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Development and Method Validation of Boron Analysis in Plant
by Inductively Coupled Plasma Spectrometry technique
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ABSTRACT

Development of boron analysis in plant using inductively coupled plasma spectrometry (ICP)
was conducted by following guidelines from the "Handbook of Methods for Plant Analysis". Its analysis condition
and matrix effects were studied. Results showed a suitable condition for boron in plant determination at
249.772 Axial wavelength, 1.2 KW RF power, 14.0 LPM plasma flow, 0.8 LPM Auxiliary flow, 1.2 LPM Nebulizer
flow, 25 RPM pump speed, and 25 seconds uptake. The slope of boron standard calibration curve and matrix
calibration curve at 0-1.2 mg/L boron concentration range with 9%RPD lower than 10% indicated that there is
no matrix effects according to NATA standard. A working range and standard curve linearity were also validated.
At 0-1.2 and 0-1.4 mg/L, the curve's correlation coefficients (r) are 0.9999 and 1.0000, respectively. The precision
of the technique was determined by HorRat values at low, medium, and high boron concentrations which are
0.5, 0.7, and 0.3, respectively. These values are acceptable according to AOAC standards. %Recovery range is
85.5-90.9 % and is also acceptable by AOAC standard. The limit of detection and limit of quantitation are 0.15
and 6.75 mg/kg, respectively. Ruggedness under different temperatures, time, and HCl volume used in washing
ashes from sample preparation process, was determined by t-test and found no significant difference in every
parameter. Therefore, analysis range is 6.75 — 27.0 mg/kg for ICP technique from the "Handbook of Methods
for Plant Analysis" is precise, accurate, reliable, and suitable for use in a laboratory.

Keywords : Boron in plant, Inductively coupled plasma spectrometry technique, Method validation
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Wauisinszuluseuluiivae madadusniinadmdanaraunaalnswms au3s Handbook of
Methods for Plant Analysis TnefAnw1an 1298911510 T189 UazAnwInaves Matrix effects AOASILATIEN
Tuseuluity nuananneiunrauvesnisinsenluseumemaia susniinddmdanarauna alnsivs
VL(ﬂyLml Wavelength WU 249.772 Axail RF power WU 1.2 kw Plasma flow w1y 14.0 LPM Auxiliary
flow WU 0.8 LPM Nebulizer flow 117U 1.20 LPM Purnp s1fu 25 RPM uay Uptake w1fU 25 sec M
N15ANw1 Matrix effects WU’Jlﬁmmsﬁlu‘Ua\‘i Standard calibration curve wag Matrix calibration curve Iu‘UI’N
Aunruluseu 0-1.2 fadnsunedns SAuAsTULEENIN 10% (%RPD<10) uansinnsnaaauludl Matrix
effects nuanAsgIU Nata wamsmwaaumwmmi’;mswv‘wLLavmqmmLﬂmaumwaqﬂs'n/\lmmﬁmaﬂuma
mmwmu 0-1.2 kay 0-1.4 maaﬂimaam Immm Correlation coefficient, r L‘Vl’m'U 0.9999 wag 1.0000

208



v

AINEIFU wamiﬁafﬂﬁmmLLﬁuﬁwﬁivﬁummmuﬁu@?w GANITGESN lapn HorRat (Horwitz’s ratio) Wiy 0.5
0.7 uaw 0.3 AIUAIAU LAY m'ﬁwmummmmm TneUszifiuain %Recovery WU aaiuma 85.5 - 90.9 %
TaruLIUE Ay mmmmaq mumammwam‘umumm%m AOAC ﬂimmmawmmmaLﬂiﬂmlm GE
Uimmmqm flannsanseiiazsenunaln dawniu 0.15 way 6.75 SadnSumenlansy nsnAgouAIY
ALYRIIEIATIEMaINN A BuLasgamgd 1an warUTinnansararensalelnsnaosniilalunisaraa
Free1e TnensUssiiunmeadn ttest wuanludauwananaiussnsdiveddyuesnsiuasunasisany
anznsnade Haimsieseluseuluiiarlurienuaey 6.75 - 27.0 dadnsunoilandy aewmaia
SusniinddndanaraunaiUalasiund a1u3s Handbook of Methods for Plant Analysis 1Ju337munzay
anunsathalalumesfiRnmsnneaiivla inmaduiifignaes uwuguazundete
fvian: Tusouluiiy wadedusinfinadmdananaunadalnsun’ msnsedeurilylavedizinse

AN

Tuseuduspemsiienssnsluuiinaues unilunumdfymenszuaunimmisdaad meluauiy
waza3sinenveaiiy wu msasentaeas nsdauenevaniuwaziumuedduvesarssznauaisivlense
dlefiy 1aluseusznelminaruinunivesifures Insamswaavenieifensyiiy Fuansernmslusounin
s0 viorinuiungre lanmsdoidudhmadesannmansvensaauiinaiu nadadendosunss Axfivn
TuseuagshlmAnnisazasmasasusznaulunquiluedn dudusunsenawaniis n1suelusevlufivnsznadh
vyt Felulpsinutesas nsvaluseusnamansenusuusslussezasyitusvesi fvfinaluseudniinendi
laanysal wnasiayduniu saflwdauesnnunfvieluiiuda windy Snsnissendh (audnd, 2537)

nsiaseni el svesita wrelvmaudenisvasiguazauduiiveessig lufwiule dedinis
"3miwﬁwawmﬂﬁﬂﬁmmmmni’ﬂmmLsgusgusuaqmslsmﬂﬁﬁlmﬁm?f@ﬁﬂ@? 9wy waila Atomic
absorption spectrometry (AAS) imAllA Inductively coupled plasma atomic emission spectrometry (ICP-
AES) wmaila Inductively coupled plasma mass spectrometry (ICP-MS) waginalla Flame atomic absorption
spectrometry (FASS) Juny (Bhandari, 2018)

mi‘iLmﬂzﬁmU‘%mmiusauiuﬁﬁnmmiaﬁﬂmmsLmﬁ'qmmﬁm (High temperature dry oxidation of
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v v

the oreanic matter) wazyni1sazaraniensalelasnassn ndsarnduiluiinsevnaemnailn Atomic
absorption spectrometry (AAS) %38 Wialla Inductively coupled plasma spectrometry (ICP-AES) (Bhandari, 2018)

Jagtumseneilusoulufivvemesufifinsinsemitefivingednsinuasuasinadosvaia
msnens Wuls Azomethine-H FadudsTnseniiloasadvsunamn warlyszoznaunulunsiesen

Y

muuﬁ]ﬂmumiwwunﬁmmLmﬂv%‘imausluwsu Wuwmada Inductively coupled plasma spectrometry Fadu
FBiidannlags sand lvanadviiames warluidufivnedauanasy Tnelad nvianmgnslinseivesds
LLazam’Jmmmuamaqmﬂmmmiaa Inductively coupled plasma spectrometer dmsunslAsEnluseu
Tuiles wenanilladnen Matrix effects nuan3sTnsnzaiuseulufiaemailn inductively coupled plasma
spectrometry #1133 Handbook of Methods for Plant Analysis laiil Matrix effects uanslaudiuan GREGELRL)
Juq lushensiivluinanenieszmnusualuseu

fiai msnsamyTnaluseuluisdianudiduesann mszassiilwsundviug wesigluseu
viefismluseufisswenenmmosnisvesiiovdolu Tunsdiifivfiviinusinluseufiuesiuluvienasaluseu
inwasnsIzansaiusnlusoulniuiie vinlnundgmnisesialuseuls fwamslinsznuiuusiglusou
fiflusgAnBamm neaunnisfignaos uiuduazidedeln Fedmnudndunesimuniziinges uasnsaaaen
arulalaves’s
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nsaraaeumiltlnvedisiinsevieiunsruaumnilwesnisussfunmuaesufifnismaaoy
\dunszuauniaiigauiniinaaouianumnzaui s lulsnaaeumuiagussase dmiuitnaaoy
finpsmsnaeuaruilylaresds loun Bihlulammesufoinsvidonaniesiiedu Fvaaeuiiluleitumsgu
vioduisivesufifinisusudey daudasnisuesgiu Filvuenvounaisumsgu uasdlansansuany
Tniunisaesislunnnaneiy aadnvasanelasiiluilyussdulunisnsrasuanylylavesis laun
prudwz Gadialunsasiany FadrinlumsTalamn 3299090151590 Aranduiaunss anawl
mmmmm ANLTIBY LayAAAMUYEIIT (Eurachem, 2014)

desn nquendieseisefiningeininnwn suaziandesmadansinuas nuideinuasad lad
m3ﬁ’mm3§mi’3Lmﬂvﬁimauiuﬁﬂj WJuwadla Inductively coupled plasma spectrometry Faduising
GUEN‘VIENIJQ‘U@ﬂﬁ muuwmaqumiwwuma zasnaeumulvlavesiiinsenivseuluiy 1ielula35da
ATgNABY uiud warundetie wieflasinsiilallafunes fiRnsinsenely

F/ANdUNS
aunsal
1. 1304 Inductlvely Coupled Plasma Spectrometer
2. \n3osdsluivimedon 4 uas 5 Fumus
3. LN
4. ;renszidos (Crucible)
5. UiUa
6. WINIAUTUINT (Volumetric flask) vu1m 50 100 2000 diaddns
7. vaoawaNERNNULMANILIA 15 uay 50 Jadans
8. NFLANYNTBAUDS 42
9. NTILNTOIN?
10. Rack dwdulavaoawanadnnuumas
11. asadl lewn Boric acid (H5805), Hydrochloric acid (HCU, thusiaannlossu (DI), Certified
Reference Materials (CRMs); NIST-1515, NIST-1547

5013
1. ANW1an198v034A5 09 Inductively coupled plasma spectrometer (ICP)  tnu g @uad1niu
n153as1zalusouluiie VLﬂyLLﬂI Wavelength RF Power Plasma flow Auxiliary flow Nebulizer flow Pump wae
Uptake
1.1 H91501ATAILDNLEAN (Intensity) WazA" Corelation coefficient 193NN TFIUd NI
a'rsasawmmgmlmauﬁmmmL{m{u 0-10.0 fiadn3unedns auAs Handbook of methods for plant
analysis (Gupta, 1998)
1.1.1 wisnasavaneuassiluseu 1000 fadnfunodng
avany Boric acid (H;B05) 0.28580 n3u meth DI uazU$uviinasdu 50 faddns
1.1.2 wisnasavansuinssmiluseu 100 fadndunodns
dueansaratsuinsgiulusou 1000 fadnfunedng Usuns 10 daddns lalu
1faUinasIug 100 faddns UsuuSuinsmeasazans 2% HCl
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1.1.3 wisnansazatouinsgiuluseu 005 2.0 4.0 6.0 8.0 10.0 dadnTunedns Tiun
asazaneinsgIuluseu 100 Sadniunedns U3inng 0 0.5 2 4 6 8 wag 10 dadans laluviniauinnsuue
100 fiadans USuUSimsmsansazaty 2% HCl

1.1.4 tharsazatounsginluseu AumutY 005 20 4.0 60 80 10.0 AadnTunodng
1717 mﬂlwmmlfuyu wae (Intensity) mywm?'aa Inductively coupled plasma spectrometer (ICP) 7 AnueIAAY
(Wavelength) WAU 184.641 nm (axial, radial) 208.956 nm (axial, radial) 249.677 nm (axial, radial) LLag
249.772 nm (axial, radial)

1.1.5 ﬁwszjyayjaﬁlﬁmagwﬂ'ﬁwxlizmlwmmLmyuszjyumaﬂmau (WU X) UATAIATUTULAS
(Intensity) (WN y)

1.1.6 MOSUNANANLLULLES (Intensity) Aanuuauluseu 10 Sadndunoans uay Ransan
szhaﬂ'LﬂuLayumwaqmﬂw;Jwmmumﬂmii’@ﬂ'wmwm{mm (Intensity) 7iA21u817AA uAeTY Tnenaadian
Correlation coefﬂoent r> O 995

12 mmmmmmm 2895 IATIZN CRMSs ; NIST-1547

1.2.1 43 CRMs; NIST-1547 (rnauivuwestuseumifu 29 fiadndumentansy) dinmin Lxoox n3u
adlunenszitos rlumnmemnian ﬁqmmﬁ 500 serwadea wuan 4 Halus

1.2.2 azanewa CRMs; NIST-1547 e 20% HCL U3anns 5 dadans

1.2.3 masavany CRMs; NIST-1547 asluviniauiuinsuuia 50 Gadans nunseaenses
\wes 42 wazuduusinasmen DI

1.2.4 1id@15ava1e CRMs; NIST-1547 1U¥aa 1A21310 1uas (ntensity) A 2815 89 1CP
fimuemedy 184.641 (axial, radial) 208.956 (axial, radial) 249.677 (axial, radial) way 249.772 (axial, radial)

1.25 ‘L‘hmaimiwzﬁmﬁqﬁ]ﬂmmgﬂgaq TngUsifiuainan %Recovery (auns 1)

%Recovery = (C1/C2)x 100 e (0

C1 = pruanruitiaszle

2= mmvgwgwuaaaﬁﬁmwm, 29 fiadnsumenlandy

\NENNI3EENSY 80 - 110 % (AOAC, 2016)

1.3 1a 90 Wavelength RF Power Plasma flow Auxiliary flow Nebulizer ﬂow Pump ey Uptake
AvlulaaiaL T uLEs (Inten5|ty maduaaummwmu 10 maaﬂimaammmawm A1 Correlation
coefficient, r > 0.995 LLavmamswmummmmawaamiame CRMS AIOSRLNEUNLA

2. ﬂﬂmmiwmumaqmLLazmiaus] enanmsinsiusevluity Tnensnageu Matrix Effects

2.1 a%uw Standard calibration curve

2.1.1 wisnasazasanasguluseu 0020406 08 10 ua 12 Teansunodns

1) ﬁ}ﬂ Boric acid (HsBOs) 0.04773 0.09546 0.14290 0.19063 0.23836 Way 0.28580 N3
Telumensados dilueniigungd 500 esmigaidea iuna 4 dalus fslilnby

2) azany Boric acid (H3BOs) ﬁiﬁymﬂmst,mﬁywﬁw DI mansazanglawaniauSinnsuung 50
finddns TnenIunsgAunTeUes 42 uarUsuuiuns (%iﬁmsazmEJmmg’mImau 167 334 500 667 834 W@y
1000 fiadn3umedng)

3)ﬂL‘Ummiazmammgm‘lmauLw{azmwmsgmiyu U3uns 1 daddns laluvanin
USinmsvunn 100 fiadans Usuusinnsaeansavany 29% HCl

4) mﬂﬁ?uﬂLilmmﬁazmammgmimauL,w{azmmmngu (49 3) USuns 12 faddns
TalurininuSuimsuunn 100 Sadans UsuuSuinsmeansazans 2% HCL
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2.1.2 ﬁwmiazmammgmimaummvgwgu 00.20.4 0.6 0.8 1.0 1.2 fadn3unedns man
ALV (Intensity) PIELAIT ICP LLazﬁﬂ%@:ﬂaﬁlﬁymagwﬂiwxhwiwmmLﬁzjuwz?uﬁummimmgmiumu
LAZAAYTIILTLILES (Intensity)
22 a;’m Matrix calibration curve
2.2.1 Fesregnsitviimidn Lo nuadluatensaiewazdaiegsiivimin 1o ndu
lagLdn Boric acid (HsB05) ATV UG mﬁ"‘umm%’emmimmgmimauiumsagw Standard calibration
curve
222 nfeEns avanelan eans wazduUiinsuuientiue 2.1
2.2.3 11aN3a¥aneue 2.2.2 MANATIULYLLAS (ntensity) An8LAT0Y ICP LLasﬁwszjyayJaﬁiéjm
519N INTEWINIANLULTLVBTUTEU (WA X) WATAIARNLLULILES (Intensity) (WNU )
2.3 fi91301ANTUIEs Standard calibration curve WUy Matrix calibration curve a WU
NARIUBIANATLL Y30 %RPD tesnI1 10% uanenlail Matrix effects (Nata, 2018)
3. asavgeualelavesissinserlusouluilvn emada ICP A3 Handbook of methods for plant
analysis
3.1 ﬁmfnmmLﬁuLa:umqsuaqﬂi”ﬁ/\lmmgmﬁuaﬁﬁiLﬂswﬁ (Linearity)
3.1.1 m'%smmsasmwwmgmlwmummﬁuﬁu 00.20.40608 1.0 1.2 way 1.4 Taansu
foART ATNTUAY 1 9
Dumansazangunsgiulusou 10 Tadn3unedng (99 2.1.1) U315 0 24 6 8 10 12
waz 14 Jadans laluvininusinmsaunn 100 fadans Usudsumsmeansazans 29%HCL
3.1.2 thansasaeasguluseu ANUTNTL 0 0.2 0.4 0.6 0.8 1.0 1.2 uae 1.4 Tadniunodns 11
o[ ﬁmammjyml,m (Intensity) GTast%a Inductively coupled plasma spectrometer (ICP) lagidanaa1ue?
AALWINGY 249.772 nm (axial) LLazamwﬁuﬂﬁmmzamﬁ’ums’imswﬁimau (@nHansAnYe 1)
3.1.3 ﬁnsgaaﬂaﬁlﬁyma;wmwlﬁzm'mmmLsdyw&uusuaﬂusau (WU X) WBTATIAIUYLRAS
(Intensity) (LAY y)
3.14 Wmimﬂmmﬁmaumq Imammm Correlation coefficient, r > 0.995 wag mmwlm
mﬁmfnmmLﬂuLaumswaqmwﬂmmgmmumﬂmm (Range)
3.2 mmmL‘ﬁuLe?umwaqﬂw/\lmmgmﬁﬁmﬂ%mu (Range)
3.2.1 \denvaaiiduiaunssnnnmsfined Linearity lnsinssuansazarounsgiulusen
AT 0 0.2 0.4 0.6 0.8 1.0 uaz 1.2 dadniunedns ANULILAE 3 91 (WSEUaNTATAIENINTTIU
wuREnfuTe 3.1)
3.2.2 ﬁwjvaaﬂaﬁioﬁjmaiywﬂﬁWiwiNmmLsuymjyusuaq‘[mau (WU X) WAZAIAIIUTULE
(Intensity) (WAU y)
323 ﬁﬁmmﬁmﬁlﬂulﬁuma é?adﬁﬂ"] Correlation coefficient, r > 0.995

v

3.3 ﬂaaﬂmwmﬁus‘h (Precision) YeRTnseiluseuluiiy fistiumnuwLTy i nans IGEAR
3.3.1 93 CRMS LLau‘UdmaEJN‘W‘U mml,%mum NANY LaTE Imsﬂ,ﬁv Trace elements in appte
leaves (NIST-1515) Aaaiaaguay 10 7 lmmivmmwmmum 6.75 fladan3unonlanda SEAUANLLLTY
a9 13.5 fiadnsumeilandy LLaziwummmmuqq 27 fadnsunedlandy wisulnensiiudiesns NIST-
1515 adlulughegnsits Tneusina NIST-1515 : faeensitey 1usall 0250 : 0.75xx 0.5:00¢ : 0.500 U@L 13000 : 0
N33 ANEIAU
3.3.2 Haipe19fiy Sample blank 0.75xx k&g 0.5xxx N3
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3.3.3 a¥aneL0181981998 3.3.1, 3.3.2 9INA5HT A28 20%HCL USanas 5 dadans ainiu
wansavans asluviniauIunsuunn 50 aaaRs HUNSEANYNTENUDS 42 LarUSUUSINASAIELA DI
3.3.4 thansazanediesns idanuuuluseulusedusin nans wazas laun 6.75 13.5 way
27 mg/kg muaiu TuTamauLLes (ntensity) aaewpdes ICP finue1andy 249.772 nm (axial)
335 YIHaTLASIEN T LA9INNITUIAT1AIINLT ULES (Intensity) FIUIA LA 8 (Mean)
AauLd 84LUUNIMIZIU (SD) A1 %RSD, A Predicted Horwitz RSD wagigauadtuusy TagUsgifiuainan
HorRat (Horwitz’s Ratio) fe@un1s (2)
HorRat = %RSD, / Predicted Horwitz RSD ..o, (2)
Predicted Horwitz RSD = 0.66 x 2!"%'°%
C = Concentration ratio
\NEUIN158eL5U HorRat 0.3-1.3 (AOAC, 2016)
3.4 figaunugnaes (Trueness) Wasi3 AT
3.4.1 FudunswuieniuLe 3.3
3.4.2 {hma‘ﬁmesﬁmﬂqaﬂmmgﬂg@q TneUszidiuainan %Recovery feauns (3)
Total % recovery = 100(Ce )/ (Cy + Ca) v, (3)
Ce= mmvgwgwaqmﬂu fortified samples
G
Cp = ANUULTLDA Analyte i
\NEUNI5ERLTU 80 - 110 % (AOAC, 2016)
3.5 mmﬂimmmawmmﬁmLmﬁvwlm (LOD) uag UimmmawmmamLm”uvma 89U

ANULVUVUVDY Unfortified samples

ual (LOQ) 9ty waf\mmmmmaqLLammuLmusﬂummm%wmmLﬁumuiymu LOQ
3.5.1 ‘UdG]’J’e]‘EJ’]\‘I‘W‘UV]Mﬂ’J’mL‘ZJ?J“U“LJSU’E]\‘II‘UiEJ‘LﬂUiS@Um“] dwiin 1o n3u adlumensuides
$1uau 10 91 vldinmemn figumnd 500 sseueaidea Wunat 4 9alus Tasdisen Tufudeaty
Tayana uaziadesdiofieadu
3.5.2 a2aneiiI0E9T0 3.5.1 M8 20% HCL U3uns 5 Gadans
3.5.3 wansaranediessadlurininuiinsauia 50 faddns HiunTzATENTONUDT 42
wazUulsinmsnaet DI
354 thansazans 3.5.3 lUTAAIAMUNLAS (ntensity) A781A3 83 ICP i A NE1IARY
249.772 nm (axial)
3.5.5 tuaAsizwilasnduanan ' Wiiemean LOD uazan LOQ fauns (@) uag (5)
LOD =350 e, (4)
LOQ = 10 S7g o (5)
3.5.6 ﬁqf\]ﬂmmmuﬁwLLazmmgﬂéTm Tumsieseafiauiurusgsu LOO
1) SiAsERANLNTLeslUSaY 31NN15 Spiked sample fiszdu LOQ
2) nadeseniila Furnaiads (Mean) AauLBauLLNASZIU (SD) A7 %RSD;
A1 Predicted Horwitz RSD uazfigauauusug Ingusziiiuaina HorRat (Horwitz’s Ratio) fsesinis (2)
3) 131maﬁmwﬁmﬁqaﬁmmgﬂ;aa Tnesziiuainan %Recovery Faasnis (3)
3.6 ANBIAUAIUTDITS (Robustness/Ruggedness)
MANAATNLYDIITIAT e TnemaiuAsunUasanizifiadnues &1 Table 1
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Table 1 Boron in plant under slightly changed conditions.

Conditions Handbook of reference methods Method for
for plant analysis slichtly changed conditions
1 Ashing 500° ¢ 4 hr. Ashing 500° ¢ 3.5 hr.
2 Ashing 500° ¢ 4 hr. Ashing 498° c 4 hr.
3 - Ashing 500° c 4 hr. - Ashing 500" c 4 hr.

- Dissolve the ash in 5 ml 20%HCLl

- Dilute solution to 50 ml

- Dissolve the ash in 4.98 ml 20%HCL

- Dilute solution to 50 ml

v v

3.6.1 nageuNsitasuulataniznsnaaesd 1 -3 lngnsiesznanuanuresiusey
99nM3 Spiked sample 7 0.5 fadniunedns Msvaaesay 10 8

3.6.2 1HANTTIIATIZNT LATEIULAAZATSNARET UNNAFBUAIILLANAITBIAULUTUTIU
(F-test) LLﬁﬂ%ﬁﬁﬁLﬂ%&JmﬁwmLaﬁsJﬁw’mﬂEj:uéf’saéwqaaqr]fcjuﬁl,ﬁuﬁaismﬂﬁ’u t-test fisvAuAndotiu 95%

STOLLIAT Fumu Aaneu 2562 Augn fugnou 2564

g
A01UNNINTITINAE D
nanwasenidefivingalinisinuasuazinfesmeallan1sinuns

NANIINAADILAZIANTAL

1. dnazueA3ed Inductively coupled Plasma spectrometer (ICP) fliingas d1usun1shasien
Tuseuluiy Taevinn1siden Wavelength RF Power Plasma flow Auxiliary flow Nebulizer flow Pump WLag
Uptake 7lianzay §afiansanainan r2 maamemmigmLLasmmLﬂT@JLLaq (Intensity) vosluseufinananuuay
10 fiadnSumedns uazan %Recovery PNMFIATIEN CRMs nunanmsilvnzay lunsinszilusou fe
Wavelength 7 249.772 nm (axail), RF Power WU 1.2 kw Plasma flow 11U 14.0 LPM Auxiliary flow
WU 0.8 LPM Nebulizer flow w1fU 1.20 LPM Pump 117U 25 RPM Uptake 11U 25 sec (Table 2)
Fanuen rUeINTMUINTFINlUTEU U 0.99992 waz fn Intensity vasluseufinuauy 10 dadn3unedns
flan Intensity mm?iqm LﬁaLﬁEJUfTUmsi’méwﬁmmmaﬂ?{uﬁm Tneilawniu 1,827,244 uagwuaen %Recovery
Y9IN15ATIZN CRMs Taiu 97.2 Fawunamiug (80-110)

Table 2 Optimum conditions of an inductively coupled plasma spectrometer (ICP) for plant’s boron analysis.

Wavelength RF Plasma | Auxiliary | Nebulizer | Pump | Uptake r Intensity | %Recovery
Power flow flow | flow (LPM) | (RPM) (sec) B 10 mg/l
(kw) (LPM) (LPM)
182.641a 1.2 14.0 0.8 1.20 25 25 0.99972 -2381 -
182.641r 1.2 14.0 0.8 1.20 25 25 0.99868 911 -
208.956a 1.2 14.0 0.8 1.20 25 25 0.99987 179,690 -
208.956r 1.2 14.0 0.8 1.20 25 25 0.99988 17,295 -
249.677a 1.2 14.0 0.8 1.20 25 25 0.99996 912,654 101.0
249.677r 1.2 14.0 0.8 1.20 25 25 0.99987 127,434 105.9
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Table 2 Optimum conditions of an inductively coupled plasma spectrometer (ICP) for plant’s boron analysis.

Wavelength RF Plasma | Auxiliary | Nebulizer | Pump | Uptake r Intensity | %Recovery
Power flow flow | flow (LPM) | (RPM) (sec) B 10 mg/l
(kw) (LPM) (LPM)
249.772a 1.2 14.0 0.8 1.20 25 25 0.99992 | 1,827,244 97.2
249.772r 1.2 14.0 0.8 1.20 25 25 0.99987 | 253,337 100.2

2. MITUMUTBITIAUALANTOLY AeNaMTIATzlusorluiiy
NaNIINA@BU Matrix effects 910 Figure 1 WU AUTUes Standard calibration curve Wigu
iy Matrix calibration curve fA1ANLANG 9130 %RPD 1Y 2.13% Bsanutumsiuluiu 10% uansn Tud
Matrix effects vialufin1ssuniuvessauararsduponisiesenluseulusas 0-12 Sadnsunedng

250000
200000
y = 171297x + 8119.2 B std ashing
150000 R2 = 0.9999
=
2 (corn + std
; 100000 ashing)-corn
50000 y = 167693x + 2928.4 Linear (std
2 — .
R? = 0.9987 ashing)
" .
0 Linear ((corn +
0 0.2 0.4 0.6 0.8 1 1.2 std ashing)-corn)

Conc. Boron (mg/l)

Figure 1 The slope of standard calibration curve and matrix calibration curve in the range of boron at 0-1.2 mg/L

3. psvaeunulylavesiinsiznluseulufivnsemaida ICP M35 Handbook of methods for
plant analysis (Gupta, 1998)
3.1 Msfin Linearity was38Tianzviuseulufiy ruauvuluseusylugas 0-1.4 fednsunedns
bLﬁ?ﬂl’l Correlation coefficient, r wﬁffu 1.0000 (Figure 2) ‘W‘U’JI’] ?ﬁ Correlation coefficient, r = 0.995 s\immwﬁmi
YON5U
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200000
180000
160000
140000
120000
100000

80000
y = 134614x + 1673.3

r = 1.0000

Intensity

60000
40000
20000

0
0 0.2 0.4 0.6 0.8 1 1.2 1.4

Conc. Boron (mg/L)

Figure 2 The linearity of calibration curve for boron at 0-1.4 mg/L.

3.2 M3AnY Range vadisdinTzviusauluiivanuuuvuluseusyluri 0-1.2 dadnsunedng laan
Correlation coefficient, r 111U 0.9999 (Figure 3) Wu11 A1 Correlation coefficient, r > 0.995 WAULNUNAT

gousU

180000
160000
140000
120000
100000

80000 y = 137755x + 3566.6

r=10.9999

Intensity

60000
40000
20000

0
0 0.2 0.4 0.6 0.8 1 1.2 14

Conc. Boron (mg/L)

Figure 3 The range of calibration curve for boron at 0-1.2 mg/L.

3.3 figauanuuaugn (Precision) vass e vluseulufivneinaiia ICP M35 Handbook of
methods for plant analysis FiszumnuanTush nans hATEN Uszifiuanan HorRat
syfuANUILTLN: 6.75 fadnduneilansa
Predicted Horwitz RSD = 0.66 x 21 0-508%508:06)
=8.17
HorRat (Horwitz’s Ratio) = 4.13/8.17

=05
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SyfuAMUEITLNANS: 13.50 faanduneilansa
Predicted Horwitz RSD = 0.66 x 2101081149609

7.31

5.37/7.31

0.7

HorRat (Horwitz’s Ratio)

FEAUANMULINYUES: 27.00 Hadnunaflaniy
Predicted Horwitz RSD = 0.66 x 2101052208505

= 6.58
HorRat (Horwitz’s Ratio) = 1.74/6.58
=03

AN HorRat fisyfumumey fh nang uazgs WU 0.5 0.7 uaz 0.3 MUAFU WUl A1 HorRat
oglura 03-13 Fernunamnisoniu uansmmsliaszluseulufivanads Handbook of methods for
plant analysis ﬁmmuﬁu&h

34 mi‘waaummmmm (Trueness) suamﬁaLﬂs%ﬂuaaﬂuwmmmmuﬂ ICP #1438 Handbook of
methods for plant analysis Vli“@‘ummvumum NATY LasEa Uszidiuanan %Recovery

Total % Recovery = 100(C¢ )/A(C, + Cp)
Ce= muwesansh fortified samples
C, = ANULTLYDS unfortified samples
Cp = ANUULTLDA analyte i
\nNEUNN13BaNSU 80 - 110 % (AOAC, 2016)
FsguANITLTLN Ci=1250C, = 7.0 uag Cy = 6.75 fadnSunenlansy
9%Recovery = 100(12.50)/(7.0 + 6.75)
=90.9%
FsgumnuLTLUIUNa Ce=18.49 C,=7.0uaz Cy=13.50 fladnsumenlansy
%Recovery = 100 (18.49)/(7.0+13.50)
=90.2 %
ﬁisé’fummvgm%uqq C=23.08 C, =0 lag Cy = 27.00 fadnsumenlansy
%Recovery = 100 (23.08)/(0+27.00)
85.5 %

A1 %Recovery ﬁizé’ummsgwgu 1 Nas LAz Wiy 90.9 90.2 ua 85.5 mmﬁwé’u Imﬂﬁmmﬁﬁ
msaam%’uaéiwm 80 - 110 F3n153AT1ZH Trueness AsAUAMUALTY 71 Nad uazg mumm%msaamu
WARIY ﬂ'lsal,ﬂmmiusaus[,uwsnmmﬁ Handbook of methods for plant analysis mmmmmaa

3.5 mimmﬂimmmamwmmsmLm’wvﬂ,m (LOD) uag Uimmmawmmmamiwvml,awswmmmalm
(LOQ) LLavmiwaﬁmmmmmaqLLa‘“m’mLmuaﬂumiamiwwwm’mLsumuivmu LOQ

NaNTIATIZN Sample blank 31u3u 10 e

LOD = 35y =3x 005 =0.15 fadn3umenlaniu

LOQ = 105’y = 10 x 0.05 = 0.50 fiadn3umanlaniu
dosnnlusesnsfiniimluseuluuiinaiigs inlvluamsommessiimiiefigauaugnaoiuasaiusie
fisziuauurulusou 050 fadnfunoflanula Sdlafigau LOQ Aisedumuanvy 6.75 dadnsune

27

Alansu Fadumnuanvuuesigafianunsanuludoansity
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wamiﬂq%ﬂ LOQ M3 Spiked sample fienuuay 6.75 Jadndunenlansu lan %Recovery
WU 90.9 HAUNAN NN5EaNSU (1NaN N158au5U 80 - 110) wazlaan HorRat tMARy 0.5 HAULN AN
M3eusu (Namn1seeusy HorRat 0.3-1.3)

3.6 NAABUATUAINUYDIITILAT1Z Inen15LUA suLUatdn vl s s nuesanan1IvLisl Nanis
SLATITAANUAINUVEIT FISANNAMISEdR t-test Tnaiflovinisiasunlasaniag annaed 12 uaz 3
(Table 3) WUIWRANANTIEE ANt < t ooy é’ﬁuaqﬂlﬁyﬁ ilerAsunlasan1IEnInAaBINLANEIFIDES
figaumadl 500 ssrnwaBua (unan 4 $lus 1y wnfeensiigaumai 500 ssmwades Wunan 3.5 dalu
uazluia0esTigmgd 498 ssmwaifea Wuan 4 Falus ludinanenisiiasgvluseuludis uenaind
n151WA sunlasusunaasazrans 20% HCL filgaraaiiaeens a1n 5wy 4.98 dadans wuan luina
pomsiaszusoulufinuiioaty

Table 3 T-test results between the plant’s boron analysis using methods form a ‘Handbook of reference

methods for plant analysis’ and methods with slightly changed conditions.

Statistical
Handbook of Method for slightly Average Value
Conditions | Reference Methods | changed conditions B mg/L (toy 2.10) Comparison
for Plant Analysis (1) (2)
(1) (2) teal
1 Ashing 500° ¢ 4 hr. Ashing 500°c 3.5 hr.| 0.499 | 0.498 0.49 ns
2 Ashing 500° ¢ 4 hr. Ashing 498° c 4 hr. 0.499 | 0.493 1.92 ns
- Ashing 500" c 4 hr. | - Ashing 500° c 4 hr. | 0.499 | 0.506 1.94 ns
- Dissolve the ash in | - Dissolve the ash in
5 ml 20%HCL 4.98 ml 20%HCL

ns = non significant at 95% confidence interval, *s = significant at 95% confidence interval
aydlanmsiwsgrluseuluiivnnaid Handbook of Reference Methods for Plant Analysis §A214ANUYBIE

ayUunan1mnaakasdalauaLuL/AwULLN

ML TiAs e nluseuluiia #1833 Handbook of reference methods for plant analysis
anmefimnzauvesnisitasisuluseumemaia ICP luil matrix effects nan1sasavaaunslalavesis
AA31%9 Linearity uay Range agﬂuﬁmmmvﬂu%u 0-1.4 uaw 0-1.2 TaAn3unadns flan r Ay 1.0000 way
0.9999 Aua1IA U s?faaqliumméﬁmiaauﬁ’u fo r=0.995 NAN1IAIIVAOUAIIN LU UE (Precision) waz
mmgﬂ(;faq (Trueness) fisgfuATILLNTL 1 NA9 wax 6N 1aA" HorRat 117U 05 0.7 uay 0.3 Mg
WuA" HorRat asﬂuﬁdaq 0.3-1.3 Famunamniseensy waglana %Recovery TisyAUANLLLTY 1 naNg Warge
WU 90.9, 90.2 ua 85.5 % Madney W‘Ui1mul,ﬂmsﬁmiaau%’u%ﬂagﬂuﬁm 80 - 110 % wag laa7 LOD Wi
0.15 fadnsuneilansy A1 LOQ wdu 6.75 dadnsunedlaniy dmfunanisnageuauamuaesis
(Robustness/Ruggedness) WuIMsWasLuuaiseuan1ziing teal <t arit wanslanisiasunlasaniy
s nusevesisinszuluseuluiiy ludanuunnaweesfitoddy manansiau3suarnsisden
aulele v09383esen uandnifiuanizinseluseuluisyisenuun 6.75 - 27.0 fadndunenlandy
aewmAdla ICP Ma38 Handbook of reference methods for plant analysis 1u3sfimunzas dauuuue

gnaes Uede waveausule
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nsunasuIFeluTduselevl
nsieziluseuluiis aemaie ICP #1133 Handbook of reference methods for plant analysis
m‘miaﬁﬂﬂﬁﬁuﬁaqﬂﬁﬁamﬁmiwﬁ%’aﬁﬁmqmﬁmﬁmwmmﬁamﬁsﬁmﬂﬁﬂmimwm nauiTeinunsied
wuAsiAnlelunosufURn13Ae33 AzomethineH Tasvauaenistinsiznazey Turasnraneur uluseu
6.75 - 270 fadnsurenlansy deaunsaddsinszusenarlulslunuauide uusnng weraudug
laegsfivsedninin insziduisfidaugnaes uiud leszernaresuazanyiuuainadilyly
wesUfTRnslndnane
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