEH 523, 551D FEAHRE O ZEITE+ %L, EIC
LD EDREINTVD, ZOMREHERIT, HRIEOREAEIETHRIZBIT HIEBKL
PAR VAR DR & 9 SN ROTRED N T Y XOFEERNTHDH I EE2RB LT D,

FEOBVEL 2T 2 2 DOEERED 5 H Co-NCS IEIZ DWW TIE, =il D i, Co-
NCS FE D 2,30 MEEZE)H 5 2 & T Co-NIS $5KOARENRE D Z L 2HWEL T
DM, ERIEEII LD LT HMONEDE BH40TIE, SO OWE LY 20 MBEMEL
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2L MREEDS NIS OSEEEUGIZ ED X 5 B a2 5.2 200, 3z a7 2 02
WA %5, F7-, Crabb & Persinger’X, Co-NCS WD pH 7% Co-NIS $H1A % AL 32
BRICELWREEZ G225 LR TWE0, BIRIICED L S REENEL L2000 25D, 2
AVE TEEMZRE RLITG DAL TO RN,

FEABIEN 2T 26 9 0L DOIMEIETH D PAR IEIZOWNTIE, a2V b ah
te@ B A A & PAR & DSEEHIZHOVNTE K O IRBIT o TWnD, ZOHEE L
TERETRENTND, Fbx O Co-NIS #51K% PAR AR Wil L T Co-PAR $E{A&
RS D TFIEICHOWTIE, Inaba 12X 2 1 & DR HESINTWDIDHRATHY | $H5K
ST T 2 A IZREN TH 5,

Z 2T, ARBFE TIT R OERIEIIZ BT 2 85ARDINRIZE B L, IR E @O -k %
Wesr 9% 2 & T, MEROERIESCHELEDOIEMENUESND &5 2 FOBIET 2R
F% Co-NCS i£ & PAR IEDHEIZ DWW TSRS DRGSR A BRETT 2 2 & & Lz,
3.2 EBRAFE
3.2.1 RELBFR
(1) FRAE

230 MEEERE (1000 mg/L, JCSS AL ) . PAR (EEFrfk) . hr— (XA 4 F
YHEOHR) . FALT VBT =T A (FiR) . 7 = BRI KT, BE bR A
72, BRIV MADASAKF (Refk) . U U BRkE T b U m s (B S U U A (B
#) . HEREERKFE T R U A (Bfk) . A%/ —v (BERE7 v~ 8277 7H). 0.1 mol/L
KigedbF MU UL (FESHTH) . Tmol/L KE(LT ~ U v A (FESH ). 5mol/L /KER{L
FRU DA (RESIH) X, L7 4 VAR Z 7o, UA TERT R U 7 Atk
Y R, AT UV UL Bk X, T TAT AT -ER WL, ~T XA F
YEF Ly RF Lz —T b (1000 pg/mL, CRM) (X, Y —x WA = AW E iz, K
MBI, Milli-Q Advantage (A/v7) THREELZH 0% H,

(2) #Hi&

PAR J5ifi1Z. PAR 100 mg % A % / —/L 100 mL {Z¥&7 L TR L 7=,

PAR &% (pH 4~8) X, BMO pHIE LD X HOEBEORO 7 = U i—Kfn &V ik
KFEZF MY U AERIN USSR CHED LIRS, PAR R %A 10 mL ¥AN L, kT
100mL & L7=,

Co-PAR EYEIR I, =13 /L MEAERK 2 PAR ¥k CE SR BAR L, B RO IZFHHR
L7,

Co-NCS F X, FALT VBT =5 228 g LHE{bA U 74 10 g 8N L TR R
IKTEND LT EHRIZ, BRIOPREE & 725 K ) e =L MR AN L2, BELIZIS T T
BRD pHAE L 722 K 9 KERbT b U U AR AR L, KRR T100mL & L7,

(3) H#/E

FEOBIEICIHB W, 7 ZABEBRBE WD LEIGENE LK T T 57280, slBRE LD
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SNA T T PP AW, BIROBRTUIARY =2 F L U B-F o T2\, 7272 L, BEaEE
KD D BUNT, T ANy — ey M & iz,

[EAHIL, Inertsep mini RP-1 (¥ —= /LA = R) ZHW, HEHAHCAY 2 —/ 5mL &
O HIK S mL CTHeyd L7,

(4) £KiE

HPLC (. 1260 Infinity (7 V> b7 27 /ay—) &R\, 77 AiE, Asahipak ODP-
404D (WAFNEETL) A MV, HPLC HIESRMIE, HEICHE LT, pH FHE, MM-60R (HUHE
DKK) %7z,

(5) MRERRE

ARERIT, IR 20 COBRBRIC T, &3k S fMTCTHEM L. 5 ool 4 A Fviz,
R R ER R 2 R & L BT T v 7 W SR BHT. ThaZ LlvWicEa vz,
3.2.2 SEWHEHOREAE
(1) BEHzRAW-HEBRAE

AWFZE TN AW 5 RIED 7 o1 —I%, Fig. 2-3 [OR”T BV THDH, ZOBSTHN
TR O T, ERIEICWE > To, ERIETIL, PARTERIZE DR E 51220 T TR
\Z3%7) EREINTHDN, 2O T KRB GE Doit# 2 %M L, 120rpm T
AKFIRE S &Lz,

Fig. 3-1 |2, AEO 7 v —%mRd, AL EREEOFRMERIL. AV oREE, FEH
Fh 2 DYV IAS DA HE, Co-NCS K DALY, PAR ¥R DAL & VN D i &, PAR %K
ERHWEIRE DORFOIRE SHELIRE SRR TH D, TNHDONRNT A —FEZPRET HT20D
IZ. PAR A& & PAR IRIRODIR & 5 EE I WIS RIEZ AV TR L=, Zofo
IRT A= HIZOWTIIAREE AW TRET LT,

F 7o, HRE TR SR RS 308 & RIS EFRR I 217 5 23, RETIE, oA E
13890l R EAR RS IR OB EO A Z T WAL L 7=,

(2) CoPRRIEERICKIEE

PAR ¥ 8D 570 2 30BHH T B L7286 & 2 i 9~ 5 72012, Co-PAR FEHENR 22 H U
THREMEZER L, Bohiza VL MEEED D Co-PAR IZHE L7z iz,

(3) 7KEKFMEK DR

AGEAKBMBAEOFIRU 1L, I BHAKEKRE AV, 77 0 VBOBREBIEBICER L0 b,
1 %HEiEEEKE T MY U AR Z W CHEREERZ R E LT,

(4) Co-NCS ;EMDEER L E B

ARED Co-NCS ¥R % FlZ, Co-NCS K DAAFLDY Co-NCS EDEETE UG 5 2 5 528
ZIRETT 2728, Co-NCS i D =30 M (0.005~0.2mg/L) & pH fE (3.8~8) (2o
T, FEOINPICRE L 7= PN TR L ST 2 Rk LTz, 2 OWIRIZOW T, 0.2
mg/LNISorc (82 “F ORG (T HHE %7~ 7) IR A FEHEREL & L TRV, RIEDOFAEED
ra AT o7,
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Sample 250 mL*

—adjust to pH 9 with 4% NaOH solution

[ seE

—rinsing sample bottle twice with 20% MeOH*

purge with N,

Toluene

Co-NCS solution [0.1 mol/L Co(NO3), - 3 mol/L NH,4SCN,
10% KCI, pH 7.6] 4 mL*

200 rpm, 3min, horizontal rotation

Take 4 mL of
toluene layer

— 100 mg/L PAR solution (pH 6, containing 10% MeOH) 4 mL*

200 rpm, 40min, horizontal rotation*

Collect lower
aqueous layer

HPLC

Fig. 3-1 Procedure of this method for the determination of NIS

F 72, Co-NCS IFIR DML R BRI G 2 2 W BEZRTT H72®, Co-NCS D 2,31
M (0.005~0.1 mg/L) & pHAE (5~7.6) {22\ T, FHINNIZFE L 7= FiPHPN CRPBERYIC
TAL S 2 V. 0.1, 0.2, 0.5, 1, 2.5mg/L @ 5 BPEICFHBL L 7= NISorg I (KJHE
ZKH0.002~0.05 mg/L (ZFHY) Z k& LT, RIEORABIED 2 21T\ VR B & VERK
L7,

(5) PARZZEMDEER AL FEH#RE

HTRIEIZEIT 5 PARIRIRDIE & 5 SISOV THREET 5 728  PAR AR & (0.75~4 mL) .
PAR IR DIR & 9 3EEE (120~200 rpm) K OMR E 5 IKefi] (3~30 47) 12D\ T, FEINANIZED
L7 #PHN TBEFEIIC B L S B2 b D E MG LTz, ZOMETTIE. 1 mg/L NISore K & 1
HRELE L TR, SRIEOFREBIEO R AT o7,

WIT, KRIEIZBIT D PAR EDOSERSGM A RET 5725, PAR KD pH i (4~8) &
R & DR (3~60 43) 122\ T, FEIPNICRD L7 ®iPHN TR I 2 L S/ 72 6 D 2R
L7z, ZOMF T, REOE & FIREEICH YT 5, 2.5mg/L IZFHH L 72 NISora R (K
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FI3E EEBREDOKREIC X D AKEK T NIS ERIEDOHIERE O E

EKH 0.05 mg/L ITAHY) ZHEdEREE L TRV, AEORABIEO R ETT- T,

(6)Emmﬁtmuéﬁﬂ@%@ﬁﬁ&@#%uﬁﬁﬁﬁwﬁ%

AR R ERF O RICRIC RIETREL L TEF TV D, B OB 2R
WAL L ZNICHBEE G DR F L LTER LN DIABAROMEIZ OV TR 272
O, AFEEIHT T A, PP, VvEHAa—T 4 7R) Far’Lr (FCPP) kO T 7 ua 1o
ABIA S E 2 IV, BRSBTS OTEV AL 1E L | REEUK 20 mL T 2
[, F720X20% A% ) — VAR 20mL T2 [E & Lz s &, EHEHEEE (0.02mg/L) |
\F 2 AEARRINENGRER & . ARiEAE W TIT o 72,

(7) KEKFHNEYGAER & Z 4 14 5T

KIEORIERSEE & AEKERE~DOEMICOWTEHET 52720, AR 1 4728, F—0O%
IERERE 1 HIZ 5 T, 5 BEOM Y K UIZ X B KEKFIMENGER 21T - 72, NIS O
TR, FEVEME (0.02mg/L) KROEEYMEED 1/10 (0.002mg/L) & L7z, £z, EHrRikEFET
EERFHE 225 X9 0.1, 0.2, 0.5, 1, 2.5mg/L @ 5 BEFEIZFESL L 72 NISorg IRIE  (KJE /KT
0.002~0.05 mg/L IZAHY) ZARHERELE LT, RIEOFHABIED B AT MR ER 2 1ER L |
IINEBF DR 23R 7=,

BRERRIZ OV TR, RIEE OO0 HRIEICHEWVER Lo fimf, Sriko sk
VEEE DI AT > THERR L 72 EfR . KO Co-NCS % 5 /RiEi@E 0 IZ, PAR EEAREL LT
FEEBNEL OB HAT o TR EMRD 3 REfFTER LTz,

(8) JKERKFRINE IR GHER

B, WEKNTOC 72 &, FrCAHEHBICET HHEFEHEBA IOV T, HKRE D bEfE s
72 DA IS IKB R K ~DARIED W A OV T 5 720, AJRFERIS, FiiA, R
KIOH TR EZNENER DI RIRN O KA 3 M3 >65 o M@ E L, JFkz
K LT, 8K LT2JRUK O JERERMIR 2 1 2 728, Table 3-2 (TR THEIZOWT, HRiE
AW TKERELIT T,

ZOFKRERNT, BMER 142, F—ORMEEZ 1 BIZ 5 0T L L2 RINEIGER
ZATo 7, NIS OEMEREE T, UM (0.02mg/l) & L. MERIT3.2.1 (7) LEKEDORE
FEFPH CTIERL L7= b O Z2 W THINEB DI 2 K od 7=,

Table 3-2 Inspection items and their measurement method of raw water

Items Standard method
pH Value pH meter with glass electrode
Color Absorption spectrophotometer
Turbidity Absorption spectrophotometer
TOC TOC analyzer
Cr Ion chromatography
Calcium, Magnesium (Hardness) | ICP-MS
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3.3 BERUER
3.3.1 Co-NCS ;&M E&E R & DT

(1) Co-NCS BR&ICH 1+ 5EEaE

Fig.3-2 [Z7" 9 L350 . Co-NCSEIRD pH FHEEZITHIZH 720 . b 60> Uil & difi & 1F
L. IR OREE T, 3 mol/L FA LT VS U v LA VTR L 72 Co-NCS ¥4k
E DN G RIETHWZ Co-NCS kI, 7T E=U LA F Y (pKa9.26) |Z X D #%HH
BEALTWD EEBZ bNTed, RIETIEFICREREINZ 52 L7:<. pHillET S
NP DY el

—_
[\S}
)

—_
[}
1

o]
1

Titration volume of IN NaOH (mL)

Fig. 3-2 Titration curve of Co-NCS solution (50mL)

(2) Co-NCS ®/&I=&I1+5 pH EDIEET

0.2 mg/L NISorg #&E % AV T, Co-NCS {FiK D pH EOEBIZ OV TIRET L7k R % |
Fig.3-3 27”777, 0.1 mol/L Co-NCS itk (E/VIREIT =3V FOJREAZFRT) 13, pH G
REIZI WM (RIEDOYE, pH3.8) ThHhY ., KEEbT U U LK% A T pH fii %

80 -
—@— 0.2 mgL NISprg

% 60 —o— Blank sample
o)
O
Gy
S
< 40 A
o
S
3
A& 20 7

0 S- o oo 000°%

3 4 5 6 7 8
pH
Fig. 3-3 Effect to complexation yields by pH value of 0.1 mol/L. Co-NCS solution
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FI3E EEBREDOKREIC X D AKEK T NIS EREDOHIERE O E

B D T & T Co-NIS $EARD AR B M L, pH 7.6 £ TR & 22~ 7=, H)I15 %
Rb & HW2 s T 0 v 2—T DA F U RHRERFIC I T D %R A A4 v O BIC OV TR
ZATUVN. Rb23 10% At S5 pH I, XTfaA A2 D pKa lITIKF L, 24k Y pHEZ &
DD EEROMHENEINT 5 Z L2 WE L TWD, xEA 4 & L THULZ CoNCS)>
I, ZRVAERLESHATH D AREEIL, log K1 =1.20, log K= 1.69, log K3=-0.10, log
K4=-2.02 &, %3 R EITEETH D, Co-NCSIAKD pHEi A @O DL LT, FAY T~
PR DFRBENHES, BN EIcETe b B2 b ND 2 LD, Co-NCS IR D pH H% 5
% Z & T Co-NIS SR D FifE ~DIHER R &< roTeb D LHERI SN D,

Co-NCSHED pH A 7.6 X 0 HIZE < §75 & Co-NISEERDAEMEITIE T L ThoTe,

ZD L&, Co-NCS HRDNFERANLREOSLIRAICELLL TN Z 20D, Kk
TR U T LDEIMZE Y Co(NCS)s* DENLA-EHAAE Ulo7oh, Co-NIS SERD AR E DMK
TLEbLO LRSS,

(8) Co-NCSE®&IZHT+Ha/%L MEEDKRE

Fig. 3-4 |Z/RT & B0 . Co-NCSIEIR (pH7.6) IZBIT D 3/ MEEDREIZHOWT
MEt L7z, 27V MREEZ & DD & Co-NIS $EROAREN ML, 0.1 mol/L LA CHE
R—EDMEE IR oT,

30 THHBRARZ LT, ZilD DX Co-NCSIER D 2 /L MEEE @D DH Z L1
BEAEREOHEMAEHE LTV, Z1E 30~90 mg/L NISorg D #iPFHIZ 33 fé*ﬁ%#ﬁ%f
bolz, AWFFETIL02mg/LNISorg & =M H KV & 2 #H7LL HEWRE TOME Th -
oDy, FRROBR MBS+ 5 Z LIS TE T,

80 1
—@— 0.2mgL NISurg

g 60 - —6— Blank sample
S
Q
[y
© 40 -
<
(]
8
<
S 20 -
=P

0 0.05 0.1 0.15 0.2
Cobalt concentration (mol/L)

Fig. 3-4 Effect to complexation yields by cobalt concentration of Co-NCS solution (pH 7.6)

(4) Co-NCS BRDMAENRERICEZ DEEDRE
Co-NCS AR DI DR EARNZ G 2 DB OV T, pHEZZ L S B T7-56 O
% Fig. 3-5 12, =2/VL MRE 2 2L S ¥ 7= 856 O &t % Fig. 3-6 |Z~7, Fig.3-5 T
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X, ERREFIC LD~k y=ax+b THERZIER LR, Wb IRERK

(R?) 120997 LI ETHY, pHENEL 251 E, MEROMEE (@), 1 (b)) KW
RMEHE < 7257, Fig.3-6 T, EMREUFICE D —KNy=ax+b TIERLIZTXTO
BREMTR?=0999 LLEE 720 a0 MRENE 2HFEMEROMEE (a) bE<
o,

535 B AREETIE, 0.1 mol/L Co-NCS I8 (pH7.6) Vb Z Lt Lz
R, ARG L7z 37390 MREE RO pH EO#FE Cld, ARELSMT S R7=0.997 DL & 7
DEMREDOE VR ERAEEIER T 5 Z LN TE 2 e, KIEL B2 D Co-NCS 1A
RO E AWZGETYH, EREE U THATE 2 AiEESRIE ST,

OpH7.6 y=232.54x +4.3628 R*>=1

800 1 ApH7  y=197.21x +1.3967 R*=0.9999
OpH6 y=11845x-82429 R2=0.9990
% OpHS  y=99.367x-16.045 R*=0.9976
A 600 -
o
S
G
o
= 400 1
(]
8
i
S 200 -
0 - : . .
0 1 2 3

NISqgg (mg/L)

Fig. 3-5 Effect to calibration curve by pH value of 0.1 mol/L. Co-NCS solution

O 0.1 mol/L Co y=232.54x+4.3628 R>=1

800 7 A 0.05 mol/L Co y=200.07x +4.3476 R2 =1
[00.01 mol/L Co y=104.47x-1.6282 R2=0.9997
% ¢>0.005 mol/L Coy =67.32x - 1.2674 R2=1
A 600
o)
O
s
< 400 -
e
o]
i
S 200 1
0 L T T 1
0 1 2 3
NISogg (mg/L)

Fig. 3-6 Effect to calibration curve by cobalt concentration of Co-NCS solution (pH 7.6)
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3.3.2 PAR EDEMAEFEHFHDOZRE

(1) PARBHEICHITHHMEMDER

PAR I, M= & DR E 52 K DWW O BHRE D OX i TEY | A%
THRBROITH AR CE 72, 209 HLAREAOH T ML, PARIER (pH4~5) O PAR
WA 100mg/L LA EE LTl HY EfE L2512 B 4E Uz, PAR ORRMREEEE X
pKa; 5.6 (p-OH) TH VU, PARIEEZEODL EHELEMLIZZ 0D, ZOHHY
IXPARZDOLDTH D EE 2 BT,

F72. PAR Wi E MU aIRE O LUl L722Icb . Rl oK R Aot
HNAETTz, ZONTHIOILFERII AR TH 57243, PAR B E 10% A ¥ J — VIR &
THENHMENAD Z LN TED, KETEIREHAVWSZ L LT,

(2) &EREICHITSPRBEDIRE 5 FHDREE

Fig. 3-7 12" T L B0, HRIEICEIT 2 PAR RIROER S, RE O, RE 5 REH
DEBZSNTHRE LT,

RS O#P TlX, PAREREIZZVIEE, IBE D HEIIAEWIEE, BE HRHIITE
UME E | Co-PAR SEIRD AR EA N LT,

PAR &RiEHE: 0.75 mL K OME & D R 3 70 & L= BHREDIEE 5 KT, & DK OWs
IH ODFER L AERIC, BHRIECRTIRE 2 W 120 pm OBH LA, IRE S HEE
B D T LT KD Co-PAR SEBRDAERBEOHMNHEE CTE 72, LM LA G, PARIFEIR
T 0.75 mL IZBWTHE LN LEAEMEIL, RE DL 200 ipm (Z@E, IR E O FFf# %2
30 0 F CHEIELZHATH, PARIFIRE 4mL 2 WA X TURETH 72, =
DEEOBET T 72O T, IRE SEZDOKEBEBIEZE LI2L 2 A, PAR BIKE 0.75
mL &R TAmL OFR, BOEAICEVAECTZKILOENREN-722 L5, PAR
B 0.75 mL Tl #RE 5 R ZJF DO+ 7R2IE8E HE L TORWATRENED /R S 1L
77

1.5 1

—
[«]
L

J—®—PAR@mML200pm) —6— PAR (4mL, 120pm)
—&— PAR(2mL,200pm) —2A— PAR (2mL, 120mpm)

—8— PAR (0.75mL,200pm)—E— PAR (0.75mL, 1201pm)

0.0 T T )
0 10 20 30

Shaking time (min)

Co-PAR (pg)
o

Fig. 3-7 Effect of shaking time and strength for PAR solution in the NIS official method
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ZORPTHEONTREREND, RIEOPARIEICEITZIRE HS5MELE LT, RKE H#HE

200 rpm L OYPARIAIRE 4mL W52 L L LT,
(3) PARBBD pH fE & Ik & S BFHEIDRE

Fig. 3-8 [Z~" ¥ &80, RIEZHWT, pHiEZ 4, 6 KT8 IZHH L7 PAR HKIZD
WT pH S LR L O FER OMGET&21T 572, Co-PAR $EIADAER &I, #iR& 5 KREfH] 30 4
PLEIZBWT—E LR o7223, pH8IZB T HAEMEIIMOSLIEL D A7 RE D IEH
60 /7 FE CTIEIX L723A CHAEMRBEITHM U hoTe, 2L MEET48)E L PAR &
DOEEFERIEL, pHT AT TR ERT S BERMAREEAT S Ve ST, AIFRETYH
R, pHIEICE DEBERE LD EEXLND,

F72. ZDEEERT D Co-PAR 5K [CoMLy] ™ DERMREET S VX pKa; 3.64, pKay
441 TH DD, BIEFERT TIX [Co"HL)]" 725, pH4 23T % Co-PAR SEKD/AE
X, pH 6 OHE L FREOFERNGEONIZ L DD, Hu 22 H° HPLC Bl %~
Co-PAR $E{RDWAE DN ZREE L, K pHA ITH W WD & & LT,

BN FREHUC K D@ REEARDAERGEE L, P EEORNLF OFEEE & IXRARA 72 <
&R A A v ORI Lo THEAARE VD | AREFFETHWZ 290 AR E O
HWEBRTHDL ODEEZ LN TS, ZD), AHFRICBNT, IEE 5RO
£EVY Co-PAR $EIRD AR B EENN L7245 F 13, Co-PAR $EIK D /KIEIR FIZ I 1T D Azl ik FE
TIEAa<, BRIk Y brm U EF D Co-NIS 85 AN KIBICHAT L. fiREES 2 0184
LI ZRLTWAH LD EHEI SIS,

COMFITHRONAR R L, 332 (1) THOLNHRND, KED PAREIZRIT S
IRE DML LT, PAREK (pH6) ZHWT 40 piRE > TH2 L& LT,

800 7
E 600 A
S B | ) ] Iy
O =
L‘a G/E/—m
s 400
5 —©—pH4
fé —&—pH6
A 200 A 5 pH 8
0 T T 1
0 20 40 60

Shaking time (min)

Fig. 3-8 Effect of shaking time and pH value of PAR solution
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3.3.3 EMRMHICAVWSBHROME L BHRELVRAAFEDKT

Fig.3-9 |Z/x 3 &80, 4FH (FHF A, PP, FCPP L U7 7 r) OiEIRIMME %
V. BB R 3 5 3B A SR O TV IAB I IEZ REHT 2 72 KEAKIRINEIGR
BRAEAT > 1=, IEREIOFHRIZ T A T A > DIZHEV, NGB OFHMEIER & L TRE
ENTWDLEE LM TEEIC OV Tl T 72,

FERLKIZ X D VEVVIAA TIX, FCPP Zfr< 3FETH A FI7A4 L OEEOHE (70~
130%) Ziitilz L., T XTOMRTHITHKED HEE (RSD=30%) %7z L7z, 20% A Z
J = WRIRIC X DYEVIAZ T, FBERUKICE D2V IAR LV EENREL D, 73TO
FERTHA RTA L OBEEDBZE (70~130%) EOHMTHREOBIE (230%) #iizL
77

L L7 s, oo 3 FifH &t C FCPP DA, i 5 OFEFIZEB W TEED 10%LL k-
BWMETH 72, Bk, Z ORI bz 150 mL 2002 TR L, 48 BEfRGEE I
KIONB MR LT, BREsORENITED ST 2 0D, ZOREGRITT v FEH A
I—T 4TI DR LTS EEZX LN, FUTE 2>/ NIS X, +
ICRUBI RS OMRBEICR A L TVND EEZEX 6D Z Lnh, FCPP L, R4 L T
KIFFECAT S ORI Z AT LT D ATREMESHERI S L D,

ZOBRMTHRONTREREND, RIETIE, 77 v U HMoORBIERS & IV, BRI
IZ20% A X ) — VIR CIHRVIARZ T 2L & LT,

120 A )
O Purified water

100 - B20% MeOH
o £

80 % % o e

60 A %

40 A

Accuracy (%)

20 A1

0 T T T 1
Glass PP FCPP Teflon

Fig. 3-9 Effect of sampling bottle materials and the rinsing procedure on the accuracy
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3.3. 4 JKEKFMEUREAER & 2 2414 5T

(1) REEO
Fig. 3-10 2O} Table 3-3 (Z/R T L B0 | RIEOREREZFMT 5720, ERELF CE
BIRERME OKEAT 0.002~0.05 mg/L) 12T, AjkLtRiEa O CRERZER L
7= WERROZYVETAMIL, VA RTA TR, MEHOFMEEE & LTRESNT
WD ELEE RS EEIC O W TR 21T o 72,

REAR DT ON T, RiEZ AWV TER L 7o i AR ERCE O 0 I URIE
(5 [E) ICLDEREMOVEE, T4 K74 OBE GRERED 80~120%) &Lt
WU RE g, TR T OB S T HE A Lin, SRBEICIEVER L2 ER T, M
it PRSI T 2N 125 % Lo BEAT STz, RENREIMEL 7
HIECEBMEOBM R EFEL 2ol Z LD, NIS OFUENES~OWFEIC L D BNE
ni-bvoEEZHN5,

BREFROREEIZ DWW TR, AIEE IV TERR U 72 i S AR HERUR 0§ 0k LIE
(58] 12k B ERMEOMAERERE (RSD, %) Z2HA FTA4DHE (£20%) &Lt
B Lo R, TR CORERCTHEAT L,

10 1 O ¥=3.0820x+0.1021 R*=1
A y=15737x-0.0795 R>=0.9994
0 y=0.6368x - 0.0220 R2=0.9971
O y=0.6152x-0.1351 R2=0.9985
8 -
(1)
2 61
(=)
S 2
O 4 4
(3)
5 4)
0 : : : : ,
0 1 2 3 4 5
NISgrg (mg/L)

Fig. 3-10 Comparison of calibration curves by NIS-official method and this method
(1) this method, (2) Co-NCS method : official method, and PAR method : this method,
(3) official method (color-development only), (4) official method
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Table 3-3 Evaluation results for calibration curves by NIS-official method and this method

this method official method
Sample NIS(; Conc. Accuracy Precision NISorg Conc. Accuracy Precision
(mg/L) (%) (RSD,%)  (mglL) (%) (RSD, %)
STD 1 0.1 102 1 0.2 125 2
STD 2 0.2 100 1 0.5 100 7
STD 3 0.5 101 1 1 104 5
STD 4 1 99 1 2 93 5
STD 5 2.5 100 1 5 101 3

(2) XFEKEEETEMDOELERBOHLE

Table 3-4 [Z~7 &350, 334 (1) TEHERIEOBOABIEMRO I %2IT > TER LI
BROBe TR L RO S (KIEZKH NIS J2 L LT 0.002 mg/L % T¥0.01 mg/L) THH
M- HIFEE 2 FEHE L L, Co-PAR AR % VT Co-PAR $EKD AR (ug) & L7=fH
AV RIEROVEREDBBAEIC BT D85 &2 ik L7z,

AUETIE, Co-NCSIEDOWRIZ XV SEAERREIL 2 500 E@m< 720 | MREf SRR E R
L0 LBRERE FAOFNLY BWFERTH -T2, T, 3.3.1 (2) THRZLD
12, Co-NCS KD pHIEZ mH - Z LIZ L DMEP BN b D EE X HTZ, PAR
EOYBR T, $EEREN 2.5 5L E@m< e o723, NIS REZEIC X 285 E &N
TN Tz,

ERBICHE VR ERR 2R L 72356, BEERUE O B HHERIEIC B 1T D EIERIE, R
B FRTI9%E, HELIRWMEE 7eo7, Zhud, HnikoilEHR (500 mL) Tl
RIA~OREHEREAEN R E K, A 7 —VRIRIC L DUVIAR BT > TNz,
REIEIASDOWEIZ LD NIS OBRENKEL Roleleb LB b,

INOOREFENG | RETIIFRABRIETIC BT 2 85RO AR & Z SRk & TS5
PLEIC@ED 2 2 EnTE =iz, BEHEMHICAW2R B EZ, SRikoE (250 mL)
WCHIBT 5 2 LN TE T,

Table 3-4 Comparison of complexation yields by NIS-official method and this method

NISorG Complexation yields ratio” Recovery ratio of
SPE-part of official
(mg/L) Co-NCS method PAR method method (%)

0.2 2.8 2.5 19
1 2.2 2.6 91

* set the complexation yields of official method (color-development part only) as 1

43



53 SRRSO ROBIC K D AKGEAR T NIS SRk O JEREE O i

(3) GCo-PAR SE{k M IR 2 0 51l

Table3-5 ([T L B0 | ARUETIER L 7o B O i @i A (2.5 mg/LNISora) P HiFE{E
2> Co-PAR M E#R % FIV T Co-PAR $85{AD & (ug) ZKD. NIS1pug 2472V @ Co-PAR §
kR R (0782 pg) %. 2.5 TlR~7-LL F )R TQ) TR EFRmO 4S5 72 Vv T Ef
FIZ X vsROI-E & g Lz,

(NIS-NHy '), » Co(NCS)s* (1

(NIS-Co*") + Co(NCS)s> )

72, Amirov 5 3IE, QIZBIT D NIS % 2 E/L & LIALFHEG)EHAWCTY 7 hr =
TIZEDYIab—varETofE, QL LEERELENELS D EEBIT, &
BETVOWMERHA S TE D LTV D7, AT 2RI, B2V ThH
Co-PAR $8RDERE A FHHIC L R 7=,

[(NIS),-Co?] + Co(NCS)s> 3)

RIETHLNRRE, Q) ZHAVTROIZARE L LARTGE . ZONERIT 40% &
ELRWETH 722, RIBIFRFHZ L 0 EDOINEEZ+HIcmo-b D TH L Z &
NH, Q) BAEEEICHH SN LT A REEITRWEB X bz, 2, RIETHED
NTRERIE. (DEHWTRDTAEREE ERIAETHY . Q)FHWTRD AR EIC
ITVVMETH 722 b, GBI S 37z NIS $ERO(LF/ X, 3)Th 5 ARtk
TR X T,

7T 9 E—T NV E RO AHE~D A A R E ST BT B L 0z KA,
D 5tREA A OREEIZ DWW TR, R, @~ o T e EORIREEME L v
b, FHREETHLIE 7 Y VB OO ERITE <. AW DAL OVEE T
A= —=PMEL 2512 E, B2 U e OMMERDERRES KD EEINTVDS, K

Table 3-S5 Evaluation of Co-PAR complex yields

chemical species of complex Co-PAR yields
extracted by Co-NCS method (ug/ ug NIS)
(1) (NIS-NH, ), * Co(NCS)s~ 0.493
2) (NIS-Co™") * Co(NCS)s~ 1.970
3) [(NIS),-Co° '] *+ Co(NCS)s~ 0.985
this method 0.782
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ETHWE CoNCS) I EERIRMEE TH 0 | HIHRIEE OB T A — 2 — bR, B
7V R AWZSGE LV MHESRMES 25 B2 6N LD, RIEETH LR
FEERL. Q)ZHWVWTROTZARE LY OREWMEIZ - 72 b 0 SRR ST,

(4) FmEHoFMm

FOITAERD DR Lo REEZ W, RES 1 40, [A—0inatE 4 1 B2 5 0F
1T, 5 BB L7-#E R4 Table 3-6 (27”3, NIS ORIMIRE L, #UBHE 250 mL (2% L
T, FEYEME (0.02mg/L) KOEYHEED 1/10 (0.002mg/L) & L7z, WRINGENO 2 4 PERT
filx. TA BT A AZPE, BRI OFMEE & L TRESNTWHEE, JHMTRE
T O PREEE I DWW TR A 1T > 720

FIREL OB 2OV TR, BIEEE (n=25) OERBIEO VFHIE 2 I CTHINEREE
WXt Dl a R, A K74 DBEEE (70~130%) & Hlg U7ofE R, BEVEME & O
HEMD 1/10 DWFTHIUTE N TH BIEZ - L7,

TR OO THEE K VRIS EEIC DWW TIE, 45 H OFIEREI O & B8 %2 iV OB
(RSD, %) ZRed, A RT7A4 - DRE (PHTRE =20%. ENEE =25%) &b
e U7t R, JEYEE N QSR O 1/10 DWW THICBW T, TN2ho BEE &7 L
77

Table 3-6 Evaluation of recovery test by this method

NIS spiked ... Intermediate
. Accuracy  Repeatability ..
Sample concentration (%) (RSD, %) precision
(mg/L) ° » 70 (RSD, %)
DWQS value 0.02 89 2 4
1/10 of DWQS 0.002 25 7 3
value

3.3.5 JKERKFHMEURHER

AKIEFERIAY, R, RTEAK K O FK & 2 E LR 5 I BRI O¥k 4 3 #iR
FTOBE 9 HIAUTOWTHFUKZERAK L, ZOKREOREEMIR 2 BE U7k 5%, Table
TR TEBY TH D, FARDKFEHREICAKEZ -G, HTEKEID HRTEAKL
ORFAKRDF A, AHIBEOEIE L LTI b DGR, #E T TOC 28 & v &l &
A 5T,
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ZOFKRERANT, BEER 1428, F—0@mRE% 1 B2 S5 07T CRBR L 7ok R
Z . Table 3-8 (27”9, WINEEID Z G MRHIIZ. TA FT A ARV BINEERO
HHAE L TRESNTWDEE KO TREIC W TR 217 - 72,

TR BL OB [ZOWTIE, BNEEE (n=5) OE RO A AV TR
T DERD, HA KT OHE (70~130%) & LSRR, 2 ToHSICE
W B A2 Lz, RINEREL O B TR IC W CiE, TRINERE O & Bl % WV CORBE
(RSD, %) %R, A T4 ORE (FHTHRE =20%) &LHELRE, 2To
HAIZBWTHEEAW T LT,

Table 3-8 Recovery test results of raw water

NIS spiked .
. . Accuracy  Repeatability
concentration Point name Water source
(%) (RSD, %)
(mg/L)

A surface water 99 1

B surface water 100 2

C surface water 96 2

D subsoil water 97 3

0.02 E subsoil water 96 2

F subsoil water 96 1

G ground water 94 1

H ground water 95 2

1 ground water 92 4

3.4 FLD

FRIGECIE, FEA A REE AR OSSR S OIRIZE B L. €0kl s
BRAtT 2 & b bic, 35Sl bR LAk & F s ER A ot & Aol
KIINERER 21T - 7= 555 DU F 0% R 2 7=,

1) Co-NCS D E T, 0.1 mol/L Co-NCS & (pH7.6) ZHAWAHZ ik, #HR
EEHANTEHAREZ 2/ IS L 2 LR TE,

2) PARVEDHETIEL, 10% A % / —/LEH 100 mg/L PAR iR (pH6) Z FHW\ T, 200
pm T40 3R & DT 52 LI2 XY Bk TEAEREL 2.5 5 EIEmD D
ZEMTET,
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3) DN O LIoARTE T, EMHICHW 232, SRIEDOFED
250mL &5 2 N TET,

4) AEOHEMRIT, HEXUHEL HIZ, A FI7A4 OREEAmZ Lz, —F T,
ERIEICHEWERR L 7o B Tl MRESR TR ISR 2 HEIZOWT, A K
AV ORBEEIZS oo T,

5) AILIZBT D Co-PAR SEIRDIL=RZ 514l L 72 fEH . AR ICHIH Shzdiikix, T
LA T &b L WREVEDVRIZ S LTz,

[(NIS),-Co?'] * Co(NCS)s*

6) AR¥EZEFAWT, FEUEG K OJLUEE O 1/10 12T A /KEKESIEIGRER 217 - 72
W, BHE, MTREELOENBEDOTTT, A4 RT7A4 O HEET- Lz,

FLMERE D 1/10 Z IEMEIZIE S 2 720 DA A REIETEAIREE & LT, &Rk X
DRUBHEZD LeimiZ I E TS, SREL D RBEZ RIS S 5 ARIEI,
AGEARBERAIZ I T DB EECEMAILRIC BT 28 IMEICEMTE 5 L B2 bR
Do Elo, AEFHERELVBREROEENMENTE Y | AKEKEBRAIZ S AT HE
BEADNDZ LMD, KEKTOI A A REEEABRELEE LTAHNTHLEEXD
o,

48



%43 CNP LUCNP— 7 3 /KoM & R BRE R B

FEA4F CONP RUCNP—7 = / (Rt & BHEREIRE

4.1 [FL&IC

CNP /%, 1970 X225 1980 AR Z H.0s, AKHEARER & LTENTAS Anbh
7oo BIFETIL, CNP O EHERFKITIRII L TWDHH DD, CNP LT CNP O TR CTH 5
CNP—7 X J{KIE, T ORI O /KEE B AR EH A I EMT 5TV D, K
B TIX, CNP LN CNP—7 2/ (ROWPE7s Ol B U 7= S iE 2 BH 45 & L hiz, K
EEMAEREER L L COREY R, 725 NS CNP ORIV 515 5 BRiE O FELC
DNTIRRD,
4.2 CNP Otk L IRIGENRE

(1) CNP OHEE

CNP %, 1951 I ZH A LRSI L 0 R S KBEHBRERICTH Y . 2O
WL Fig.4-1 1R T &0 THD, GROFHELKBEHARERE LTHWLR TN H
sun7x/—L (PCP) 1%, TOMEMENTRS , T b 2 IRA TR R OB 3R
Lo T\ THD 0,

Cl
o
{ C1:HeCLNO;
Cl (@) N
\\ Mw : 318.5
(0]
Cl

Fig. 4-1 Structure of CNP

PCP K O CNP #AI, ABRABRER & L CEANTASEH S, ZORIEKE LTO
BHER "DIT Fig. 42 1”9 L B0 TH D, PCP HANL, 1960 FACE SNBSS -
M, FFEVEREBEED 726 1970 AFARUTKH~OE N L. 1990 41 3 ER K2 LTz,
CNP AIIX, 1965 FIZ 2Bk S v, LI PCP Ao TER IS L )iz oT,
Z D%, FIBRICKIT 5 CNP #EERTE R L IRD 5 23 AR & OISR BRI A RIR S iz
Dzt FHOBRSCA =D —ICX2/MENNRH Y . 1996 FITILEIEBERA K2 L
722 & T, CNP X ZTE LTz, 2000 FFAREIZ72 > Thr 6, PCP KT CNP BHIH 2 A flidy &
LTEHEENTWIE A A XV VO BN E o7z, ENTIX, 4 4% I
XD BREERIEN TR E SN D 7e E OB TON T2, HEER A 4% o O
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325 L HEESVTE Y | AHEEFICE S RE LT 2 & b i TR O ASHRE &
Frote T,

20000
z
- 15000 |
.2
®
3
2
‘o 10000
L
[e]
-
<
3
g 5000
<

0 O
1958 1963 1968 1973 1978 1983 1988 1993 1998
Year

Fig. 4-2 Temporal change of PCP and CNP shipment in Japan
L JEE S (2003)"M

(2) CNP R BN EL CNP—T7 = / (KDPITE

CNP O+ T D CNP— 7 2/ ROHEIEIL, Fig.4-3 ITR” T &80 TH D, KHIC
B Sz CNP O—#%, KEBIC X200 a2t 208, 2k s CNP—7 2 1Kk
AR BT T 720, CNP D4R, THEOmAEITTEMN LR H Y | kg TE
DIRNEEIZ E CNP—7 X /R~ OHETRH L RIS H, £z, T OpfifiE S
WEZBIZEENTVWAEIEEMIC L2 b D THL EREIN TS, TEPIZEET S
CNP—7 X /K%, TR OHHEY L REICHEG L THRY | ML EIFEL TS EH
2 Hivd ",

Cl

Ci2HsCI3NO
Cl (0] NH, Mw : 288.6

Cl

Fig. 4-3 Structure of CNP-amino
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4.3 ONP OKEEERAERELREER

CNP (X, 1993 =D KEKEIZBT D8 7= 72 EOHIEIZB T, KEEMEEHET HIH
B (& ﬁ%ﬁ)&bf%ﬁﬁOWM%mﬂréﬂto%@% Brimkiz fé@@%
BEENO D NATZEE ORIBAHBEN R I N7 Z LI2X D, 1994 FICEEKE
fREHE & L C 0.0001 mg/L 2378 S 47 19, 2004 AE(2iE, e KA KBS HE B AR e 1
IHEL, MEEFRICID2EHMTOND Z & E72o7-h, CNP 13K EHE A E
HE LTSS eaioas BAEE LTHW LT,
4.4 CNP A EZDHME

CNP ORAYEE LCiE, EfEhH— T A7 v~ 7 Z 7 —E&08E (GCMS) 1285
— L BRITIE 5) DIEAFEE @M VEhTnd, 07— Fig. 4-4 [TR
TRV THD, WMAEOFEHIT, BT O CNP ZEMHE L, Y7 oo XX o TiEH
LTciRZ B3R T AR5 2 & T 500 5 & L. Z4a GOMS THIET 2 HIETH D,
Z ORMAEIEIC X A EE FREIX, 0.0001 mg/L & S TW5,

CNP OHEMOF I Y72 > Tk, CNP—7T 2 /RO LHIE L, CNP O L CNP
—7 I JARDIREZ CNP ICHE L7ZIREZ GG L CTRIT 22 & &lo T D,

| Wh Fl}

Sample 500 mL
|

SPE

pulrge with N,
Elu‘lce with DCM
[l)CM 3 mL
pulrge with N, |lower than 0.8 mL

—add internal standard (0.2 mL)

fill-up to 1 mL |DCM
[
GC/MS

Fig. 4-4 Procedure of CNP official method

4.5 BESTEOHME

451 [FLBHIZ
GC/MS 1% 1970 AR B AU %Aén SR SN D K912 o7z, £ D%k GC/MS
OMRBITER E LWRRAZ RT3, FEE DI PNITO0RS A E L7, 2000 A1
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250 m LC-MS/MS 1 GC-MS
200
150 )

100 - 7!

50 o |
0 J_l 7,/ A

0.1 1 10 100 1,000 10,000

number of pesticides

required concentration [ng/mL] to obtain S/N>10

Fig. 4-5 Number distribution of pesticides based on limit of quantification
(LOQ) for 500 pesticides detected with GC-MS and LC-MS/MS
Source : Alder et al. (2006)7*

o Tinb, 2 BFELL EOEESBEZIT OWIK7 v~ 7T 7 B & HEr (LC-MS/MS)
DA ST, FOREREE L Fig. 4512573 L5810 GO/MS 1% & H<T 100~1000 5
FEE <. 72 GC/MS IE & AR TIRIRWIE S REIC IS TE 2 &b, Bfh - Kl
BUSE < BRES - TEDH 2 LICB 0T, KK EL Lz, 22T, CNP O@FEE L THWS
NTWD GCMS IEE | BUETZ A Rb D LS L THWZ LC-MS/MS EDJFERIZ D
WTC, AR Z Te N DRI A IR R D
4.5.2 RO 57 4—

GC 1%, Fig. 4-6 (IR THERDN D 72 2 AT deiE 22 FI T ISR 22 1 E 5
LDOMFIETH D, T2 TIlE. GC DRITREALEY. 7Bl 7 A, BREZRIZOWT, 20
R NN

|
Flow 1 ? g
i | | |
controller " Injector I |detector g
S
. Electric|signal | §
Carrier &
Z.
as
& Column 0;
oven =
column

Fig. 4-6 Configuration of GC system’?
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(1) GC o ARILED
GCIEIZBWW OIS L R 2bEWIE. TSN WM EN58E8 L5,

c RRIET. 400CHE T TaibT21LEw
- GC NTRAL L=z, ZFORIERE THM L2 WS
c SAERRIC R L Ch . BRSO EMB AT DAY

2o, Kb LgWbEY, OO EWMEE Y, BUSARL E LGSR AE D
{EAIE, GC TIEOWBREEL 725, 723k E GCIZEAT DT, REIBEREOH
BERIBEIZR T TS0, FRIEHT ARTH LM EERH D ™,

(2) DD L

GCIZEASINTHBHI, ¥ VT HRIZESTH T LZEAIN, BT LNTHGDZ &
WS 5, ¥ UTHAELLTIEHe, Noy ALK HOWOENLD, F¥ET U DT L%
AWTHBEZIT 2 5a1E, %M He ZHWVWOR D, AWDEH T Aid, W 2~4 mm,
FE&05~5m OFRNICREAIZGED Ty 7 R T 5E AE0.1~053 mm, £ 5~100
m OEFAIET 7 A EONEICRAZEBA Ly T U BT L0 2 ERDD, T A
NTORBEZIE, BT LN, BT LES, T U T HAOFEEEBGERE, BEMOREL
NEE N2 52 D720 WESHT 21T O %a1E. 7 DAENNESL BT LRI RN
DEHHREHDN G ONLI XY T U BT AR NICHN BN D,

Xr BT VN7 LTHOON DR O & Ot % Table 4-1 (2R3, @E ., 8%t
SALE ORI EE O 2 BIRT 5 &, B — 7 IR BEN R < 722 ™72 CNP
Z GC CHIET 28613, EME~IBME DA DN B SN T D2 HND Z LR,

Table 4-1 GC column phase types and their polarity

Polarity Phase

Nonpolar 100% dimethyl-polysiloxane

5% diphenyl- and 95% dimethyl-polysiloxane

6% cyanopropyl-phenyl methyl-polysiloxane

Midjpolar 14% cyanopropyl-phenyl methyl-polysiloxane

50% cyanopropyl-phenyl methyl-polysiloxane

Polar Polyethylene glycol

(3) ®HE

GC THWOHNL DB EROREEE & = ORE% Table 4-2 (233, F7-, S M IR RE Lk
% Fig.4-7 {27, M2 BT, WESSIEEMOREEIZ L > TEWDIT b D28, K
BN OBRIL, B - EEENIENTZMS PHWLD,
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Table 4-2 Types of GC detector

Detector

Detectable Compound

Thermal conductivity detector (TCD)

All compounds other than the carrier gas

Flame ionization detector (FID)

Organic compounds

Electron capture detector (ECD)

Organic halogen compounds

Flame photometric detector (FPD)

Inorganic and organic sulfur compounds
Inorganic and organic phosphorus compounds

Mass Spectrometry (MS)

ionizable compounds by ionization techniques

fg pg

«— GC/MS (SIM) ~t—

TCD
FID ——
ECD
I
FPD
ng ug mg

Fig. 4-7 Comparison of sensitivity of GC detectors and GC/MS’)

453 &k IS4 —

HPLC 1%, Fig. 4-8 \ZRTHER D22 5 0T EE 2 V5, GCiEE 720 | KIEMEDFE

HEHZEANTLZENTELOMVED

B OFFITED E < TR 2 720 B TIA <
S, HPLC THWOHIL A Bt — K. D 7 A, BHEZRIZOWT,

Data processing unit

A

Electric signal

TR LTS, ZZ
ZTOWMEZER~D,
Sample
)
1
1
4
/2 N
N T
F .
Pump Injector
Solvent

Column

— =

Detector

Fig. 4-8 Configuration of HPLC system
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(1) LCOHHE—F

LCIETCHWON L 3T — N & B % | Tabled-3 |[Z"d 0, F7-, &40HEE— NIC
T & BMER GRS DR E Fig, 4-8 12T, K TALEMmEIET 25461, WE L
DLEMN DI, HFHOSEEE— K (RPLC) MNE IR ENn 5, BEHIZx, A
WD o3 BEE— RITKRHIG L7 AL & ACRIAEE (RBENR) 2AHWHI D23, LCMS O%E
I REREIEDHEEZ WD Z EMTERWZD, HRMEOETH L XF@T =7 AR
TUERZULREPRHNLND,

Table 4-3 Types and mechanisms of LC separation mode’®

Type of separation mode Separation mechanism Taget compounds

Sample is separated by the solubility to mobile
Rversed-Phase LC (RPLC) phase and stationary phase by using non-polar | Low molecular weight compounds
stationary phase

Polar stationary phase and non-polar mobile
Normal Phase LC (NPLC) phase is used.Sample is separated by the Hydrophilic compounds
adsorption to the stationary phase.

HILIC works same mechanism as NPLC.
Hydrophilic Interaction Liquid Organic solvent is use for highly polar
Chromatography componds, and which is separated by adsorption
and partition to stationary phase

Polar compounds

Sample is separated by the electron affinity of
Ion Exchange Chromatography the analyte by using the stationary phase Ionic compounds, inorganic ions
containing ion-exchange functional group

Sample is separated by molecular sieve of porus

Size Exclusion Chi t h . .
126 Lxclusion LAromatograply particle of stationary phase

High molecular weight compounds
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100k
Size Exclusion
= 10k
)
o
=
S 1k
E
2 “-ﬂﬂﬂll.~ RPLC
=
100
10 >
L Hi
oW Polarity igh
Fig. 4-8 Features and applications of separation modes’”
(2) BEH S L

LCIETHWOND 53D T 2O FRIEH ORI & 2 OFFH¥ % Fig. 4-9 (2777, RPLC Tl
X YT SNAARICA 7 2T v UL EL (ODS 2. C18 ) 2 b i E L AN —
AN BN D, 4 B T, /RO FEHA| & mIED LC HESRMFZ VT, mzhR, &
SBED ORI RIEI TN TEY ., Zhamdiikiks n~ ~277 7 ¢— (HPLC) XITE
kIR v~ s 7 F 74— (UHPLC) &IEATWND,

Charge

s

‘ Ion Exchange ’

Phenyl
«—[ Si-OH H Diol J— C8, C18, C30

Hydrophilic Hydrophobic

v

The other

Fig. 4-9 Features of functional group of LC column’”
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(3) H®rRHEE

LC THWOHIL D RHHEROFESE & 2 OFF%:% Table 4-4 | 273, VD RHEZRIE, BIEXTZRL
EMOREEIZ L > THEWSG T HALDE 2, ppm A— X —TOHHIZIE =2 A MEICELD UVD
WAV Z ENZW, K0 EIRE D ERIIEORE N R D 55551 Tk, MS 23
WHoid,

Table 4-4 Types and features of LC detector’”

Detector Principle of detection Selectivity| Sensitivity

UV/Vis detector (UVD) UVD monitors the absorption of light with a specified 2 3
wavelength

Fluorescence detector (FLD) FLD detects fluorescence emitted by the exciting light. 3 4

Conductivity detector (CD) C]Z? monitors t'he elfectrlc conduc.twlty of column eluent. 2 3
This detector is mainly used for ion chromatography.

Mass Spectrometry (MS) MS détects mass of ionized compounds by ionization 5 5
techniques

Refractive index detector (RI) RI detects the difference of refractive index to eluent 1 1

ELSD atomizes the column eluate, shines light on the
Evaporative light scattering detector (ELSD) |resulting particulate components, and detects the resulting 1 2
scattered light

CAD atomizes the column eluent and electrically detects
Charged Aerosol detector (CAD) the resulting particulate components treated with corona 1 3
discharge.

4.5.4 EESEDRE &
HEghiEE X, WEEZA A AN TR A A Eidfas 4%, Ba/Emkt
(mlz) \ZHE>THBEL., &2 DA T HRELZRIE L, EM - ER&TDHHETH D, MS ZEE
DORERRIT, A A ALES, EESHET, RO . ZOME X Fig.4-9 (RT LB T
D,

Data processing unit

MS Electric signal

4 high vacuum

Sample

1

1

1

‘
Y N\ L
= = T

Ion|source  Mass

Injector Column Detector

Pump \_ separation

Solvent

Fig. 4-9 Configuration of LC-MS
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MS z H 7= HI7E FIEIZIE, Inductively Coupled Plasma MS (ICP-MS), GC/MS, LC-MS/MS

T &, BRa A A ALHEIN EEEERH Y . F O HEHIL, Fig. 4-10 (R TE B Th D,
ZDHH, AT MEEIZOWTIE, LCMS TIAK b TnWbd =L/ ke A7 L—A F
fbit (ESI{E) &, CNP O I W REELTA A kit (APCLIE) OJFEFZ .l
PR AR RS, Fo, HESBETICOW TR, UEMRA, BIGEL RATRFR 7 £ O FERN
AWS 25, PLRAMERE < 22l 72 WEBR A HF R L TWDD, ZHICK-TE
DIFEOFEM 2 IR~ 5

100k
< 10k
%
o
=
5 1k
=
5]
S
Z 100
GCMS (ED)
10
L Hi
oW Polarity igh
Fig. 4-10 Features and application of mass spectrometry’”)
(1) ESI &

ESI IZ X DA A MBI DN T, Il Z <%, LC OH T ML pBEsn= 7 v
m%%m&k%:4ﬁ/m%:glén T3~k OFEELHM Ly 7 Y
—ZBWIE5Z L THERBAZAERISE D, I OFEREIIRKE TIEE ST/
S TR & 72 B D3 IR WNICAAET 553 ﬁ@@%ﬁ/ﬂt@ﬁﬁ%ﬂﬂ B/ RN/ d
HEND, ZNEEEETIEALT, BESWT 2 FETHDH, TOEAKIL, Fig. 4-
NIRRT THD,

ESIETHEIIEN DA A, [M+H]. M+H] BZETHIHA, AV LBEHAELL
OFHEIC LY, FIZIER YT 4 77— RTIET =T LM+ NH, ™S b U 7 A
IPRIM+Na] 72 EOA F RN ERTHZ &b b5, £, BSHHETIE, (LEWOMEEIZ X
D ZEBOEMEFFOA L (SliA A ) BERTDZEbH D,
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Sample & mobile phase

...

Nebulizer gas

High Voltage

Nebulizer gas

o
0.0 +ve ve
@ -
ESI Probe Tip  Wecss® I
....
oS
L]
o'..
L 4
...
Charged e
Droplets &:
W Drying gas
L R A
(] (1]
. S .“.o:.‘.‘:: R Gas phase lons
LY ) ‘. ° .. - .
Desolvation '..' oo =... $ " c. e o o . . e e eas
(lon Evaporation -." e e° B R B A
Model) = o ® .',...
.
L]

lon source to
mass spectrometer

Generation
of multivalent
ions

Fig. 4-11 Schematic of the ionization and desolvation process in ESI positive (+) mode

Source : Shimadzu “Fundamental guide to liquid chromatography mass spectrometry”(2018)7®

(2) APCI ;%
APCI L%, b5 A A1k (A A - s) =R LA 4 1biEThHsb, LC OB T

DHES NI T ORIEBER & L I A ALEIIE A S dL, B A (BB

/Eé—a)fﬂé%%’émé MHEIN-ERITI e — 2 =TSN TWA 2D, & Z CTHIEEN
AN I a2 [

x5, BEEET A LKL LTefatlE Ok, A% 2 —n7e ) 13, aa s
SNBUSA A (Bl X, Noty HiOY) & LT ™,
N» + € - N* 2e (N

NzJr +
+ H]+ + M - M + H]+ +

Solvent - [Solvent + H]" 2

[Solvent Solvent 3)

ZORE, KAL LT N FIE L, BUGA A X0 7 b UBARKE Tu, BOsA

TN AT EZTRY BONRA A fbsnd, ThemEZ AL T BESH{
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HFETH D, ZORKKII Fig. 4-12 127 FT B0 Th b, ek, KRHEIEA 4 1k (APPI)
EH, APCIHE L IZIERRO 7' BB A TS AR AL D, AL FA A AIETH D,

APCIJETIL, BSIVED L 9 7¢ Na', KM"EDOfHINA A3 7e<. [M+H]', [M+H] ®%
TAFUPERENLT VY, F7o, ESI &R0 | BEFESEMSE (pH, Ny 7 7 —DOF )
I E A EEEIN VW E —RNICEDN TV D,

Sample & mobile phase

Nebulizer gas Nebulizer gas

Heater

p bl

Drying gas

Lo
o
[ o]

Desolvation <

Gas phase lons

@
e
Y
&
B

L]
" - o oo,
:. O . °© ° o o
o o o2 . C lon source to
- mass spectrometer

Analyte Solvent %’g Analyte ‘
+ + Solvent
r¢ Molecule lon NS . lon Y

o transfer

e
0 s
---------

P(Oto

Fig. 4-12 Schematic of the ion-molecular reaction in APCI

Source : Shimadzu “Fundamental guide to liquid chromatography mass spectrometry”(2018)’®
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(3) MEBBEESHE

VU E ARV B TRt OfEE I, Fig. 4-13 12”3880 TH Y, 4 RKOMFEROE&FER » R
DS O SRR & 70 D KO ICELE SN W EMES 2 VT, st EmicEn e
NIEVRETE E ZREBEEZAML, FEE/FAOFENEEEZFIHL TEEDSD VDT 1T,

g

b lon Detector
Quadrupole
lon Source
——Jp Resonance ion  —me---. Non-resonance

on

Fig. 4-13 Schematic of quadrupole MS

Source : Shimadzu “Fundamental guide to liquid chromatography mass spectrometry”(2018)7®

ZOIEEOREE LTI,
- LAY ZM CHEREEAS B
< OYFEREIT 0.7u FREEZS S, EEA®E LTy
cREMOBEMERE S, XA T Iy 7 LU URIEN
RENFEFHND 8,
kU VDL ERRVE BT EF & 1T, Fig. 4-14 (R & B0 | NUER OB &5 RS2 2 H»
Ao CWAEBOHETHY, 4H, EEBABRTLELHNLN TS, Ql FiTHREDHE R
BRIRL, TOA A NI AZHEESEDL L TA AU ERHESE, AUTA 4 V8% Q3
HCILIEERINT 22 LT, LBRIMEOBmONA AU RIEMBATREL 725,
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Q-pole (Q1) Collision cell (Q2) Q-pole (Q3)
(e (e (e
---------- ->
. o @ -mmmmmmmmmmemmmmeeees -
- .
Y @
[ ]
C N ,
® -
(] (e
Precurser Ion Fragmentation Product Ion
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Fig. 4-14 Principle of triple quadrupole MS"
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$E5E [E4HHE-LC-APCI-MS/MS (=& BKE/KA 0 CNP B U CNP—
7 2/ EDOREFEDRE

51 [XL®HIC

CNP T, KEBFHAEZCHEEOBREEE LT, B 0.0001 mg/L NED LN TEY
Z OFEHERATE & U CEFE-GOMS & BIRFIES) 23, BEAFEE bl ST
%, BIEBOKEMRAEDFMIZHT- > T, FAIE LTHEED 1/100 £ TRET L Z &
EHARTA Y DIRENTWDLEEROREEZHRT D EDRRD LI TVDHH, CNP
KONCNP—7 2 JRIZ oW Tid, BIRGES 2B 2 €& FRIE (0.0001 mg/L) 725 HEE
CFRICIRECTHY , Hro, LEREE FEIERE FRZMERTE2ROVAREEN &GV (&
ELE)IAEMNTHR TS, ZThETOLE ZA, BIEHIES L0 HRVE R TIRE Z E5K
TX % CNP L ONCNP—7 X/ (R ttikiIn STl 67, HEED 1/100 £ THIETZ %
BRELEOBREN/LEEN TN D,

CNP ORATIEIL, BT 20-2 & LT 2018 EICJEAETEBE N LB SN 90, =L
Fa 27 L—A F oAbk (BSI i) 1T XK DEHEEA-LC-MS/MS — 53 Hrik D BRFERFIZ A E
DTN 8 EEREEOBREICITEL holz, TOHEKE LT, CNP 04y 1Ak
NIZ, BSI HEIC LD @A A AR B O N BERERAZ A L TN L BREITF L5,
— T, CNP O X ) 2Bt A ¥R E LCMS THIEL £ 2 & LG4, KEUEL
FAF AL (APCLIE) O AT 4 7F— K (LB, APCLIEX T 47— N EFET) B
BIRINDGE S H D, APCLHEII LT A A AMUIEIZEDSNTER D INEG L S S 72l 4 |
REE T FHENT, BEIHSLKEEIICHKRT DG F 0 & DA F v FRGIC X
DA FNESEDLFETHD D, APCIIERTT 4 7F— RTIE—MIc, mn7a bl
MOEHT L HO 00 BERMKGA AL 2720 REIOB 7 v b ALZ T 72D, [M-
H]” WAELRT K b, FEBRAHREREYOGEIT, EHREROEBAEIZ K 523, Dzidic
53Nk, prru= bR P rRonF Y/ ana P8 T [M-Cl+ 0] Blo
T2 )XY RAF U OERFHINRE SN TWD, i h, APCIERHTT 4 7 — RNIZ X
DIM-Cl+0] BWEKRTLHIHEFIE LT, T hIVHR 7BV RRADSCA <UL
SV Z UE THIT HN TV D, CNPIZHOWT HIAEEIC, [M—Cl+ 0] DAERNHRE S
NTNWDN, ZOERNRICKELY 5 25 LC-MS/MS Ol 72 I ESMFICO>WTIE, Zh
FCHEM 72 RIS STy,

CNP—7 X / (RO EIL, CNP & [FERIC, ESIVEIC K 2 EEEE A-LC-MS/MS —F 4T
EORRBFECRF BN TN 3, HHN D B— 7 MENMEW 2D, FEEREIEDOREIC
FES o7, CNP—T X KIE, ZOMENICT 2V A2 FT 5720, ESIEORY T
4 7= RICL DA A M RITE N EZEZ O N DD, AREKZ EHEETI1C LC-MS/MS 12
EEEA L7%E,. HEMEO 1/100 & LTRD LN D ERE FRIE (0.001 pg/L) 258D T
W, BEREENG LN oo b O LRSS, ZihvE, APCLIEDOR YT 4 7
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—F (LI, APCIIER YT 4 7F—FEEET) THEL LD & LeHa. T E THEHR
HIFENL DD, BHIZA A AL ESTE L FRREORENFOND EF 2 bDH0s, ik
D 8 IZFBIK Z JR#EE 71T LC-MS/MS ICEHEEA L5 6, MWEREE DG b e
HEMED @,

Z ZCAMIZETIE, ABKORTLEL & U CTEAMERIHIC & DI IEA21T5 2 & & L, CNP
X APCI ERXRH T 4 7T E—RIZED 7= /) X RAFUAERE AV, £72 CNP—T 2 /K
X APCLIER YT 4 78— R HIWT, BEED 1/100 % THIE 672 EAEflH-LC-APCI-
MS/MS 12X % CNP } O CNP—7 2 /KD —FoiriEa it s &Lz, LT, B
FTOFERG BT LC-MS/MS S K ONEARTH el 2 HAEREE U 72 3lBriE (RiE) 2T
AKEARTINENLGRBR 24TV, AIED UG HOWTEHMEZ T 72D T, ZThERET 5,
5.2 RERAE
5.2.1 AR LIFHER

(1) &E
AL =) (LCMSH). 7 r=FU (LCMS )., =%/ —v (@HEERIE7 v~ b7
Z774—M). T by (@EHEEE7 e~ 8777 00— ) i BRI LR E v, B
(k7 v~ N7 7/) 7A@ MU U A (FEfk) . CNP ARUESR, (FRid K
ARERH) . ONP-7 X / HEUEM)'E (TraceSure) 1E, &7 4 L AFOEHMBKR A V7o, X8
(LCMS H) ., X7 =7 A (NHFA, LOMS H) 13, ~"F 7 b 7 8% i,
10M Eilig7 & =17 2 (NHsAc, BIaF LFEAFFEH) (X, = v R vo— iz, CNP-
da 13, MORESERLZ 2, FERUKIE, Milli-Q Advantage (A /L7) TRIE L7260 & HW =,
(2) RERDRRELBREROERTZE
CNP, CNP—7 X /{KJe Y CNP-dy DEIEHELZERICED &V, TEF=FIALTH 1
mg/mL OIEAEFE 2 FHH L7, CNP KON CNP—7 2/ (KOIRSIEAER ORI L, ISR
a7t h=1F U LTEBEIICHRL TITo 7,

BRI OWTIX, WEBEUEY'E & L C CNP-ds & 1 ug/L &, 0.05, 0.1, 0.2, 0.5, 1 &
2 pg/L @ 6 BEPEICHHELL 72 CNP L ONCNP—T 2 VKD 60% 7% b= b U VIR % 3
AEE L7ce CNP—7 2 JRIZOWTIISNMEAEIE T, 72 CNP [T DWW T EMEEYE
& LT CNP-dy & W7 NEIE HELE C L ERRENRIC & 2 — k& W TREFMER LT,
5.2.2 LC-MS/MS BI%E & n#aEt

(1) LC-MS/NS A& DEAREH
LC-MS/MS (%, 1260 Infinity I Bio-Inert (7L > h7 7 /7 v ¥—) K\ Triple Quad 4500
(A7 R) ISR DHRERE V-,

LC BEHIZ, A X /7 —/L LK% 90: 10 TRA LicbOa Hv, fEIRMEIRE 40 °C, Jiil
0.5mL/min T7A Y7 T7 47 55Hre Lic, 717 A%, Capeellpak CI8 MGIIL 3.0 mm x 150
mm, 3 pm (KPY—4#) #HHW, #EHEAREIZ30uL & L7,

MS/MS BIEIE. APCIIER YT 4 7E— R (MEXNGME : C(NP—7 X /&) KU APCI
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BAHT 47— R (QERGWE : CNP LN CNP-dy) DA ATUATIT 572, A A A
HRTA=ZF, Z—Re—F—RE400C, A 4>V —AHA1ES20psi. B—T T
AJET) 30 psi. T u—TEME 4.5 kv L2 0 FIREER 3 uA W, £7-. LC-MS/MS
HEOEIZ, BB SR DKM DS MS ITEA I 4172\ K 5. Triple Quad 4500 PNJELD /S 2N
NT Z AT, BIERM 0~2 0D H T AEHIRE R LA CHRKR LT,

AWFFETIX, EFLO LC-MS/MS HITE Zefth: 2 HI N TR M OKGE K IR INENN GRER 217 - 72
2. LC # &N MS/MS EBICH T 5 TN ENOZEM AR M ME L, 20T A= &
LS HETHRHFNZIToTEY ., ZOARICOVWTIILTIZET EBY TH 5,

(2) MS/NS E=4 —A # > Di&Et

A B ) — VAR LT R OEBIEER % . Triple Quad 4500 WD v U VR 7%
MAWTMSIZEHEAL, A%y VAE LTz, GO ANT MANDLE=F —A I &R
WL, BRISE=2 U 7 (SRM) 2K DA F A2 e LT,

(3) LC BEMHEEHDRE

APCHHER AT 4 7 F— R THWWD LCBEHFHIC W T AIBEEOREZ IRET 5729,
AFEH (AZ )=, =X )= TER= I AKOTE b)) OFEER % -V, CNP-
¥R (10 pg/L) ZEANLTCRRCAE DD TRE A g U7e, I, LC BEFE O AL &
LTAZ )= )vE AW & EOKRBEEOTHZRET 5720, 5 flkH UK. 02% FHE,
0.2% MEfE, 2mM NHsAc, 2mM NH4FA) DAKRELEZ VT, CNP-ds 18K (10pg/L) ZiE
AN LTRSS DN D8R A e U7, JEIL T CARBE S fHMTCEM L, 55 N7 fEDF
PIE A T,

(4) BERFIMPOTSHICLIEEBORE

LCOBI T LEROIA LT —A =y va it (FIA) 12X A% v VHIE (m/z
10~150) Z4T\, BISH DN 7 7570 RA A0 O 2 il L-, Biflid, LCB
hFH & U TABIRIEICIT A Z ) — v | KREEEZIE 5 A (0K, 0.2% e, 0.2% Wk,
2 mM NHsAc, 2 mM NH4FA) %Mo, WRIC, LC OHF T A&EEFE L, LC BEMHO A1
B LTAZ ) —NEHWZExo, 4 B (0.02~0.2% FHE, 0.02~0.2% g, 2~20
mM NHzAc, 2~20 mM NH4FA) DARIABELZ SV T, FHIPNIZEE L 72 #6PH PN TREPS RIS IR
DB EE % 25l S 7= R & AV T ONP-ds ¥R (10pg/L) ZVEA L72RECAS B 5 AExt
BREE L m/z77>60 (WeBA A2 & LT mlz78>61 Zffifl) TEHDLNDMEL R LIz, 72
. CNP-ds OFEXIREE L, KRB L L TKEHWSGEICE LN ZMEZ 100 & L TR
O,

5.2.3 HABRIRFE

FAEIK OFARN TG B i OKEKRE O, ZiveE T 7 AREBRICRR L%, 7 X2y
VBT NY U AERINL CREEEAZRE L,

[EAH A Z 03 Inertsep mini RP-1 (V' —=x /LA = x#) ZHWwW, 7 h=FU/L5mL
LORERUK s mL TEREharvT v a=r7 1Lk, Zhic, ey — k& LT CNP-d
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% 5ng WM L7247k 500 mL % ¥ 10 mL/min Tk L=, EFEHHICH ORISR 2

10% 7t b=k UAEEHK 20 mL T 2 [EIPEVIAZ, ZHEFLEARIZEAK LTz, IRWT, [EFA
AT LHEHRKITAT 10 pHEXEREI Y%, BKTMOWN6TE F=FJ /L3 mL T
S, ZAUCHERKEZMZ T SmL & Lz, ZOWERO % H T AL TIAZERD |

Sample 500 mL
—add extraction standard (CNP-d,)
SPE

|__rinsing sample bottle twice with
10% MeCN

purge with N, |10 min
|
Elute with MeCN|3 mL
|
fill-up to 5 mL with
purified water

LC-APCI-MS/MS

Fig. 5-1 Procedure of this method
LC-MS/MS gt L7z, KiEDO 7 m—% | Fig. 5-1 12777,

5.2.4 ERHAHROBTRELRAAAEORE

EARFH R O D 3B A SR (7 A8 ~DORER G EORAEIZ K DB a5
728, [EFRHERC BT 2 RE AR OTEV AL k% ﬁ%mXiu%4w67t%ﬁb)
SRR 20 mL T2 A& Lz e &, B 1/10 #25  (0.01 pg/l) (2313 5 KEAASMNE]
I ERBR % | &3k 5 0T CIT 572, CNP LN CNP— 7 2/ (RO [BIIL R I A EIEYEL TR |
BN TAEO 2 e,
5.2.5 JKEKFMELFER & Z L 14574
KIEOREREE & AKEKERE~DOEMICOWTEHMET 52720, AR 1 478, [F—0dEm
kA 1 BIZ S OMT. 5 B O D K LIZ X 2 AKGEKRRINENGRER 217> 72, CNP & O CNP
—7 2 JROEIMEEE X, BEMO 1/10 (0.01 pg/L) K OHIEED 1/100 (0.001 pg/ L) &
L7,
5.3 HERUBE
5.3.1 LC-MS/MS HIE & H DRt

(1) MS/NS E=4 —4A # > Di&st

Fig. 5-2 [Z"9 B0 HFEE 3 O CNP KN CNP-ds &, APCLIERHT 4 78— RIZ X
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100%

298
80% CNP
300
60%-
40%
20% 302
< 0% T T \nﬂ\ M T T
-
< 260 280 300 320 340
k=
3
100% -
302
80%
304
60%
’ CNP-d4
40%
20%
° 306
0%P T T \‘ L ’M'?“ T
260 280 300 320 340
m/z, Da

Fig. 5-2 Spectrum of CNP and CNP-d4
DAXY U HELIZE ZA, GEONToA AL OERFENLIERANZ =0 DD AT EEND
WHFEBIT2 ThD EHESNTZ, RbEWIRENRS LT CNP A 4 OB EH (m/z 298)
HHFROME L —HL TN ENnD, [M-Cl+0] BT = /) %2 RA AU RNAERKL
bDEEZLNT, ZOFENS, CNP D Ql =X —A F 2 1E miz298 (E&) K300
(i) VWD Z L & LA, ONP-dy I2OW TR, B 7 206 3E T 25 CNP O E %8 %
BT D720, Ql E=F—A A E miz 304 (EfE) K306 (ER) ZHWLZ & & LT,
RWTFIg.531ZR- 788D, QlE=F—AF U ZERLIZEZD, CNP LN CNP-dy D7
0y I AT S HATOTE T A, ENEN m/z176 KT 178 IZEWVREE DS HALTz
7m0, InNEQRE=H—AA LT,
Table 5-1 (Z/R9 LBV, CNP—7 2 J{KIZHOWTH APCIER YT ¢ 78— KR THHT %
[Tolzl 2 A, BoNE=F—A L OfBAEDEIL, /MRS 8UA ESI i THRET L7k
RLEETHST,
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100% 176
8%  CNP
60%
40%
298
20%
0%M ‘ Iy A L

5 100 150 200 250 300 350

Rel. Int. (%)

100% 178
80%
0% CNP-d4

A 304

20%

0%) ’ ' e s

5 100 150 200 250 300 350
m/z, Da

Fig. 5-3 Product ion spectrum of CNP (m/z 298) and CNP-d4 (m/z 304)

Table 5-1 MS/MS transition of target compounds

APCI MS/MS transition (m /z)
Compound Ionization
mode Quantitation Confirmation
CNP-amino positive 288>093 290>93
CNP negative 298> 176 300> 178
CNP-d4 negative 304> 178 306 > 180
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(2) LC BEIEEHDRET

APCHER AT 4 7 F— FIZBW T, LCBEMHIZ W 2 A BB O T A CNP-ds O R AL
252 DB L HE LIRS, Table 52173 L 80 | e b KAHEMEESD DR (A Gacia
EAFEY) A X ) — a2 RAWESHA TR EOCNP-WIRE NG LN, BEFAHE
gL TInEMWD Z L e Lty APCHERTT 4 7F— FIZB W T, HWDBEEDOR
FIREPEE RN BV &, KSA A THD 0 DR b Si, 0 EHERSWE & DOEMRL
BEOSRBEBSOGNAEFEINDDZ LD, ZORBRELLLDOLEZZLND,

F72. CNPIZAPCHEAR T T 4 7E— RIZBWT, Oy EOBEBKINZEY 7=/ %R
A F DT D EHER Z HL 580,

O, +e — Oy )
M+ Oy = [M-Cl+ 0] + CIO 2

i, TERRTE = NI ADO LD RIEOB RN EZAT HWE B ENVRREE &
LTHWESEAE, RO EFEZHEL CLEY> ZLICXY 0 ° HOED A A A&
RAHEIND Z LT, MERSEME DA A A ENECT-bDEEZBND,

Table 5-2 Effect of the different organic solvent types in mobile phase on CNP-d, intensity

- AG Relative
Solvent e?ctron acid Intensity of
affinity (eV)  (kJ/mol) CNP-d, (%)
Methanol — 1565 100
Ethanol — 1551 86
Acetone 0.0015 1514 14
MeCN 0.011 1528 10

Note : Gas phase ion energetics data were referenced from NIST Chemistry WebBook®®)

WA LC BB N D ACRIABE DO FEEE Y CNP-ds DFREEIC 5 2 25 B A Mt L 72 5.
Table5-3 ([Z/R T &30 | i b KAHBRMERE DKV VK Z W55 12 b @V CNP-ds TR 235
bNTe, ZOLEEBEME LTHWE, K, K OFBOKHEIEE (kI/mol) 13Z2hE
. 1607, 1429 e TN 1415 ToH 0 38 KLS D 4 FEEHOKRIABETIE, FEROX R & DX
R O @WIRIN 2 G ATWD Z b, KIGHICBIT D84 4 ALFENE TS
DEEZOLND, ZTNOLOMFHIRND, LC BEMHEE L LTA X 7 —L / K (90 : 10)
rHWLZEE LT,
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Table 5-3 Effect of the different aqueous solvent types in mobile phase on CNP-d4 intensity

Solvent

Relative Intensity of

CNP-d4 (%)
Methanol / Water (90 : 10) 100
Methanol / 2mM NH4Ac (90 : 10) 33
Methanol / 2mM NH4FA (90 : 10) 32
Methanol / 0.2% Hac (90 : 10) 2
Methanol / 0.2% FA (90 : 10) 1

100% -

80% -

60% -

40% 1

20%

2.51

CNP-amino
APCI positive
m/z 288 > 93

O%’
2.

100% -
80%

60%

Rel. Int. (%)

40% -

20% -

25

35 40 45 50 55

CNP
APCI negative
m/z 298 > 176

6.0

0%

100% -

80%

60% -

40% A

20%

25

CNP-d4
APCI negative
m/z 304 > 178

6.0

0%

25

30

35 40 45 50 55
Time, min

6.0

Fig. 5-4 Chromatograms of CNP-amino, CNP and CNP-d4 (each 1pg/L)
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Fig.5-4 ("0 . ZOBEHAEMET, BEABZIEL RO v~ M7 T L)
5. CNP O HEEED 1/100 & L TRD i L E & NRIEZ #3272 60 O BRI 21T,
100 5 & Lz, 7o, HEEL7- LC-MS/MS SRMEOZEME A8+ 27290, CNP-ds (1 pg/L)
D 60% T h= kU NREE 1 REREIC 48 REf & CHEHIE Lz & 2 A, B o758
IR —ETH Y, £OMMELERZE (RSD, %) 1£25% Th o7,

(3) BEMAERMIOTSHICLIEEDOREH

FRTHWEKRBEEOTIMIC L 5B W THICHRFT 5720, AW KRIES
IRV END NNy 7 TT 0 RAF L Zifi~Te, ZDOREE, Table 5-4 (ZR-7 18D | A
H )=V QK E RWTZGEIT miz 77 BSEWIRE TRl S iz 720, 2z T7r ey
I M F ATy o EToTE TA, bEWIREDOMAGHOE L L Tmlz 77 > 60 355
A7z, Sekimoto & Takayama’ lZ KLiuE, APCIIERHT 4 7E—RIZKY O DA F 2%
FEISTHERT D RREAA T NZBT DEEA A D—2L LTHCOs BWRENTEY,
fL D> SCHK 39 929YC 4 [AIERIC HCOs™ (m/z 77) DERDBHE SN TND Z LD, KRFT
m/z 77> 60 & L THIHlS /=1 A4 1T HCOy (HCO4 > CO3) Th o LHEMISNTTZ, —7F
T, XML L & A TERBECBII S NG Ny 7 7T 0 0 KA A U220 TiE, KA
DEWIRIIZ L D7 e s BB &I Lo ko729, HCOy HFDRKHAA A v DIREE
DED LD EEZ N,
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WIZ, KRIRBEO B BTSN E 2 2 b SE - L & i2fE b5, HCOs (m/z 77 > 60)
DIFREE & CNP-dy DA FREE 2 Fefe U725 2R, Figs-5 (R"d718 Y . vz 4 TR O IRINY)
DAETT, BEFIRINDIRER &< 72213 E ., HCOy DIREE & CNP-dy DOFFXRITREL D 773
KT L7, [M=Cl+0]1%.0y EXRIBWE L DBEREISICL VAR TS EEZLNTEY,
F£72 HCOs b, Oy HDORIGA AU ZRH LinA AU RBICL Y AR T 2 KA 4T
DL EMND, mizT71>60 HE=F—9 52 LT, BEFHIRINY OKFEEENMEECIEDOE 75
N ORI EIZL D, FORSDAA F AUBRE ORREE 2 HEHI C X 2 ATREMED RIE S 17z,

g T N |
{E+6 - s
; ~—@—NH,FA
1E¥5 ~.~@ -HCOOH _
NH,Ac

el  -A-AcOH

™

Tntensity of HCO, (cps)
0
>
y

2%
== S
o O/ @
> >
= ST DD
D>
=) s
Eaald Q\ ~ ge, A
2 s 0\0\\
<>

Fig. 5-5 Effect of concentration of mobile phase additives on the intensity of HCO4~
and CNP-d4

5.3.2 EEHHBOBRRELAHHEORE

CNP L, A7 % ) —)v | KEARE 497D DI E TH Y. £72 CNP—T 2 /KX
ZOMENIIT R/ REATHZ LD, WG EMMHEICH O 23RBS~ O 35
DBEENDEZEZOND, £ 2 C, BRI T 2 50BR g OW\VIAL T k% | Rk X
I 10~30% 7% F=h UJLIEHR 20 mL T 2 [Al& L7z & & OAGEKRFINEIRERIZE 2 55
A ket L,

ZOFEF. Fig.5-6 (298 Y CNP IZOWTIIETORMETHA RIA4 v OEED HIZ
(FARLRIE D 70~130%) Ziiiiz L, FEVIAAICHWDIERO T 7 =t U LRER I IX
EL CNP R HENT O TIEH 2B/ EM L7z, —FH T, CNP—T7 2 /{KIZ2ONTH, 2T
DEMTHA RTA L OBEED BAEEG T2 LIz, TEVIARICHWDIEERO T2 h=1KV
NVBEZ 10% X0 EL< D8, T OTIEH DM, BICENMET Lz, Figs-3 20251,
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120 -

OCNP

100 - B CNP-amino
S e £l =
< 807 1
Q
<
5 60 -
3
< 40 -

20 1

O T T T

purified 10% MeCN20% MeCN30% MeCN
water

Fig. 5-6 Effect of sampling bottle rinsing solvent on the accuracy

(Average value * standard deviation)

CNP—7 2 JIKIZCNP LV b A2 % 7 —)b | KSFEMREMENE ZE 2 SN D20, VA
A TEVTR Z [EANZ 7K L7 BRI, — 3 3MREF S 37 ICi@ilm L2 rTREME S R S e, 240D
DFERDDLARIETIE, 10% 7 b= MU VEKE AWV THRVIAZZIT) Z & & LT,
5.3.3 JKEKFMEYEER & Z L1451

(1) BREROFE

AREZE FAWTHER L 72 EAR DUV AW T 272D HA RT A ATHEV, BB OFF
MHEH & U CRRE SN TV D B R ORI DWW TRl 21T - 7245 5 & Table 5-5 (27”7,
ZD L EVERR LT CNP LN CNP— 7 2/ (KORER O EREL (R?) 1XZF1EH, 0.9995
2 100.9998 TH -7z,

BEROBEEIZOWTIE, ROV IR LRAIE G E) | EREDEE A, AT

A RTA L OEE GRRRED 80~120%) & ik L7ofEH, T X CORE R THE A2

Table 5-5 Evaluation results of calibration curve

Concentration CNP CNP-amino

Sample  of calibration Accuracy Precision Accuracy Precision
curve (mgL) (%) (RSD,%) (%) (RSD, %)

STD 1 0.05 107 2 106 3
STD 2 0.1 104 3 107 2
STD 3 0.2 101 1 99 4
STD 4 0.5 97 3 100 1
STD 5 1 100 2 99 2
STD 6 2 100 2 100 1
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L7,

BREMRORBE IS OV TIE, EHEREI O Y K LHEE (3 [) 12K 5 & Bl ORI HE R 2=
(RSD, %) #HA R7A L DOREE (£220%) & UIZfER, T X TORE S THEZ
7= L7,

(2) FmEHOFEME

AREOZAMEZ T D70, AR 14D, [[—OWRMEEE 1 B s 07, 5 AR
B U 7o 55 % Table 5-6 (2”7, WINBUEIOZ Y HEREMIL., A KT A4 ATHE, Bmakt
DOFHIEH & L TRIESNTWDERE, JHMTRE K NENEEIC OV TR 21T > 72,

TIMRBLOEEIZ oW TR, BINEEE (n=25) OEEE D FHME A O TR E (2%t
THERD, T4 KT DOBE (70~130%) & @ U-fER, BEMEDO 1/10 X OEIE
ED 1/100 DWFHUZIBWT S BAEZ - LT,
TIEREL O B TR E R OB N EE IS DWW Tk, & B ORINGE O 8 Befif 2 AW O

(RSD, %) %R, A K74 OBRLE (PHTHE =30%. BIMREE =35%) Ll
TR, BEMED 1/10 X O AEED 1/100 OWFRICBNTH, TR0 A= L
77

Table 5-6 Evaluation results of recovery test by this method

Spiked ... Intermediate
. Accuracy  Repeatability ..
Compound concentration %) (RSD. %) precision
(mg/L) (RSD, %)
0.01 100 2 4
CNP
0.001 98 3 4
0.01 90 2 3
CNP-amino
0.001 92 2 3

5.4 FL&

ARFFETIL, APCIIERH T 4 7E—RIZEDCNP DT = /) ¥ FA A Ak & vz,
& AR H-LC-APCI-MS/MS (2 £ % 7KK D CNP & TUNCNP— 7 2/ (RO —F 3Tk O Rt
T o 7,

ZDFER, MS/MS JIESRMIZOWTIE, APCLIERHTT 4 7E— REHW5H Z &£ T CNP
KONCNP-ds IZBWTM-Cl+0] D7 = ) %3 RA AU AR+ 5 & & b2, APCI-
MS/MS —FRIESRMZ ML LTz, £72. LC BEIMSIHIC DWW TIZ, AV 2B EOREA
BERRE LTofE R, A & — VR OVKOMA G DE R R b L T e, ZOBEHESEICR N
T, BWRETAERTHI NN I T T T RAA L E L Tmlz77 (HCOs) ML ILTZDY, K

75



% 5®E  @EMHH-LC-APCI-MS/MS 12 X 5 KIEAKHF O CNP N CNP— T 3 / (KO HIE TIEOBET

RBEAH~DORINMDIBRE 25D D & RIS RB T DA A AL ENE T, m/z 77 > 60

(HCO4) DR L CNP-ds DAERIBREDH FPME T Lic, 2D Z b, miz 77 > 60 DR
FEre=F—745Z LT, BEHERNWEICL D ISHDOAA 4 ALLE ORRE 2 HEll T
X B A REE DRI STz,

R LI ARIBIC DWW TS IR 21T o 72 & 2 A, BT OV T, B R O E
EHIT, A RTA v OBEEGT- Uiz, £72. BAEEO 1/10 X O HZEED 1/100 JEIZE
F 2 AREAREINENGRER 21T - 7ok R, B, fMTHREXROENBEDO T XTT, I/ N7
AOBEBEEMIZ L2 LD, RIEZ, KEKIZBOWTHEMEO 1/100 £ THIETE %
CNP f&vEL LT, WHAEETH L B 6D,
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6.1 XHIEDELH

F1ETHLIRARIZ LB | KEKDOZREMAT D720, KEIKDDLETOEBIZOW
TEVVVRERSE CIREHIE LU, Z ORGSR 2 KA ERR O EEIRIC KT 2 2 L2k D
KEY AT LEROMAEEHANEETH D, AKEKEDOMAEIZI T DRERRZX D20,
JEAETBE X 2013 RIS H A RT A &@LU, EEREIEOBRERH 5 WO 3H LWIERER
BIEOBEARFHITA R A NRSNTZFHI A ELHE CEL 2 L2 TOMRT L &%
RGBSR O TND, ZDOHA R A IELRNI R SAVARERAEEIC OV TR, A
RT A NS ST RIS L2 R ERS A e g e Wy b 5, £, —
HOKEH B IR D DEEERATEIC OV T, MEREE RE X IER FIRA MR TE 2
WATBEMEDN B TR EE] IMEM T O TW A b0 L H 5, £ 2 TAZETIE, Th b0
BREED S B, REARO BRSO RO HIMEICET 2MENZ < #EIN TS NIS &
REE, BB THY, oBEEICH L TR bR S ER FIRE (HIEED 1/100) %
fifi 2 T & TV CNP ANE D MIEERATEIZ DWW T, KEKEREIZBIT L LD —fEo
WEEMRZ B & LC, IEFEOREICET 2 i 21772,

#5525 NIS O & BBRIEFEL Tl RmiEMAlOFESUEIC DWW TERT L &
(2. NIS O#EC/AKERBEBENREIZ DWW TRt L7z, F72. NIS MAEVEIC DUV CREE OAFFT AR
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