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Develop and Validate the Boron Analysis Method in Chemical Fertilizers

with Inductively Coupled Plasma Spectrometry Technique
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ABSTRACT

Development of Boron Analysis Techniques in Chemical Fertilizers in order to obtain accurate,
fast, accurate analytical techniques, can refer to international standards. Make it acceptable to the
laboratory Verification of the validity of the analysis method was obtained, the correlation coefficient
(r) indicating the linearity, the Linearity range and the working range passed the specified criteria. Limit
of Detection (LOD) was 0.002%Boron and limit of Quantity (LOQ) 0.004 %Boron to proof trueness and
Precision of LOQ as 100.0 %Recovery and HorRat as 0.33 acceptance criteria. Metrix effect test comparing
the slope of the curve between Standard Boron and spike standard Boron in the sample blank by the
curve. When calculating the slope of both curves. There was a difference of 3.92%, indicating that the
slope difference was not more than 10%, so there was no Metrix effect on the standard curve. Certified
Reference Material (CRM) analysis in chemical fertilizers at low, medium and high concentrations were
used to assess the accuracy from 3 methods, %Recovery were 100.0, 99.62 and 100.77% HorRat were
0.33,0.34 and 0.24 The results of analysis showed that the acceptance criteria. (% Recovery in the
concentration range 80-110% 98-102% and HorRat < 1.3). When studying ruggedness using Youden-
Steiner testing. It was found that the boron analysis was not affected by changes in the environment.
When calculating the cost of analysis. with ICP-OES and Spectrophotometer was calculated. It was also
found that the ICP-OES analytical method was cheaper and a large number of samples can be analyzed
samples per day more than Spectrophotometer. Method for analyzing boron in fertilizers using
inductively coupled plasma spectrometry. can be properly used in the laboratory It was also found that
the ICP-OES analytical method was able to analyze a large number of samples per day. no wasted
chemicals making it more convenient and quick to analyze. Boron by inductive coupled plasma spectrometry

technique can be used in the laboratory with accuracy and precision.

Keyword: method validation Boron inductively coupled plasma optical emission spectrometry
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mmm51&5&19?mmmm§smmﬂa ﬁﬂﬁﬂuﬁaam%’uﬁawﬁﬁﬁmi vnsasiseualylavesisiesen
a1 correlation coefficient (r Fuanspnnduaunss Linearity range wag Working range MU N IMUR
fusinufisaniiansnsatala (LOD) mIfu 0.002%B wagUSumsgaiansniinsznuarenunala
(LOQ) U 0.004 %B fudun1sfigaualugnao(trueness) waz A28 (Precision) 994 LOQ
¢ %Recovery iU 100.0 1 HorRat Wiy 0.33 msnadeurunameansy Metrix effect Tnai3euiiion
AMUTUVDINTIN 5291279 Std B spike standard B aslu Sample blank Ingnsiu dlomunaanuturensaw
Taaed fenuuanaefiu iy 3.92 % wanendlenudumsiulaifu 10 % 39lufl Metrix effect wo standard
curve 31A31%9 Certified Reference Material (CRM) Tusiadl fiszduAuauaus na1e wag g9 U
UizLﬁummgﬂéTaqmﬂ 3 380 A %Recovery Ay 100.0 99.62 uax 100.77% A1y A7 HorRat
Taw0.33 0.3¢ wag 0.24 AUEFU ’iuNeEo Sy (%recovery a&ﬂuﬂm 80-110% 98-102% W@z HorRat
< 1.3) MATAMTNTL INMIANMANTENUINMSUABLLUAIAN1IEIAGe Ruggedness $1u 7 6
wls 8 MINARDS Tnely Youden-Steiner testing nuan msneasuluseuluiinansznuainnisdsundas
A maammmimaa‘u aﬁaLmﬂ“mmmmmmamiL‘UaauLL‘anama LL’JfﬂaE)ll‘VlL‘lJﬁEJULLUﬁx‘ii‘ULﬁﬂU@EJ
domummumumsiinszaieades ICP-OES uaziades Spectrophotometer ‘W‘UTI msamiwuﬁﬁwmiaq
Spectrophotometeru@ﬂ%m‘&muﬂummLﬂi’]”‘lﬂmﬂﬂ’mmi’aLﬂﬁ #A81AT 04 ICP-OES AUTZHEIIAT
MIATIE MA2BLAT D Spectrophotometer ansnlesensiuudiesnefulatesninnslinsenang
13049 ICP-OES T3 meniuseuluyslasluimadadudniinddmdanaamaalnsums ansnsatanlyly
nesUfuRnslanenegnaes uasuauguarSmuIAEIaTEineiees ICP-OES anwnsnliasigviiosdla
Frurannaedty luduldesansnad vlndanuazminsandilunsiese Tuseulaslsinadndudni
wadmdanananaalnsiun annsmiwilslunesufoinisinesisgnmes wasuiudn
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lusou (Boron: B) ) dauiugasinernsfiadiddysnsanis uasfiFoningasineimsiu iflesann
ﬂimmwwsmaamsuaamﬂ LLmrmmmmﬂwmawsuluamaaulﬂﬂ’maummmmi‘wmam wzondllanedy
mmmaqmimaqwmm fiageuaiopiviauaslvnandnuesas uarfivoramenaufingsdnenoonuailaminain
LARLBEIITULTY (AN1T8N1ATUgitane, 2548) F5iasznluseulusinfinaemaiadusdniinddwda
‘wmamalfuﬂimm%'suaﬂﬁaaﬂﬁﬁamﬁwLﬁu@yaqﬁﬁ%'%Lﬂiﬁvﬁﬁﬁmm%m Tneidenleishnseniangaudu
\wdesilo guUnsnl uazansiediidos amnameﬂivammwhmiﬂgumm Fensmsrnaeuaailylavesisesns
aﬂmamwamﬁmmiwLﬂummmumﬂa Lﬁumiausum’;mms’] siithanlgluniseasuandaugnaes
wiug1 uniede asundula (fimassal, 2549) uazaenaapsfuTaimuATas ISO/IEC 17025: 2017 uagdar
Lﬂﬁ%ﬁmiwﬁmmgm (Standard Operation Procedure) viilmannuidasfulunanisdinsen uazidui
gaufuMUNINTFIUAING L'ﬂumaﬁm'amwmm fiazlalyAuafi damnn Lﬁ'aqmﬂmu’?ﬁmmﬂﬂwmvﬁu
mummawaﬂmuﬂ’%amﬁmammqq i fu i Yo iy Suduiiay maquumawgummﬂumumaq iy
wadlATEMsTiATza sTuunseuRuAMA W szuumslnuinig WndivssAnsnin saad ndanunsns uas
WJufinsnedswanany saustsassanudoduluniuanugnaesestoyananisiinsevlnuninenng
nUsznaun1snutadentsndn uasUssreuialuif elsusenaunisfinnsanniunisusulgen annuag
\LNARARTY Lﬁa‘l,ﬂ;maﬁlmwﬁl,ﬁuﬁmLﬁ?}aﬁammé’ma%’w%mi LLazsmzﬁummgfmﬁumﬁmﬂﬁﬂamﬁm'ﬁwﬁ
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WANTUNT
aunsal
GREIGH
ansazaneannsg Uluseu AL 1000 ppm
Yano19893u309 Borate Ore (SRM1835)

)
2)
) ’3’?1@51@5@%%3@@ Boric Acid (SRM 973)
)
)

AW

Hydrochlonc acid 36 - 38% (HCL) AR grade

Y

U

ﬂ’ﬁ]’eﬂiﬂ@‘u ‘U‘u@‘UiﬁVIﬁiﬂﬂﬂ’J’]Vﬁ@LﬂﬂﬂU 99.995%

6

) nlulnsiau %u@]UiEjV]ﬁiﬂﬂﬂ’J’]Mﬁ@m’]ﬂU 99.999%

&)}

Fangunsal
1) Induct|veLy Coupled Plasma Optical Emission Spectrometer (ICP-OES)
2) 3o

3) 130t nefen 4 Fumus

4) \w3oaum uaztansuilylunsufcinmsiesien

35019

1. m%‘ami’aagﬂqﬁa%’maa (Certified Reference Material: CRM) iiin15uses (Certified Value) uaza
aulauuueu (Uncertainty)izﬁummLﬁszTuqq nans i dmdunegeumyianaluseu laun
1.1 Borate Ore (SRM1835) 5.83 %B
1.2 Boric Acid (SRM 973) 17.48 %B
2. mamwﬁuaﬂm%ﬂ ICP ﬁmmzam 1fﬂyLLﬂl wavelength, plasma, view, plasma flow, auxiliary flow,
nebulizer flow, RF-power, Pump flow g Uptake
3. yedeumUSInaluseu aiaUssmAnsETInnYAsuaTEvnTal L’%‘Imﬁ’mumﬂisﬁﬁimeﬁﬂmﬂﬁ ..
2559 35 1.21.01 luseu INDUCTIVELY COUPLED PLASMA EMISSION SPECTROSCOPIC METHOD (3’1%5%’11§L‘1.Jﬂ1%,
2560)
3.1 WisNasavaneunIgIu luseu 7 Ao Ta volumetric flask 100 fadans iWunsalslnsnaesn
(HCL) 129379 10 wa.
32 F99879 0300 - Lo NS e 1 volumetric flask 100 faaans dmSUF198197 ALY
Weeni1 0.1 %Boron Wag volumetric flask 250 fadans arsuRI88197 AMALYLYY 11ANI1 0.1
%Boron LAunsalalasaasin (HCL) 139319 10 Wa. Lay 25 1. AUARU
33 wemeeseawsdunal 15 vt Usudiuiasnisinndy wenlnenfu nsesmienssaunses
Wwoas 1

34 lualaglaiaies ICP-OES
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a. sywasunalylavediznadeu Tuseu muduney
41 n15M1T2an1sle uLarALduAUA S (Working and linear range ) (Eurachem, 2014) lag
m3%@7@@%@@81’7{1@61@?{%& dwiin 1.x0x N3 1y sample blank UaglAsansaraieansgiuluseu 7
A 1a volumetric flask 100 fadans Wunsalalasaassn (HCY eans 10 wa.

v '
o [

4.2 WHINELANVENTUMIET 15 Wi USUUSUIRSAR81INaY e iy N999A18NIEAIYNTaY
Wwos 1
4.3 iluinleglaasas ICP-OES

v v

4.4 @senTMsEmNILTLTRENsazanewIey Audanaaniedlo
5. A13MATARRluNI1SRI9NU (Limit of Detection; LOD) waz@nsnfnlunsimdsusunas (Limit of
Quantitation; LOQ)
5.1 Fasennsitlufisngiiaula dhvin 1.00x n§u 1a volumetric flask 100 fiaddns (Iagvinns

AA5EH 10 9n)

5.2 @unsalalasaaesn (HCL) 139979 10 wa.
53 wemeesenvgndunan 15 undl Ysudsinsmeuindy werluanfu nsesmenseaunses
wos 1
5.4 lusalagluaias ICP-OFS
55 fuauA1 LOD way LOQ ALEAT
LOD = 3SD
LOQ = 105D
6. m‘sﬁq'«aﬁﬂ'wmmLﬁaaLLasﬂfawugﬂ@iuaqﬁixﬁUﬂmuLﬁgwﬁUu LOQ
6.1 de¥ane1edeiuses anuuvulnaifsstu LOQ thviin 1xx n3u 1d volumetric flask 100
fiaaans Inevhnsiesea 10 81)
62  sudunswuiontu 52 - 5.4 (Inevhnsiwsieninauananeiu Suas 1 91 Wuna 10 $u)
63 Fadesaediluiismiiaula timin 1xex nfumdutaneisdedusesluwnazd ANy
TnaLAesiu LOQ thnin 0.3 N3l
64  sudunswuiontu 52 - 5.4 (Inevhnsiesieniinauananeiu Suas 1 91 Wuna 10 $u)
65 tufinuavoya uandisuiisumitiaszile fumarauuinsiualaefinnsanailesidun
Aundu (%recovery) uaza1 HorRat

NSAUIN % Recovery 31NgAT

' ' v c
%Recovery = mNLAINNNTIATIER X 100

AN939
N13A1UI8L Precision
HorRat (Horwitz ’ Ratio) = RSD(r)
"PRSD(R)
RSD(r) waz PRSD(R) ﬁwmmmﬂqmﬁqﬁ
RSD(r) = SD x100
mean
PRSD(R) = 2C%" (C = mean)
100
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Tnedi
RSD(r)  wwneds ﬂﬁl:ﬁ&NL‘U‘ummgmmmimaawgwmﬁﬂuﬁamﬁﬁ&ms
PRSD(R) e ﬂﬁl:ﬁ&NL‘U‘ummgmmﬂﬁmaawgﬁsmwﬁawﬁﬁams
AU NGATVBY Horwitz equation
SD T TatIaN m,ﬁmLuummgmmﬂmimaawg’]
mean  WNeR ANRREIINANTVAEUT
C el LAvaIuLIa
NANNISEOLSU AOAC (2016) : HorRat < 1.3
1. ‘mmmmaﬂG’{ENLLaummLV]EJW]iuﬂummLsumu $in NAN G (Trueness and preC|S|on) (Eurachem 2014)
7.1 mmamaﬂsmhmmmmuh meammaaﬁmaﬂuLLma“m Feunyui nang g Ymitn 030
%y $1uau 10 91

7.2 sudumswuiiendu 3.2 - 3.4 (agvmsinseninaiuananeiu Yuas 1 91 wWunan 10 $u)

8. Anwmansznunnmsasunlatannzuazasuinany vesiamsmageuluseulagliaies ICP-OES
A8N1MAEDU Ruggedness Taedl 7 faus $1u7u 8 n1svnaes nsmaassay 4 91 Iagly Youden-Steiner
testing (amﬁumm’iwml,mqma, 2564)

8.1 @nmrmsmadeuUniiwensiegnsiudl fuanneidsuulasieislanouwen 15 wiil

8.2 anmznsegeuundnianudaseuluniswen 200 rpm fuanneiidsuulasnnudiseulunis
\en 180 rpm

83 anmezmavadeuunifissezianlumsiven 15 i fuanmefiasuwasszeznaiiunseen 20 i

8.4 dnnzmsvadeuUninlensymunseaues 1 fuannsfiasuulasilonsyamunseauos 5

8.5 @nnzmsnadeuUnalynsiensesnanain fuansiiasundaddsnsaionseum

8.6 dnnznmsnadeuUninnsesiieenwiuil fuanefiudsuulasiend 5 undl neunsesioens

8.7 @nnzmsvadeuunivesnsindileaa up take F1819 25 3l fuannyiasuuladaan
up take f108149 20 Fundi

88 T9a3u1n3gIu019893UTET AW UM 1o N1 AINAE WAEE YN 0.3 Ny
sflunswuiientu 3.2 - 3.4

89 FUIMNANTENUTBIRIMUT (B) vesumazsiauls 7 s 99n 8 mavinaes (Eftichia and Victoria, 2014)

8.10 A91501A1 | E | veunasiauys 7 s Tagan

|E|> S uanen finanssnuannsasuLUasanzInaeNveInsngey (David, 2009)

—
JERES = *E(E )
9. asULLaviwmumamimaaa Wiammﬁvwmmmm I@amiaumaumuwumi’;msﬁvw JEUTIIAINT

AAsen Sumeun AT ETUAsuLUaY uagmLuugwesIE AT eV
10. @5Uuaz18UNE

ITYSLIA 1 ganau 2562 - 30 Augneu 2564

dl o ! a v = a v £ o a a
#0IUNNINITNAADY naudduinursiall NeIIERRUITITYNITHAEANIINSINEAT ATUIVINTNYAS
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NANISNAABILAZ NI
1. anmzveuaies ICP mmneaudmiumsiasent Boron lujeiall 15a1 wavelength 7 249.772 wiluims
plasma view s[,“gigumm radial @3 plasma flow, auxiliary flow, nebulizer flow, RF-power, Pump Flow Way
Uptake la7i 16 nsmoundl, 0.8 Ansneunil, 1.2 Ansnewril, 1.200 Aladhn, 25 RPM, war 25 Sunfinudisy
Fam1519 1

M3NNL wansaneivenzandmsulvlunsivsey luseu ludewndl laglyiases ICP-OES

Parameter | Wave |Plasma|Plasma| Aux | Neb | RF |Pump|Uptake| Conc. of STD (ppm)
Length | View | Flow |[(LPM)|(LPM)|Power| Flow | (sec)
(nm) (LPM) (Kw) [(RPM)

B 249.772 | Radial 16 0.8 1.2 1200 | 25 25 0,05,1,3,6,9, 12,15

2. asmaounnlelavesiznageulusey mutuneu
2.1 mimmﬂmm LLa“waf\]ummLﬂuLaumﬂ (working range and linearity)
nsvAn linearity range Imaiwﬂsw\liwmmmmLsumummmiavmmnmmuimau WAy X)
LAE AN NYDIUAIT DTUIINLAT DY (LAY y) MEIeAITLYLT T wd RS Wuawagiusuaﬂ 0-20 mg/L B
(n i 1)

1400000
1200000

1000000

y =65,021.3243x + 3,685.7336

800000 r =1.0000

Intensity

600000
400000

200000
0 5 10 15 20 25

Conc.Boron (mg/L)

' v o € ' Yy v { [ [ d
AT 1 LEAIAILANNUSIZINAMUIINVUTDIATAZATIATEN AU JYQIUINIATOED
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2.2 M3 Working range
2.2.1 @ene1929 0-15 mg/l B 1uwa9n1sleanu (Working range) disnymananuduiusidaeu
(Correlation coefficient ; r) WA 1.0000 Fsunamniseensuiadendurislvnulunesufifinis

1200000
1000000
y =64,832.2379x + 4,064.4507
800000 r=0.99995

600000

Intensity

400000

200000

0 2 4 6 8 10 12 14 16
Conc.Boron (mg/L)

v v
[

AN 2 LERIANLAUNUSTENINANLVLYUVDIATAZAETATEN AU FYEI1NIATONED

222 NAABUNAYDY matrix effect IngLUT o UL BUAIIUTUTBINTINNIATFIUTENIS
Standard Boron solution AU Spiked Standard Boron solution aslu sample blank @ su1uLneads
AuA % RPD 983 Slope < 10% (NATA, 2018)

1200000
std B

y = 64832x + 4064.5
r=0.99995

1000000

800000

std B +sb

y = 62341x +4592.2
r=0.99995

600000

Intensity

400000

200000

0 2 4 6 8 10 12 14 16
Conc.Boron (mg/L)

AN 3 4aneNSUIBUMEUANUTUIDINTINENTaTaNENINTIIU WAENTINVDIANTALALUINTTIUALAL

standard Boron

2.2.3 msUszunaaifigaiaunsadasienle (Limit of Detection ; LOD) #agn15UseaImm

G‘?’]Viqﬂﬁaﬁmimwmmwalm (Limit of Quantitation ; LOQ)
2.23.1 mUsualuseu (%B) sfiaafianunsanagaula (Limit of Detection ; LOD) Waw

USunaulusau (%B) mgafianansasisausala (Limit of Quantitation ; LOQ) tnensinsiensitag1anluians
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Ainaaay (Sampte blank) lag spike Boron O 002 % Imamsauawa 818 SRM 973 (Boric acid) 5 Boron
17. 48% mmmlfumu 0.002 % ﬂ’W’Jm‘M’]ﬂ’lLQaEJLLauﬂ’lﬂ’J’IQJLUENLUuN’WYﬁ%’]u (9137971 2)
A3 2 waneA LOD wae LOQ vasluson

NAATIZA (%)

ey Boron

1 0.0020

2 0.0019

3 0.0018

il 0.0018

5 0.0017

6 0.0017

7 0.0016

8 0.0017

9 0.0018

10 0.0019
Average 0.0018
SD 0.00012
3SD (LOD) 0.0004
10SD (LOQ) 0.0012

3. ﬁqaﬁmwmmu (Trueness) WAz wazAALTiBg (Precision) aewadia ICP-OES 3iAs1z4t Certified
Reference Material (CRM) Tutjsiafifirnsiasusn ennsiasmy 0.004% nand 5.83 % wawgs 17.48%

C'\]’]ﬂﬂqiﬁﬂwqwuquﬁf’{’]ﬂjqﬂuﬂiu (Trueness) ﬁLLaﬂﬂ % Recovery ﬁﬂ']’]ﬂiL%@J{Jjugh 100.0 ﬁ’l']iJL{JjN{JIUﬂa'N
99.62 LLagﬂ']']iJL%ﬂJ%UQQ 100.77 %QB\IIWULHMGV;EJ@M%JU % Recovery ﬂ?qﬂJLGZ’JliJ‘{JIUﬁI'] 90-107 ﬂ’JWL“ZTM"ZT‘uﬂﬁN b e
3998-102 % Uag Precision fiAn HorRat fiATMsus 0.33 ATMLULTUNGT 0.30 ULATALLTNTUGA 0.24
Fernunamuoudy HorRat < 1.3 (AOAC, 2016) (A51371 3)
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'
a

I 3 WANTRGAUAIILLLY (Trueness) WagAIULTIES (Precision) eAUAMLINYUAT (LOQ) NA1Y &4

$18A5 AT Trueness Precision
AATITA (%) Mean SD %Recovery %RSD, %PRSD (R) HorRat (r)
LOQ 0.004 0.0001 3.001 9.1389 0.33
Boron middle 5.80 0.052 0.905 3.066 0.30
high 17.61 0.11 0.614 2.595 0.24

4. HANTSIATIENIUTOU 8 N1SNAADY (NS4 6) LAZHNANTENUVBIRILUST (F) 14 7 fiankds (m1571499 7)
nuNbuinansENUINNISUAS UL UASEN 1L AL A9LINADNYBINISNAABUAINAT?
A5 4 wana 7 aaukUs Alelunisvnaes

auUs  dyanwaldiouls annz Unil (A-G) \Wasuwlas (a-g)
A Aa SEULIANOUE e #aiisly 15 uni
B B/b soulunsiven 200 rpm 180 rpm
C C/c szpzalunIsae 15 w1 20 W1l
D b/d ATEAIYNTDY LU@%l L“ua% 5
E E/e N8N8 Wanahn e
F F/f N13NT99 N0 UN Faiala 5 undl
G G/g 32YLLIAINIT up take 25 379 20 U

= =ia %
A13197 5 LERILKUAIINAGDY 8 NMsnnasnilalunisnagsy Ruggedness

ANRAYNANITIATICI

N1SNAABY LHUNITNAADY
MInAaesd 1 A B C D E Ri
N15RNEBIT 2 A B ¢ D e R,
MINAae 3 A b C d E Rs
nneanedl 4 A b ¢ d e Rq
AIMAaesd 5 a B C d e Rs
AsNRanil 6 a B ¢ d E R¢
nsveaasil 7 a b C D e Ry
nsnAaned 8 a b ¢ D E Rs
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M13N 6 ANDALTBINANIINAG BU Ruggedness lusaulusioeayy

ANLRAYNANITIATIZY

P22 v P22 P2ES

N1INNADY ﬂ'ﬂ'}NLGUQJEUu(;])’] AITULVUYUNAN ﬂ']’]llLSUlIGUUQQ

(9%B) (9%B) (9%B)
Msvaaaii 1 0.004 5.77 17.62
Msvaaasi 2 0.004 5.72 17.42
AsNeaesdl 3 0.004 572 17.48
Msveaasil 4 0.004 5.74 17.51
AsNeaesdl 5 0.004 572 17.45
MIVAaeat 6 0.004 5.76 17.20
Msvaaasii 7 0.004 5.74 17.31
MIVAaRaT 8 0.004 5.76 17.57

ANS1N 7 NaNSENUVeRILUS (E)

HaseAIENYIal E

929ANUTUTY Boron (%)

" Na19 a9

Ea = [R1 + R2 + R3 + Rd)/4 - [R5 + R6 + R7 + R8l/4 0.0002 -0.01 0.13
Es = [R1 + R2 + R5 + R6)/4 - [R3 + R4 + R7 + R8l/4 0.0001 0.00 -0.05
Ec =[R1 + R3 + R5 + R7)/4 - [R2 + R4 + R6 + R8)/4 0.0000 -0.01 0.04
Ep = [R1 + R2 + R7 + R8]/4 - [R3 + R4 + R5 + R6)/4 -0.0001 0.01 0.07
Ee =[R1 + R3 + R6 + R8)/4 - [R2 + R4 + R5 + R7)/4 0.0001 0.02 0.04
Er = [R1 + R4 + R5 + R81/4 - [R2 + R3 + R6 + R71/4 0.0001 0.01 0.19
Ec = [R1 + R4 + R6 + R71/4 - [R2 + R3 + R5 + R6)/4 0.0001 0.02 -0.07

S 0.0003 0.03 0.19

IE|> S uanm fnansznuanmsiUdsunlaEnizsiinasueesnisnagey

5. Tinsenauauat TasiUSsufisunununsiesey seegia1nsieTey JuneunsiaTzui
Wa sunlas wazauutug1vesisinszd wuai aiualeaneinnne 1 §28879 11531AT129A3 09
Spectrophotometer AnLdu 257 28 U 1383 ICP-OES Anwdu 180.43 um AUSTEE naﬂumﬁmw W
meluszezian 1 e RIGERE VW]TJ‘EJLﬂiEN Spectrophotometer mmu 30 maam ARTILURIBLAT O ICP-OFS
$13U 240 F0819 ummmmamaummmm W 2 3% uarilvofiveidounnneiu fuanmunse 8

191



M15197 8 WAAINITIUTIUNEUAUNUNITILATIEN TLELIAINITILATIEN ANUGNABY UALYBR YoLHY
YDINITIATIENAIBLATON Spectrophotometer Uag LATBY ICP-OES

N5IATIZHRAYID N5ILATIZRAYID
AUz Azomethine H Acid Soluble

fa8LA309 Spectrophotometer fa8LA304 ICP-OES
1. fualding/1a9819 Janasesile anudeudan A Tauedesiie  anudeuaa Al
1.1Aidenanmussesesie
ITOERR Spectrophotometer 924,480 5.84 - -
- Lﬂ%aﬂ ICP-OES - - 3,390,000 10.70
- 1309t 4 s 143,750 0.27 143,750 0.27
- Lpdpsunfiegnay 368,750 4.66 368,750 4.66
- ATeaYE - - 242,000 2.62
- LHNTTLAY 100,000 1.26 - -
1.2 LvﬁlaﬂLLfTﬁLLazi’aaimmmam% 80.23 69.95
1.3 a1siadl 165.02 92.23
asualene 257.28 180.43
2. AUSZYZLIAN
- $1aufesny/u 30 240
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