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Discussion with Reviewers

1 General evaluation
Comment (Akira Ono)

~ Today the society is facing difficulties as the development of
techniques for accurate analysis of harmful organic compounds in

foods and environment cannot keep up with the ever-diversifying
demands. The quantitative NMR developed in this research
project, along with the new, more efficient traceability system,
strike at the heart of this problem. They hold the potential for a
revolution in the metrological traceability.

I believe your approach represents the first use of NMR
equipment for quantitative analysis that was originally developed
for qualitative analysis. What makes this project a particularly
outstanding Type 2 Basic Research is that you returned to the
development of elemental technologies to complete the core
technology of quantitative NMR.

Comment (Hisao Ichijo) )

Your writing shows clearly how you steadily pursued your
program of research and development, by drawing scenarios along
the way toward the ambitious goal of switching to a new, more
efficient traceability system based on calibration technology.

2 Focus on specific descriptions
Question and comment (Akira Ono)

You advocate a new traceability system using quantitative
NMR. Since that alone is a remarkable accomplishment, I think
you should describe this system in a more understandable way.

‘Perhaps you could provide a simple description of the freezing

point depression method and how it is used to measure the purity
of pure substances.
Question and comment (Hisao Ichijo)

Your paper clearly describes the objectives, how they relate

. to the demands of society, the elements of technology, and so

forth. You determined that the quantitative NMR is appropriate
(because it can be applied to a wide range of substances within the
uncertainty range the market demands), and that the freezing point
depression method is inappropriate (because of crystallization
problems). I think your paper will be easier to understand if you
explain more fully the research processes by which you came to
your conclusions (crystallization is difficult, number of apphcable
substances is limited, and so on).

Answer (Toshihide Ihara)

We rewrote the paper to change the rationale behind the
comparison with freezing point depression method and to focus
more closely on the technical structure of quantitative NMR. The
freezing point depression method is a well-established technique.
We described it only to demonstrate the appropnateness of
quantitative NMR.

3 lllustration of research scenarios and integration of
elemental technologies
Question and comment (Akira Ono)

Please add some figures illustrating your research scenarios
for Type 2 Basic Research and the integration of elemental
technologies, to make your paper more accessible to a gencral
readership. ,
Answer (Toshihide Ihara)

We added Fig. 6 to illustrate the process of integrating the
elemental technologies to construct the universal calibration
technology.

4 Selection of primary standards
Question and comment (Akira Ono)

In the purity determinations of organic compounds in Table
2, benzoic acid, a national RM from NIST of the United States, is
used as a primary standard for quantitative NMR. Why didn’t you
use one of the national RMs as high-purity organic compounds
available from AIST?
Answer (Toshihide Ihara)

Benzoic acid (NIST SRM 350a), the NIST national RM used
in our study, satisfies the conditions 1) to 3) as outlined in section
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" 5.2. We therefore determined that it is the ideal RM among the
national RMs currently available for quantitative NMR. Certain
national RMs at AIST, such as potassium hydrogen phthalate
(NMIJ CRM 3001-a) and 1,4+dichlorobenzene (NMIJ CRM 4039-
a), qualify for condition 1), but potassium hydrogen phthalate
does not dissolve easily in organic solvents, and therefore, fails to
satisfy condition 2) in-our view. Similarly, 1,4-dichlorobenzene is
highly sublimable and does not meet condition 3). At present, no
national RMs have been developed specifically for quantitative
NMR. We are currently in the process of developing the AIST
national RMs that satisfy condition 4) as well as 1) to 3),

5 Final status of primary standards
Question and comment (Akira Ono)

You assert that, in principle, the ideal outcome of the
application of quantitative NMR would be the development of
a single primary standard that serves as the national RM for all
organic compounds. Realistically, how many national RMs do
you expect are required when this future traceability system
is completed? Do you have any specific candidates in mind as
organic compounds for the national RMs?

Answer (Toshihide Ihara)

In this study, our priority was to minimize the number of
national RMs required, thus reducing development time and
expense. That is why we proposed the use of transfer materials in
the multi-stage calibration process. Benzoic acid has served as the
primary standard for all organic compounds we have measured
so far. This success gives us confidence that a traceability system
based on a single national RM can be constructed for all organic
compounds for which 'H NMR measurement can be performed.

On the other hand, such a traceability system has its
disadvantages. Multi-stage calibration is time-consuming and
increases uncertainty. If the accuracy or swiftness of analysis
becomes more important for users, it is necessary to develop
multiple national RMs with different polarities and chemical
shifts. We are looking at ways of restricting calibration to single
stage. To handle organic compounds that do not have protons, it is
necessary to develop quantitative NMR for other nuclei, such as
phosphorus and fluorine, along with the corresponding national
RMs,

6 Preparation and use of transfer materials
Question and comment (Akira Ono)

1 ask about how the transfer materials are used. When this
new, efficient traceability system is completed in the future, will
AIST produce, store, and disseminate these transfer materials as
needed? Or can the reagent manufacturers that produce working
RMs make the transfer material when needed, and dispose it when
they are done?

Answer (Toshihide Ihara)

In our paper, we envisioned the transfer material to be
prepared by the developers or suppliers of the working RMs (RM
producers) according to their objectives. To ensure appropriate
evaluations, the transfer materials will not be prepared for each
batch, but the RM producers will be responsible for producing and
storing them for a certain period.

Also, as described in chapter 7, if quantitative NMR becomes
widely used as a quantitative analytical method for organic
compounds, prepared transfer materials can be used, Moreover,
AIST or RM producers may supply easy-to-use transfer materials
as RMs.

7 Comparison of quantitative NMR and freezing point
depression method
Question and comment (Akira Ono)

My question concerns the analytical results in Table 2, In
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the freezing point depression method, uncertainty for purity
determinations rarely exceeds the upper limit of 100 %, whereas
in many cases using quantitative NMR, the upper limit for
analytical result exceeds 100 %. Such results are unreasonable,
Since the freezing point depression method directly measures
impurities in pure substance, the upper limit for analytical result
over 100 % is rare. Using quantitative NMR, on the other hand,
measurement of the main components is performed when the
conceritration of the pure substance is diluted to about 1000 mg/L.
Isn’t this one reason why the upper limit for analytical result can
rise above 100 %? Isn’t this the case where quantitative NMR is
fine for measuring components in a solution but is inappropriate
for measuring the purity of pure substances? If so, quantitative
NMR seems to be most promising for Product Realization
Research surrounded by the dotted line in Fig. 6. I'd like to hear '
the authors’ views on this.
Answer (Toshihide Ihara)

Although the factors contributing to the uncertainty of
quantitative NMR are not separated in Fig. 5 between preparation

uncertainty and measurement uncertainty, preparation

uncertainty is not relatively small. Thus, when applied to purity
determination, quantitative NMR is undeniably inferior to the
freezing point depression method in terms of uncertainty for
preparation of solutions, and purity determination higher than the
upper limit for analytical result exceeding 100 % is obtained as a
result, as you pointed out (however, this does not indicate any bias
in the purity determinations).

The freezing point depression method cannot be applied to
measure concentrations of components in solution, but there are
many examples where the characteristics of quantitative NMR
can be applied, as you also pointed out. Because many organic
solvents contain hydrogen, we must find ways of reducing these
effects so NMR can be applied to protons. In Product Realization
Research, including the development of quantitative NMR
equipment, solving the issue of protons in solution and enabling
measurement of concentrations of components in solution are
keys to establishing the use of quantitative NMR.

8 Other candidates for universal calibration
technologies
Question and comment (Akira Ono)

In chapter 7, “Future Directions,” you raised the possibility
that universal calibration technologies other than quantitative
NMR may be found in the future. Are there any candidate
calibration technologies at this time?

Answer (Toshihide Ihara)

In section 4.1, we stated that a uAniversal calibration
technology should theoretically be an analytical method qualified
as a primary ratio method (measures the value of a ratio of an
unknown to a standard of the same quantity; its operation must be
completely described by a measurement equation).

Although not yet established as an analytical technique,
one candidate the Authors are examining is a combination
of chromatography and atomic emission spectrometry. In
this process, the analytes are separated from the sample by
chromatography. Then each analyte is introduced into high-
temperature plasma and atomized into constituent carbon,
hydrogen, oxygen, and other atoms. These atoms can then
be measured to find the emission of spectrally separated (for
example) carbon atoms. By adding a primary standard containing
a known quantity of carbon to the sample, the quantity can be
combined with the emission of carbon to find the quantity of

“analyte, as the primary standard itself is also atomized. The

point here is that the efficiency of atomization is not dependent
on the molecular species. Currently, the combination of gas
chromatography and helium-plasma atomic emission spectrometry
can obtain uncertainty of 5 % (95 % confidence interval). Further
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improvements are needed for the commercialization of this
technique.

9 Reason for using deuterated solvents
Question and comment (Akira Ono)

You noted in section 4.2 that you used a deuterated solvent.
Can you explain why you used deuterated solvents for quantitative
NMR? Should we infer that using 'H (proton) solvents disable
quantitative NMR?

Answer (Toshihide Ihara)

In our study, 'H was used as the measurement nucleus, When
solvents contain 'H or protonated solvents are used, the 'H signals
from the solvents become much stronger than those from the
compounds intended to be observed. As a result, the dynamic
range of an instrument may prevent the accurate measurement of
the analyte signal. Deuterated solvents are used to minimize the
'H from the solvents to resolve this problem. This is, in general,
not just for quantitative NMR, but is also for conventional 'H
NMR measurements. ’

On the other hand, in the international comparison of
ethanol, aqueous solution was used, and the solvent in this case

-24 —

«

was protonated water (H,0) rather than deuterated water (D,0).
Therefore, the problem of dynamic range may occur. In such case,
the resonance frequency of the solvent (water) signal is irradiated
selectively with low power radio frequency pulse to saturate
this signal, This saturation pulse is immediately followed by a
normal pulse. This approach, called the pre-saturation method,
cancels the interference of a strong H,0 peak. Although power
applied to this saturation pulse is low, peaks resonating at nearby
frequencies are influenced by the pulse. This may compromise
the accuracy of the analytical value obtained in this method. In
other cases, irradiation strength, duration, and other factors must
be set correctly to obtain the accurate analytical values. For these
reasons, it is simple and safe to use a deuterated solvent.
Additionally, to maintain the stability of the magnetic fizld,
resonance frequency of the deuterium signal from the solvent is
monitored to adjust the strength of the magnetic field from time to
time to maintain constancy of the signal frequency. This process
is called a “deuterium lock.” Since NMR measurements, including |
quantitative NMR, tend to take relatively long time, deuterium
lock is indispensable to obtain spectra of high resolution. If the
sample solvent is not deuterated, deuterated solvent must be added.
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, Abstract

On the quantitative analysis of pesticide residues by LC/MS or GC/MS, the standard samples of pesticides are essential. But most
of their purities are not traceable to the International System of Units (SI) and it results in degrading the reliability of analysis data.
Therefore, the SI-traceable quality control of pesticide standard samples will be most important. We are developing quantitative
nuclear magnetic resonance (INMR) as one of simple quality control methods that is able to determine the purities or contents with
SI traceability. We demonstrated that QNMR was used for the purity determination of two standard samples of isoxathion oxon
(IXO), an organophosphorus pesticide. The purities of the two samples were certificated by the manufacture as 96.9 % and 98.9
% which were calculated from the peak area percentages using GC/FID. On the QNMR spectrum, IXO showed the proton signals
in the range of & 1.0-8.0 ppm, and the quantitation was performed by calculating the relative peak area ratios of selected proton
signals of the target compound to the known purity and amount of the internal standard, hexadimethylsilane which was calibrated
with Sl-traceable diethyl phthalate. For this method no reference compound of IXO is needed. The purities of two IXO samples
showed 75.4 % and 98.5 % by qNMR. The relative ratio of the two purities was equivalent to the ratio of IXO peak areas in the two
samples observed by GC/MS. This result shows that gNMR does not only lead to Sl-traceable purity, but it also will be a rapid and
simple Sl-traceable quality control method of any pesticides with overall analysis time of only 20 min.
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isoxathion oxon, QNMR, organophosphorus pesticide, quality control
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ZHERAEYITERICH 2720, TRTOEBRZOME
HHTEZ A LEBENICATERTH S, 61, BICH
RENTVIERFOL IEREA—H —ISHBEIHES
ETLbDTH Y, EREAR SN ICEIEHEMN —
FEYFAPRERINTHELD TR, T, ERGO
REHRYEABICER:R), REVMPRERBICLoTH
FRLMENMET LT TS, LLAFR—0EE
mEAVELTHOEMBELSAARE, BRLLT &
MEOBEROBET25IERILTVALEILNS, L
MoT. FEEOELRBE LD/DIC, FRLEWOME
R RFMICERICHIE A EALEL STV A,

ST ZETCRHBREN R AT BT —RKEERIEEL VW,
FEI-REEERRL-RERKEECSESNE, —
REBREEERR, [WEEOEELLE2MMOLEDEER
T2, BEFBESTHNOLEYROYERLZANSFE (K
HUTE)] Thh, BESWE. EESNERUVERA
BTEFSHZ, —h, —REZLERL, [MHEORAKL
LANOILEREER, ThEDRBIZBWTHROLE
YEOWEREHNSFE] Thh, T TICERMEEhT,
2LDICHEERVENARREEITESH 5. Zhbd
DFEEZ. — RIS OBEMRIIRIT, T TELY
BOBEICHBR®S 5, #2CH413. BEHRHEEH
DECHETLRBRIEELLT, —KEBRLEEOERY
FEMICH TAHREAIBICE T ERDITE (quantitative
NMR (@NMR)) DBRZIToTV5 D, gNMR i3, MIEEfESHS
Rop i {ber ERYE (WEE) LLTHENRD
AR POMBELROD VML HETH D, T4b
5. 'H-NMR A7 MV ECBRBESNA R 2(LAMDS 7
NVHBEOLIMEtEAHOENVRIZHIE T2 E40, —=HDik
LYOMESFHELPTHNIT, Bl eV BlORN
HEOBBRD> L AR ROILEDOME (HEHVIZIBRE) %
RETE S, HEFRILEYOBESSRETIHERE
PRETEBATHEREL Y BERTV S,

ERREBEORIF4TIAMIE? 0#EAIZLY, H
PANTHBT2EEIBRHON R LR, AROREMEE
EETIRERERBROMBETEIEREN TS, &4
& HHR) VRREOS /) E (P=S) S TP LEAR TR
BICERRPIV VFICL AR 2RI T, KVEERE
DOV E (P=0) KISl ThonEEE
YAZDBFRULICEWILEHEL- Y Chobisticd
BENCREREI A PEVREARPEETITEM
PEVEFRENLOT, ARORLUOERIRREDD
it SR RELITRTOREBEOEEZTOSEEE
THELALGHEOBFEEOR LS BEEI R oTLSEF
P Y (-

FHRTIZQNMR OREEBEE~OGEYEMIC, e

- FFRFEEHRD SI L —H VY 74 ZRARL 7 QNMR 25 >
FREIAVEYFF 2+ %V (isoxathion oxon: TXO) DRIEK
REGROMBEREBLCEEFMBE Lz, b2, &%
REE QNMRICEBHERZHEL, MHTEOR UM ERIE
THELLI, QNMR FREREIR b2 REEOMEL BE

EEEE LTAYTH), SHEEMIC IR RN
DB R B OTHRE TS,

I MEFE

1. BESLUEK

BHEAF Y AFIV I 5 (hexadimethyldisilane: HMD)
1, FOLREE T (Bk) BUSESR. E7 4} (acetone-dy)
i3, Isotec | (999 atom% D) AV /co 79 VEEVTF NV
(diethyl phthalate: DEP) 1%, (M) EEBKESETH
O 2 5 % B ¥ | (Certified Reference Material: CRM) ( &
# NMIJ CRM 4022-b: &t B 9974 = 0.09 {(mol/mol%)) %
Rvize 7> (acetone) i3, FIAHSE T (%) o
BRYBE -PCBRBHLAV. AVXHFAv 43y
(isoxathion oxon: IXO) R¥EFZ 2TV b (Lot 1, 2) i, AFES
RV, B, IXO BEHS 2 BE (Lot 1, 2) DEEEICE
WO Table 1 \TRL7.

Teble 1. Information of isoxathion oxon standards.®

. oo Melting
Sample Lot Quality Purity (%) point (T )
Yellow-brown,
. i crystalline 96.9 49.5
Isoxathion powder
oxon standard Whi ol
2 Vhite,coystalline g g 517

powder

a) The sample infomation is written in the certificates.
b) The purity means the area percentage of the main peak on GC/FID.

2. %8
HRAXBEE NMR): F— MY 75— % INM-
ECAG600 (600 MHz) (HEEF (¥) ). qNMR OF3IHN
¥ 7 MEiE, HMD (hexamethyldisilane) % Z #3 7 )V (0
ppm) & L. & {Ei% ppm WAL TELT
HARZa= 757 BRESHTEH(GC/MS) : HP 6890 GC /
5973 MS (Hewlett Packard &),

3. gNMR BIRSER DR S L U HMD DBERIE

HMD #7 100 mg ZHHEICE DALY, acetone-dy 25 mL I
EBLIe TOBHT acetone-d; T5HEFRLbD%E
qNMR FlIERE L Lo oNMR FIEERHH O HMD OB E
817.7 £ 5.6 pg/mL (= 5.5865 = 0.0388 mmol/L, n = 3, AV %
SD) % FRRICtév>, DEP ICENEIELTR®Y:, Th2bb,
CRM O—2>T#%5 DEP # 10 mg 2 HEFICEYIY. gNMR
BEER10mL BB LA, ZOBEE 0.6 mL % NMR R
ERE (S mm ¢ X 200 mm, S-type ( FIYEAISETE (#k) &)
WCHALb 0% HMD IRERERSRSERE L. 0B
#% gNMR {fH L. DEP ® CH; x 2 84U HMD @ CHj3 X
6 ICHRTHY S FVENR. 4FR. BESER ) IRA
L. qQNMR RIRERRO HMD OBEFRIEL:,
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Mump X Inmvp , Mpep X Ipep " Ppep
Hump Hpep X Wpep | - 100

7=75 L. Wump, Wper = HMD 8 & UF DEP 0 i & (mg/
mL). Mump, Mper = HMD B & UF DEP @ 53 F B (MW
146.38 35 & U7 222.24), Hamp, Hpgr = HMD @ CH; X 6 33
XU*DEP @ CHy X 27 1 b ¥, Tump, Ipgp = HMD O
"CH3; X 6 BXU'DEP ® CH; X 2 D ¥ 7+ VIEHK, Poep =
DEP OFEEE (99.74%)0

V)

Wump =

4, gNMR (2 & 3 IXO O&ERITE

IXO EH# 5 (Lot 1 BEU 2) %4 10 mg FEICEHILD.
FORPLA QNMR BEER 1.0 mL ICHBEBR L. OB
#20.6 mL Z NMR REREICHA L0 ERBERELL,
ZOEBWEE QNMR IZfFL. HMD OV, 1X0
CHETAZELPNOEEY Y FVOMRMER. FFE.
BESEER Q) IRAL. IXO ORIELHEHL,

- Iixo / Hixo Mixo X Wixo
Pixo = ———————— X e X 100 --- (2
0 amp / Huwp Mump / WaMD @

7272 L. Wamp, Wixo = HMD 8 & U IXO @ & E (mg/
mL). Mamp, Mixo = HMD 8 & ' IXO @ 4 F & (MW
146.38 35 L UF 297.24), Inmp, lixo = HMD BLU IX0 DHRFE
EOVTHVEEER, Huvp, Hixo = HMD BXU IX0
HEEDTTHVH, Prxo = IXO DMEE (%)o

5. aNMR RIESRH & & URBIRALIE

aNMR H5E Stk DA IEH I Table 2 ITR L7 gNMR
F—F HEATICIE, B 572 Free Induction Decay (FID) 5%
TSR ERBY 7 2T (BERETF (B BRHD) I
EALTHBAE L, Thbb, ZOVIIY2TET
gNMR 7— % %7 — V) 2.2 # (Window B £ : function =
exponential, BF = 0.10 Hz, zero filling = 1, T1 = T2 = (%,
. T3 = 90%, T4 = 100%) B LU HEAHREZT, HMD
BIUREL 7T VORAHBELRER FOALLLE
HMD BIXU IX0O DRE. FF&. HEEOTOMHKE
DLEWIERD S BEENLELIT, EEE (HE %)

Table 2. Instruments and acquisition parameters.

Spectrometer ECA600 (JEOL)
Probe ' 5 mm broadband autotune probe
Spectral width -5-15ppm

Data points 32600

Auto filter on (8 times)

Flip angle - 90°

Pulse delay - 60 s (>5*T)

Scan times 8

Sample spin no spin

Probe temperature 25T

Solvent acetone-dy

qNMR reference material hexamethyldisilane (HMD)
Primary standard material dl&;‘g‘; lgm:gz(?-g’ )

2R Q@ ICBEVEHRLL,

6. GC/MS AIE

IXO (Lot 1 BLU 2) ERICENRY . acetone IHEHEL
10 ppm (CIEREICRARL . TRLOSKHO GOMS iIfFL.,
FE 211 5B ST IXO DY — 7 ERbE ROz,

GC/MS & ¥ 4 5 &, DB-5 MS fused-silica capillary
column (0.25 mm i.d. X 30 m, 0.25 um (Agilent £ )); 772
&, 70C (2 min) — 15C /min ~ 190C — 1..5T /min —
220 — 10T /min — 290T (3 min); ¥ ¥ T7H R ,He; HA
&, 1.2 mL/min; 3 AE, 1.0 uL; AR, Pulsed splitless;
EAOIREE , 250C ; 14 VIRREE, 280C; 14 {bk, EL
A ALBIE , 70 eV; A% v #H , m/z 45 ~ 550; SIM E=
¥ —A%*>, m/z 161 (base ion of IXO)

I BRELUVER

1. gNMR DOFEH & R4

HRE I (NMR) BE R LA YOS g IRET
BLHONRHLERIMED~OTHY, BALFEHT
FIRSh T2, QNMR IZ X A2EESHTIE. 'H-NMR TH5
NBLEY T NDORRZAEZETOM Y/ FMERL L ER
HICHRTAAFRRTF OO TR TEECAAL-FET
H%o 'HNMR KBV, Y7 FVERRRSFHhoBL0
BiE FOXFERFHOKICHIE TS, 62220037+
VERLRHILEY (A, B) CHRTAHAICIIEL OV TV
EHELEYOBEIBERR 3) TRIZ LN TES,

_ HaWA/Ma

Ja _ Hama _
HeWs/Ms O

In Hpmg

Lsampte / Heample Msam 1e X Waample
P. = —atampicl t7sample X ——mSAmple T N¥ssmple X —
S T T Ta / Had Mt / Wag Pus @

PRy 1=V 7 FVER H=HEE07OM S m=
ENVREW=E&M=5TF&.P =B %.sample =30k
std =ZLHEH R,

Lo 2 20{LEHON. —ﬁoitA%t LTHUEEA4
SPRERYHE td) TRV, SVHRLEROTARED
REIOHERSROEYOER () RRETEXLH
B @) DY D, QNMR 2 LZEESHIE. BER @)
FRAL. MEDLIVRBEFEAOXEWELTOME
7EWPTHERNROILADO 'HNMR HIERTV. $56
NIc ARZ MV EIBBR SN A R BYRELAIERN RO
CHRTAV7FVER, AFREBLURERIOERMES
BHTHHETH S, BRRA @) »obrsEdic. HED
RILEVOBERRZLEE LRI LA QNMR DEETH
9

B, —RBICFIE SN T2 '"H-NMR HIEDHI%HC
& Fabr i rERREREE LTRLONT LS Y
HOBREOKFERDSHACELLD, BONEYSHVE
BROEEMLBEICLTRESR SN 2 BELASGICRE
ENTVD, —H, NMRIZEBEEDH TR, £ 70 -
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EROERUETBREICHERT L LSTTRTH L0,
Pauli 3% U Saito 5O * 9 #HBE I Table 2 IZR TS
KRG EFRELL. T4bb, Y/ HVEEOEREN
DFERITIE, NSVAICLYRIESRAREMRIC/ VAL R
FENAETICHAEL T RITIUIER S Wi, 7L
AEIER% VDAY ¥ - BTSRRI (T) @ 5 &L
HIZBRELR. B, FVFE (RF) SVAXEHHL0E
BN ILHENET L. RUBEORRCIIERBRELS
25700 MR ROARS MVEEIBHIED 80% L
2% A X912 -5 ppm ~ 15 ppm TlEEHEE Lz, I40 &
HETI. YARAELERFCTY. BRIFRV 7 FVERS
LUS/IN 2437 LTHIEL. BONLFIDEET—5 %%
BBV 727 (BERET (B BHED) KBALT [
—MBEHTCEBAEL, —THKEREELEH L.
GNMRICE 2 1 HIEL ) OFFEREIZL 205 THY.

CBOoRON-WEMIHEFREERL. TEISIIER
1.0% BN T o7z,

2. g]NMR ZENEDHEL SI FL—HEUF 1D
R

gNMR EH#YEE LTIX, p- MV ANVF VB, 7%
VBAKEI)ILD, IRAFVANEY D, REERI BY
PFEIZBREENTWAY, ThonyFFudfilEn ot
BYOLTFVEBR ST LE oS AIIZ M EL LT
2%V £oT, QNMR EEYEEB/INTLHE1I101E. #
EXNFIEYOV T FNEFHL. ST FVHELRLZVY
HEEMHCEBRUTERTALEN S 213000, Bohs:
AR MVRERY ROV 7 FVERESTRBTESNS
7, HERNROEYOMEEBITL EREITE FBICT
B ELLGE HERSEVEVIRESHE, F2T
gNMR FHEHBELTNFYAFVTY T (HMD) 2BV S
ZkEL7z HMDE, B 112-13CChHY . HiRAlERD

NMR ZEYELLTAVONZLDTHSB, HMD i3, BE
O 'H-NMR CHEEMEL LTEVONET M AFNLS Y
(teramethylsilane: TMS) &FJ#%IZ 0 ppm 123 7 F L %R 37
B, BHNT QNMR A Mvid, BED 'H-NMR &%
THY, —RERHENSIAIOL T FLEBR LR,
Z? 3 Z. PC-NMR # 2D-NMR |2 & 2 BT -4 0
PERFHCOBEE L RD VT FNERERVY, EHED TMS &
REVFRITRTHY, ERBHFPLPLEVATD gNMR
DEEYRELTELT 2,
LLed%. B, SIS —47 V% HMD 2558 L

TWRWed, BELRMEES SVIZREENERSI?
gNMR EEPHELTZDETETHVB LN TERY, 22
TNMRIC X BHHED ST M —H ¥ 54 DRERD T8,
Fig. LSRR T R B FMCR SR FIRIC Lo THEM TS
. BEFENI —FE) T4 -2 SN CRM O —>
THB7Y VEVLFIV (diethyl phtalate: DEP) % —VciEH &
LTHV, qNMR REHHD HMD DEERHIE LI,
HMD ZZ"XRAR#E & LTHIERNRILEHD qNMR HIE 247
I 2EBBEDOFRERAVBILELL, $Thbb, gNMR Ei
#i- DEP ¥ L. DEP @ (-OCHy-) X 2 ICHISRT 2375
W (4.27 ppm) |23 §5 QNMR $Z# O HMD @ (CH3-) X
6 ICHIRT BT FNEBLERIEL. BER (1) XY HMD
DB (8177 £ 5.6 pg/mL, n = 3) ¥KELIZ. ZOEIICL
T, HMD % qNMR E£#HEE LTHVRORIES 1t
EPOFERBED SI ML—4 ¥ Y511k, CRM @ DEP #4+L
TERL A '

3. aNMR (Z & 3 IXO O RE T

SR RBEE LTREEAERARA XOELEF 209}
(Lot 1, 2) ZAV, WA OBMEICEROIFHEE Table 112
RL7% Lot 113, HBEERMEHRT BE49.5C. GO
FID S0 — s ERES R LD RO MEMEIZ 96.9% TH

. 0/\
Intemationat System of Units (SI) Ej o\/ .
Sl traceable
calibration s
-]
Not available Diethyl phthalate (DEP)
Si traceable NMIJ CRM4022-b (99.74£0.09 %)
calibration C1oHr04 (MW:
0 12H1404 (MW: 222.29)
Step 1
calibration
O, .
v ) 0\P y Y <_—_] , l
O O// \0/\ Stop2 ’ '
calibration
Isoxathion oxon ((XO) stendard Hexadimethyldisilane (HMD)

C)3H) NOSP (MW: 297.24)

CsHygSip (MW: 146.38)

Fig. 1. Strategy of SI-traceable quality control based on gNMR.
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D, —H. Lot 2 REBMERENEK T BA SLIT, MEME
98.9% LEHTHNTEY, Lot 2 DHAZ DMK 6 SR
BEVEFHENDLDTH o, MEE QNMRER-RIC
FNENEHEL. QNMR FIEZITV, BONIANRS PVE
Fig. 2 SR U7z BB IXO OBBMLBEY 7 bt
MENROVTFNEEL LB W % E B L Tacetone-ds &
B, 870br 37 FVOREBY a~e TRl Z0O#K
£, Lot 2 Tid\ IXOICHRT2 a~e DT EEY
o HMD (CHSET B3 7 VPSS, BME ORI BR
THEBDNBNEWT STV (272 ppm) DHBB IO
ISR Lot 1 Tt IXO D Y7 FVESCT B E 138
FRHIHRT A L B b2V (1.20,3.94, 6.40, 744, 775
ppm) ERAREN., BHSHII Lot | DHIEED Lot 2 (K LTE
VI ENFEINz, RIS, gNMR ART MLEICBREI R
7 EYE HMD BIU IXO ICHRTAE LT FIVENR,

AEH. BESZHEEAR Q) IRAL. ThELOMEE
FEM L7 (Table 3)0 FOFER, Lot 24, c2ER2AYS
FNVELTHWAEA, 963 £ 0.2% LBV RIEELE
HL7z2S DMl a, b, d, e ZHVVHE, 98.6 £ 1.1~ 994
+0.6% DMEEE 5 X a~ e DFHEIL98.5 £ 1.3% Tho
720 ZOfEIX. Lot 2 I OBEEEICERD GC/FID B
BRI L HMBEE 98.9% LIFIZE LV, —H, Lot 1 i,

a~e XBRAVYINVELTRWIGE, 751 £09 ~ 758
= 0.9% DMEMER 5. FOFHMEIL 754 = 02% Tho
2o TOfEIL. Lot 1 IR ORMEICERD GC/FID B
BAEICLDMEME 96.9% L KERFEIH o/, GCFID
SHOY—/ERESRICILMENER. FERERS
O HEREENTWEWS ERFHRELTVS, &5
2. HOWATHBIDVAR Y AT 77—V ERFERLT
HELRELT 2709 rI4 LITRBINIZTRTORS
OY— S EHOBH TS SISO -/ EEET
FEERD, HEEETALLTBY., TEEARLORLS

lotl

A% STREPOMBEEIFEENCERICKDLNE
HD TV, Lot 1 O gNMR ARZ MU EICIRF-GH O >
TIVhiido RN EBEEINTWAI LR ZEETAHL, Lot 11
REOBREEICRBEINTWEMEEL BEE % MBEHELL
TR ERTBYTHBLEZ DN,

B, CHOFERY VRBELLT (T4 ¥
ATIIVFXV Y T2 VFFY (MPP), 72V FAVAN
FEVE, ZUun€)iA, 700 FAFFRVrBLIUS
VEGFF VBERIIOWTS QNMR 2 LM EREEF
BaHE Tl TRMICHRTE 7 HVidEigsh
T TP hORBERROMBEEER L TIHIZELWEEL
5z (F=2RER) . ThoDRROMBEHEIELVILE
PHEETE,

Table3. Summary of the determined purity by gNMR and the
relationship between he value and the peak ares ratio
measured by GC/MS.

Isoxatihon oxon
Lot1 Lot2
gNMR
Target signal (ppm) Pﬁrity (%) SD(%) Purity (%) SD (%)
a 7.85 75.3 0.8 99.0 03.
b 749 7 751 0.9 99.3 0.5
c 6.81 75.5 0.7 96.3 0.2
S d 4.25 75.8 09 99.4 0.6
e 1.32 754 09 98.6 11
AV 75.4 0.2 98.5 13
GC/MS
Area ratio® 76.4 (15.3) 100 (98.5)

a) The area ratio was calculated from the absolute peak area values of
lot 1 and 2, which were 459744 and 602045, respectively.
AV = average, SD = standard deviation.

HMD

N

lot2 b

]

HMD,

acetone

;l

3 2 1 o

Fig. 2. gNMR spectra of isoxathion oxon standards (Lot 1 and 2).
" *;signals of minor compound in the standards.
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4., GC/MS (& 3 IXO DRIE

gNMR 2 &% IXO OMBERFEDMER. Lot 1 BLU Lot 2
OREDENENT 754% BLU 98.5% L BEHEh/z, &
DERDBLHEERIETH:0IC. GO/MS IZLYFEOLY—
SERMELEL, HEEZLELA. Fig 31213.IX0 DX—
ALFY miz 161 (28BS SIMAIEICE D GOMS 207+
Fh%R LT Lot 1 BEU Lot 2 i3FRITRIFREM 211 7
IXO ME—2%7RL, Lot2 M IXO NY—Z EHEAH® 602045 T
HBEOIZHLT Lot 1 14 459744 Tholze F—1LEY ORISR
B2 B35 GOMS DE—EREDIIIEN BOKICE LY
ZEdb, Lot 1k Lot 2 DM ERILERDA-ET S, Lot
2% 100% & L7=L & Lot 128 76.4% & o/ze EHIZ gNMR
TRD7z Lot 2 DM 98.5% THIELAETS, Lot 1O
FLEMEIL 75.3% L4 D, QNMR TROALELIZIZELVF
Rérolze BEDOZENE, NMR TRDA Lot 1 BLT
Lot2 @ IXO OMBEEMEASTE L\ EHSEERR s,

10 Lot 1

Abundance (x10%)

12 Lot2

Abundance (x10%)

10 15 20 25 30 35
Time (min)

Fig. 3. GC/MS profiles of isoxathion oxon stadards Lot 1 and 2.

_ The profiles were recorded by SIM mode at base ion m/z 161
of isoxathion oxon. ‘

| N fE5
REREFERON. FRYVRBEAVIYFH 4%
VVERSOREEBEELLTO QNMR OEFMEERIEL
720 QNMR ZEHEL LTAFHAFIVIT TV (HMD) *
RAEL. ZiEEYE 75 VBV 7V (DEP) 2 —kiZ#E
LTRWCBRERETAZ LIS THIFED ST P L —HE
V54 ZRER LD QNMR OFMEEE IR L 220 gNMR i,
BT EFEMCERREEZROAZ LN TELFETHBITT
24, HEHREF—DOEESELELLEVE TR REL
Bl RE ol FHEThr, OZEEFALTHERETIR
B ThH D REBEA VY F4 Y F &V ERSOMER
EYVRE Lo RMEITITR B LR Lo gNMR ANRZ ML
TS RIRCOY T IV ERREEREF OO, ME
TRICEALZBEARI MER) B2, BIE. QNMR I

RERE. RSRINY. BER, BRAGBIURKY
EH00ERIBYNERELLT. IV IGEF ik
ELT REROBEEOEVIITELLTRRTALED
., BAid, DTHEEOE LA L SHEEOH TR B
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#K ADI2%5, 001 A ~10, 000 A CLERFE/K HE4A%60H Bl

ARBEKEEZEE (Minor drinking-water suppliers)

FEAAIHB01IA~5, 000 A CERMIEA HEAG0H LLE

BNFAEAKEEZME (Small drinking-water suppliers)

#AAOH10IA~500 N CTEBKR BEA60E ULk
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BOKEKE % F5 720 EHEOIEE) % H5+
BRLBEICOVT, RIE BRBK) SIEHE2007%
TREFERIH U COREEE L BRT 5 72010%
BEPOLELHREEATIZLEROTWVES
CEHRME LTVE, REAIFESEASH
EFRE LT, BHLI6DLEBN R BEED D b,
KERFIN L TAEH L REOREZFH o T
HNDE3DITT XY, NES #kEKDREH%
HRTL2HDDINVFNYTOVEDE LTHE
DF2E LTwb, WRIT, KEREICE TN
AEMAK. WK, BTART, BEKEREEE
ETHODFEEED T D,

(2) HEOHE

NES BKERFEERET 2 DI ERNWN LT
IGEAREIC L TW5, KEKIFO L CRT &

NTVBHEK, Rk, ¥ o, KOKROEELR L

D REATRKEDEEMICEXEL 5L TWEHTHE

W5 556, KEOKEICHET k0t
BE, KEKBICHETHITADHETERYET
ZENTESL, 7, HEBEEICBVWTHFT SR
TEED ., BFEOHEKLECED 223N 5 AEK
DOREVICERE L RITE LW EREICTA L
IRDTVDB, S50, {EEMEORMEERL &,
TUHREOKECELE L RITTHREENS 5 19
HIKEERPRE LGS, TROKEEEEC
WY BB L, REEWTI RETAZ FOR
EFLTBLLIEDTNVE,

(3) KA L BARKDEE

JRIREY 72 BIREDKIER B BT D X9 AT
BOBADI-OOHBN % EAT LIHEITEET
SEBEFNEDLNTWVE, T3, KEKEOEBE
ROHBOESE T ZE LA L TRTT 57507
TAAY MRIFISEDPEOLNTVE, 72,
BUOEMGLBRETH & RO LT EIE
FOHETRE I N KEROEEE R KEKE
LToOBREERZVWIEEZHERTLIIHIEDT
Wi, COARHFEEFH-IRESNE S
ERBIESNABECERSINS, NES IAHE
KIBORFEIART5TH 5 & B 2 BikEHrE
RBGEE, KEFEEEZRIE LTE 51280
LWHEBIREATA I L 2L LTWA,

6. Za2—Y—FLRIZBIBKEKDKE

EZ‘EQ)

(1) KEXEOLEEBERVOZOHRE

1) &hRoOBREBE

KEFEEITE, HAFAEME (Maximum Accept-
able Value: MAV) & /KEHEDFHAEE (Com-
pliance Criteria) 2SR &N TV 5, Fhid, T2
WHO SREKE A A KI5 4 v iZiBo 2d iz 7o
TMAV 2BELTWS, BAEEREET, X
BEORA REHFICL o THEFREL-TEY, Xk
BEHEOA T T — L CHEMICED bR T B,

REEEERE & L TiEWIS 3EE., {b2WE
FL6HEE. RS EN3HEEETLA TV,
—BEER2AUR L. E0Eh, BFEBOL
ADHREY (Aesthetic) HE & Z DIREHEDR L
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9% H15 (5 904 B) X E B & ¥ i Tre22. 1
T2 Za—V—Ir FOKEHHE
CELIN (FRl¥EwE)

H H BREEE B B BRHEE H H RAEMH BB BRHEE
KEHE 100mL IS 15kiE | VAR BERL TYYMTIF 0.0005mg/L | 7x/7/av7 0.0lmg/i
BE# 100L #1421 3ki% 7Iou—-i 0.02mg/L ~¥Frua7yvrs | 0.0007Tmg/L

T4 H—~T 0.01mg/L AFHFY) 0.4mg/L
(BREFWE) . TWEY Y, F4ZMFY Y 0.00004mg/L | RETH RSV 0. 002mg/L

H B BRRFEHE H B BRHEHE THrYv—a 0.006mg/L | 4V7ovay C.0lmg/L
TYFEY 10.02mg/L TvE 1.5mg/L THIEYr—a (s) 0.00lmg/L |V V7Y 0.002mg/L
e 0.01mg/L £ 0.01lmg/L TrIVY ’ 0.002mg/L | MCPA 0.002mg/L
7YYL 0. Tmg/L A 0.4mg/L Vx4 0.004mg/L. | Auvuy 7 0.0lmg/L
*E 1.4mg/L K 0.007mg/L ~NUEY 0.0lmg/L 2GR 0. Img/L
SER 0.0lmg/L EYTFY 0. 07mg/L Ay (a) ¥V 0.0007Tmg/L | A b&>ru—n 0. 02mg/L
H¥ITA ]0.004mg/L ®/7093Y | 3mg/L TaTYN 0.4mg/L Abgru—i 0.0lmg/L
EXE 0. 8mg/L =N 0. 08mg/L JuESrouiyy 0. 06mg/L ATV 0.07mg/L,
BF 5mg/L WA (B38) | 50mg/L TOEFRLL ) 0.1mg/L IJUYRFAY 0.001mg/L
EEXE | 0.8mg/L ERER (BH) |0.2mg/L HNETT 0.008mg/L. | EY3—} 0.007mg/L
Z7UA 0.05mg/L EER (BH) | 3mg/L Mg R E 0.005mg/L | €/ 7 oo 0.02mg/L
£l 2 mg/L A 0.0lmg/L sunFy 0.0002mg/L | =} YU=EERR 0. 2mg/L
YTy 0. 6mg/L IG5y 0.02mg/L Zunfih 0. 4mg/L JFaTY 0.001mg/L
EYT7Y |0.4mg/L yaohas 0. 04mg/L FYHY 0.4mg/L

SURY YRR 0. 04mg/L FER}ITSY 0. 2mg/L
(BSIEE) YTFIY 0.0007mg/L | RVFA A5 0.02mg/L

H B BARTEE B B BREEHE 2 v FOARAVET S 0.00lmg/L | Ar#70m7:)—0 | 0.009mg/L
Th778 |0.10Be/L N—yg 0.50Bq/L 2,4-D 0.04mg/L ¥roga 0. 2mg/L
F¥v 100Bq/L 2,4-DB 0. Img/L Y1) 3RAAF N 0. Img/L

. DDT 0.00lmg/L | 7Y IANT AV AFN | 0.9mg/L
FEER | REBERE kS, RARRIECEoony: | 2B 2XFMAEYL |0.008my/L | 783Y Y 0. 7mg/L.
EHCENTAEBERERE TS, ke umn | 12-V70E-3-7un70/4 | 0.00lmg/L ¥onvy 0.07mg/L
(ND3) REBEL KBEEROBSREL BT JruETEr= by 0.08mg/L gk D 0.4mg/L
J7uEIUUAY Y 1 0. 15mg/L FEYPFSY 0. 003mg/L.
L2-Y7UEAY 0.0004mg/L | ¥vIv 0. 002mg/L
Jy ook 0.05mg/L AFLY 0.03mg/L
Yyuorkb= by 0.02mg/L 2,4,5-T 0.0lmg/L
1,2-YronsrEy 1.5mg/L LAY 2 0. 0dmg/L
1,4-YrooyEy 0. 4mg/L FNTFTY Y 0. 008mg/L
L2-¥yunxyy 0. 03mg/L 7tysouxFL 0.05mg/L
1,2-¥7oaxflLy 0. 06mg/L FTRHS N 0.4mg/L
yyunryy 0. 02mg/L [ 0. 8mg/L
1,2-Yryouyany 0. 05mg/L b o 0 OEERE 0. 2mg/L
1,3-¥roo7uxy 0. 02mg/L by ruozsLy 0.02mg/L
yyuazyay7 0. lmg/L 2,4,6-MJrun7x /- | 0. 2mg/L
JAbx—} 0.008mg/L | FUZT¥N 0.1mg/L
1,4-VF 34 0. 05mg/L FyTINTY 0.03mg/L
Iy 0.02mg/L Mgy BELNENH 1R
EDTA 0. 7Tmg/L L= 0.0003mg/L
IRy 0.00lmg/L. | *¥Lv 0. 6mg/L
r¥rooeFy s 0.0005mg/L. | 1080 0.0035mg/L
IFNNTEY 0.3mg/L

NTnb, KEREICBWT, DETZVWEHED
WEEZTELRIEOTIE2ENE LOREE
H. FMRAEEORREEZEO TV S,

2) EHEHOSE
REBHOREREE R O KEEEEOFAE

(28)

ERIE L T4 DAL, KEREL DRI
THIHBAPTEAEINT VS, ERYIC, KIEHE.
BERIZTIA443Y 574 LIZo@EEN, 2040
WEEKEKRFOBBELLRL TSI/ 4+ Y54 2
PHAIIHEEND, 54TV T4 1R 21



£79% $£15 (8 904 5)

Za—V—5 v FLB 2 REOKEERME

FE, BHE

SEINCEBIKERELZT ) LEF D 5,
3) KEHELAKEEEOHALE
KERBERTFAF VT4 1 RU2ICHESR

TKEHEEDBENMAVERETH S 2 & 25

TBIDIATORD, —F, KELEDEE EHE

HZD L) BAEAPFECHB SN TVL I L%

WMEITL-DIRITIONTYE, KEBREIZY

PUMERHETARE LA SO AICEEL

BELHETABAO-EYFREINTV S,

RELAETABEIMAV Ktb o CEHEE

(Operational Requirement Limit) #SEMB E N5,
KREFEFROBPOEAE, BARKBEI LIz,

TRHOFHENTTRCHEALEN TV AEEEKER

EIIEA L EHEERE,

*MAV $ -3 EHEEELEE LB ER-3
RSN TVBHFRRIEKLTCHLZ &,
127 HBiCh7b 7543 ) 714 1 RS2 125
HINHB EEEEED, kdohTwai
B, &Fz@l- LTI Twa I E,
IREREOFENED SNz FETHB T L,
- MAV 2B LEAI. EDONLMERE
HIhTwazé,

®-3 KEBEEWRL VB LHETESD
s (k) #o bR

8 (B &

ERER
38—76
77—108
109138
139166
167193
194—220
221246
247272
273—298
299323
324—348

W[ [ W | DN | D

: —
. L=

159 3,606—3, 626

(2) WEHRVRRICEAT I KEREOHESESE
REE B 2 @A 20 %A O & RKX

WENFRICEREINTEY., EFEZEL TS
PED D, BEROLZVHFRE BRI NEKRS
EIDBREDERICI VRS, 3% 7EIIR
L7 '
REXETIIERZODODOBERIKDTES
MBI L AR E RO TN B, MBI,
BFKDHEG) A 7 FHERERICE SV GERT 5 2
LEENTWwE, YAZEMITHEAANLDZTITA
PDEDOBZER, BEARBOZ) SR Uy o %
1EBIZ26EME L, ERERAIY TidDd, M0
BICL o CERTREBRERLRD D, KEHHE
I AEEI L, F-AEFEOHRAG I
L5F VA MDODBREENRENTEY, LER
BRI OMERE T & 5 0B % BRI 2 B0
B & AE DL THREELRRT 5, HkAD
B 1 AFKFEOKE CEKIBEHIBICH L HELED
YR FHBIZE DV TUELRBRERLERT 5,
VELZBRERE, RMEAKTIE og3 (99.9%) ~
log5 (99.999%) & ENTWB, HFhMh\v L
BEANTLHFREERE T 256 FEROMER
ROLNTELT, ZRUNOBETEHEOR
PIE L Tlog2 (99%) ~logh (99.999%) @
BERPEIRTLIEFEDOLN TV B,

-4 FARFOF—-T XML
KON D log Bk

FEKIOL HOFHF — A b | EREND log rEE

0. 75K 3 (99.9%)
0.75~9.99 4 (99.99%)
108k 5 (99.999%)

(3) Y7/ PRI UCETIKEREDEEEN
YT PERYVIMEEREICHES R TV
—BEH, IEEEHNCREET A EOBEIC L
D, WOILFEWEERERDL TSI 45 T 1 DG
FEPRRENTVD,, BEICKOENIEALS
LB HKIE, TEDWAPLELHE L
WA, KEKBFDOVT ) FEYVEERAEL.
BRIV MAV O50% 2B ABEETITAF ) T4
2ISHELILET, BOONLEHETKERET
LIEBRDODLNTVE, Y7/ b2V
MAV %88 L 7oA E D ICKERERES &
HEr L, ABKEOKEKEM|BT D L LN
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BI9% 1% (904 5) *x  E i

& ¥ OB FRe22. 1

BOLN TS, o

(4) {L2MEICET3KEREDFESHAE

) 794FY 51 D55
KREEETIE, 7/ FF Ty PAIZ10901L
FMEEVAIT v 7L TW5, ZREEEEKT
LIRS DWEITOVTKIE, Bk, BEAR
BICBTAEROTRERLITHMEL., F0EEYE
IDWARTITAFYF 1 2198 T2{LFWE
DEHMERET D, BESNIYWER S544Y
7 1 2L ERFESTE (The Priority 2 Chemical
Determinands Identification Programme) [ZZ:J\»
THIZE L. MAVO50% % BB LTV 29 ENTS
TAXNT 4 203N, PEENLYEIZ
KREFERTEICELLZ LR D, HEERE
BINLOMEDOKERERITH .

2) XEMEOHE

TIAFN T4 2WEFEARIIC X - TR
SNDZYWE. FRUNOYE CEKEIE TR
PEAL L W B R U8k DU Tl g s+
PYWEHEEND, ZOFFEICEINT, £
BOBERFIPREEND, TROOWEIX, 7 v
14> (7o RBMET>T584), 1
F MAVEBBLTWEVW LORE), V7
JEEVVEREBRE AuCES 1 BIC1EBE
WEL TR b\, 7 b4 4>, EER
BIEMCIEPE, Y77 bV idBEEDHE
FERANC 1ABIC 2 ML ERIET A2 kD LN
%o 124 AHIOBIZETMAV D50% % B L 2w

CEVHERTENEDWA ICEBYED T F 1 %+
V74 3NOETITEKREREDRT 2 EHE T
ZENTEL, o
(5) XDMDIFEBDHEARE
[BSHEYRICET 2865 ] RO [#HEs
INSVIKER UK S > 7 BIC X DdAT A0E
T AEEEE] FEDLN TS,
(6) T4 A YF 2l nEEhAEERES
E 3035 '
TIAZFIT 4 2WHBEEN, EHHIKER
LIk sk Sh-KEHEE L E2H4
BERSICR L, BB Lzd 9 kkza—v—3
> FEIRNOREZEERIZ2, 000U L g s n
TWAD, MAV D50% %88 L CVWAIEE D
WCKEBREZIT) I LI oTWwAD, KE
REDIT O N T 2¥KIG R OERK I OB
00EETH 5,
7. Za—=U=352 RICHTBKEDNESICH
T 3RA®
() #|E :
REFEETIIER, ZBLEE, Vv, %4
MEEEHNE LCERTAZ LR EE LHEY
BTN TWAED, KEKDEFIEBTITON
TWirvy, F7z, BKGTHERITOZVEER
UEAKETOWFRICEKRRIE THEMTRE L
TWEERBELLRELRITIONATVE, wT
NOGEIBVTHRKFORIICBIT 5 KRBHE
DERBICHEETHILHERLLTBY, HHED

S5 TIAFVF 1 2RGESNIEE & EEEH (20084£125)

(B O)
KEHEE == BE¥B KA WEREER
Bk 1 4 50 1

(BEAERIR)
KEEHE TUFEY vE RIE JUEVrUUAYY | A FIvA #é
X & # 5 16 2 4 C15 16
KEMEH T o OoFeE VS 3 f < vH BNAOEEEE | BPUngRy Y
B &% # 16 1 75 2 30 17
KEER Zw v WREEEX | Mook bTAFRY b 7 OO

CE B E 31 4 32 10
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B79% £15 (8 94 &)

Za—Y—5 T VB AREOAKEEE Fip, Ha

FE, HEAERTHAANDCE U CREEED
ZOMP{EDLRTWS,
HELTLTIRKT 256, BETHLLR
EIN/2HFK (Secure Bore Water) KR &
T HEKBFORBEEREE, FhlsekiEE T
LERBIHRTREEESRECBNS TS
h, AEOHEBMNETLZ 54X MY —FT
TRIOHELZER L THEEL TR EKE
WAL TS, BEAKRIBRTCIIARBEE Ol —4
CRESINTBY ., MAADCE L CHEHED
RERERISEDON TV,
(2) BABHOOEESEE
HEHIG TOBEBUEICOWTTRED 5 DDES
FHEEL, FRNFRIZOVTHETRE KRB ER
BERUTOFHOLEGEBREL TW5,
OEFL LELEEE SN TV EIEEHIBY
LTWRWHARUREAEERE (7545
71)
OEFHEBEL BV EZBETERERL TV
BE (774707 2A), #HAAONS5, 000A
DT CTHERHEFEL B VEZRELEREERL
TWRWEE (754597 2B)
QEMLIERWHE (2947Y73)
@FV HE (771457 9UT4)
O%sRIEE (25457107 5)
EFNEFNRDIFTAFYTILEDONTWERE
HORBREHEEZRGIR L, 79457Y 7

109%, BRashTwhwekEEEnLHEFLK
RARBETAHEAR. BOBA L HNTREEE
PWRIBICEBM I N TS, —F, BESNTWwE
WHEKZERKEETAKECBVTHEES R
TWiWKED L IFHFRPEE L Twivik
EKIE, R-EDOEETITIMELTXTHET
ST AL HFTMEETH D, 75477 2A
T, ERNL2REEREEOER 2 KBEOR
FINBEZBZ B EFTELLEENRTBY., KB
HOREBEIAMTE L, REEREEOTRE
0.2mg/L L 3NTBN, ZOREEZTE- 2
AEDWAILHRETAZLEEN TS, T/,
0. Img/L KW % o 72 HE R KGRPHEEE 2o
FEEEIUMBET) 2RO LNTVS, 1
H® 5 5 T0. 2mg/L Bh Lol e £4598% bl k-
DBFAEREEBIIHEAL TV EHESNS,
774707 2B TRABREOBREICMZ ., 5%
HiEFRE, pH, BEOWENKDLATEY,
FAANDIG U T 1BEIC 1 ~ 2 B OBEHEE
EHLNTV D, BEIBEH0. 2mg/L % Tl -
EHEEIZITATYT 2A OBAERE UK
HHNTWw5,
7I9A4FVTITRITATIT 24 Li3IZF
CHESRITOATE Y, ZEBbERoERE
FROGNT VB, 754FY T4 TRAVVH
BB T—EOCHEXERT LI LR ENH
BENTVD, 7747 YT 5 TIREIRIEEIC

®-6 KEROWREHEE

KOS 47 - . BELRED | BELFD
554507 #kAD RERERE | smmen | mAof
RERE SNIFFFK TRT 1AA1E? 45(135)* 3(1)?
(79479 71)
HELL 500 A LA LEMIZ 1 13 5
HEASBRE L Cwivigs | 50LA~10,000A 1:BEC2H 5 6
HEEZES 10, 000 AR E &8 1 7
(794597 1)
ERHEELTBVEZREES 500 AL T 2BEIZ1IE 22 3
EREEHRLTWRVES 501 A~5, 000 A 1B 1 13 5
(#945972B)
FSY (254 FIT4) AT 2B 1 E 22 3
98 (254797 5)

1:HAE (3] RAEE. ABE, AL EREIDOBE ARSI ETHRET 5,
2 I EHTHICEIRKRI s AR 1D TREXEMTE 5,
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®19% H1% (5 004 B) A #E

22, 1

BIIABELREPEDLONR TV,
KEERED B2 o 2354, BEEREE
A0, lmg/L 2 TR 72358, AV D C-tfER
VRN EREN—EEE Th - 72545, BEFE
HOENTBELEBRLEEE. DWANOHE,
EARBTORGEKRE, RERORHELRIE, K
FRAE (RS CHESRVWIEE). DMK E
EEBBIT)LIREEIN TN D,

(3) EBAXBOESERE

B IRDEANNCIE U KEEEH OREEE
PRESINTV5, BEARKBEDHRKAOIB0A
U ECHEY RRBERBRESHER SN TS558,
KIBEIREBDT5% % BARIBTIT ) REERR
ETBERIDIENFEDOLNTND, BREER
REOTRIZFEHMZBHE0.2mg/L T, Thx
THEoHERABERELTI L LI TY
b HHEHTI0. Img/L 2 TE o HBAICKE
BAREZITHIZLESNTWE, wThd, BE
BROBEEIREZ G LTED SNAELUT
DA, KEXEICHEE L TWE EHESNS,
KBFERE CHEIHER I NIZIGE. BKETH
AR INIHA L EIZEROME % B K
onTirbLiThid bl vy,

(4) BRI TVWEWVWHFK (Secure Bore

Water) OE

1) WRFLRBEBEOEELZZITTCLRVWHAK

FRRDIFEOVTRRICLZ ES T
b, WENELTESLTIHA, KB TOWY
BERIAS 1 R OKDOEED%0.005% KB TH 5
TEFFHLENTBY, MFY L, suny
VA —Rrd LLEAR7 v{EmEOVT L,
THELCHET 5, KEHEOREEZHICLS
BEE, —EHEA (1E~34F) OBEICBT
53 DDKEEHE OBBRES TR T—EEE L
FEHGZVWIEEINRTVSE, WEKEEBIZESR
R, B A 4 v, BEEEERT. EERK
DEBETENEFNI B, 4%, 2.5%TH 5, &
RICAVRILEYEPET AT RWwRE, LR
DHETHRTELRVHA, RBODLKEET
V& B FEORBYRD b b,

2) FHESNIHFED S L ALITHEK
HEOREICE L T, HEHORE & BLH

5mOHEHAATOENEABLEEERTHED
BREMHICHETIRENH D, T2, HEDHE
CHLCESRE T OHESIR TV, B3
A510m R OHFK, 10m~30m DHEKTKE
BERELBVTEREOKERPEL N TV R WSS
13 RSN TWEWHEK] & iEESREZ VY,
8. ZKEEEFOBM FHIES

(1) BEIHEHEOEM
BAHTHED BRI KEEEGBDORLETRER
KEROREMWEHENERETLIETH Y, #
R OFFMIC K7z > TIRAECERIZITbLTY
BIENEZEBBICLVEREINE VAT LD
FELENTWAE, FEEICLY, KEVATLD
WE - AROWY MAORE, FHAED» S DKE
23T AREBERNBTOBMBRILOTE, KEDOH
BED SDOKEDEEEYE T 2 EERRO
BR, KEBEEH CORBEM T ORIRICEIT.
FEYBADPHEINTYS, BERKAAO
500 \BLEDOAGEEEE LR E L TBY, J§k
BIIZB AL EOBEEICILAT A TFEIC L T
b, BT OFERIIARSINTSBY, BALSED
LICREERTWS,

(2) AT OFHE & ER

ATV OFEE T, BRI EREEIEE L
TWAZ EDOMRICIA ., BRekRKEKEREDH
B0 NFNY THBIICEESA TV
ZENHEREND , IR R IIORIE R UKL
B, QBEKRYATLEMENC, BEOFE (Al
al) P OREOEEM (B, e) T TO6ERBTEHMEL.
BEBARYFENIFED2XFERLELETH
RENL, KLFRAKFEREAKLEE, WLF
BEKY AT AOFEZ R LTV 5, HAKAOD
1 BAEDKEEEAFTIEB, a. 5,001~1%
ANOFGEFEEETIEIB, by 5 FABTORESE
ZRTEC, c LEORMFITERITRDOLL T
%,

(3) EMEDFIE

X ED O N EREET S DWA BT 6
TKIE - BB ORMTIIBDEREEET 5,
KEH, BEHR, 7544071 2B L0
~DBEE, RREFORE. KEE=51) ¥ 7EHl.
MEBEARDEN., KESHEOFE L BRRR %
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F19% 15 (B9 %)

Za—V—9 ¥ FILB A KEDKEERMNE Fe, @a

EVFHES NG, BKICEREERGRERESI LY
BERIHETBOFMME shb, THBMFITH
BV Al OHUF I KERDEBRR (Aesthetic)
HEFEHECEELTWAI L RUISO & &
DRBEERVATLEBALTWE I EPLET
H5Bo

BRI AEDREE. KEOEHR. K
BFILEE, ECOKBERSETE % L20BERICOWT
FEECTV, REHTHES NS, TEALER
WKIBLTEERA VM BEDLNRTEY, KBH
FEANOTRBEEIL2BRA b, BEEEIHES
NTWHRWEEIRI2ZEA b, BARECET 25
BOFRBEL2RA L b ETH DB, a, al DFE
TR T ALDITIEBERA Y FPI0LTF, b D
WER20BT, c OBAE0UTT2dnEis
ZnEEINTnAE,

9, Za-Y—-S FRICHIBRKELEEDY
(1) HEMHE

KEEEE & LT PHRMP 2RI S TB Y,
RE (BBEK) SIEH2007 TIFAAAK AT AB00A
PLEDKEEEMRICIER &L EA R EBTIT TV 5,
FLHBEONSVREREEERICHFEEL LT
b, BEREIE. [KEIZBT 5 PHRMP 2D
72 DFgét (A Framework on How to Prepare and
Develop Public Health Risk Management Plans for
Drinking-water Supplies) |. [PHRMP SEZE D7z %
DENFBERIZHE T H1ER (Public Health Risk
Management Plan Guides) | 72.&", KEZZEKIZ
P15 PHRMP DREEZHRT A 70T T L%5D
BLTwA,

(2) HEDLHDKIE

[7KEIZBIT 5 PHRMP EED -0 D8] 1%
AEEEEAKREEFE L RKET 255 0F A%
FIEZRLA2b DT, PHRMP (KRELEHE) O
BERLRE. KET Tu—FHEOEHMEDOHR
CREFEIERZLZ V), A OKREIZBITA
MEOBRFOLER R EFEBL TS, T,
[PHRMP RE D 7= O LN\ % 153
1K EFEEEAPHRMP ODEZEEHIITHI S &
TERE L2 DT, KEOKE, BAME, B
KRR B W TRE TR EHEIRIFEOMEE, 1
BoOBEECERESNBEAOU Lo 1 FEL

TAREENTV S, H4OKESEERONE 70—
WKLo THA FEBRTHZLIZED, AE
EFEOER L FOBMESIITETI LIS IR
INTWn3b,

10. H=RA 5> R EBHROARE

(1) H—~15>ADHE '

DWA IZ & 2 REBEEEDOEFITEET IR S
FETLIATbh, KEBREOERRIL, KEHE
OBEIRT, KEEBORE. HRHOEEIH
BEREETAEVATFAPELENT NS,

(2) 1EHROAR

WINZ 38k 4 ZKEKEICET 2 EHR T INET
DRy MT—=7 VAT ATHY ., AEBZEOHY.
EREDORMT R, KREEEOZBIRI S LK
EEBILELRERIPESNTND, —FICA
HAEINTWBERIE. HARAOREO—EERRL
Vi, BUKRIRS & OEREF IR, &
AL T RVEEOAREEES. OO
BR, TI94FV 514 2100 S NFERTE
OAREXEFEH LR ETH5H, Tz, BT OFHE
RRICIUE S N TER. KEEETHEREROY A S
SEEB R, AEMRAEE IR A MBS &b
WEISRTWAESRTWSD, HEIZBEEED
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