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performance liquid chromatography inductively coupled
plasma-mass spectrometry (HPLC-ICP-MS) 2835015
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Tuguil 1 Tnsuuuit 1 10u38Tae Codex surveillance [3]
uasiuuTl 2 18hA31ae FDA recommendation [4] vt 2 334
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Sample —
Condition in Codex surveillance
l Solvent: 0.15 mol/L HNO,
_J Heating block: 100°C for 2 h
FDA recommendation
‘ Solvent: 0.28 mol/L HNO,
Heating block: 95°C for 90 min

Extraction

Centrifugation

Important !

l Checking recovery & conversion
1. Spike recoverytest

Filtration (0.45 im) 2. Recoverytestestimated from total As
l amount (mass balance checking)
Adjustment of pH Condition| condition in Codex surveillance

l lon pair separation with OD$ column

FDA recommendation
Measurement lon exchange separation with anion exchange

column
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1. Spike R y testincludi sion
checkbetween As(lll) and As(V) 2.R y check estimated from total As
t (mass bal hecking)
MMAA
('As(lll)
As(V)

sec—> 0 50 100 150 200 250 300 350 400

Reference: T. Narukawa et al., Talanta, 77, 427-432 (2008).
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S§nAudfe Codex guideline [5] ileMgnaaouimsnziuUszas (fit for purpose) vislsi 1wu Tuilagliu
1My TaUSinaensvryetunsdludinieis HPLCICP-MS 6 T8 1Wu Method A, B, C, D, E uag F is1agiinsidents
38lau 119 Codex MR uuzummalneridumsaiiafisunnuaunsavesds (performance of methods)
Tuwmenaes Validation, Applicability, Minimum applicable range, LOD, LOQ, Precision Wag Recovery U

LNUIIN1380UTUVB935098 Codex guideline AaUs1nglu Appendix Il Information of Methods of Analysis

that are Fit for Purpose [6]

wanNi ACAC faladnimdninasiiinaldnsiraeuanuaiuisareisnisinlunismusunagunesuves

¥

ansuylusiegiomsuazied ssiudmiulfiiuisnisensda mniidelduda lagldfmua Standard method
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M19197 1 InasinsnTRaeuAaInsavedisnsinasveliuvidlusmsuasiatasnilag AOAC SMPR 2015.006

W1lne3 ek s seauiuAER
429n1596A5129 (Analytical range) 10 ppb- 1 ppm
INANANTTIATIUTUAL (LOQ) < 10 ppb
n13nauAY (Recovery) 10-100 ppb 60-115%

> 100 ppb-10 ppm 80-110%

AunIug Tl (Repeatability, RSD,) < 10-50 ppb < 20%
> 50-300 ppb < 13%

> 300 ppb-1 ppm < 12%

mwﬁﬂ‘%'fl@\' (Reproducibility, RSDg) < 10-50 ppb < 30%
> 50-300 ppb < 20%

> 300 ppb-1 ppm < 18%

BnsTanmunzay msagaelluinsnisdmsuaivanaun gl 1wy n1591 blank aualuiudisgng

1544 internal standard #1358 check standard \i@n15M539@8U instrumental drift, N15M529@UUILANTAW

n"38iA chromatographic recovery 538y mass balance wazn 1343081983303 (matrix CRMs) tdudu

LONEID19D9

1.

Arsenic Speciation in food — current status on standardization of methods for specific determination of
inorganic arsenic. Abstract from Annual NRL — EURL Workshop EURL — CEFAO, Rome, Italy.

Inorganic Arsenic Determination in Food: A Review of Analytical Proposals and Quality Assessment Over the
Last Six Years, Applied Spectroscopy, 2017, 71(1), 25-69.

Codex Alimentarius Commission CF/7 CRD 23, Preliminary report on international validation of analytical
method to determine inorganic arsenic in rice, April 2013, 1-10.

FDA Elemental Analysis Manual for Food and Related Products. Analytical Methods 4.11 Arsenic Speciation in
Rice and Rice Products Using High Performance Liquid Chromatography-Inductively Coupled Plasma-Mass
Spectrometric Determination (ver1.1; 2012).

Criterial required by the Guidelines for Establishing Numeric Values for Method Criteria and/or Assessing
Methods for Compliance Thereof, Section Il in the Procedural Manual when setting an ML at 0.35 mg/ks.
Codex Committee on Contaminants in foods, proposals for maximum levels for inorganic arsenic in husked
rice, CX/CF/16/10/5, February 2016.

Appendix F: Guidelines for Standard Method Performance Requirements, 2016 AOAC INTERNATIONAL.
AOAC SMPR 2015.006, Standard Method Performance Requirements™ (SMPRs) for Quantitation of Arsenic

Species in Selected Foods and Beverage.
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Pyranometer calibration based on spectroradiometric method
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WoeUjuRAn1sues (Radiometry Laboratory) ngusuuasuazd (Light and Color Group)

Heunsinegungiinazuds (Thermometry and Optical Metrology Department)

nsENIAINYFaasuazinalulad (Ministry of Science and Technology)
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solar radiation) sa3dnsuareanszaefiunainged
917108 Tneaunsans1asuns unasldluga5ed
dansthiletanstind (UV-B) Seddansililotanviiae
(UV-A) w@3d13 (Visible) A8 u§adaudeugwlng
(Near-IR) asouagullaundusdanuiougunag
(Mid-IR) TneUszana sdlonldluausuenionine
NATeR U Endussennied efinwdvsnavedsad
917indson15.WA suLUasanmgienniavedlan
peAn1sandeudneilan (World Meteorology
Organization; WMO) 345 1A U@L 1@ n W us3g
A7TPLYTUAUALY N ULN BIA NTNTITHITITNIY
anUduuINgIun Al 99n130a (Physikalisch
Meteorologisches Observatorium Davos; PMOD)
dedndguiaouiioudmiunsindusdofingtu

Tl w.a. 2513 dveiseniiaudsedendinglan (World

Radiation Center: WRC) sieuniiiowmeluladivad

NAI9ULEID TR (Solar cell technology) Wouu st
T aulA 08199 NIl LA TUTNAYE KazAANS 19U
il Fdimsthwswelivesulseyndldlunisnsindn
o a 1 v v a a 4 . .
W BRAANINAIAIIUTUSIdD 1 Ae (Solar irradiance
monitoring) Tussuuna anszua W 1na 191y
Wa9919108 (Photovoltaic System) Tua1913n9) Vo3
ANSHAIUIAUT
uywdlaniseusnsiduseloviinaluladsed
919n8 (Solar technology) 116 9us W.A1.550 Taen sl
' U a A e aA o v a
Winrgnesnsidefindiievilitinnisgausenielvl
waztludue wasdn1snmuLs ssutaud el
W.A.2310 UNINYIFANSINEINBIHAUATD Horace
de Saussure lasun1sungainduinineamans
::4' o 6 o @ [ a &
Aunsnveadlanfitgunsaliniiusedeniing (Solar
collector) A1l Tua1A15U UL D UL B L L@@ 14
nagadudn1sdiunldlunisreiuieins luyiall
Uninenmanivaeauialanilasunuusngnsein
WSuUSIFoRndaunsadsudundaarunia i

16 SenUsingnisaitian “Photovoltaic effect”



https://en.wikipedia.org/wiki/Photovoltaic_effect
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https://en.wikipedia.org/wiki/Charles_Fritts

Spectral Irradiance and Spectral Response

Reference Radiation spectrum at Sea m,\i\.m 1.5

[——1 Spectral Response of Thermopile Pyranometer
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EZZZ] Spectral Response of Photovaoltaic Pyranometer
E=="1 Spectral Response of Silicon Photodiode

Spectral Irradiance [ W/ m2/nm]
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uv | Visible | IR -——----->
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a a 6 YV a |
n1saeuigulasldlnsuelimesonsdauiuninsgiu
WIEUMULIATTIULNELAY SO 9847:1992 Solar energy-
Calibration of field pyranometers by comparison
to a reference pyranometer wagnsaeuiisulngly

o v v a a o , A& o a
LATDITATIAD M AV IMUA LanIzd1uN I uTIdnT
(Total direct solar irradiance) AMUUINTTIUAUIELAY
ISO 9847:1993 Solar energy - Calibration of a
pyranometer using a pyrheliometer &v13 2 UIRNT5U
° val v v vy Y Y] PN
muualidnisaeudeunaulanieaiunisinluin WRR

[ [l < [ = a I3
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1 aa | dyﬁl (7
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NMIUS YU BUNANMTINTE I NENUULIATINEUAITR
W 9anII18419nT (National Physical Laboratory;
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Faumuanaues WRR el w.a. 2553, mﬂmsmianm; H

NANITIANUINAAMULANANNAU

desiccant

fixed foot re

SENINNG 2 anatvinfiu 0.3 % laanaved WRR ga

AELNAYBY S| Unit

nsaeuleulnsuedines lnednisaou
foundulauii ainaves SlUnit arursavlé
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temperature blackbody (HTBB) #30n15@0 ULy gy
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91Mng 5 (Total global solar irradiance responsivity)
TugreArue1IPa uns1eiias osdledn1snevaues
Feanndusiessdending (Spectral responsivity) #
MNeds SnsdsEindanamaTinsueiwes
Yoldaoannudusideningsaus smuadilaain
Lﬂ%qﬁammgm annsadeuduaunsiaunsi (1)
WaiaavunnsIe i@ ldvinnnsdaliusnng
aouLioudeAsniseanandied w.e. 2560 Tngld
Spectroradiometer 413§ ULT UA LA U198 961
waz1dia3 aesnansuaseiindf Usznouainnasn
Fuou (Xenon arc lamp) $AIMAVLKUNTOLES (1.5
Global air mass filter) fivilwanvaranasuaiiou
alnasuannmaseing L uuva el auasi 19
Fyaralunisaounisu WailiileanAunainLAdeu
nanullgennansnuld saiunnsy (Spectral

outer glass dome

nﬂsmatch error) lnguwnasniauwasnana1lauy s
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N connector

housing

adjustable feet
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MY = @A | Y] | | )
AlA F9NAD @IUNFUVBIAINISADUAUDIADAIINSU
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FIEDIMALIIUYNVNA AIAUNITN 2
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Ksolar R
solar
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g instrument
=h e | §stems

nsaauisutaznsUssiliuatnulainduau
YIN13IN
nsaeulfisulnsiuedinesyfdawmesiulng
ABINITAUINITIURNTAAIANUSUS T eaUnmS
ﬁ%ﬂlﬁmﬂméaaﬁammgm sl FWHM gaaip3osile
WARYT Y LLazﬁw‘faﬁzwmﬁaauLﬁauiugULLuu

nsANNTENUvedakasiuyuung (Normal incident)

v
s % (%

NAIAD BLAIUDILASDITABDILAIDINNGILAIANN

seuUreaialns1uedinmes (Pyranometer head)
uagiifuuasvadaiosinsadifeaunadunnigu
(Cosine probe of a standard spectroradiometer)
Tagldi ufl Yuuasuesis 2 1adesnsounaumun
(Overfill by the radiant flux)

N13ATUANANIILUINGDY

el URnIsuas In1sAruANan1EwInd ey
vosgumgiiuaranutu elidulunutedmun
Y99LMTgIU 1SO/IEC 17025 Tngiifidoulunisauny
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gaumndl muaulif 23 °C + 2 °C

1%

AT AuANLIN 50 %RH + 15 %RH
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AnuSuSedsane (Total global solar irradiance)

PN a s vy A & Y = a I o a
WIW?WU@QJL@]@TJ@VLW LDLATALANIUALMAIN U UALE




Xenon Lamp

(300 Watts)
Optical Rait
Xencn Lamp
(200 Watts)
Optical Rait

5UN 2 uanansAndaiyinuas

AU liniuauvaIN1sIn
AL likineureInTInldIsn13MIN GUM $auiuiuudngaeinisguaieisnis Mente-Carlo

[

Simulation flpsAUsznaUTBIANNNLULIUTEINITINAS
> anuliludusuvesnsiaiiesannnisingr (Repeatability) vedlnsueiines

oe D

> anulyudusurean1siaii 99910015 0819990153 AU AR U IENIR TSI LT sarnn Sy
wnsgu tneldnisiimseiauudsusiusiu (Covariance analysis)
> anuliudueurein1sindeninaunainndeueInue1InaL (Wavelength accuracy)

NLATEINTIETIa R FULRTEIU dnsUseidiug £ 0.3 unluuns Tudia UV/VIS wag + 1.0 uluns

TugINIR/MIR
> avwliuduouvesmsinanananisaeuriisuveazesinssdidaunaiunnsgiu

I Distance between the reference plane of solar |
l— —_—

system and 1 front surface of detector of 400 mm

285 mm  mmm—

Lamp housing with
300 W Xenon lamp
with collimating lens

s Opiteal probe of

———————————— working standard
. spectroradiometer/

Detector of ULC




o

> anuraiardeuliiesananuazidenidaaiunndy (Spectral resolution or Bandwidth) veda3asinsad

\BeAUnATILINSEIY

> anyliudueuveinisiaiilesninnisii Spline Interpolation vaeA1ANSUSIEFsaUnns R Talaain

w3eeinsedlanasuunsgu
> aenalduiuouresnisiaiiesanueassunau (Stray light)

> manuliudueuvesmsindiesananuaiosvesniosindidideaunasuninsgu

¥ '
A )

> dranuliudueuvesnisiaiesananullaiiateonnususididsiuivesunasnnidauas (Non-
uniformity of source) Mlglun1saouliieu
> manuliudueuvesmsindesainanubiifudaduresniosindidifsaunasumnsgu

> Auly LU U UTDINITIALT 099NN ANULANA 1NUDITLULUNTENIN 2 WITULAITUTLUIUS 1989004

WAL TALLES
> anuliudueuvesnsiadionyuuesnisings (Angular Setting) vaup3osinS i@l dnasunnsgiu
> euldudueuvesnisiaiiesannisidourainareaaiosinss@dsauna susnsg Il

1 1 (% ~ a a aa v aa ¢ I 1 a s
> anuliuiuewvesnisiailesananuazidunvesasesianeaianiimesildluniseumaininsuelines

> anuldudueuvesnisiniosnngamgfiannziindsudonisivdsunlasianususdnuivunes

Insusiiines

> amulindueuresnsindioinanunainedeureagunisings (Tilt Setting) vadlnsuefines

AN liuuueureInIsinlaeludnsulnsueliwesyiamnesiulng dusunsadionegldnisaaeusu

CMP22 %838%e Kipp & Zonen WuiiiAnvindu 3.4 % fisgduainuderiu 95 % (k=2)




anUseuazasUna

szuunsaeuiisulnueiitnesvesaniusnasinewisnnd Selsiauysaluvuanndn iiessaelsid
iresindsdiBsaunniuunsguiiinldnsouaquany FWHM vedlwstuefinesusaziu usazive udeeislss
aulddnsvaeudalaerdenisnszaedudanniu (Relative power distribution) 184.A3 83951804
wasoiindTldlunsaousieu wazerfevdnnisiassduaswemasnlsuinniuou uenaniaatuannsiven
wiAgilihnisiidewisuisunansiatuiesufjiAnsaeuiiisuiaiesindsdoriing madviland
wnAnendedauing wuindeldinasinisdedudidaeinast En Ratio < 0.5 nuiiniswseufisunanisia
HNULNEUTAINET

TwsuedimesilaSunsaeufisunds Walvldeuindsderindanuasunnsiduasdesfiansan
anuAmaLAaeudLY Wisdudlufeuenmileanaruiliiniueureanisin 1y mAnuRananL LN
vaslale (Cosine response error) ArAuRanaIaLiosanadudadu (Non-linearity) Araufinnan

a

Wesnmsiisunlaigaumail (Temperature dependent effect error) N1staaueaNavaLAI 038 (Drift

Y

of instrument) \udu

AnRNssuUszNIA

AL JuvaTaUNIEAMNGUIIULAILaE Ineuinsinetgurgduazuas nelimuAaviuwazily
SN lunisasnessuvaouiieuaenaIll LasuouauNTERnl A.ATLETY Junsaney 9.a5.n9ng LAvd uas
9.95.au90d Answiidyde vewludnisasuiiisuinsesiniideoriing nalvidnd auginermans

WINeNGeRAaUINg NewaTizinsiUSeuigunan siniarounTIzieIRaUsLLLFY




LONENTD9D

a0 uNINTINE WA (Useinelng) (2560) Lana1saanIn “Calibration of Solar Irradiance
Responsivity of a Si-Detector Pyranometer by Comparison against a Working Standard Spectroradiometer
applying a Solar Simulator System as a Calibration Light Source” Ussinelng

U.S. Department of Energy, “The history of solar” https://www1.eere.energy.gov/solar/pdfs
/solar_timeline.pdf.

wladineany. “Finalulagnianin’. AUNASIN 1. NN 2 : AUgnsINITRum, 2548,

ISO 9847:1992 Solar energy - Calibration of field pyranometers by comparison to a reference

pyranometer

14



https://www1.eere.energy.gov/solar/pdfs

I 4
dn10uAmOMITITW (aoaﬂp‘nsumﬁu) asooUs
)

d

ouh 25 Unu1su 2562
fu queﬁnmaauq'ms'o'nm
N1UUJ992N916 ms’ua:lrmTuTaéium
uauamndnnssuuoy

i id
L]

o |
“1ju fl"lUﬁiﬁilﬁE)E
“) !!
! |
I '
)Uszindlng




|

! |
{ ‘ d ! i t
:ﬂSSUﬂ'ISﬂU']ﬂlTlU'IGISOl‘l.il'lllﬁOl]S:l‘YWﬂ ta)

n1sUszyua

Jun 23 NSNNIAU 2562 nj’Tsousuuqsoa n1siau
‘ ‘ {

| !
{ ] K \
i .
it
! |
| H 4
| | I8
‘ 1
I | nk"




| |

| | 3l

| ) 2
ungnduIQuUY lU'lWUlaU’ISflﬂSﬂfll”flSSUﬂ"lSﬂ'lS
3un 7 ION1aU 2562
a'lunmumm~ns$umsrnsmtioﬂn




