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Method Validation of Sulfur in Chemical Fertilizer
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Igvhmsiwseilagliiaios Inductively Coupled Plasma — Optical Emission Spectrometry (ICP-OES)
WU Limit of Detection (LOD) #1AU 0.0036 %S Wag Limit of Quantitation (LOQ) winfiu 0.0127 %S
Lﬁaﬁqaﬁmmmﬂu (Accuracy) wagAAaTiEs (Precision) a9 LOQ AN %Recovery Wity 96.38%
waz HORRAT (Horwitz’Ratio) Wiy 1.20 thramsmsgiviunadamesves CRM fisssuamnududus
NANY UATE ANANAL %Recovery Lilafigavinauaiu uazA1 HORRAT (Horwitz’Ratio) YOI TIATIZ
WUUANLIAAY Lﬁaﬁqf\]ﬁm’]mﬁm I¥nan1smaaoeiell Aisviumnududusn (0.7 %S) szdupiny
WUTUNAN (17.79 %S) uagseAuANItNTUEY (30.302 %S) % Recovery Winffu 99.06%, 101.80% uag
99.19% AU A HORRAT (Horwitz’Ratio) w83msiinstesianuuusinananiy (intermediate) iy
192, 188 wazl.07 swddy mslemeiinudamesvesesnefiidnunsvenions Matrix)
waneeiy Tnen1siiiy CRM fissiuamnududusia nang wargeadly Anns %Recovery Lﬁaﬁqﬁ]ﬁmmmu
uawAn HORRAT (Horwitz’Ratio) vesmsiasssieuuusiaaaniu Wlefigaimmniies §nansmaasil
fisvueudidiusin (074 %S) sedumudidiunans (17.79 %S) wawssdummdadugs (30302 %)
%Recovery WU 99.06%, 101.85% waz 100.66% Aua1nyu A1 HORRAT (Horwitz’Ratio) U84n15ItAS18%
FUUAnaiy (ntermediate) Wiy 189, 157 wav0.87 mudduanwamsiasehitlanuinniu

\NEU9INTSERNTU (MUAOAC) Viavia (%Recovery agluyaa 98-102% uag HORRAT (Horwitz’Ratio) < 2)

Abstract



Validation of methods is the proper use of analytical methods leads to the reliable
quantitation of target analytes within the limits of measurement uncertainty. Validation of a
methods is the planned and documented procedure to establish its performance
characteristics. The performance characteristics or the validation parameters of the method
determine the suitability for its intended use. They define what the method can do under
optimized conditions of matrix solution, analyte isolation, instrumental settings, and other
experimental features. Analytical method of sulfur in chemical fertilizer by Inductively Coupled
Plasma - Optical Emission Spectrometry (ICP-OES) of Agricultural Chemistry Research Group
laboratory found that the Limit of Detection (LOD) 0.0036 %S and Limit of Quantitation (LOQ)
0.0127 %S. To prove the accuracy and precision of LOQ as 96.38%Recovery and HORRAT
(Horwitz’Ratio) as 1.20. The Intermediate analysis CRM of sulfur to prove concentrations (0.74
%S, 17.79 %S, 30.302 %S) %Recovery as 99.06%, 101.80%, 99.19% HORRAT (Horwitz’Ratio) as
1.92, 1.88, 1.07. The matrix analysis of sulfur by CRM spiked in sample fertilizer to prove
concentrations (0.74 %S, 17.79 %S, 30.302 %S) %Recovery as 99.06%, 101.85%, 100.66%
HORRAT (Horwitz’Ratio) as 1.89, 1.57, 0.87. The results of analysis showed that the (AOAC)
acceptance criteria. (%Recovery in the range 98-102% and HORRAT (Horwitz’Ratio) < 2)
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Tan919895U509 (Certified Reference Material : CRM) ey Limit of Detection (LOD) , Limit of

Quantitatio

n (LOQ) UsziiluAiaaiy (Accuracy) wagA1AuLies (Precision) lagldianensdeiuses

MvTIadames 3 seaumnududy Welviaseunaumslde (Working Range) 0-30 % S wandinds

TasgiUSinadamesiudend YawiasUjURn1sNguwITussuunsIRaeuAMA N EHIUNS

nyraeuauldlivediditaseit (Method Validation) Fudulumudefmunvesuinsgiu 1SO/IEC
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A384 Inductively Coupled Plasma - Optical Emission Spectrometry (ICP-OES) wag
gunsaiusEnau

\3oedafiagne nedieu 4 fums

W1 Hot plate
iwseauiuaztanduilflunsufoinmsinse
fgensneu waziglulpsiau

Nitric acid 69-70% (HNOs), AR grade
Hydrochloric acid 36-38% (HCl), AR grade
Sample Blank

A1582A1811955U Faines AULTNTY 1000 ppm
a7 919895U504 (Certified Reference Material)
10.1 Natural Moroccan phosphate rock (BCR-032)
10.2 Potassium sulfate Fertilizer (BCR-114)

10.3 Zinc concentrate (SRM-113b)

N15M1A1 Linear way Working Range

1.1 dahegnaifeitlifidames thmin 3x0x g ¥i1 Sample blank wasifsasasaeanasgu S
ATBUARNYNAUTNTY 1,10,40,100,200,250,300 ppm 13U 7 Aansdudu anuasnu Td
Erlenmeyer Flask @iunsanay HNO, : HCL (1:3) U3inas 40 mil tiilugeaun Hot Plate 7
gaungfliiAu 220 °C uwdemsaransuszanas 4 ml idduiigungiives

1.2 awansazay  wazdwmzneulu Erlenmeyer Flask Td Volumetric Flask wazusu
Usinasenetinndu welidniunsesansazangly Volumetric Flask fhensymunses

1.3 wansazanglannsaauaild Tube



1.4 vl TnlaeldiaTeq ICP-OES

1.5 a¥ensmserninanududuresasaraefiviien fu dugramnesedo

1.6 viamslinuieseungaasensudituiianla

1.7 wisnansazaneumsgulvogludisifienududadu dwu 6 anadudu duduns
WulAgItule 1.1-1.5 Aule Correlation Coefficient ()

N15%1 Limit of Detection (LOD) wag Limit of Quantitation (LOQ) v8¥I5N193ATIZY

Fanes

2.1 Faseenatloflaifidaeos vdinth 3x0x g 1d Erlenmeyer Flask \fisnsnuay HNO, :
HCL (1:3) Y3 40 ml lugesuu Hot Plate fioamgiiliiiu 220 °C auwde

ansavaneUszana 4 ml sliduiigamgiivies

Y

o 1

2.2 fidumsuidisrtude 1.2-1.4 uiindeya Aummdneds Aldsauuinasgiu
2.3 WA LOD uay LOQ Mugns
LOD = X +3SD
LOQ = X +10SD
2.47igayl Accuracy Waz Precision 989 LOQ laeds  #iees Urea fifinansuinsgiu
§19898 Moroccan phosphate rock (BCR-032) tJudiuuszneud3uias 0.0221%
(BCR-032 3.0031 g USuu3anmsilu 100 ml @28 nsa HNO, 4%) thsdn 3000 ¢ 1d

Erlenmeyer Flask t@unsanan HNOs : HCL (1:3) Usunas 40 ml thlugesuu Hot Plate

A 1 o a

Mamgilaiiu 220 °C suwdeasazateUsyanns 4 ml Misliunaamgiviesiiunis
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AT WuReiude 1.2-1.4 (aevinsiinszidinaiunnsedy Juas 1 suduna
10 1)

2.50ufinua %S waalSeudisurmitnseilasuaaududuiinden0.0221%)ne 91500
%Recovery HagA1 HORRAT (Horwitz’Ratio)

MMM Accuracy YediBATIEdaIDsAszRuANdtus nana g9

31493 CRM fifiuSunamnududusnfe Natural Moroccan phosphate rock (BCR-032)
0.74 %S ANULTUTUNANNAD Potassium sulfate Fertilizer (BCR-114) 17.79 %S uag
aruidiudugsfie Zinc concentrate (SRM-113b) 30.032 + 0.057 %S Uwitin 0.3 g
ld Erlenmeyer Flask

3.2 Funsaras HNO, : HCL (1:3) Yianas 40 ml thlugeeuu Hot Plate figamgiilsitiu 220
“C yuimBomsavasUssina 4 ml fsliduiigumgiivies

3 3guflunTiasen Wudeatude 1.2-1.4 Aaevinisinssd 3 sedurnududu an

WUTUAY 10 91 hUUANIIY)



2.40UfNKa %S wawUSsuisuAIIesIzAlauANSUSERY  CRM  1agn1siansan
%Recovery M3 AOAC Peer-Verified method ,Nov. 1998 tnausiniseeusuaglutas
98-102%

=r=1 o =
ATATIEVLA

%Recovery = x 100

A1dada (sntiieed)
3.5 Yasegelenidnuvazvadileans (Matrix) unndnaiu Ae Jg Urea wagda CRM A3

Wntuen nane geasludmidn 0.3xx ¢ T Erlenmeyer Flask  aniiun1sinsnesi

6 a

wudafiute 3.2-33 (Inevinsiesieii 3 sedumududy anududuay 10 9
WUUANNTY)
4. MIMAT Precision Ye9isAnszidaiesiissiunnududusi na GN

4145 CRM fifUSnasmududuside Natural Moroccan phosphate rock (BCR-032)
0.74 %S AMITUTUNAIIAD Potassium sulfate Fertilizer (BCR-114) 17.79 %S uag
Ardudiugeie Zinc concentrate (SRM-113b) 30.032 + 0.057 %S H9tin 0.3 g
Td Erlenmeyer Flask L@unsanes HNO; : HCL (1:3) Usinas 40 mil ihlugesuu Hot Plate
flgnmnfilahiiu 220 ° C aumBeansazaneUszana 4 ml idliBuiigungiivies

4.2 dlumsieseiduientude 1.2-1.4 (aevhnsiasizid 3 seruanududu ey
Fuduay 10 91 wuuseiu)

4.3 Juiinua %S LazA1uIumA1 Precision lagld Horwitz equation

4.4 gfiunsIATITATULREINUTe 3.5

4.5 M5UseuA Precision Tutnausinisuseidiulyg HORRAT (Horwitz’ Ratio)
YRSD
Predicted Horwitz RSD
LNUN1T89U5U AOAC : HORRAT (Horwitz’Ratio) < 2

Predicted Horwitz RSD = 0.66 x 2(10°\59

HORRAT (Horwitz’Ratio) =

C = Concentration ratio

5D
% RSD =— x 100
, X
- naMasEnIun 1 manAw 2556 - 30 fAugngy 2557 NqUITBINYRTIAN NUK.
8. Wan1sNAavILaziIvIsal
1. n191A Linear wag Working Range
1.1 Nan19InaNsaraIeuInsgIuiesen 7 seaunnuduty Ae 1,10,40,100,200,250,300

ppm aA1 Correlation Coefficient (r) iy 0.999963



1.2 HaNTInENTasasuInIFINMATEY 6 FEAUANLLTNTY AD 1,10,40,100,200,250 ppm
ANNNSABUAUDY 3 91 WIAS9ASINTENINANULYNTUYDIETazANe @S e AU

Tyanaunnniesesile TiAn Correlation Coefficient (r) winffu 0.999993731

. y = 768.4767427824x - 313.3199202697
Linear Range R? = 0.9999874620
250000 Corr Coeff.= 0.999993731
200000
150000 =——Seriesl

—fli—Series2
100000 / Series3
50000 ——mean
."/ — Linear (mean)
0

LA ]

0 50 100 150 200 250 300

Intensity (cps)

concentration (mg/L)

AT 1 ATIMLAAIANELRUSTENINANUTLTUYBIENTaZANBTIWSBL AU FQIuInLATele
2. @nMEUpATed ICP dmsunsinssvdamesiudeowndl TldnanueIndu 181.975 nm uay
YRANULUTUVDIETAZALNINTFIUNLT A9 0,1,10,40,100,200,250 ppm

M19199 1 Uan9an1Ise09Asel ICP dmsunmsinszidameasiudewndl

Wave Plasma Aux Neb Power Plasma Flow Flush Wash Wash ANILTNYUVDS STD.

Length  (L/min) (L/min) (L/min) (watts) View Rate Time rate Time (ppm)
(nm) (mU/min) (second) (ml/min) (second)
181975 15 0.2 0.8 1300  Radial 1.5 15 2.5 20 0,1,10,40,100,200,250

3. mnsnaeumuldldveditiiareiminnadamesulaniilaenismear  Limit  of
Detection (LOD) , Limit of Quantitation (LOQ) , Accuracy W@ Precision WU
NNAMTAATIENFIRE19U8 Sample blank
st LOD = X+3SD

LOQ = x+10SD

g Accuracy Wag Precision ¥8¢ LOQ A1NHANTIATIENFIRE Urea iU
BCR-032 (0.0221%S) l6iA1%S 1wde 0.0213 waz SD = 0.0012 Fuans %Recovery =
96.38% WazA1 HORRAT (Horwitz’Ratio) = 1.20 (%Recovery #13 AOAC Peer-Verified

0.0036
0.013



method ,Nov. 1998 \naugin1seeusuaglugig 95-105% Wandi1 %Recovery HIUNMINTT
895U HORRAT (Horwitz’Ratio) < 2 Wan431 WIuNusin1seausu)
4. MSFENWINAY Accuracy wag Precision 289isiwszhdamesfisyauanududui nans
N oAt IuUUMaIau (Intermidiate)
Al 2 wansHanTiATEE CRM flseduaududusin nans geuesmsliemesitinuusananty

(Intermidiate)

Number 1-10 BCR-032 BCR-114 SRM 113b
(0.7369%S) (17.79%9) (30.032+0.057%S)

mean 0.73 18.12 30.23

SD 0.01 0.20 0.55

%Recovery 99.06 101.85 100.66

HORRAT 1.89 1.57 0.87

%Recovery 713 AOAC Peer-Verified method ,Nov. 1998 \naugin1sgausuaglugie 98-102% uanein
9%Recovery NULNETINITEEUTU HORRAT (Horwitz’Ratio) < 2 Wandi1 WIulnaudin1s8ousy
5. M3IANIMIAT Accuracy VadIsInssvidamasvasiiegdenidnyusveniloans (matrix)
wane1ariu Taen1siis CRM/SRM Anadiudusn nans s asly
a a Iz & Y ' o aa o & . ] Y
M990 3 UanINaN TR evdamesvesiiegnlenidnyurvesieans (matrix) wanaeiu laenis

WAis CRM/SRM Adsiidaidusin nand ga asly

Moroccan phosphate  Potassium sulphate  Zinc concentrate

Number 1-10 rock (BCR-032) (BCR-114) (SRM 113b)
0.74 %S 17.79 %S 30.032 + 0.057%S
(1.84+0.08%S05) (53.3+£0.2%S05)
mean 0.73 18.12 30.23
SD 0.0107 0.1976 0.5461
%Recovery 99.06 101.85 100.66
HORRAT 0.53 0.90 1.63

9. dgUNanITVnaaLaztaLauBIUL
nsiaunaan e gvmusinadamesiudawni \ealilamalaTsimseingndes

1 o < 1% a 1% [ Y @ PN o [ = !
b UTLAETINLTT mmsamqaqlmmmmmgmmﬂa miduneeusu laevinisAnw1ial LOD uag



LOQ Wlofigat %S 71 0.0221 léiAn SD Wiy 0.0012 fuims %Recovery Winfu  96.38% wuinAndl
Ierunasisensulutig 95-105% uazd1 HORRAT (Horwitz’Ratio) winfu 1.20 wudnendtléfsinuinausi
gou5U HORRAT (Horwitz’Ratio) < 2 Wag Accuracy , Precision ¥1Mn15vaaadlagnisiiasigimusun
Fawlosves CRM 3 seduamududuitelinsounqunnsliau Ae 0.02-30 %S wazianiigatianuusiu
Tnensu %Recovery wuinAiildtinunasisansu (AOAC,2012) warfigavinnuiilos Tagld HORRAT
(Horwitz'Ratio) wuendildtimunasisansy HORRAT (Horwitz'Ratio) < 2 ftudsasulfinisiiduis
fmngaslumesgimuinadameslulenad
10. nsumanuIdeluldusslevd
nsitmnsesndeumldldve i iinneimuiinadameslulownd  Hunsiigedinisd
Juidimngadlumsenginmuimnadamesludoed  Welvilanudesilunanmageuinde
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Concentration Wt. Sample blank Intensity
(mg/\) (g) (cps)

1 3.0120 656.8657931
10 3.0117 7630.486253
a0 3.0119 31162.4392
100 3.0118 80465.5269
200 3.0116 164734.5834
250 3.0119 205995.356
300 3.0120 248576.357

[y [

ATIAUINT 2 LEAINATEWI AU TN TUTDIEITAZA187LATEY AU dEUI1NATEIND 658AU

ANULUUTU

Concentration ~ Wt. Sample blank Intensity
(mg/\) (g) (cps)

Rep.1 Rep.2 Rep.3
1 3.0118 673.0340383 668.7897783 686.7657023
10 3.0119 7634.533796 7412.964344 7642.395993
a0 3.0120 29998.0788 29363.96511 30785.28195
100 3.0118 77128.60601 75723.25775 76594.5398
200 3.0120 153088.2227 150511.0567 155697.4832
250 3.0118 191882.5806 189354.8303 195077.4221

ANSAN®INN Limit of Detection (LOD) wag Limit of Quantitation (LOQ) 989350153 A5 1zitalnes

=]
AN UINN 3

LAAINANITIATIZN FBE1e sample blank

No. Wt. Sample blank %S
(e)




—_

3.0118 -0.0002

2 3.0156 -0.0003
3 3.0150 -0.0019
a4 3.0038 -0.0016
5 3.0114 -0.0019
6 3.0018 0.0014
7 3.0163 0.0012
8 3.0214 0.0008
9 3.0098 0.0005
10 3.0212 0.0003
mean -0.0003
SD 0.0013

M1TNHUINT 4 WERINaigad Accuracy wae Precision 98¢ LOQ lagly fegns urea fldivans

1IM351187198308 Moroccan phosphate rock (BCR-032) 0.0221%

No. Wt. Sample blank Wt. BCR-032 %S
(g) (9)




—_

3.0209 3.0209 0.0201

2 3.0024 3.0024 0.0220
3 3.0007 3.0007 0.0205
4 3.0166 3.0166 0.0201
5 3.0093 3.0093 0.0201
6 3.0147 3.0147 0.0216
7 3.1834 3.0034 0.0232
8 3.0133 3.0133 0.0209
9 3.0401 3.0001 0.0214
10 3.0307 3.0307 0.0206
Anade 0.0213
SD 0.0012
% Recovery 96.38
HORRAT 1.20

ASINUING 5 LanwmanIsiased ansunmsguénsdals Moroccan phosphate rock (BCR-032)
0.7396%S (18.4+0.8 g/kg SO5)

No. Wt. BCR-032 %S
(g)




—_

0.3109 0.74

2 0.3026 0.72
3 0.3028 0.72
a4 0.3013 0.72
5 0.3035 0.73
6 0.3216 0.73
7 0.3247 0.75
8 0.3019 0.72
9 0.3018 0.73
10 0.3015 0.74
Mean 0.73
SD 0.0105
%Recovery 99.06
HORRAT 0.52

MINEYINT 6 Han1FiaTIgh Sample blank Afinansunsgiudsdais Moroccan phosphate
rock (BCR-032) 0.7396%S (18.4+0.8 g/kg SO3)

No. Spiked Sample blank Wt. BCR-032 %S
(g) (g)




—_

0.3272 0.3026 0.72

2 0.3056 0.3043 0.73
3 0.3249 0.3036 0.72
a4 0.3016 0.3036 0.72
5 0.3091 0.3251 0.74
6 0.3297 0.3087 0.71
7 0.3129 0.3013 0.74
8 0.3165 0.3026 0.72
9 0.3016 0.3117 0.74
10 0.3183 0.3047 0.72
mean 0.73
SD 0.0107
%Recovery 99.06
HORRAT 0.53

MINEYINT 7 wamTAATIZE ansunsgIugedsls Potassium sulphate (BCR-114) 17.79%S
(533+2 mg/g SO4?)

No. Wt. BCR-114 %S
(g)

1 0.3041 17.96
2 0.3024 17.81




3 0.3074 18.10
a4 0.3067 18.26
5 0.3084 18.02
6 0.3045 18.30
7 0.3048 18.29
8 0.3054 18.21
9 0.3024 18.18
10 0.3011 17.98
mean 18.11
SD 0.16
%Recovery 101.80
HORRAT 0.53

MINHYINT 8 HanTIATIY Sample blank TiAna1suIAsg1eBats Potassium sulphate
(BCR-114) 17.79%S (533+2 mg/g SO4)

No. Wt. Sample blank Wt. BCR-114 %S
(g) (9)




1 0.3151 0.3212 17.89
2 0.3253 0.3024 18.07
3 0.3275 0.3135 18.10
a4 0.3389 0.3047 18.38
5 0.3145 0.3207 18.04
6 0.3272 0.3028 18.42
7 0.3246 0.3143 17.95
8 0.3167 0.3043 18.37
9 0.3267 0.3086 18.1
10 0.3112 0.3118 17.92
mean 18.12
SD 0.20
%Recovery 101.85
HORRAT 0.64

MTIHUINT 9 HANITILATIEY @1501M3§ 148198908 Zinc concentrate (SRM 113b)

30.032+0.057%S (30.032+0.057¢/100g S)

No. Wt. SRM 113b %S
(9)

1 0.3117 29.44

2 0.3068 29.38




3 0.3105 29.67
a4 0.3048 29.60
5 0.3162 29.69
6 0.3089 29.62
7 0.3167 29.68
8 0.3025 29.62
9 0.3095 30.76
10 0.3056 30.42
mean 29.79
SD 0.44

%Recovery 99.19
HORRAT 0.93

ASINUINT 10 HAMFUATIZY Sample blank s sINASEILEB8 Zinc concentrate (SRM 113b)
30.032+0.057%S (30.032+0.057¢/100g S)

No. Wt. Sample blank Wt. BCR-114 %S
(g) (9)




—_

0.3237 0.3089 30.25

2 0.3036 0.3024 29.67
3 0.3154 0.3087 31.02
4 0.3012 0.3034 29.38
5 0.3067 0.3014 30.58
6 0.3142 0.3095 30.08
7 0.3137 0.3047 30.43
8 0.3134 0.3028 31.04
9 0.3052 0.3046 29.87
10 0.3126 0.3046 30.00
mean 30.23
SD 0.55
%Recovery 100.66
HORRAT 1.15

A1919WUINT 11 Expected recovery as a function of analyte concentration®

Analyte,% Analyte ratio Unit Mean recovery,%

100 1 100 % 98-102
10 101 10 % 98-102



1 10 1% 97-103

0.01 10° 0.1 % 95-105
0.001 10 100 ppm 90-107
0.0001 10° 10 ppm 80-110
0.00001 10°¢ 1 ppm 80-110
0.000001 107 100 ppb 80-110
0.0000001 1078 10 ppb 60-115
0.00000001 107 1 ppb 40-120

¢ Table excerpted from AOAC Peer-Verified Methods Progam,Manual on Policies and Procedures
(1998) AOACINTERNATIONAL,Gaithersburg,MD.

Recovery is defined as the ratio of the observed mean test result to the true value. The Range
of the acceptable mean recovery expands as the concentration of the analyte decreases. This

table provides target mean recovery ranges for analyte concentration from 100% to 1 ppb



