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Tolerance of Uncertainty on Total Potassium in Organic Fertilizers

UNINT AN
Chadaporn Khongnam

naITenuynsiAdl NBIYLAUNITITYNTHANNNNTIAYAT

ABSTRACT

In this study, Tolerance of uncertainty on total potassium in organic fertilizers. The method
validation of total potassium in organic fertilizers by flame photometric method, the result showed
that the Limit of Detection (LOD) and Limit of Quantitation (LOQ) were 0.05 %TK,O and 0.16 %TK,O,
respectively. The Range, Linearity, Accuracy and Precision were passed the criteria for acceptance of
AOAC. Organic fertilizer samples were tested at low medium and high concentrations to assess the
uncertainty of the sampling procedure and analysis. The tolerance of uncertainty on total potassium

content in organic fertilizers was in the range 1.57 — 10.15%.
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(CRM-BCR113)
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2. Fnszilnunaiuuiomn Ine Flame Photometric Method (n5aanmsinuns, 2551)
21 Hafeensedunie S1uau 1xox n3u adlu Erlenmeyer flask vunn 125 fiadans
22 Funsanay 20 §adans (HNO, : HCLO, 1:1 VAV) dnldgesuumszmelnni gesauiniudv
Aetumioansazarevieansaransiidnvarla eerlonanUszanas 30 - 40 i smtusnasanwsEme iy
Fandlalmiu
23 awansavaneiesuararmneusetng lalu Volumetric flask vunn 250 fiadans USudsuns
éﬁsﬁﬁﬂﬁﬁlﬂéfhiﬂ%ﬁuIuﬂmﬁﬁuﬂuawaazawsﬁmzﬂauﬁu1}ﬂﬂﬂﬁaQQﬂuﬂizmwwﬂﬁaa
2.4 ﬂLﬂmaﬂﬁasaﬂaﬁdaHHQ1ﬁﬂawuL%u%uagiu%aamaqﬂiﬂwywmigﬂuLamaWiazaﬂa Suppressor
Sasrau 1:10 TneUunns wazdSuuSunasmenngu werlmaniu
25 thasazatesiesns luinan Enﬂsﬁonintenﬂn/558 Flame phoﬂmneterMﬂhﬂﬂame%u%umaq
asaranefiess Insdsuiflsunan1slinseiesansasatefieseiunsnlin gL fuansanudusius
iwiwmmﬁuﬁmaﬂwLmaL%sm fum" Emission intensity U489 Working standard
3. msaseaeumlalnrediiirselnunadeuian Tag Flame Photometric Method
3.1 fVﬁwwﬁaﬂﬂinu%ﬁ%ﬁﬁwmaaU(Range)

3.1.1 43 Sample blank (Fregnayefifiusinalnunadensimalusefusvdolufinunadou
wanuaiuaiuyszneu) $1uau Lo n$u ashy Erlenmeyer flask 1u7n 125 {adans wazlANansuINTgIU
Tnunaden 6 seiumenay laun 0, 4, 8, 12, 16 uaz 18 dadn3uneans

312 Fudumsiassmauieiuge 2.2 - 2.5

3.1.3 azwamawWivwawaﬂawmLmumu%aﬂmaaawqmLﬁﬂﬁﬂﬁuwmsﬁﬂuiwuwaL%auﬂUﬂﬂ Enwsyon
WﬁensﬁyLa@ﬂ%?ﬂﬂﬂfhmﬂu%Mﬂ?ﬁwﬁﬁ&aumiﬂLﬁiLﬁmq“aMﬂUﬂTnk%N%u%aQMQQHWﬂﬂﬂu3§u%ﬁauﬂi ¥AN3
awau‘wuﬁ (Correlation coefficient : r) Lﬂm%mﬁaam‘u r > 0.995 (APHA, AWWA and WEF, 2017)

3.2 MIMANUEUTUSIT AR (Linearity)

3.2.1 ¥3 Sample blank $1u2u 1xoox 134 aslu Erlenmeyer flask vuna 125 fiaddns wazifu
asumIgIulnunadey 7 syduamn tawn 0, 0.5, 3, 6, 9, 12 way 15 faan3unedns ANLWLTLAY
3 1

322 sudumsiAsgmauieniure 2.2 - 2.5

3.2.3 a%ﬁaﬂSWWizwiwqﬂawmLgm%u%aﬂﬁdaéwaﬁLauawsmwmiiﬂuiwumaL%auﬁﬁhﬂ Emission
nwengn/ﬁwuamvnﬁﬂﬂisﬁwéamﬁuﬁﬂg(Cowebﬂoncoeﬁc@nt:r)umu%ﬂwsaam§u r> 0.995 (APHA,
AWWA and WEF, 2017)

3.3 MSUIATNALUAIIATIAINU (Limit of Detection; LOD) wazdnaninlun1sindeusunu (Limit of
Quantitation; LOQ)

33.1 49 Sample blank $1u7u 1xox n54 adlu Erlenmeyer flask au1a 125 fiadans
$1uan 10 9

332 FulunsieTseuieatuTe 2.2 - 2.5

333 ﬁﬂmmmﬂ'wmﬁﬂLLash%ﬁmwummg’m (SD) wiA1uaAT LOD waz LOQ (Eurachem,

2014) 9NgA3

LoD = 38
LOQ = 108,
; S
g S)= %
° Vn
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Ss nngds AntesuuanasgudmiunsAuin LOD uag LOQ
S, Mg ANUELUNINATEINIINMISTYINEIY89 Sample blank

n W SIUTeTIos Ay
3.4 ﬁ@ﬁ]ﬂﬂ’)’mgﬂgﬁ]\‘i (Trueness) wayALTIEa (Precision)
3.4.1 '“gmiwﬁ’iaqéywﬁﬁmm (Certified reference material; CRM) fsgduAuLLYY LOQ
IGETR ﬁLauaﬂuﬁaaéNﬂaﬁﬁLﬁfamiﬁmﬁu (Matrix effect) Tnedisfuminuwasy LOQ WATEa m3e CRM
Mmmmmmu 0.2 %TK,0O (mﬂ CRM am3 0-52-34) waz 6.0 %TKO (370 CRM @ns 0-0-60) RFGRIHT
3.4.2 umummmmu LOQ 4 Sample blank 37U 1.xxx N34 aﬁu Erlenmeyer flask Yu1a
125 fladans meaﬂmaamim 0.2 %TK,0 U 10 NTU
343 ﬁmummmmum 4 Sample blank 31U 1.xxxx N5 aslu Erlenmeyer flask au1a
125 lladans meaﬂmqaaimaq 6.0 %TK,O 971UIU 100 ATU
344 Fudumsiasensuientiure 2.2 - 2.5 (nevinisinsisnssfuanuwusuas 10 91
warmaTuna)
345 YWan1TIATIEMINAILINIeERR Ussdiua Trueness Tnaw3ouiiisuandilafuani
JUSD9UY CRM Lﬂmsﬁmiﬂau%‘u % Recovery 95-105 way 97-103 (AOAC, 2016) LLazﬂﬁzLﬁuﬁﬂ Precision lag
HorRat (Horwitz’s Ratio) NSNS < 1.3 (AOAC, 2016)
a. ‘UiuLiJuﬂ’]ﬂ’J’]iJhJLL‘lJ‘L!E]‘L!G]\‘iLLG]“UUG]E]Uﬂ’]’iﬁJJG]’JE]EJ’N ATIATIEN LAZAIUINLNAUNAAIALATDUTBS
Uinalninadeuimualuedunio
4.1 wusFreeseBunds (A) 1u 2 au (AL, A2) aruaz 1 Alanfu wanieBunds A1, A2 un
wuadu 4 @au (Eurachem, 2019) LLazuméTaa&mﬂaauﬁéﬁgq 8 @
4.2 "Bmswﬁﬁ'saéﬂﬂﬂaﬁuﬁ&jﬁsxﬁummL%@J%wf’w (0.1-1.0 %TK,0) na1e (1.1-3.0 %TK,0) haggs
(>3.0 %TK,0) AULTYRE 3 fene Tnedeinoena Loox NSH ATIEARaANANIAY FdunsiesIen
wuReiuve 2 Tnginsieniesnsas 2 AU AUAY 2 97
4.3 ?f’m’lmﬁ”lﬂ’mulﬂ,ilLL‘LJIUEJ‘U(%QLLGII%‘LJG]@Hﬂﬂiéuﬁ’)@‘c’j%‘] LLazmﬁmeﬁIwme%mﬁgwmlmja
Sunse Imai%ajmé']mmlmmuau (Eurachem, 2019)

u —%RSD:EMOO
X

Tnei u AAANALARDY
% RSD Relative standard deviation
SD =  Standard deviation

4.4 AnnanuneanneuveIUTalnwagsiaualulpBunie augns

U = AUy f o+ U

Taeh Uc = Combine uncertainty
Usamp = mmm”l,uLLuuauﬂJaqmiquéfﬁama
Uanal = ﬂ?ﬂ'ﬂlﬂ,mLLUU@U‘U@QﬂWi?Lﬂﬁ%M
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1. wansnsavdeumilalnvesidinseilnunadeuiiomn Ing Flame Photometric Method
1.1 A1SMBIAIUANTUTNAF Y (Range) AINNTAINNTINTENITIAUTUTUT DA TALANE
wmsgulnuvaden (wnu X) fuan Emission intensity Wy y) wuaegluwas 0-18 fadnsumednsinunaiden

A" Correlation coefficient (r) WU 0.9998 Fswunaumnnseeusy (- = 0.995) (A9 1)

Emission intensity

20 y = 1.0031x + 0.1698
Rz = 0.9996
15 7 r=0.9998
10
5 -
0 T T T T T T T T T \

0 2 q 6 8 10 12 14 16 18 20
ppm K

Amd 1 weenuduiaunss (Range) vosnsliasevlnuvadenvisvunluyedunse

1.2 msmmmamwumﬁmauma (Lmeanty) Fenienvas 0-15 maaﬂimaamﬂwuwamw Yuvan
Linearity Tnoasnansinse mwmmwmwaqmsa awmmmu‘lmmm%u (WnW X) fumA1 Emission
intensity (WAY y) ) laA1 Correlation coefficient (1) WU 0.9998 FernuLnamnnseousy (r = 0.995) Suden
dumadlaaulunesfifinng (nwd 2)

Emission intensity
20.00
y = 1.0042x + 0.0998
15.00 - R? = 0.9997
r=0.9998
10.00 -
5.00 -
OOO T T T T T T T 1
0 2 4 6 8 10 12 14 16
ppm K

el' v o Sa ¥ . . a K = & T a ~
AN 2 ANUAUNUTLUILAURNTI (I_mearlty) sUadmi’JLﬂi’lwﬂwLW]E!L%EJMV!W;J@INQ?J@UV]%
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1.3 15MTAINALUAISATIANU (Limit of Detection; LOD) wazdlnanatun1sindausunad (Limit of
Quantitation; LOQ) Wu11 A& 1WIiU 0.05% LLazmmwmﬁ'mwummgm WU 0.0159% AU
A" LOD WU 0.05 %TK,0 wag LOQ WU 0.16 %TK,O

14 wamiﬁqaﬁmmgﬂﬁ?ﬁm (Trueness) wavAaLTIEa (Precision)

mﬂﬂﬁwmaaui’a@aywﬁa%’mm (Certified reference material; CRM) fseRuAULLYY LOQ
YaEHN ﬁlﬁuaﬂuﬁ’saémﬂaﬁﬁLﬁaaﬂiﬁmﬁ’u (Matrix effect) W31 % Recovery Wag HorRat (Horwitz’s Ratio)
fisvduAuLYY LOQ uay GN asﬂuszml,ﬂmsﬁmwau%’u (M157991 1) LERIAMUMLIZALVRIITNAFOU
IWLW]aL%Emﬁu’wmsluﬂs@uw% agﬂuﬁdaq 0.2 - 6.0%TK,O

M50 1 HANITATIABUANNYNABA (Trueness) UAgAUEY (Precision)

Accuracy Precision
Concentration
%Recovery  Acceptance criteria HorRat Acceptance criteria
LOQ (0.2%TK;0) 99.39 95-105 0.34 1.3
High (6.0%TK,0) 100.43 97-103 0.28 1.3

2. Ysmifiumanuluuuusuduaduneun1sauiaess 11531AT19 LAEAILIALNANARIALAABUYDS

Uhnalwumadeaisualuedunds

inaumAaIaLAdsuInAE L TeIM I In el suvianueluysBunds lnoFuanman
mmmluLLuuaumﬂmiaumamq LaZNTAATIN wmwmmmiuLLuuaumwmummwmum wnmJ 7.609%,
9.15% Way 10.15% AWINTLUNATS AU 8.64%, 5.02% uay 5.44% WATAIINILTUGS WY 1.57%,
2.49% uay 4.31% (M7 2)

Umalwunadeuiomalujsduniovsanuanmy 1.0%TKO0 faanuluuuusumnniigamisu
11% aamﬂgaaﬁ"uﬂgwmwaaawquiiﬂ (Official Journal of the European Union, 2019) 1Ag2y
nsdwuneyeduris fssyruiinalnumadoaimueluysduniofanuauey 1.0% daaaiandeulals
LU 50%
9 2 separanarulunuueuesiinalnumadeuiivelusdurse

Measurement uncertainty

Concentration %TKO
Sampling (%) Analytical (%) Total (%)

Low 0.59 2.52 7.16 7.60
0.82 3.22 9.62 10.15

0.97 393 8.26 9.15

Medium 1.21 2.49 4.84 5.44
1.89 278 4.65 5.42

2.88 2.39 3.98 4.64

High 352 0.40 1.52 1.57
4.58 1.12 2.23 2.49

5.96 1.14 4.16 4.31

152



v o o
aiﬂwamimmmuamaLauaLLuz/mLLuzm
nsfnwnaneainadeuaInaNliLueuveIn T Ierlnuadsurauntluledunie lag
nagaUiiegseBuvsuiioUsiiunnuluuuueuIINTURDUNTENAIBEIY WaEMTIATIEN WU LAY

ﬂa’mmaawuumsuaﬂ‘dsmmmmmmﬂ‘wLmam&lwwmiuﬂaaum&wmiaUﬂammummmmum AN LLATEN
(0.59 - 5.96%) asﬂ,uﬁm 1.57 - 10.15%

nﬂsﬁﬁwaaﬂuﬁﬁblﬂl%ﬂizia%ﬁ
ImLﬂum@Naiuﬂqﬁa'ﬁqﬂﬂ'ﬂquLSUE]NUG]’]Uﬂ’]iG]TJ‘i]’JLﬂiW 1/1 LW@WﬁT\]ULLa &Juﬂuaﬂaﬁﬂﬁwumﬂﬂu
ﬂ']iVlﬂaaU'J']ﬂJﬂ'J']ﬂJﬂﬂm@ﬂ LLlI‘UEJ'] TJ'WLGUE’JQQ ﬁ']iJ']iﬂa@UﬂaUlﬂ aWGU@IG]LLEJQ A‘[fL!ﬂ'ﬁﬂ"lﬂ’U ey ‘U\‘iﬂ‘UI?ﬁﬂ{]‘Wﬂﬂﬁl
YOINTANMINYAT AunszTyRiye we. 2518 Lmisumewmﬂﬂsmﬁuwumgiqua (@UuTl 2) w.e. 2550

LONETD19DY

neuivInTnens. 2551, ailedslinnenysdunie. nquiteinvasiall duinideWauidadenisudanig
MINUAT NFRPINITNUAT NTTNTINNYATUAZANNTEL. NTUNN.

Usgnmensensiinumsiazannsal 5o9 Mvuanssidsnsnsaliesemjeini] we. 2559 (2560, 4 uns1AL),
AT, Lax 130 PauTile 2 3. Wi 24,

American Public Health Association, American Water Works Association and World Economic Forum
(APHA, AWWA and WEF). 2017. Standard Methods for the Examination of Water and Wastewater.
Part 4000: Inorganic Nonmetallic Constituents. 23" ed. Washington DC, USA.

AOAC. 2016. Official Methods of Analysis of AOAC International. 20" ed. AOAC International, Maryland,
USA.

Eurachem. 2014. The Fitness for Purpose of Analytical Methods — A Laboratory Guide to Method
Validation and Related Topics. 2" ed. Available from http://www.eurachem.org. (30 Nov. 2021)

Eurachem. 2019. Measurement uncertainty arising from sampling: a guide to methods and approaches.
2" ed. Available from http://www.eurachem.org. (30 Nov. 2021)

Official Journal of the European Union. 2019. Laying down rules on the making available on the
market of EU fertilising products and amending Regulations (EC) No 1069/2009 and (EC) No
1107/2009 and repealing Regulation (EC) No 2003/2003. Available from
https://assets.gov.ie/127589/228a7796-1204-49e0-834d-1966755c79e9.pdf. (30 Nov. 2021)

153





