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Follow Official methods of analysis of fertilizers
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auInsRsIRaeuRituaziadenisudn diinidouazimuinisinuns wad 8 Seldfaulads
AT1EYU8Y Official methods of analysis of fertilizers (The National Institute of Agro-Environmental
Sciences, 1987) Lﬁaﬁqaﬁmmmmamaﬁﬁimswﬁ TauAnen Pasanududunssweensvunnsguves
A8 (Range), Yaemuduidunssvesnsmunsgiuiiagiianldem (Linearity), U%mwﬁl”]qwﬁ'
A1311503LA1EILA (Limit of detection, LOD), U%mmﬁwqmﬁmmsa%Lﬂswﬁuazﬁmmmaléf (Limit of
quantitation, LOQ), AIUYNABIVBINITIATIEN (Accuracy) ﬁszé’uﬂaaﬂa%’a@q NA19 WaTAN, WaYAIIY
WUUGIVDINITILATIEA (Precision) WILUULUUNITNIUG (Repeatability precision) LATLUUNITHEN
(Intermediate precision) lne31A518% 7781983950504 (Certified reference material, CRM) lagld
Ammonium dihydrogen phosphate (SRM194a) wag Super phosphate (BCR033) Faflusuaumeanesa
FenunguTed 61.70 waz 19.34 %P,0, AUy 91nnsnIadeuantldldveisiiaseyt wuin Range
Figrapnududu 0-35 me/L Srnuliludunsefierududuinnnda 25 me/L wiirsaududu 0-25
me/L nsvluansnnuduidunss Tnefian Coefficient of Determination () = 0.9985 wazléidony 97
y

AIANTY 0-15 me/L WiaAnen Linearity wuindimanuduidunse lnefian ¥ = 1.0000 WeAnwiA LOD

way LOQ nu3laainfiu 0.3988 wag1.3190 %P205 A1Ua1aU 115 USe8agn1SAUNGU (%recovery)



94 Accuracy M152Uga (61.70 %P,05) nand (1934 %P,05) Wazsn (2.00 %P,05) I %recovery = 99.93,
98.77 Wway 98.36 % MIUAIFY uagPrecision HUTumWeanaaRIMNATEAUZS NA19 i1 Useifiudae
Horwitz's equation Wu11A1 Horrat repeatability precision iy 0.07, 0.15 kag 0.04 % AIUAINU LAy
Horrat Intermediate precision WU 0.10, 0.11 way 0.05 % ANENFU FanadiAseildurunasinig
8OUTURMINNINTFIUAING

Abstract

Analysis method of total phosphate in chemical fertilizers in order to achieve the result
which is accurate, precise, reliable and referable to international standard, the analysis method
validation is needed. The Fertilizers Analysis laboratory, Office of Agricultural Research and
Development Region 8 has modified method of the Official Methods of Analysis of Fertilizer (The
National Institute of Agro-Environmental Sciences, 1987) to assessed the range, linearity, limit of
detection (LOD), limit of quantitation (LOQ), accuracy and precision (repeatability and intermediate
precision). The validation used certified reference material (CRM) : Ammonium dihydrogen
phosphate (SRM194a) and Super phosphate (BCR033) which contain 61.70 and 19.34 9%P,0s
respectively, CRM with matrix sample (CRM + Sample blank) were analyzed. The characteristics of
the method showed that Range was not linearity at concentration more than 25 mg/L but
concentration rang 0-25 mg/L was linearity, it has Coefficient of Determination (r?) = 0.9985,
Linearity 0-15 mg/L has r* =1.0000. Limit of detection (LOD) and limit of quantitation (LOQ) were
0.3988 and 1.3190 %P,0O5 respectively. The recovery of CRM with matrix sample at 3 levels of its
concentration including high (61.70 %P,0s), medium (19.34 %P,0s5) and low (2.00 %P,05) were
99.93, 98.77 and 98.36 % respectively. The repeatability precision at high, medium and low level,
which were evaluated by HORRAT values in CRM with matrix sample were 0.07, 0.15 and 0.04
respectively. The intermediate precision at high, medium and low level, which were evaluated by
HORRAT values in CRM with matrix sample were 0.10, 0.11 and 0.05 respectively. All the values
achieved from the analysis were referable international standard. Therefore, this validate method
was fit for the intended use.
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Joflsinsamugnsildszynietunadouly fussneumauar/miefsmnefadaruinmungmang nsi
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vieaURn1sMidetiold nanfe esufiRdedlvinadinszridesiimugndes wazusiudl
melenesileeammivmalulsindvesmienulunsinmanunsasl fiRnueieTTinme

Joindl (nqaddeinuasiadl, 2551) avilaengduideinunsial neddfeimuidaden1snanniansinensds

v
ada |

fauuasisunain AOAC (2012a) 13835171 Spectrophotometric molybdovanadophosphate F433
fanailiTieseisegsiiiwoane¥auTinags wu fu fiw 1 Jo ewnsdn vious WHudu udiBdina
WU Molybdovanadate reagent (11g1U3U3) avanazneulunandmaes donarll 2 &Uaw (gﬂ“'
1) Msanpzneuiiinaindesunaslsafiivsinannniiuly dedesunaslsdiunnnmsldnsamweinassn
(HCLO,) \iteUSuan1w Molybdovanadate reagent Ti8unsa 91nuthitvesnsamesaae3niinaniuiungs
wanslituiluniswsen Molybdovanadate reagent anunseldnsnvdndunawnuld 3eldnsiaonasia
AATIERna1eq adu 1wy Official methods of analysis of fertilizers (The National Institute of Agro-
Environmental Sciences, 1987) Guide to laboratory establishment for plant nutrient analysis
(Motsara and Roy, 2008) Method in Agricultural chemical analysis (Faithfull, 2002) Method of Soil,
Plant and Water Analysis (Estefan et al, 2013) aflan15UuiRe1unszuIun1TIATIEnNY Je Lavas
UFuUTsAY (nsusfaundidu, 2553) wuit Tdnsalundn (HNO;) Wuasufuanwiliidunse wazainnns
nageuldosdunuin lidnsanazneuves Molybdovanadate reagent waagslsAniunisiiaziiinga
Tunsnuldvaununsmmesaasin suludeinsiaaeunruldlivesizlnszidsnsu Webuduainy
gnFBuLAzkiuYeIsIAT e Inen1snsiraeuauliliveisinneilaudeinsiaaounnan v
el P dudunswonslinsguresiTiaged (Range), 1aeanandudunssueinsininnsgiud
aziunlegau (Linearity), U'%mmﬁ‘hqmﬁmmm%m'ﬁwﬁiéf (Limit of detection, LOD), U'%mms?wqmﬁl
AUNT0ATIEVRAEIIBUNALA (Limit of quantitation, LOQ), AINNABIVBINITIATIER (Accuracy) 7
seduUTmNeanadags nans wagsn uazAlNLAiugIUaanN13TA (Precision) HILUUNITNIUE
(Repeatability precision) LAZLUUNTIEN (Intermediate precision) (WW25584, 2549, Eurachem, 2014)
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sUT 1 n1snnmgnauves Molybdovanadate reagent

7. 35anilu
7.1 \3asiiogunsal wazansiail

711 A% Spectrophotometer (PerkinElmer §u Lambda 40)
7.1.2  Resdanadien 4 duvis (Sartorius Ju BP221S )
7.1.3  gauauiou (Memmert 3u UM 500)
7.1.4  wngaydiagng (Thermolyne U RC2240)
7.15  doandu (Safety Lab U SHF124)
7.1.6  Volumetric pipette vuU® 1, 2, 3, 4, 5, 10 wag 50 ml
7.1.7  Volumetric flask 100, 250, 500 taz 2000 ml

1
% A

7.1.8  AspsuMueydanaue) nldlunisiesigi

q

7.2 Yad198493usas (CRM) uageansiall
721 Janeeds
~ Ammonium dihydrogen phosphate (SRM 194a) finleameSaamuniuses 61.70 %P,0;
- Super phosphate (BCR 033) fneanlesaravaniuses 19.34 % P,0;
722 Sample blank l4Uegns 0-0-60
7.2.3  Perchloric acid (HCLO WU 70 % (HCLO,)
7.2.4  Nitric acid (HNOWILTU 69-70 % (HNOs)
7.2.5 Ammoniummolybdate [(NHz)sMo7+4H,0]
7.2.6 Ammonium metavanadate (NH,VOs)
7.2.7 maazmammgmﬂaam%’a 1,000 mg/L
7.3 Reagent
73.1  NINE8AIDEN
NIANANTENING HCLO, thaz HNO; dadau 1:1 taadsunng
7.3.2 Molybdovanadate reagent (11;’18’11J’%JU?1)
7.3.2.1 43 Ammonium molybdate 54 ¢ 1d Beaker wu1m 600 ml Lamﬁfﬂﬂgu%auﬂizMWm

400 ml mulvazaie delwdu



7.3.2.2 §3 Ammonium metavanadate 2.24 ¢ ld Beaker vu1m 600 ml Lamﬁ’mébu%au
Useanas 400 ml mulsfazans salvidu deld Volumetric flask ¥u1a 2,000 ml
Wluneliluganadu iu HNO, 500 ml asluagnadne welidnriu
7.3.2.3 a1gasavanade 7.3.2.1 aslu Volumetric flask U9 7.3.2.2 9819919 1wen i
AutndulRldUsIesinalAes 2,000 ml werlidntu aaliiiy wazusuUsinms
118 2,000 ml ghethndu wenlidndu aalndy deldnafivansazans
733 asavangneanaTauinsgIuAuluty 5000 me/L W3811N SRM 194a
734 asazanginsgiuneanefaa ity 100 me/L lnganansarateansgiuneanesa
1000 mg/L U3u1ms 10 % vesUSuafideaniswden fae Volumetric pipette 1d
Volumetric flask wazU¥uuSunnstilamudidesnis
735 Working standard solution finanududu 0, 1, 3, 6, 9, 12 way 15 me/L GAERAE
msgIuneanasa 100 me/L 11 0, 1, 3, 6, 9, 12 wag 15 ml 1d Volumetric flask 100 ml
HuenUsud 10 ml wasUSuvsunastild 100 ml wazdeliednedon 30 wift Wluads
N3MUINIFINAIUTD 7.4.4
7.4 Wihaneivesmanmuelutond
741  Haee (sample wt.) 1d Erlenmeyer flask 91191125 ml
742 \RUnIngaudiegne 20 ml gesuumgay aulaaisazatela aremgnau 1@ Volumetric
flask 250 ml (take vol.) wazUSulSumseaetindy nsesansazane
743  gaasazatsfingos 5 ml (aliquot) Tl Volumetric flask 100 ml iiutine1u3ud 10 ml
warUSuUsnstile 100 mi (total vol) wazdsliagnedes 30 wni
7.4.4 @519 Calibration curve g1 Working standard solution 5@?ﬁ1ﬂﬁ@ﬂﬂ§ﬂﬂ§'uuméjw
TEGRY Spectrophotometer fANE1IAALLAT 420 UTUAS (NM) LALUIANUEUNUS
swdwqmms@ﬂﬂﬁuﬂ%"umLLazmmLSﬁwﬁmaqwgaWa%’a
745 3Lﬂiﬂxﬁ§f’aaéwﬂmaﬁﬂﬂi’ﬂmﬂﬂﬁ@ﬂﬂﬁuﬂﬁuLLﬁaé’aaLﬂ%"aa Spectrophotometer firue?
AAuLas 420 wrlwuas (nm) LLa813%1"1m393mﬂﬁuﬁﬁuumﬁuaaﬁa@ﬂwm%uLﬁsmﬁ"u
Calibration curve isl#lgmaudiduresansazais (conc. from curve)

7.4.6  AuaUTIUNeanBIAILA ANUENS

% P,Os = (conc. from curve) x take vol. x total vol. x 2.2914 x 100

1,000,000 x aliquot x sample wt.

conc. from curve AILILTURY P ludnsazausiog e (me/L)
take vol. JSumsvesansaranesiag1aiavas (ml)
total vol. USunesvesasianuanautludmsiegst (ml)

aliquot USU195999a158a18029813 (M)



sample wt. imindl9ed (o)

2.2914 ArAsTidmsUUABUUS I % P U % P,O;

7.5 nansaadeuarnlflfvasizinssvineamanmualuisad
751 AnwanadudunsveansnanIgIuresis e (Range) Amnudiudu 0-35 mg P/L

7.5.1.1 44 Sample blank 0.4xxx — 0.5xxx g 1@ Erlenmeyer flask 9110 125 ml

7.5.1.2 uansagangunsgiuneanasa 5,000 me/L Usuns 0, 5, 10, 15, 20, 25, 30 way 35
ml auiduduaz 3 41

7513 asizhenude 7.4.2 - 7.4.3 l¢asazaneneane Safinnududu 0, 5, 10, 15, 20, 25,
30 way 35 me/L

7.5.1.4 Aiaszvinude 7.4.5 manadensgandunduuas uaznaiansmanuduiug
spyismnututueanea uazAuaAsNIgAnAuAdULAY

7.5.1.5 fnsanduiidudunss Tngfinnsanaindr Correlation of determination () >
0.995 ifiatugreildurAnuanuduidunswensmuinsgiuiiazituldau
(Linearity)

752  @nwivaenududunssesnsminnsgruiianldau (Lnearity)inuidudi 0-15 mg/L

7.5.2.1 43 Sample Blank 0.4xxx — 0.5xxx g 1d Erlenmeyer flask w119 125 ml

7.5.2.2 Wuarsazargunsgiueanada 5,000 mg P/L Usuws 0, 1, 3, 6, 9, 12, uag 15 ml
Aranduduay 3 41

7523 Jasgviaute 7.0.2 - 7.4.3 laansavaneeaneSafinnududu 0, 1, 3, 6, 9, 12, uay
15 mg/L

7.5.2.4 Aisizvinnde 7.4.5 manadsnisganduniuuas wazdnaianslanuduius
ssyismnuitutureanea uazAaAsNIgANAuAdULAY

7.5.2.5 W15 udun 39 Inefiansanannel 2 dae@ee> 0.995

a

753 #nw1USunanigafiainnsaiiasizsdld (Limit of detection, LOD) uagU3uaisingn
AUNINIATIERLAYTI8UNaLS (Limit of quantitation, LOQ)
7.5.3.1 a3 Sample blank ladfiveanesadussrusenou
753.1.1 %4 Sample blank 0.4xxx — 0.5xxx g. ld Erlenmeyer flask 9110 125 ml t@naIs
finloavlodaasludnden $1uau 10 91 Tnseviude 7.4.2-7.4.3
7.53.1.2 @59 Calibration curve @ude  7.4.4  Aesizivinuneanssadisuiy

Calibration curve LLazﬁwmmﬁauLﬁmLuummgm (Standard deviation; SD)



7.5.3.1.3 dA1manien LOD uag LOQ 9ngns
LOD = 3SD
LOQ = 10SD
7.5.3.2 n38 Sample blank fvleanesadussdusenau
7.5.3.2.1 UftRnude 7.5.3.1.1 udlifuasfifieariedaadluidndes
7.5.3.2.2 UfUfeude 7.5.3.1.2 wazAIMARaY (Average; x) wavaudesuy
17m3571U (Standard deviation; SD)
7.5.3.2.3 fuIA1 LOD Way LOQ 3ngns
LOD X + 35D
LOQ X + 10SD

754 AnwanugnaeweIn1TiaTIed (Accuracy) weainanaualudeind NUinameanssa
JEAU g4 NANN haws Lagdnsiesi CRM

7.5.4.1 vanuuTuvasneanasaluansfimiu

'
v

F1 Matrix sample 0.8 — 0.50x g 31U 10 91 wazdnswinude 7.4.2-7.4.6
wazmnanududuade Tnglidudnual “x % P,0sMatrix)”
7.5.4.2 miﬁqaﬁmmgmﬁmﬁuaﬁ%wmaauﬂamﬂmﬁwmﬂmﬂ*amﬁ fiszius (2.00 %P,0, a8
LW3831910 SRM 194a)
%3 2.00 %P,05 5.xxxx g 1@ Erlenmeyer flask 125 ml wazda Matrix sample
0.8xxx — 0.5%xx ¢ ldnszaudsans wazanelalu Erlenmeyer flask Wignfu $1uau 10
1 wardnssinude 7.4.2-7.4.6 Tnelidaudnual “%P,046n)”
7,5.4.3 mafiguinnugniestesiivaaeureaiaiaasluloind fiszdunans (19.34 %P,05)
41 BCRO33 0.5xxx ¢ 1d Erlenmeyer flask 125 ml wavds Matrix sample
0.8x0x — 0.5%x ¢ Tdnszaedsans wazanelaly Erlenmeyer flask Wienfu $1uau 10
1 wardnssinude 7.4.2-7.4.6 Tneglidudnual “%P,04(nane)”

LY

7.5.4.4 Msiigalnugnaesvesisnaaeuneamaviaaualulewni Nseuas (61.70 %P,0s)

3 SRM194a 0.16xx g 1@ Erlenmeyer flask 125 ml wagds Matrix sample
0.4xxx — 0.5xxx g ldnsemudsans wazauldlu Erlenmeyer flask gy 911U 10
T uazIATIEnnuYe 7.4.2-7.4.6 lnglidydnual “%P,05(g9)”
7.5.4.5 UHaIATIEUNDANATIINLAAIUINITUIANAUNGU (% Recovery) Adil
7.5.4.5.1 Alady (Average; x) Ua9UTUNAUWBANATIIALA TTEAUAMUTNTURS)
o2k
ANRAY (x) = ——
n

75452 daulﬁmwummgm (Standard deviation; SD) vesUTuamleauavisnund

STAUAMLULTUANGE)



x = doyaiitausiazas
N = Suaunddite
7.5.4.5.3 MIMAIAUNGU (% Recovery)
% Recovery = %P,0s (G‘l;ﬂ/ NaY/ ga) - >_<%PZO5 (Matrix sample)x 100
%P,05 (CRM)

% Mean recovery = (8523 % Recovery)/n (3112U1)

Tnedlinauaieausuniy AOAC (2012b) At

AULTNTY % Mean recovery
100 % 98-102 %
> 10 % 98-102 %
> 1% 97-103 %
> 0.1 % 95-105 %

755 MIMAINLLNLUUIUEveItnaaeurlaaaviuatudeindl (Repeatability Precision)
7.5.5.1 deadwseivleamaiaiuafisedu @1 nae a9 9nte 7.5.4.2-7.5.4.4 A

Horwitz ratio (HORRAT) AUGAT

SD
%RSD, = | = , X 100
x%P,0, (1,na74,9)
Predicted Horwitz RSD, = 0.66 x 2 (1705000 C=concentration/100
HORRAT (Horwitz's Ratio) = % RSD,

Predicted Horwitz RSD,
Ingilinaueigensu Ao HORRAT < 2 AOAC (2012)
7.5.6 msmv’hmmu,m'uLmuﬁ'lsz};'ruaﬁ%mﬂaaUWQaLWWﬁu’wm’LuﬂEJmﬁ (Intermediate precision)
7.5.6.1 Innesivinameasiavauanude 7.5.4.2-7.5.0.4 Suaz 1 91 viiavan 10 Fu (33
10 )
7.5.7 AU Horwitz ratio (HORRAT) Anagns

SD
%RSDg = | = _ X 100
x%P,0 . (#1, N9, 89)
Predicted Horwitz RSDg = 2 (1-05150 " C_concentration/100
HORRAT (Horwitz's Ratio) = % RSDg

Predicted Horwitz RSDy



Tneilinaugieausu Ao HORRAT < 2 AOAC (2012)
7.5.8 ﬁ‘g‘U LagINYgIMUNANTIINN A DY

7.6 aaunaniiung
761 STELLAMAGBU : AA1AY 2557 - Fugn fugngu 2558
762 anuinagey  : vissUfuRnisinseidy nguiauinisnsvaeuiivuasladunisude

CY [y

AUNITYLATHAILINITINEHT LA 8

8.Naﬂqimﬂaa\‘llal,a$3ﬂ'ﬁﬂjﬂa

MnnsnTaeualdldvesitnislinmsiveamaimualuteind a1u3s Official methods of
analysis of fertilizers 1n&n1511A1 Range , Linearity, Limit of Detection (LOD), Limit of Quantitation
(LOQ), Accuracy way Precision 1ngLAS18918819819895U5849 (Certified Reference Material : CRM)

lonan1snAanInall

8.1 Yreanududunsivainsnunsguvesisingsy (Range)
mﬂmiLamemawwmmgm‘V\IaaV\Ia%’aaﬂu sample blank fnnududu 0-35 mg/L RTEMRREY
AnududunswensuInsgIuvesnuduiussenintaududuneanasa (me/L) fuAinisganiu
AAULET (Absorbance, Abs)®1519AANLINT 1) WU Aruuduiinnd 25 me/L nsmazliuansainy

Dudumse (GUA 2A) usngaaanududy 0-25 me/L nsvuansaududunss lnefien 2 = 0.9985 (5U

o
71 2B)
Range of P A Range of P B
15 1.5
y = 0.0512x + 0.0141
1.2 1.2
R’ = 0.9985
0.9 0.9
Abs. Abs.

0.6 0.6

0.3 0.3

0.0 0.0

0 10 20 30 40 0 10 20 30
anududunaanasa (mg/L) anududunadanada (me/L)

JUN 2 anwdisiusseninsanududumleaneada (meP/L) AunisganduLad (Abs) U8411591 Range
8.2 drsmnuludunsevasnsmunasgruiiazdianldanu (Linearity)

dendaemnududu 0-15 mg/L undurdldau lumsimsgivsinuneanesanawn lnen1sidy

ansazatgunsgiureanasaatly sample blank THdaAutguty 0-15 mg/L wazas1ansInuInggIy



ANuduiussEnInanuudurleaneda (mg/L) AuAIN1sgAndunfiuLas (Absorpbance, Abs) (11514

APRWINT 2) wud Faeanudududinaniimduiusiludunswaseuud laelda r? = 1.0000 (3U7 3)

Linearity of P
1.0
0.8
y = 0.0533x + 0.0018
2
R = 1.0000
0.6
Abs.
04
0.2
0.0 T T T 1
0 5 4 4 ‘V&OU 20
AMULTNIUNaaWasE (me/L)

JUN 3 Anuduriusseninenudntureanasa (me/L) Aunsparduuas (Abs) ¥8en1511 Linearity

8.3 USumuagaia1u1sadiasnzild (Limit of detection, LOD) wazUSunaungafianunsa
Ansziinazsneeunald (Limit of quantitation, LOQ)
3111153451294 sample blank Minasazateneanesaaciiidnios nuin Ardrudesuy
11915§1U (SD) WAy 0.1319 (M519MIARLINT 3) wazaidn SD Fuasm LOD wag LOQ éandail
SD = 0.1319
LOD = 3SD =3x0.1319 = 0.3957 %P,05
LOQ = 10SD = 10x 0.1319 = 1.3190 %P,05
8.4 AINUYNABIVAINITIATIZA (Accuracy)
1ALAT1E9%% SRM 194a wag BCR 033 Viﬁﬂ‘%mmv\laawg%’aqa na19 wagsn iU sample blank
wuin IEUSInoanesaaunade iRy 61.6564, 19.1025 uay 1.9671 % P,0s M1UE1AU WAzl
% Recovery 111U 99.93, 98.77 wag 98.36 % MINAIAU (1151901ANUINT 5,6 LaLT ALEIRY) B4
%Recovery TiAg1EAle agluinaueigansu MU AOAC (2012) e USunuseauas Lagnals Ae 98-102 %

wasNUSUUSEAIUAN AB 97-103 %



8.5 AULUUIIUBINITIATIZN (Precision)
TagiAs % SRM 194a uag BCR 033 Aifluunameanasags na1s wazsn $2ufu sample blank
Tneld Horwitz's equation Tnguszifiuaruudugiuoin1singey 2 wuu Ao AuwdugIuuUNIuG
(Repeatability precision) e AL UUYE (Intermediate precision) lanan1susziiu el
8.5.1 AuuLLE UL

8.5.1.1 NAMUINTUTEAUGY (Matrix sample + 61.70 % P,0s) 10ya31nA5NAIANUINT 5

%RSD = (SD/x) x 100

= (0.0607/61.6564) x 100 = 0.0984
Predicted Horwitz RSD= 0.66 x 2 (1051959 C=concentration ratio = (61.70/100) = 0.6170
=066 x2 (1-0.5log0.5217) =142
HORRAT (Horwitz's Ratio) = % RSD = 00984 =0.07
Predicted Horwitz RSD 1.42

8.5.1.2 NAMUINTUTEAUNAN (Matrix sample + 19.34 % P,Os) 1813105 NAANUINT 6

%RSD = (SD/x) x 100

=(0.0479/19.1025) x 100 = 0.2508
Predicted Horwitz RSD= 0.66 x 2 (1-95959 € = concentration ratio = (19.34 / 100) = 0.1934
=066 x 2 (1-0.5log 0.1934) = 1.69
HORRAT (Horwitz's Ratio) = % RSD = 0.2508 =0.15

Predicted Horwitz RSD 1.69

8.5.1.3 Audutusesiudi (Matrix sample + 2 % P,0s) U81a3INA19ANARWING 7

%RSD = (SD/;() x 100
= (0.0021/1.9671) x 100 = 0.1068
Predicted Horwitz RSD = 0.66 x 2 (17921920 € = concentration ratio = 2.00 / 100 = 0.02
066 x 2 (1705108002 _ 938

% RSD =0.1068 = 0.04
Predicted Horwitz RSD 2.38

HORRAT (Horwitz's Ratio)




31NNNTAIUIUNIAT Horrat veensnaaeueamaavualuleni Tuanmiidasdiy

WUUMIUT NsgRuaadntunaanasags nas wagen laAwindu 0.07, 0.15 uag 0.04 AuEdu

Fena 3 Areglunameeusu fAe Horrat < 2

8.5.2  nmsMmAIANLLULUUYINgn
8.5.2.1 NAMUINTUTEAUGY (Matrix sample + 61.70 % P,0s) 10ya31nA5AIANUINT 9

%RSD = (SD/x) x 100

=(0.1356/61.7573) x 100 =0.2196
Predicted Horwitz RSD= 2 (1-95050 " C=concentration ratio = (61.70/100) = 0.6170
= 9 (1-051080.5217) =215
HORRAT (Horwitz's Ratio) = % RSD =0.2196 = 0.10
Predicted Horwitz RSD 2.15

8.5.2.2 NAMUINTUTEAUNAI (Matrix sample + 19.34 % P,0s) 18ya31nANsNAANUINT 10

%RSD = (SD/x) x 100

= (0.0550/19.1263) x 100 = 0.2876
Predicted Horwitz RSD= 2 (1-051050 " C = concentration ratio = (19.34/100) = 0.1934
— 9 (1-05100.1934) =256
HORRAT (Horwitz's Ratio) = % RSD = 0.2876 = 0.11
Predicted Horwitz RSD 2.56

8.5.2.3 NIANUINTUTEAUA (Matrix sample + 2 % P,0s) T0LANANTNANARUING 11

%RSD = (SD/x) x 100

= (0.0036/1.9677) x 100 = 0.1830
Predicted Horwitz RSD = 2 (10210 ' = concentration ratio = (2.00/100) = 0.02
=9 (1-0.5 log 0.02) =360
HORRAT (Horwitz's Ratio) = % RSD = 0.1830 = 0.05

Predicted Horwitz RSD 3.60



31NNTTAIUIUNIAT Horrat vesnIsnaaeueamnavualuleni Tuanimiidasdiy
Wuuving Mszruanududuneanadags nane uagen WAwi1iu 0.10, 0.11 uag 0.05 ARy &9

4 3 Aegluinumeeusu Ae Horrat < 2

9. ajunaNIsNAaRILaTTaLEUILUEY
1nnsnsradeuanuldldvesiiiemesineanofanoualutewnd a1u35 #1uds Official
methods of analysis of fertilizers IngAlaszy CRM ifUSuaumleanosasyfugs nana uazsh Tagld CRM
A® SRM 194a (ammonium dihydrogen phosphate) wag BCR 033 (Super phosphate) finloanaa
HevuasUTes 61.70 Waz19.34 % P,Os ANUEGU Idnannsnsraaeusisil
9.1 HAnududunsiveinsnuInsgIuYeIIsATIen (Range) : aglutag 0-25 mg/L (gﬂﬁ 2)
9.2 Huaududunssveinsmuinsgiuiiaziiunlda (Linearity) : 18onda9 0-15 me/L 117
naasUmNLEITUSAINs RN AuRAULAS (Abs) Aumnuudusieanssa (me/L) wud A 1=
1.0000 Fsegluinausivaniu fio r? = 0.995 (U7 3)
9.3 Usmashandiannsaiiaszilsl (Limit of detection, LOD) #e 0.3957 9%P,0;
9.4 ﬂ'%mw?wqmﬁmmsa%mswﬁuazswmumam (Limit of quantitation, LOQ) A® 1.3190 %
P,Os
9.5 ANNYNADIVINTIATIEN (Accuracy) IUSsnamlaamiedasedu g¢ nane uazs Tuanmiidanse
WL WUl laAn %Recovery WU 99.93, 98.77 Laz98.36 % ANERU
9.6 Auwiug1veenIsiesed luanmitilansiain wwuniugn (Repeatability precision) Tneld
HorwitZ's ratio lunisusgidiu wudn Ide1 HORRAT fisedfugs nans wags dsil 0.07, 0.15 uas
0.04 Bavks 3 Arogluinasivansu fe Horrat < 2
9.7 muusiudrvesnisnadey TuanmAidansdaiis wuuyingn (ntermediate precision) Tneld
HorwitZ's ratio Tun1suszidiu wudn Ide1 HORRAT fisedugs nans wags dsil 0.10, 0.1 uas
0.05 Bavks 3 Arogluinasivensu fe Horrat < 2
MNHan1TIATIe wandliiiui 33Teseiusnaeamaaualudeind a1u3s Official
methods of analysis of fertilizers Iﬁmaﬁmswzﬁﬁﬁmmgﬂé\’m wiiugh uasidedie Hiunasiniseansuny
WINIFINEING wazaussausfinavugausianisltany
10. MmstdmanuIdlulduszlovi
10.1 mﬁmiﬁzﬁ%laaLﬁ/\lmﬁy’wumiuﬂﬂmﬁ m1u35 Official methods of analysis of fertilizers

4 1 Ly =

ansadunliiuisiesziunsgiuvesiesufuRnisiaszi nguimuinsnsiaaeud

9

'
v ao o =

LaztadunNIsNAS d1UnIFehaTWAUINISNYAS AT 8 16

10.2 WoslJUAnsinseilenniady wasenyuansusauisn1sinsellulsls 8nvianisly

9 9

v
a v A

WMl daiinag Aall
10.2.1 anduvulunisiinsegs Wewinnsalunindsiaganiinsaiwesaaein 5-10 i

@AuUNUEVDYe9a15LA3l)



1022 iy min1sanagnouves Molybdovanadate reagent (Y181U5ud) ¥al#
WiosUfjUAn1sau13aly Molybdovanadate reagent U
10.2.3 n1sliinngnauuad Molybdovanadate reagent gavililiiinnisanfuvasssuy
Andgansonluli (1ld) iligaegnisldau
10.3 Yoyafilsanansaldusznounisvenisiuses ISO/IEC 17025
11. ANYAUAM

12. 1BNE1591999

AOAC. 2012a. Official Method Of Analysis of The Association Of Official Analytical Chemists,
19™Ed. AOAC International Inc., Gaithersberg MD.

AOAC, 2012b. Appendix F : Guidelines for Standard Method Performance Requirements. 19™Ed.
Official Method. AOAC International Gaithersburg, MD. 17 #ti

Estefan, George, Sommer, Rolf and Ryan, John. 2013. Method of Soil, Plant and Water Analysis.
ICARDA. 243 p.

Eurachem. 2014. The Fitness for Purpose of Analytical Methods : A Laboratory Guide to Method
Validation and Related Topics. 2" Ed. 62 p.

Motsara, M.R. and Roy,R.N. 2008. Guide to laboratory establishment for plant nutrient analysis.
Food and Agriculture Organization of The United Nations. Rome. 205 p.

Faithfull, N.T. 2002. Method in Agricultural chemical analysis. CABI publishing. New York. 266 p.

The National Institute of Agro-Environmental Sciences. 1987. Official Methods of Analysis of

Fertilizers. Foundation Norin Kosaikai, Tsukuba-shi, Ibaraki-ken, 130 p.
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wu1dadun1snanni1ansinyns NsNvIng
INYAT NTENTINBATUALANNTAL. 66 1.
nassa dedee. 2549, wuiUURN1INAdUAINNNABIYRITT AT IEYINILATlAgY U URNTIREN.

NFUINIAAATNITUANG NTENTIEATITUAY. 124 Wi,
13. 21ANUAN

A151901ANUINT 1 AIN1IAANAUARULAY (Absorbance) wagAdduduneanasa (mg/L) ¥ee Matrix
sample (0-0-60) MvfinasazarpuInsgIuneanesa enaaeudwanuludunss

YBINTINUINTFINVONITIUATIEH (Range)

T
°

AMLTNTUY Matrix sample/ 9 1 49 2 9 3 ALQde SD



(mg P/L) Absorbance

Matrix sample (g) 0.5038 0.5033 0.5250

° Absorbance 0.0000 0.0000 0.0000 0.0000 0.0000
Matrix sample (g) 0.5118 0.5195 0.5190

° Absorbance 0.2694 0.2692 0.2698 0.2695 0.0003
Matrix sample (g) 0.5131 0.5005 0.5039

1 Absorbance 0.5321 0.5332 0.5326 0.5326 0.0006
Matrix sample (g) 0.5150 0.5206 0.5181

" Absorbance 0.7952 0.7981 0.7961 0.7965 0.0015
Matrix sample (g) 0.5046 0.5016 0.5057

20 Absorbance 1.0476 1.0764 1.0484 1.0575 0.0164
Matrix sample (g) 0.5093 0.5294 0.5073

2 Absorbance 1.2615 1.2640 1.2693 1.2649 0.0040
Matrix sample (g) 0.5030 0.5092 0.5207

%0 Absorbance 1.3804 1.3823 1.3813 1.3813 0.0010
Matrix sample (g) 0.5128 0.5194 0.5217

» Absorbance 1.4158 1.4121 1.4106 1.4128 0.0027

ATNAIANUINT 3 HAN1TIATIEN % Total P,Os ¥4 Matrix sample (0-0-60) MfiNaNTaraI8LINTFIU

Woaneda ievnA LOD way LOQ

62514’117'; Matrix sample conc.P Take vol.  Aliquit vol. Total vol.  Total P,Os
(9 (mg/L) (mU (mU) (mU) (%)
1 0.5087 2.1188 250 5 100 4.7720
2 0.5011 2.1113 250 5 100 4.8272
3 0.4915 2.0963 250 5 100 4.8865
a4 0.5014 2.0989 250 5 100 4.7960
5 0.5067 2.0987 250 5 100 4.7454



6 0.4950 2.0929 250 5 100 4.8441

7 0.5239 2.0881 250 5 100 4.5664

8 0.4941 2.0998 250 5 100 4.8689

9 0.5229 2.0992 250 5 100 4.5995

10 0.5278 2.0847 250 5 100 4.5253
Aade 4.7431
SD 0.1319
LOD (3SD) 0.3957
LOQ (10SD) 1.3190

ANSNATANLINT 4 HANITIATIEN % Total P,Os U89 Matrix sample (0-0-60)

174
o

F1fl Matrix sample conc.P Take vol.  Aliquit vol. Total vol. Total P,O;
(9 (mg/L) (mU) (mU) (mU) (%)

1 0.4993 0.0000 250 5 100 0.0000
2 0.4968 0.0000 250 5 100 0.0000
3 0.5229 0.0000 250 5 100 0.0000
a4 0.5047 0.0000 250 5 100 0.0000
5 0.5067 0.0000 250 5 100 0.0000
6 0.5284 0.0000 250 5 100 0.0000
7 0.5196 0.0000 250 5 100 0.0000
8 0.4920 0.0000 250 5 100 0.0000
9 0.4957 0.0000 250 5 100 0.0000
10 0.4960 0.0000 250 5 100 0.0000
ALade 0.0000
SD 0.0000

ANSANANUINT 5 HaNITILATIZS 61.70 % Total P,Os (SRM 194a) Tfias Matrix sample (0-0-60)

P

CIN
YIN

Matrix

sample

SRM
194a

conc.P

Take  Aliquit

vol.

vol.

Total

vol.

Total
P,0s

Total P,O.- ANade

Matrix sample

Recovery



(9 (mg/L) (MU (mU) (mU) (%) (%) (%)
1 0.5016  0.1663 8.9481 250 5 100 61.6467 61.6467 99.91
2 0.5013  0.1668 8.9828 250 5 100 61.7002 61.7002 100.00
3 0.5002 0.1670 8.9808 250 5 100 61.6126 61.6126 99.86
4 0.5023  0.1674 8.9944 250 5 100 61.5584 61.5584 99.77
5 0.5003 0.1688 9.0734 250 5 100 61.5841 61.5841 99.81
6 0.5063  0.1665 8.9587 250 5 100 61.6455 61.6455 99.91
7 0.5013  0.1660 8.9481 250 5 100 61.7581 61.7581 100.09
8 0.5045 0.1669 8.9894 250 5 100 61.7085 61.7085 100.01
9 0.5082 0.1667 8.9761 250 5 100 61.6912 61.6912 99.99
10 0.5050  0.1674  9.0090 250 5 100 61.6584 61.6584 99.93
Aade 61.6564 61.6564 99.93
SD 0.0607 0.0607 0.0984
% RSD 0.0984
ANSNAIANLINT 6 HANITIATIEH 19.34 % Total P,Os (BCR 033) Tfias Matrix sample (0-0-60)
¥ 4 Matrix BCR Take  Aliquit Total Total Total P,0Os- Anady Recovery
YN conc.P
sample 033 vol. vol. vol. P,Os Matrix sample
() (mg/L) (ML) (ml) (ml) (%) (%) (%)
1 0.5029  0.5347 8.8938 250 5 100 19.0567 19.0567 98.54
2 0.5050 0.5326 8.8897 250 5 100 19.1230 19.1230 98.88
3 0.5023  0.5340 8.8872 250 5 100 19.0675 19.0675 98.59
4 0.5010 0.5324 8.9285 250 5 100 19.2137 19.2137 99.35
5 0.5076  0.5333 8.8980 250 5 100 19.1158 19.1158 98.84
6 0.5011  0.5332 8.8979 250 5 100 19.1191 19.1191 98.86
7 0.5011 0.5331 8.8736 250 5 100 19.0705 19.0705 98.61
8 0.5012  0.5327 8.8691 250 5 100 19.0751 19.0751 98.63
9 0.5026  0.5332  8.9001 250 5 100 19.1239 19.1239 98.88
10 0.5076  0.5333 8.8719 250 5 100 19.0597 19.0597 98.55
Aade 19.1025 19.1025 98.77
SD 0.0479 0.0479 0.2475
% RSD 0.2508




ANSANANUINT 7 HANTIATIZY 2.0 % Total P,Os" Tin Matrix sample (0-0-60)

e{,‘q g Matrix 2.0 % concp Take  Aliquit Total Total Total P,O;- AaAe Recovery
sample Total vol. vol. vol. P,Os Matrix sample
(9) P,O; (mg/L) (ml) (mU) (mU) (%) (%) (%)
1 0.5027  5.1521 8.8417 250 5 100 1.9662 1.9662 98.31
2 0.5007 5.1561 8.8702 250 5 100 1.9710 1.9710 98.55
3 0.5081  5.1561 8.8557 250 5 100 1.9678 1.9678 98.39
a4 0.5025 5.1677 8.8631 250 5 100 1.9650 1.9650 98.25
5 0.5014  5.1549 8.8506 250 5 100 1.9671 1.9671 98.35
6 0.5066  5.1705 8.8876 250 5 100 1.9693 1.9693 98.47
7 0.5016  5.1576 8.8391 250 5 100 1.9635 1.9635 98.18
8 0.5025 5.1513 8.8476 250 5 100 1.9678 1.9678 98.39
9 0.5035 5.1632 8.8611 250 5 100 1.9663 1.9663 98.31
10 0.5008 5.1561 8.8540 250 5 100 1.9674 1.9674 98.37
Alady 1.9671 1.9671 98.36
SD 0.0021 0.0021 0.1056
% RSD 0.1068
RUIYLNR) " 2.0% Total P,Os 383910 SRM 1944

A1519A1ARUNT 8 NANIIILATILI % Total P,Os 909 Matrix sample (0-0-60) A& UTUAE AT

(Intermediate precision)

Sufi Matrix sample conc.P Take vol.  Aliquit vol. Total vol. Total P,O;
(9 (mg/L) (ml) (mU) (mU) (%)
1 0.4993 0.0000 250 5 100 0.0000
2 0.4968 0.0000 250 5 100 0.0000
3 0.5229 0.0002 250 5 100 0.0004
4 0.5047 0.0006 250 5 100 0.0014
5 0.5067 0.0000 250 5 100 0.0000
6 0.5284 0.0000 250 5 100 0.0000
7 0.5196 0.0001 250 5 100 0.0002
8 0.4920 0.0000 250 5 100 0.0000
9 0.4957 0.0000 250 5 100 0.0000
10 0.4960 0.0015 250 5 100 0.0035




Anadey 0.0005
) 0.0011

ANSINIARUINT 9 HANITHATIZIA 61.70 % Total P,Os (SRM 194a) fiLfin Matrix sample (0-0-60)

NAAUIUALAY (Intermediate precision)

o d Matrix SRM Take  Aliquit Total Total Total P,O;- ALaAe Recovery
MWUN conc.P
sample 194a vol. vol. vol. P,Os Matrix sample
(9 (mg/L) (MU (mU) (mU) (%) (%) (%)
1 0.5016  0.1663 8.9420 250 5 100 61.6026 61.6020 99.84
2 0.5013  0.1668 8.9807 250 5 100 61.6837 61.6832 99.97
3 0.5002  0.1670 9.0287 250 5 100 61.9391 61.9386 100.39
a4 0.5023  0.1674 9.0105 250 5 100 61.6666 61.6660 99.95
5 0.5003 0.1688 9.0782 250 5 100 61.6146 61.6141 99.86
6 0.5063 0.1665 8.9670 250 5 100 61.7006 61.7000 100.00
7 0.5013  0.1660 8.9823 250 5 100 61.9920 61.9915 100.47
8 0.5045  0.1669 89942 250 5 100 61.7394 61.7389 100.06
9 0.5082  0.1667 8.9858 250 5 100 61.7558 61.7552 100.09
10 0.5050  0.1674 9.0422 250 5 100 61.8835 61.8830 100.30
Aade 61.7578 61.7573 100.09
SD 0.1356 0.1356 0.22
% RSD 0.2196

A519ANANUINT 10 Han153ATIZ 19.34 % Total P,Os (BCR 033) FLRu Matrix sample (0-0-60)

NeEaUIuazAY (Intermediate precision)

. Matrix BCR Take  Aliquit Total Total Total P,O;s- Aade Recovery
IUN conc.P
sample 033 vol. vol. vol. P,Os Matrix sample
(9) (mg/L) (MU (mU) (mU (%) (%) (%)
1 0.5029 05347 8.8835 250 5 100 19.0340 19.0335 98.41
2 0.5050 0.5326 8.8796 250 5 100 19.1007 19.1001 98.76
3 0.5023  0.5340 8.9300 250 5 100 19.1587 19.1582 99.06
4 0.5010 0.5324 8.9411 250 5 100 19.2402 19.2396 99.48



5 0.5076  0.5333 89103 250 5 100 19.1415 19.1410 98.97

6 0.5011 05332 8.9035 250 5 100 19.1305 19.1300 98.91

7 0.5011  0.5331 8.9042 250 5 100 19.1356 19.1351 98.94

8 0.5012  0.5327 8.8656 250 5 100 19.0670 19.0664 98.58

9 0.5026  0.5332 8.9070 250 5 100 19.1380 19.1375 98.95

10 0.5076  0.5333 89015 250 5 100 19.1226 19.1221 98.87

Aade 19.1269 19.1263 98.89

SD 0.0550 0.0550 0.28
% RSD 0.2876

A139NIANUINT 11 NANITIATIZY 2.0 % Total P,0s" LA Matrix sample (0-0-60) NagouiuazATy

(Intermediate precision)

y Matrix 2.0 % Take  Aliquit Total Total Total P,0Os- Anady Recovery
MWUN conc.P
sample Total vol. vol. vol. P,Os Matrix sample
() P,Os (mg/L) (ml) (mU) (mU) (%) (%) (%)
1 0.5027  5.1521 8.8297 250 5 100 1.9634 1.9629 98.17
2 0.5007 5.1561 8.8551 250 5 100 1.9676 1.9670 98.38
3 0.5081 5.1561 8.8914 250 5 100 1.9756 1.9751 98.78
4 0.5025 5.1677 8.8673 250 5 100 1.9658 1.9653 98.29
5 0.5014 51549 88464 250 5 100 1.9661 1.9655 98.30
6 0.5066 51705 8.8880 250 5 100 1.9694 1.9688 98.47
7 0.5016  5.1576 8.8644 250 5 100 1.9691 1.9685 98.45
8 0.5025 51513 8.8422 250 5 100 1.9665 1.9660 98.33
9 0.5035 5.1632 8.8631 250 5 100 1.9666 1.9661 98.33
10 0.5008 5.1561 8.8773 250 5 100 1.9725 1.9719 98.62
Aade 1.9683 1.9677 98.41
SD 0.0036 0.0036 0.18
% RSD 0.1830

MBS " 2.0% Total P,Os 381970 SRM 1944






MTNNIAKRUINT 2 AINIYANTUATULET (Absorbance) uagAuIuTUNBanasa (mg/L) ¥ad Matrix sample TifinasararsunsgIuneaneda tenaaeudia

anududunsweasnsinasgiunasiihanldny (Linearity)

AMUTNTY  Matrix sample/ F1 @2 M3 @4 M5 6 W7 M8 @9 9@ 10  Aunade SD
(mg P/L) Absorbance

Matrix sample (g) 0.5160 0.5168 0.5233 0.5115 0.5171 0.4953 0.5058 0.5000 0.5070 0.5074

° Absorbance 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Matrix sample (g) 0.5163 0.5132 0.5055 0.5035 0.5156 0.5039 0.5276 0.5089 0.5110 0.5101

! Absorbance 0.0539 0.0541 0.0541 0.0541 0.0541 0.0540 0.0544 0.0540 0.0543 0.0542 0.0541 0.0001
Matrix sample (g) 0.5072 0.5053 0.5131 0.5050 0.5116 0.5170 0.4999 0.5059 0.5089 0.5009

’ Absorbance 0.1624 0.1623 0.1621 0.1621 0.1623 0.1625 0.1621 0.1622 0.1623 0.1619 0.1622 0.0002
Matrix sample (g) 0.5102 0.5010 0.5028 0.5279 0.5272 0.5219 0.5057 0.5101 0.5082 0.5210

: Absorbance 0.3244 0.3242 0.3241 0.3245 0.3240 0.3238 0.3242 0.3242 0.3238 0.3238 0.3241 0.0002
Matrix sample (g) 0.5029 0.5136 0.5018 0.5090 0.5023 0.5130 0.5074 0.5274 0.5255 0.5110

’ Absorbance 0.4831 0.4835 0.4834 0.4827 0.4837 0.4833 0.4825 0.4829 0.4829 0.4831 0.4831 0.0004
Matrix sample (g) 0.5122 0.5176 0.5075 0.5223 0.5204 0.5274 0.5222 0.5048 0.5178 0.5230

2 Absorbance 0.6433 0.6402 0.6419 0.6427 0.6427 0.6431 0.6425 0.6432 0.6436 0.6440 0.6427 0.0011

r Matrix sample (g) 0.5293 0.5137 0.5091 0.5088 0.5025 0.5030 0.5085 0.5125 0.5292 0.5031

Absorbance 0.7944  0.8012 0.7937  0.8003 0.8011 0.7993  0.8001  0.7964  0.8011  0.7994  0.7987  0.0028







