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Growing Demands for Reference Materials in Food Safety

Waterworks Law (amended in 2003)
- 50 items to be regulated
- 27 items to be monitored 

including 102 pesticides

Regulation of residual
pesticides (amended in 2006)

- shifted to a positive-list system 
from a negative-list system

- about 800 pesticides with
an uniform limited value (0.01 ppm)

Growing Demands for Metrology
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Reference Materials for Waterworks Law

Growing Demands for Metrology

JCSS: Japan Calibration Service system Inorganic substance

Regulat ed It meRegulat ed It meRegulat ed It meRegulat ed It me Regulat oryRegulat oryRegulat oryRegulat orylimitlimitlimitlimit CRMCRMCRMCRM RMRMRMRM Regulat ed It meRegulat ed It meRegulat ed It meRegulat ed It me Regulat oryRegulat oryRegulat oryRegulat orylimitlimitlimitlimit CRMCRMCRMCRM RMRMRMRM1111 bacillus (colony)bacillus (colony)bacillus (colony)bacillus (colony) 100>100>100>100> 26262626 Tr ihalomet haneTr ihalomet haneTr ihalomet haneTr ihalomet hane 0.1 mg/ L0.1 mg/ L0.1 mg/ L0.1 mg/ L JCSSJCSSJCSSJCSS2222 colon bacilluscolon bacilluscolon bacilluscolon bacillus n.d.n.d.n.d.n.d. 27272727 Tr ichloromet haneTr ichloromet haneTr ichloromet haneTr ichloromet hane 0.2 mg/ L0.2 mg/ L0.2 mg/ L0.2 mg/ L CommecialCommecialCommecialCommecial3333 Cd and it s compoundsCd and it s compoundsCd and it s compoundsCd and it s compounds 0.01 mg/ L0.01 mg/ L0.01 mg/ L0.01 mg/ L JCSSJCSSJCSSJCSS 28282828 bromdichloromet hanebromdichloromet hanebromdichloromet hanebromdichloromet hane 0.03 mg/ L0.03 mg/ L0.03 mg/ L0.03 mg/ L JCSSJCSSJCSSJCSS4444 Hg and it s compoundsHg and it s compoundsHg and it s compoundsHg and it s compounds 0.0005 mg/ L0.0005 mg/ L0.0005 mg/ L0.0005 mg/ L JCSSJCSSJCSSJCSS 29292929 bromoformbromoformbromoformbromoform 0.09 mg/ L0.09 mg/ L0.09 mg/ L0.09 mg/ L JCSSJCSSJCSSJCSS5555 Se and it s compoundsSe and it s compoundsSe and it s compoundsSe and it s compounds 0.01 mg/ L0.01 mg/ L0.01 mg/ L0.01 mg/ L JCSSJCSSJCSSJCSS 30303030 formaldehydeformaldehydeformaldehydeformaldehyde 0.08 mg/ L0.08 mg/ L0.08 mg/ L0.08 mg/ L JCSSJCSSJCSSJCSS6666 Pb and it s compoundsPb and it s compoundsPb and it s compoundsPb and it s compounds 0.01 mg/ L0.01 mg/ L0.01 mg/ L0.01 mg/ L JCSSJCSSJCSSJCSS 31313131 Zn and it s compoundsZn and it s compoundsZn and it s compoundsZn and it s compounds 1.0 mg/ L1.0 mg/ L1.0 mg/ L1.0 mg/ L JCSSJCSSJCSSJCSS7777 As and it s compoundsAs and it s compoundsAs and it s compoundsAs and it s compounds 0.01 mg/ L0.01 mg/ L0.01 mg/ L0.01 mg/ L JCSSJCSSJCSSJCSS 32323232 Al and it s compoundsAl and it s compoundsAl and it s compoundsAl and it s compounds 0.2 mg/ L0.2 mg/ L0.2 mg/ L0.2 mg/ L JCSSJCSSJCSSJCSS8888 Cr(VI) compoundsCr(VI) compoundsCr(VI) compoundsCr(VI) compounds 0.05 mg/ L0.05 mg/ L0.05 mg/ L0.05 mg/ L JCSSJCSSJCSSJCSS 33333333 Fe and it s compoundsFe and it s compoundsFe and it s compoundsFe and it s compounds 0.3 mg/ L0.3 mg/ L0.3 mg/ L0.3 mg/ L JCSSJCSSJCSSJCSS9999 CNCNCNCN----  compounds & CN chlir ides compounds & CN chlir ides compounds & CN chlir ides compounds & CN chlir ides 0.01 mg/ L0.01 mg/ L0.01 mg/ L0.01 mg/ L Self prep.Self prep.Self prep.Self prep. 34343434 Cu and it s compoundsCu and it s compoundsCu and it s compoundsCu and it s compounds 1.0 mg/ L1.0 mg/ L1.0 mg/ L1.0 mg/ L JCSSJCSSJCSSJCSS10101010 nit r ic oxide & nit ous oxidenit r ic oxide & nit ous oxidenit r ic oxide & nit ous oxidenit r ic oxide & nit ous oxide 10 mg/ L10 mg/ L10 mg/ L10 mg/ L JCSSJCSSJCSSJCSS 35353535 Na and it s compoundsNa and it s compoundsNa and it s compoundsNa and it s compounds 200 mg/ L200 mg/ L200 mg/ L200 mg/ L JCSSJCSSJCSSJCSS11111111 F and it s compoundsF and it s compoundsF and it s compoundsF and it s compounds 0.8 mg/ L0.8 mg/ L0.8 mg/ L0.8 mg/ L JCSSJCSSJCSSJCSS 36363636 Ma and it s compoundsMa and it s compoundsMa and it s compoundsMa and it s compounds 0.05 mg/ L0.05 mg/ L0.05 mg/ L0.05 mg/ L JCSSJCSSJCSSJCSS12121212 B and it s compoundsB and it s compoundsB and it s compoundsB and it s compounds 1.0 mg/ L1.0 mg/ L1.0 mg/ L1.0 mg/ L JCSSJCSSJCSSJCSS 37373737 chlor ide ionschlor ide ionschlor ide ionschlor ide ions 200 mg/ L200 mg/ L200 mg/ L200 mg/ L JCSSJCSSJCSSJCSS13131313 t et rachloromet hanet et rachloromet hanet et rachloromet hanet et rachloromet hane 0.002 mg/ L0.002 mg/ L0.002 mg/ L0.002 mg/ L JCSSJCSSJCSSJCSS 38383838 Ca, Mg, et c (Wat er Hardness)Ca, Mg, et c (Wat er Hardness)Ca, Mg, et c (Wat er Hardness)Ca, Mg, et c (Wat er Hardness) 300 mg/ L300 mg/ L300 mg/ L300 mg/ L JCSSJCSSJCSSJCSS14141414 1,4- dioxane1,4- dioxane1,4- dioxane1,4- dioxane 0.05 mg/ L0.05 mg/ L0.05 mg/ L0.05 mg/ L CommecialCommecialCommecialCommecial 39393939 ignit ion residueignit ion residueignit ion residueignit ion residue 500 mg/ L500 mg/ L500 mg/ L500 mg/ L - - -- - -- - -- - -15151515 1,1- dichloroet ylene1,1- dichloroet ylene1,1- dichloroet ylene1,1- dichloroet ylene 0.02 mg/ L0.02 mg/ L0.02 mg/ L0.02 mg/ L JCSSJCSSJCSSJCSS 40404040 anionic sur fact antanionic sur fact antanionic sur fact antanionic sur fact ant 0.2 mg/ L0.2 mg/ L0.2 mg/ L0.2 mg/ L CommecialCommecialCommecialCommecial16161616 ciscisciscis - 1,2- dichloroet hylene- 1,2- dichloroet hylene- 1,2- dichloroet hylene- 1,2- dichloroet hylene 0.04 mg/ L0.04 mg/ L0.04 mg/ L0.04 mg/ L JCSSJCSSJCSSJCSS 41414141 must y odorsubst ancesmust y odorsubst ancesmust y odorsubst ancesmust y odorsubst ances 0.00001 mg/ L0.00001 mg/ L0.00001 mg/ L0.00001 mg/ L CommecialCommecialCommecialCommecial17171717 dichloromet hylenedichloromet hylenedichloromet hylenedichloromet hylene 0.02 mg/ L0.02 mg/ L0.02 mg/ L0.02 mg/ L JCSSJCSSJCSSJCSS 42424242 2- MIB2- MIB2- MIB2- MIB 0.00001 mg/ L0.00001 mg/ L0.00001 mg/ L0.00001 mg/ L CommecialCommecialCommecialCommecial18181818 t et rachloroet hylenet et rachloroet hylenet et rachloroet hylenet et rachloroet hylene 0.01 mg/ L0.01 mg/ L0.01 mg/ L0.01 mg/ L JCSSJCSSJCSSJCSS 43434343 nonionic wat er  solible sur fact antnonionic wat er  solible sur fact antnonionic wat er  solible sur fact antnonionic wat er  solible sur fact ant 0.02 mg/ L0.02 mg/ L0.02 mg/ L0.02 mg/ L CommecialCommecialCommecialCommecial19191919 t r ichloroet hylenet r ichloroet hylenet r ichloroet hylenet r ichloroet hylene 0.03 mg/ L0.03 mg/ L0.03 mg/ L0.03 mg/ L JCSSJCSSJCSSJCSS 44444444 phenolphenolphenolphenol 0.005 mg/ L0.005 mg/ L0.005 mg/ L0.005 mg/ L CommecialCommecialCommecialCommecial20202020 benzenebenzenebenzenebenzene 0.01 mg/ L0.01 mg/ L0.01 mg/ L0.01 mg/ L JCSSJCSSJCSSJCSS 45454545 TOCTOCTOCTOC 5 mg/ L5 mg/ L5 mg/ L5 mg/ L Self  prep.Self  prep.Self  prep.Self  prep.21212121 chloroact ic acidchloroact ic acidchloroact ic acidchloroact ic acid 0.02 mg/ L0.02 mg/ L0.02 mg/ L0.02 mg/ L CommecialCommecialCommecialCommecial 46464646 pHpHpHpH 5.8 -  8.65.8 -  8.65.8 -  8.65.8 -  8.6 JCSSJCSSJCSSJCSS22222222 chloroformchloroformchloroformchloroform 0.06 mg/ L0.06 mg/ L0.06 mg/ L0.06 mg/ L JCSSJCSSJCSSJCSS 47474747 t ast et ast et ast et ast e nomar lnomar lnomar lnomar l - - -- - -- - -- - -23232323 dichloroacet ic aciddichloroacet ic aciddichloroacet ic aciddichloroacet ic acid 0.04 mg/ L0.04 mg/ L0.04 mg/ L0.04 mg/ L CommecialCommecialCommecialCommecial 48484848 smellsmellsmellsmell nomar lnomar lnomar lnomar l - - -- - -- - -- - -24242424 dibromochloromet hanedibromochloromet hanedibromochloromet hanedibromochloromet hane 0.1 mg/ L0.1 mg/ L0.1 mg/ L0.1 mg/ L JCSSJCSSJCSSJCSS 49494949 colorcolorcolorcolor 5 degree5 degree5 degree5 degree Self  prep.Self  prep.Self  prep.Self  prep.25252525 bromic acidbromic acidbromic acidbromic acid 0.01 mg/ L0.01 mg/ L0.01 mg/ L0.01 mg/ L CommecialCommecialCommecialCommecial 50505050 t irbidit yt irbidit yt irbidit yt irbidit y 2 degree2 degree2 degree2 degree CommecialCommecialCommecialCommecial
Organic substance
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X

X
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Reference Materials Used in Japan

NMIJRM (certified)RM（uncertified）reagent

246 RMs are required to 

analyze residual agricultural 
chemicals

（（（（Food Hygiene Law)

Food analysis

A vast number of reference 

materials are demanded in 

the fields of environmental 

protection, food safety and

clinical analyses.

98 reference materials

for IVD are listed in JCTLM

Clinical laboratory testing

102 RMs are required to 

analyze agricultural chemicals

(Waterworks Law)

Environmental analysis
Traceable to

NMIJ

Growing Demands for Metrology

Reagent

Reagent

NMIJ 

RM

Control

Control 
Material
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SI

Big Gap

Characterized and /or
Guaranteed by

NMIJ

In-house Standards,
Producers’ Standards 

Food & 
Environment

- to Meet the Needs 

of the Time

- to Meet the Uncertainty

Required

- to Ensure 

the Traceability

of Measurement

New Strategy of Metrology in Chemistry

Chemical Substance

New Dissemination System for 

Metrological Standards of Organic Substances

Missing

Link
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Smart Calibration by Quantitative NMR

Conventional
Calibration

Working Std.

Proton Based
Calibration

“Substance to 

Substance”

Calibration

Hydrogen basis of

Universal Calibration

【qNMR】
To calibrate the amount of a 

substance by measuring the 

amount of hydrogen containing 

in the substance .
Hydrogen

H

CHCl3

Benzene Toluene Chloroform

・ ・

・ ・

Methamidophos

CHCl3

P

O

S NH2

OCH3

CH3

P

O

S NH2

OCH3

CH3

H
H

H

H

H
H

H
HH

H

H

H
H

H

New Strategy of Metrology in Chemistry
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Conventional Calibration

・・・・・・・・・・・・・・・・
A B C X Y Z

Calibration by qNMR

αααα ββββ

Primary Std.

Traceability through Substance

New Strategy of Metrology in Chemistry

Innovation in Dissemination of Chemical Standards

Traceability through 1H

Traceability through 1H

Series of Pesticides (100 kinds)

・・・・・・・・・・・・・・・・
A B C X Y Z

・・・・・・・・・・・・・・・・
A B C X Y Z

・・・・・・・・・・・・・・・・
A B C X Y Z

National 
Std.

(NMIJ CRM)

Secondary 
Std.

Working 
Std.

T
ra

c
e
a

b
ility

T
ra

c
e
a

b
ility

Series of Pesticides (100 kinds)

Traceability through Substance



NMR spectrum of Diazinon and 14BTMSBd4

New Strategy of Metrology in Chemistry

Sample:

Diazinon

Standard;

14BTMSBd4

Parameter ValueComment Diazinon-14BTMSBd4-CD2Cl2_run11Spectrometer ECS 400Solvent CD2Cl2Temperature 25Pulse Sequence single_pulse_quaNumber of Scans 32Receiver Gain 34Relaxation Delay60Pulse Width 10Acquisition Time 3.9999Acquisition Date 2010/3/7Spectrometer Frequency 398.78Spectral Width 39904.2Nucleus 1HAcquired Size 159613Spectral Size 524288

N
P

O

N
S

O

O

Si Si

DD

D D

A

A B C D EF G

B
C

D

E F

G

B

E

F

8
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Uncertainty Budget of q-NMR Measurement

ANOVA 0.9956 6.3753E-04 -1 6.3753E-04 A 3peak＆sample 5.4236E-04 3mesurement 3.3509E-04 44Balance m VTx Mass of the sample + blank1 41.8581 mg 1.9039E-04 mg 0.0904  mg-1 1.7216E-05 B LargeBalance m VTs Mass of the refrence + blank2 33.5779 mg 1.7557E-04 mg 0.3611  mg-1 6.3397E-05 B LargeBalance m Vx Mass of the blank1 30.8486 mg 1.7068E-04 mg 0.0904  mg-1 1.5435E-05 B LargeBalance m Vs Mass of the blank2 30.8209 mg 1.7063E-04 mg 0.3611  mg-1 6.1615E-05 B LargeNMR, theoretical S Peak saturation 0.9956 2.8868E-05 1.0000 2.8868E-05 B LargeNMR, instrumental S NMR signal intensity 0.9956 2.0000E-03 1.0000 2.0000E-03 B LargeThe number of 1H nuclear n a 1H natural abundance for the sample 9 8.9917E-05 0.1106 9.9465E-06 B LargeThe number of 1H nuclear n s 1H natural abundance for the referencesample 18 8.9917E-05 0.055310 4.9733E-06 B LargeMolecular weight M a Molecular weight of the sample 304.345502  g·mol-1 3.1661E-03 g·mol-1 0.0033  mol·g-1 1.0357E-05 B LargeMolecular weight M s Molecular weight of the reference sample 226.4391555  g·mol-1 4.4905E-03 g·mol-1 0.0044  mol·g-1 1.9743E-05 B LargePurity   P s Internal reference material for this study 0.9975  kg·kg-1 0.0032  kg·kg-1 0.99811  kg·kg-1 3.2131E-03 B 39

Type Degree offreedom, fNMR experiments, gQuantity Symbol Uncertainty component )(
i

xu 



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∂
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∂
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Main Uncertainty Component

New Strategy of Metrology in Chemistry



Analytical Performance of q-NMR

Uncertainty Uncertainty

（（（（%, k =2）））） （（（（%, k =2））））
4,4' -DDT 99.9 1.1 99.6 0.3 99.5

4,4' -DDE 99.8 0.6 99.7 0.3 99.6

4,4' -DDD 99.9 0.5 99.8 0.2 99.6

Endrin 99.2 0.9 99.7 0.2 97.7

trans -Chlordane 99.5 0.6 99.8 0.2 99.6

cis -Chlordane 99.1 0.5 99.7 0.4 99.7

trans -Nonachlor 99.5 0.6 99.7 0.2 99.0

cis -Nonachlor 99.9 0.5 99.8 0.2 99.8

Oxychlordane 99.3 0.5 99.9 0.1 99.6

Heptachlor 99.3 0.3 99.7 0.3 99.3

αααα -HCH 99.2 0.6 99.6 0.3 99.2

δδδδ -HCH 99.0 0.6 99.9 0.1 99.2

Trichlorfon(DEP) 99.6 0.5 99.7 0.3 100.0

Propyzamide 99.1 0.6 99.8 0.8 99.7

Purity（（（（%）））） Purity（（（（%））））Compound

q-NMR DSC GC

Purity（（（（%））））

New Strategy of Metrology in Chemistry
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Traceability of q-NMR Calibration

DMSO2 S

OO

NMIJ CRM 4039-a (1,4-dichloro benzene)

(0.9999 ±±±± 0.0003) kg/kg
Cl Cl

O

OHbenzoic acid

ANILOFOS, ASULAM, ATRAZINE, BENSULFURON-METHYL, BENSULIDE, 

BENTHIOCARB, BETHRODINE, BIFENOX, FENOBUCARB(BPMC), 

CHLORONEB, COUMAPHOS, DCMU, DIAZINON, DIFLUBENZURON, 

DIMEPIPERATE, DITHIOPYR, ECHLOMEZOL, EPN, ESPROCARB, 

FLAZASULFURON, FLUFENOXURON, FLUTOLANIL, IMAZOSULFURON, 

IPRODIONE, ISOXATHION, MCP, MCPP, MEFENACET, 

FENITROTHION(MEP), MEPRONIL, METALAXYL, NAC, 2,4-PA, 

PENDIMETHALIN, PROBENAZOLE. PROCHLORAZ, PYRIBUTICARB, 

PYRIDAPHENTHION, SIMETRYNE, TEFLUBENZURON, THIAMETHOXAM, 

THIOPHANATE, THIURAM, TIADINIL, TOLCLOFOS-METHYL, 

VINCLOZOLIN

ACEPHATE, CHLORFLUAZURON, CUMYLURON, 

CYPRODINIL, ETOFENPROX, FAMOXADONE, 

MYCLOBUTANIL, cis-PERMETHRIN, trans-

PERMETHRIN, PROCYMIDONE, PROPYZAMIDE, 

SILAFLUOFEN, TRIADIMEFON, TRIFLOXYSTROBIN, 

4,4'-DDT, 4,4'-DDE, 4,4'-DDD, 2,4'-DDT, 2,4'-DDE, 

2,4'-DDD, TRANS-CHLORDANE(GAMMMA), CIS-

CHLORDANE(ALPHA), TRANS-NONACHLOR, CIS-

NONACHLOR, OXYCHLORDANE, HEPTACHLOR, 

TRANSI-HEPTACHLOR-2,3-EXO-EPOXIDE, CIS-

HEPTACHLOR EPOXIDE, α-HCH, β-HCH, δ-HCH

TRICHLORFON(DEP) 

ISOPROTHIOLANE 

MALATHON MOLINATE , 

ALDIRN, DIELDRIN, 

ENDRIN

SI
Adiabatic Calorimetry

14BTMSBd4 SiSi

D D

D D

DSSd6
D

D

D

Si

S

O
O

O

Na

D

D

D

GLYPHOSATE

New Strategy of Metrology in Chemistry

Source of Traceability

Comparator

Comparator Comparator Comparator

Target Chemical Substances
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NMR DSC GC HPLC NMR DSC GC HPLC

1 Trichlorfon(DEP) ● ● ● 43 Glyphosate ● ●
2 Procymidone ● ● ● 44 Pyributicarb ● ●
3 EPN ● ● 45 trans -Permethrin ● ●
4 Etofenprox ● ● 46 Flufenoxuron ● ●
5 Propyzamide ● ● ● 47 NAC ● ●
6 Benthiocarb ● ● ● 48 Bensulide ● ●
7 Malathon ● ● 49 Chlorfluazuron ● ●
8 Fenobucarb(BPMC) ● ● ● 50 Silafluofen ● ●
9 Atrazine ● ● 51 Isoxathion ● ●

10 Echlomezol ● ● ● 52 Coumaphos ● ● ●
11 Pendimethalin ● ● ● 53 MCP ● ● ●
12 Bethrodine ● ● ● 54 Prochloraz ● ●
13 Chloroneb ● ● ● 55 Triadimefon ● ● ●
14 Simetryne ● ● ● 56 Diazinon ● ●
15 Thiuram ● ● 57 Flazasulfuron ● ●
16 Isoprothiolane ● ● ● 58 Imazosulfuron ● ●
17 Bifenox ● ● 59 Cyprodinil ● ●
18 Probenazole ● ● 60 Diflubenzuron ● ●
19 Pyridaphenthion ● ● 61 Famoxadone ● ● ●
20 2,4 -PA ● ● ● 62 Trifloxystrobin ● ●
21 DCMU ● ● ● 63 Tiadinil ● ● ●
22 Iprodione ● ● ● 64 Acephate ● ● ●
23 MCPP ● ● ● 65 Thiamethoxam ● ●
24 1,4-BTMSB-d 4 ● ● 66 Tolclofos-methyl ● ● ●
25 Fenitrothion(MEP) ● ● ● 67 Warfarin ● ●
26 Dithiopyr ● ● ● 68 Teflubenzuron ● ●
27 Mefenacet ● ● ● 69 Linuron ● ● ●
28 Bensulfuron-methyl ● ● 70 Flusulfamide ● ● ●
29 Esprocarb ● ● 71 DSS-d 6 ●
30 Mepronil ● ● 72 Cymoxanil ● ●
31 Thiophanate ● ● 73 Indanofan ● ●
32 Metalaxyl ● ● 74 Pyrazoxyfen ● ●
33 Vinclozoline ● ● ● 75 Thiacloprid ● ● ●
34 Asulam ● ● 76 Chlorfenapyr ● ● ●
35 Flutolanil ● ● ● 77 CNP-amino ● ● ●
36 Dimepiperate ● ● ● 78 Chloro IPC ● ● ●
37 Molinate ● ● 79 Methyl Thioacetohydroxamate ● ●
38 Cumyluron ● ● ● 80 Pyrimethanil ● ● ●
39 cis -Permethrin ● ● 81 Phosalone ● ●
40 Anilofos ● ● 82 XMC ● ● ●
41 PCP ● ● 83 Bifenthrin ● ●
42 Myclobutanil ● ● 84 Daminozide ● ●

Compound
Calibration Method

No. Compound
Calibration Method

No.

New Strategy of Metrology in Chemistry
<Pesticide>
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NMIJ Traceable CRM Production Process

NMIJ Private chemical company

1. 
Design
of CRMs

2.
Selection 

of 
candidate 

TRMs

3. 
Preparation and 

subdivision

U(Prep.)

4.
Evaluation

of 
homogeneity

U(Homo.)

5.
Characterization

By q-NMR

U(Meas.)

6.
Evaluation 
of stability

U(Stab.)

7.
Determination

of
property values

U(k=2)

New Strategy of Metrology in Chemistry

NMIJ Traceable CRM



Reference Materials Traceable to NMIJ

Disseminated by Private Chemical Companies 

Uncertainty Uncertainty

(%, k =2) (%, k =2)

1 Trichlorfon(DEP) 99.6 0.5 25 Benthiocarb 99.1 0.7
2 Aldrin 98.7 0.5 26 Malathon 99.4 0.4
3 Dieldrin 97.8 1.0 27 Fenobucarb(BPMC) 99.8 0.7
4 Endrin 99.2 0.8 28 Atrazine 99.5 0.7
5 4,4' -DDT 99.9 1.2 29 Echlomezol 99.2 0.6
6 4,4' -DDE 99.8 0.7 30 Pendimethalin 99.5 0.6
7 4,4' -DDD 99.9 0.6 31 Bethrodine 99.8 0.6
8 2,4' -DDT 99.9 0.5 32 Chloroneb 99.7 0.6
9 2,4' -DDE 100.0 0.6 33 Simetryne 100.0 0.6

10 2,4' -DDD 100.0 0.8 34 Thiuram 99.8 0.6
11 trans -Chlordane 99.5 0.6 35 Isoprothiolane 99.8 0.5
12 cis -Chlordane 99.1 0.5 36 Bifenox 99.5 0.6
13 trans -nonachlor 99.5 0.6 37 Probenazole 99.0 0.6
14 cis -Nonachlor 99.9 0.5 38 Pyridaphenthion 99.7 0.6
15 Oxychlordane 99.3 0.5 39 2,4 -PA 99.5 0.6
16 Heptachlor 99.3 0.3 40 DCMU 99.7 0.6
17 cis -Heptachlor epoxide 97.5 0.4 41 Iprodione 99.6 0.6
18 αααα -HCH 99.2 0.6 42 MCPP 99.8 0.6
19 ββββ -HCH 99.5 0.3 43 Fenitrothion(MEP) 99.4 0.5
20 δδδδ -HCH 99.0 0.7 44 Dithiopyr 98.6 0.6
21 Procymidone 99.3 0.5 45 Mefenacet 99.3 0.5
22 EPN 99.4 0.7 46 Bensulfuron-methyl 98.9 0.9
23 Etofenprox 99.5 0.5 47 Esprocarb 99.8 0.7
24 Propyzamide 99.1 0.6 48 Mepronil 99.2 0.8

(%)

Purity
CompoundNo. CompoundNo.

Purity

(%)

Calibrated through smart calibration system by q-NMR

New Strategy of Metrology in Chemistry

<Pesticide>
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Reference Materials Traceable to NMIJ

Calibrated through smart calibration system by q-NMR

Disseminated by Private Chemical Companies 

Uncertainty Uncertainty

(%, k =2) (%, k =2)

49 Thiophanate 99.8 0.7 72 Triadimefon 98.8 0.9
50 Metalaxyl 99.6 0.7 73 Diazinon 99.6 0.8
51 Vinclozoline 99.7 0.8 74 Flazasulfuron 99.2 1.0
52 Asulam 98.4 1.0 75 Imazosulfuron 98.9 0.9
53 Flutolanil 98.3 1.2 76 Cyprodinil 99.7 0.6
54 Dimepiperate 99.5 0.9 77 Diflubenzuron 99.8 0.8
55 Molinate 99.4 0.7 78 Famoxadone 99.2 0.6
56 Cumyluron 99.8 0.7 79 Trifloxystrobin 99.3 0.6
57 cis -Permethrin 99.8 0.7 80 Tiadinil 99.4 0.9
58 Anilofos 98.5 0.8 81 Acephate 98.9 0.7
59 Myclobutanil 99.8 0.7 82 Thiamethoxam 100.0 0.8
60 Glyphosate 97.8 1.1 83 Tolclofos-methyl 99.3 0.8
61 Pyributicarb 99.3 0.9 84 Warfarin 99.9 0.8
62 trans -Permethrin 99.6 0.6 85 Teflubenzuron 99.9 0.9
63 Flufenoxuron 99.0 0.9 86 Linuron 99.6 1.0
64 NAC 99.8 0.8 87 Flusulfamide 99.3 0.8
65 Bensulide 99.5 0.8 88 Cymoxanil 99.9 0.8
66 Chlorfluazuron 99.6 0.6 89 Indanofan 99.7 0.8
67 Silafluofen 99.5 0.6 90 Pyrazoxyfen 99.8 0.6
68 Isoxathion 98.4 0.9 91 Thiacloprid 98.2 0.9
69 Coumaphos 99.5 0.8 92 Chlorfenapyr 99.7 0.7
70 MCP 99.5 0.8 93 CNP-amino 99.0 0.7
71 Prochloraz 99.0 1.0 94 Chlor IPC 99.9 0.6

(%)

Purity
No. Compound No. Compound

(%)

Purity
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Comparability and Reliability of Measurement DataComparability and Reliability of Measurement DataComparability and Reliability of Measurement DataComparability and Reliability of Measurement Data
Development of Standards for Safety and Security
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