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Development and Method Validation of phosphorus analysis in soil

with Inductively Coupled Plasma Emission Spectrophotometer
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ABSTRACT

Development and Method Validation on Analysis of phosphorus analyzes in soil with
Inductively Coupled Plasma Emission Spectrophotometer was developed to fit for purpose by
Inductively Coupled Plasma Emission Spectrophotometer. The condition of the ICP used to measure
phosphorus was obtained using a wavelength at 214.914. plasma view uses radial view, plasma flow,
auxiliary flow, nebulizer flow, RF-power, Pump Flow and Uptake uses 16 liters per minute, 0.80 liters
per minute, 1.20 liters per minute, 1.300 kW, 25 rpm and 25 seconds. Verify the durability of the test
method by changing the condition only slightly from the normal condition (Ruggedness). 3 parameters
are sample weight, extraction time and volume of extraction solution. The sample weight was
changed from 1.25 ¢ to 1.20 ¢, the extraction time from 30 min to 28 min. and the volume of
extraction from 25 ml to 23 ml. with each parameter 3 iterations were found. Ruggedness with %
Recovery passed the criteria 80 - 110 % at low, medium and high concentrations as specified by the standard,
there was no effect from the change in environment conditions. Estimate the correlation coefficient; r
of Linearity is 0.9997 of range is 0.9998. Limit of Detection (LOD) was 2.6545 mg/kg and Limit of
Quantitative (LOQ) was 8.8484 mg/kg. Trueness with % Recovery passed the criteria 80 - 110 % at low,
medium and high concentrations as specified by the standard, with precision passed the criteria, with HorRat

values 0.3 - 1.3 for all analyzes at low, medium and high concentrations.

Keywords : phosphorus ICP Method Validation
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mswauuezaaeumultlave R Rl serleanesaiiduusdlosunefivlufunomal Ad usniing
Andanaraualalnsiuns wWuniswaun U’%'Uﬂiqﬂiﬂﬂﬂ’]imﬂﬁgm%aﬂ ICP (Inductively Coupled Plasma
Emission Spectrophotometer) lagn1zaaanias ICP filulunisianeanoda luan wavelength 71 214.914
plasma view I%HWEN radial alﬂu plasma flow, auxiliary flow, nebulizer flow, RF-power, Pump Flow L&z
Uptake Tt 16 BnsMEUT, 0.80 Ansmound, 1.20 Ansneunil, 1.300 Aladnn, 25 seUABUNT LAy 25 Furd
A5198DUANNAIMUTBIENAdaUTne N5 AU asansile udnuesanan1asUni (Ruggedness)
3 Ws1iAes Ae Yivtindesns wanlumsarin wazUSinashenata anudunsaans Tnethuindeenadden
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21 1.25 nfu 1fu 1.20 n¥u tarlumsatinann 30 unit iy 28 il uagtiinashenadaen 25 fadans
23 {1883 & % Recovery HULAMNT VLA 80 - 110 % TswduANmLTLS NaN3 Uae ¢ nunluianseny
Innsdsunlaan1nzuanasuvasnismagey Usuidiuan correlation coefficient; r 84 Linearity TN
0.9997 984 range MU 0.9998 Usziliusuinasigaiianusatala (LOD) iy 2.6545 fadndu/Alansu
LL@%U%@meﬁﬂqﬂﬁamwa?LﬂiwﬁLLaziwmumaﬁ (LOQ) Wiy 8.8484 TadAn3u/Alan3u Msfigauauusy
(Trueness) & % Recovery KAULNAMATAUA 80 - 110 % Ts¥AUATLLANLA NN UAY 79 AuTnATgIUS VLA

P79 (Precision) HIUNUANIYUA tasdiAn HorRat 0.3 - 1.3

Avian : Weanesa, ICP, nsiadauaululanvesds

AU

Weawada (Phosphorus) Lﬂuﬁmmmsﬁﬁ%é’mmimﬂﬁmmﬁqﬁﬁﬂLﬂuéamiw%@lﬁﬂmmﬁm A
uusslovuvesloanofaluduidadonis 4 auau iwu aruidunsadunisvesiu, viavesnsAumien
Juau U‘%mma&ﬂaavﬂa%’aﬁ‘iLmﬂvﬁleﬁmaﬂﬁaﬁ’mamy’wiﬂmﬁw5] \Jurveaeaesaiidulsslown ez
fiusvlevumeiilennansuainil correlation funisnevausivosiia ’Jﬁwiﬂjmmaﬂmmwﬂu%wu Bray |
(Bray and Kurtz ,1945) sedulSinamesleanesafidulselovunodiv muu’aﬁmﬂumiwmaa‘ummmmmq
WwaIuen L,Lavmwmamsﬂumiamﬁm msﬂwmsUiuLmummmaqmimmmmimaa‘wm LLauUﬁJ’]MG’]G}@’]M’ﬁW
:ummmaqmm uUiuamm‘wmﬂmu LﬂwmﬂimmaammmLmﬂmuuiﬂiﬂmuwsuima mmﬂmaa wumaqmma
L‘wwvﬂaﬂ MAATITUAYLABINTUBIRTOE NN maﬂgummiwﬂwﬂiaLLavwmunﬁamevﬂwuam Taen
\A3eq Inductively Coupled Plasma (ICP) uﬂfu ﬁmmaqmmsmaﬁ]aammﬂﬂmmamLﬂswwmmmuaum?ﬂm

ASAHUNIS

) LATaYE
2) wdesdalwrimaiion 2 fuvus
) sesdeluivimaion 4 sums
a) \A3D9 UV-Vis Spectrophotometer
5) 1A30d Inductively Coupled Plasma Emission Spectrophotometer (ICP)
6) \sosumuar Tandualalunsinsen
GREIGE
) Argon gas
) Ammonium fluoride (NH4F), AR grade
) Ammonium molybdate [(NH4)4M07024.4H20], AR grade
) Antimony potassium tartrate [KOOC(CHOH)ZCOOSbO.1/2HZO], AR grade
5) Ascorbic acid (C4H8Og), AR grade
) Hydrochloric acid 36 -38 % (HCl), AR grade
) Phosphate standard solution (PO;”) concentration 1000 mg./L
) Sodium bicarbonate
) Sulfuric acid 98 % (H,SOy)
10) 5’3@51&Sq%mm/ﬁa@gwéammgm (CRM/SRM)

221



- ’?ﬁ@’gﬂﬂ@ﬁmm CRM GB 02 (Sandy soil) (38+4 mg/kg Available Phosphorus by Olsen)
- Jan919895U589 CRM GBWO7417a (9010 mg/kg Available Phosphorus extraction by
NaHCO3)

ad
5N13

1.

waneiiugaueades ICP (Inductively Coupled Plasma Emission Spectrophotometer) Tunns

inszvneanedamidulsslovunefaluiu 1wy Wavelenght, Sampleflowrate, Neubilizerflowrate,

Plasma flow rate wag plasma scanning \Juau

FAnneeanedaiiiulselovunefivluiu (Olsen etal, 1954)

2.1 FafheensdufiunseununzunTwIn 2 Sadwns s1uau 1.25 n3u lalu Erlenmeyer flask vua 50
Hanans

2.2 \fiuansazans Olsen (s NaHCO; 42 n3u TalurnusuUsanng auin 1,000 {9880 AvaNEMEINGY
950 faddns Usu pH Ju 8.5 A8 1 M NaOH 9 ntiudsudsunasidu 1,000 faddns metindu)
Usunns 25 fadans wanhluweimeiaioavendifinnuEaseu 160 rom unai 30 Wl LAINT8a
NLNTZANYNTONUDS 5

2.3 @@mﬁazmaﬁqaéwqﬁﬂmmsma&LLgam 10 faddns asluvaninusuinsauin 50 daddns ven
p-nitrophenon 10 #8a A3 2.5 M H,SOq4 Tnaviely wadlfuaisazals Ammonium molybdate
ascorbic acid Usuns 5 fadans Usuusinasmeriindu wawerlmani

2.4 miazmwwmgmﬂamwg}mmL%u%uﬁ'iﬁymﬂmimamwﬁmmzamaam%‘lm ICP (v 1) U3ums 10
fadans adduviaiaU3unsuunn 50 fadans AU LaaBuENsaTaty Ammonium molybdate
ascorbic acid Usunns 5 fadans Usuusunsmetiindu uanwenlmaniy

2.5 thansagatefiess (Ve 2.3) wazansazanguasgiuneains (ve 2.4) luianeiaTes ICP (Inductively

Coupled Plasma Emission Spectrophotometer)

. miﬂ%ﬁ@Uﬂ’J’]ﬁfLﬁj‘lﬂﬂJ@Q’Jﬁ?Lﬂi?"‘ViW@ﬁW@iﬁ%LﬂUUi”IEJGUUWEJW“UELu@uV]ﬁﬂ@ﬂ’)ﬂ’lﬁ Olsen (Olsen et al., 1954)

wazdnUsuulaeds Inductively Coupled Plasma Emission Spectroscopic il

3.1 Linearity / range maaulmamim’ammaﬂ wmamwmem‘smm%mWaaWaiawmwm’amLﬁumu
HuuDY 12 mmlfuwuu AefinnuauLy 0, 0.2, 0.5, 1, 5, 10, 15, 20, 25, 50, 100, 200 aansu/ang
mmwwuuaz 3 6?1’1 Uizmum correlation coefficient; r VILLammmanWL!ﬁisz response ey
Usinamununtuvesleaneda (r > 0.995)

3.2 wATndialun1snsaany (Limit of Detection: LOD) wasdnsiialunisindeusuna (Limit of
Quantitation; LOQ) TneleAn SD- standard deviation ¥84M53iATIEVF08 1T aneYaUTu o
uoy S 10 91 ﬁ’uﬁm%@gaﬁmmmmLQSEJLLawﬁLﬁENLuummgm (SD)

furaan LOD way LOQ NGNS
LOD = X + 35D
LOQ = X + 10SD

3.3 A1 Trueness Wae precision MsviuAILTUASoesAuTitasTiaulaluUSinames iy CRM
GB 02 lﬁﬁiyﬁumml,%m%u LOQ (1) Aiszdumaanrunans (45 me/ke) Tnely CRM GB 02 fisysu
mwmmuaﬂ (90 mg/ke) ) Tnglas CRM GBW07417a snflunsnadeunisnaaeueanosa lagv
A1sMAdeU 10 91 uaza1eiuian Usvidlumanisnadau 910 % Recovery way HorRat 0.3 - 1.3
(Eurachem, 2014; AOAC, 2016)

MSAIN % Recovery NGRS
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- N38lEN"T Spiked sample
%Recovery = (ANUWAVUYDY Spiked sample - ANULYAVUIDIAIDYIUTUAY) X 100

Y v

ﬂ’NlIL‘UﬂJ“UuGUENﬁW33J'1(§1§§'1‘U‘1/IL(§1§J6\‘11U

- ASANNTIATIEN CRM
%Recovery = AINLARINNITILATIER X 100

A9
3.4 N1IAIUIAL Precision
HorRat = RSD
PRSD (R)
Toedi  RSD = SD x 100
Mean
PRSD (R) = 2%

v

5o C (mass fraction) AaAsHanIsAdeU x 10° sy uruwesiiegsdinulsduliadniuneans
(mg/\)

3.5 pr9deUAIIATUTEsIEnadeulnensasunlasan s udnussananizUni (Ruggedness)
Tnedsuudas thwein Usinasthenain uasnanen 3 wisimes fe vmindesns nailunis
aftn USinahenate wazanudunsaane Tnstwindiesnaldsuain 1.25 nfu iy 1.20 nfa
nanlunisainan 30 wift Wy 28 Wit uasUSunahenatnain 25 fadans wu 23 Tadans

S3EUIAT 15uAy 1 natAy 2562 Fuan 30 ugeu 2564

= ¥ ava _a ‘a ' .Y a t
ﬁﬂ']u‘lllﬁ']ﬂ']ﬁ'ﬂﬂaaﬂ ﬁ@ﬂﬂ{]U(ﬂﬂ’]i’JLﬂi’]”‘Viﬂu NRUINUIYITUUATIVABUAUNTINAULAZUN

a o w

nauATenunsadl 1N 3T NLITRNISHERNIINITNEAS

q

NANTTIATIZRNAZ T30

laduuamisduniswauisiimssiuaznisasiaaouaulelavediilnszn wazluaies (CP
(Inductively Coupled Plasma Emission Spectrophotometer) 310 8331 kazAnle (2553) Selpruiunsive
Favvennsg aeluil
1. @an1gfimuizauveundag ICP (Inductively Coupled Plasma Emission Spectrophotometer) T1n15
Ansgieanedaiiduusslevunofivlufu

dn1azvennies ICP AlylunisTaneaneda lurn wavelencth 71 214.914 plasma view I%SJNMQQ
radial mu plasma flow, au><|l|ary flow, nebulizer flow, RF- power, Pump Flow Lag Uptake ELEU‘V] 16 ammau’m
0.80 AnsMaUNT, 1.20 Ansraundl, 1.300 Alatnn, 25 soumewtit waz 25 Jurf Fansad 1
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AN5197 1 @nevingauvensad ICP Mlalunsianeanasandulsslovunaivlumu

Wave
Plasma|Plasma| Aux Neb | RF Power |Pump Flow| Uptake
Parameter| Length . . Conc. of STD (ppm)
View | (LPM) | (LPM) | (LPM) (Kw) (RPM) (min)
(nm)
P 214914 Radail 16 0.80 1.20 1.300 25 25 0, 0.5, 1, 10, 50, 100, 200

Iae Adesanwo et al. (2013) lavinnsiseaveanasanadinaindmu wWSsuisun1sInTenINaAIes

v [

NI9d Nu P39 ICP

2. nsasuaNulylavedisiwszuleanasandulselovunaiivluiuiainmeds Olsen wasInuSualneds

Inductively Coupled Plasma Emission Spectroscopic éfﬂf'iu

2.1 Linearity / range naaaulAgNI59399LATIENAI081TLANA NN ST IUNREAWRINNIIUAINVY 12
AULNTUAD 0, 0.2, 0.5, 1, 5, 10, 15, 20, 25, 50, 100, 200 HAANSU/ENT AIULVUVUAY 3 91
Usziliua correlation coefficient; r 484 Linearity 117U 0.9997 494 range 11U 0.9998 GIn1W

1 WAZAIND 2 MUAIPU

250 ~

200

intensity

50

=
vl
o

100

y = 1.1154x - 0.5248
R?=0.9997

50.00

100.00

150.00

200.00

AMULNTY (Mg/)

250.00

2N 1 nslUsziliuan correlation coefficient ¥4 Linearity N1ianlgiAsas ICP
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250 ~

y =1.1165x - 0.6652
R?=0.9998

200

150

intensity

100

50

0 T T T T 1
0.00 50.00 100.00 150.00 200.00 250.00

AMUTUNTU (Mg/)

A9 2 nslUsziiiuA correlation coefficient U84 range M1iAABLATY ICP

2.2 wATadialunisnsaany (Limit of Detection: LOD) wasdnsiialunisindeusuna (Limit of
Quantitation; LOQ) Imalﬁghw SD- standard - deviation suaamﬁlmw zuo8n9iinoane AUy
Yo $117U 10 Uuwﬂﬁuauammmmml,aaml,a mmmmummmu (SD) IG]EJ’JLﬂiW”MG]’JE]EJ’NmJ
Woamla3auSinamos $1uau 10 91 fMwaaman X uas SD ved P (mg/ke) NAMTIATILI AT 2

Gl']i’NVI 2 wamiaLﬂi’]mmasmmvxlaa%laiaﬂimmuaa 371U 10 60’1 L‘WE]‘VI’]W] LOD wag LOQ

g7l dhuivesshesnsiiteanodauIunames (n3) P (mg/kg)

1 1.25 2.0101
2 1.25 1.3664
3 1.25 1.1068
4 1.25 3.2806
5 1.25 2.5775
6 1.25 3.0999
' 1.25 1.1974
8 1.25 1.1068
9 1.25 2.9323
10 1.25 2.7451

X 2.1423

SD 0.8848
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ﬁ]’]ﬂ“Z’JjE];J“amiNﬁ 2 1huen LOD wae LOQ
et LOD=3SD = 3(0.8848) = 2.6545
LOQ =10SD = 10(0.8848) = 8.8484
ag‘dléjfh P (mg/ke) ﬁﬂqmﬁmmia’i@ﬂﬁ fiszumnudomiu 95% Ao 2.6545 mg/kg way P (mg/kg)ﬁ?‘i
annsavnsenuralanedlusing 8.8484 me/kg

v v

2.3 A1 Trueness LLav precision fianuanwus nang GN
2.3.1 A1 Trueness mmummL%u%ummmammummiwauiﬂuﬂammuaa \Au CRM
GB 02 Tafissduauwury LOQ (1) Aiszfuanuwuaunans (45 me/ke) Imﬂﬂj CRM GB 02 fiszfiumin
Lﬁumum (90 me/kg) Tmely CRM GBWO7417a Ivnansiiastevisiannsnsdi 3 Lmemmmmm % Recovery
suaamialmwvdaamsawLﬂuﬂsﬂmﬁumawﬂumu fiszsunrunaus nang uazgs WU 98.27, 93.49 way
102.14 % AU AN HorRat vasm e evineanesafiduuselevuneivlufu wsvmummvgm%um NAg
wawas wnfm 1.04, 0.80 uag 0.69 MUY

WU Trueness (Lﬂm%aam‘u %recovery AMULINYUAT NANN Lazas = 80-110 % Hag Precision
(nauneausu 0.3 - 1.3) NN NEDNTY

A15199 3 HANT5HGIU Trueness Uay Precision Yoansiaseeanesanduusylovunaisluiu Nszeu
AULVLVUAT N1 hATE

2
o

19 P (mg/kg)

ﬂlqﬁi’ﬁ ﬁl’mﬁ’h‘l ﬂl’]Q\‘i

1 11.23 42.81 89.51

2 10.09 39.39 91.35

3 9.72 44.09 92.79

a4 11.39 46.61 97.57

5 9.41 44.21 97.90

6 11.17 40.28 97.90

7 11.02 40.06 95.18

8 10.49 39.84 85.33

9 12.40 41.40 89.68

10 11.51 42.02 82.04
Average 10.84 42.07 91.93
SD 0.91 2.35 5.45

% Recovery 98.27 93.49 102.14
RSD 11.54 7.17 5.60
RSD (R) 11.11 9.07 7.94
HorRat 1.04 0.80 0.69

¥4 Latrou et al. (2014) ladnsigwleanesandulsslovunofialudiu luiheainnaiss vlin wu
1181afia Olsen n3au181ain Mehlich 3 Faue1ania Olsen LWuteiadiaidenly wazdsn1snsiasy
Anululavesisnsiunsundululufianmadeiiu CAMELIA et al. (2012)
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2.4 HSIVFDUANUAINUVDTIONAFBY
AsLAUANUINVU FIFpe9RuRdansNaulaluusunaues Wy CRM GB 02 lafisysuainuwuay
LOQ (s11) M5eAUALUNIUNGT (45 mg/ke) Tnely CRM GB 02 sgruaauduuas (90 me/ke) tnely CRM

GBWO07417a Tngunagwisilimesiin 10 91 LadlunAmIuim % Recovery A9l 4-6 WUl % Recovery

[V

v v ' '

ATILINTUAT Na13 g9 08luwae 80-110 Fauduinaumeausu AIILARINIUNATNEDLSY

= aa = = s Y a
A19199 4 HANITNAFIUAIIUAINUYDIISNAdUlABNITIURBULUAIAN M BUANUREINAN1IEUNS
(Ruggedness) NszAuUALULUU LOQ (#1)

G4 Wearle¥aiduusslovuneiinluiu @adnsu/Alansy)
dhuidngnesns Lanlunsana USinasthenadia
1 10.26 11.41 9.66
2 10.59 10.82 9.49
3 11.16 9.45 11.06
q 11.74 10.52 11.41
5 10.72 11.70 10.65
6 9.36 9.93 10.32
7 11.38 11.17 11.37
8 11.49 9.39 10.16
9 11.71 10.16 9.82
10 9.34 10.95 11.04
Average 10.78 10.55 10.50
SD 0.89 0.80 0.71
% Recovery 97.52 94.98 94.41

=] aa a = 2 ¥ a
MN19714N 5 Naﬂ']iVlﬂﬁaUﬂ']']llﬂﬂmum@ﬂ?ﬁﬂ@aaUIﬂﬂﬂ’liLﬂaEJULLUaQaﬂngLWUﬂLaﬂuaUﬁnﬂaﬂ’]'ﬂ%ﬂﬂ(ﬂ

v v

(Ruggedness) N5¥AUAMILILIUNAN

il WoarlaYaiduusslovuneiinluiu @adnsu/Alansu)
vhuednghesns Lanlunsana Usinaihenario
1 39.05 36.91 45.02
2 38.96 37.65 4377
3 37.86 44.00 46.22
4 40.45 49.18 47.32
5 42.21 46.63 40.09
6 46.38 45.56 42.42
7 43.30 47.06 41.14
8 41.21 45.29 49.10
9 40.17 46.70 46.95
10 46.30 45.10 48.53
Average 41.59 44.41 45.06
SD 2.97 4.01 3.11
% Recovery 92.43 98.69 100.13
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f19199% 6 mamﬁ‘mmaa‘ummmmumaﬁ%maauimamimﬁauu‘daqamumﬁauﬁﬂuaamﬂamwﬂﬂﬁ

v v

(Ruggedness) Vl'imummmmum

7 WoarlaYamduusslovuneiinluiu adnsu/Alansy)
dmiinseen nantunsana USinasthenaia
1 91.37 89.79 97.94
2 97.72 96.40 90.80
3 98.69 97.26 94.13
4 90.72 96.06 92.18
5 93.91 94.52 93.33
6 92.43 97.26 94.04
7 79.69 86.99 98.82
8 86.02 89.03 87.51
9 91.46 92.23 98.58
10 97.22 90.21 93.96
Average 91.92 92.97 94.13
SD 5.76 3.80 3.59
% Recovery 102.14 103.30 104.59

ajunan1mnaakazdalauaLuy/Amuuzln

Tnanzaeaaios ICP Alulunisianoanasa luan wavelength # 214.914 plasma view Isgagmaﬂ
radial al’J‘u plasma flow, auxiliary flow, nebulizer flow, RF-power, Pump Flow e ¢ Uptake 1%1‘71' 16
AnsMeunT, 0.80 Ansraunl, 1.20 Ansmewnd, 1.300 Aladnm, 25 sauReWNT uaz 25 Junil

1130919@UANlTLAT893EIIAT 1LY WU AN comelation coefficient: r 484 Linearity WU
0.9997 ¥4 range WU 0.9998 ﬂsvLﬁumU‘%mmﬁmmﬁmmmi’miﬁ (LOD) winfiu 2.6545 ﬁaén%’m/ﬁim%m
LLauUimmmawmuﬁmLﬂiﬂmu,a g510uwaln (LOQ) iy 8.8484 fiaansu/Alans miwaﬁ]ummuuu
(Trueness) 3 % Recovery mummsmmvmm 80 - 110 % A5EHUAINLLVUA NANS UaY G mmmmmu
fmun Sauiies (Precision) Kunasismun Taedan HorRat 0.3 - 1.3

AsIREIUANAMUTeTIaadauTnsnsUasuLUatEn s ndnuosainantizuni (Ruggedness)
3 Ws1iees Ao vivtindesns nanlumsatin Usinauhenatn wazanudunsanis Tnsthwdndeenauaeu
910 1.25 n¥u 1y 1.20 ndu nanlumsadaann 30 wndl wu 28 wiit wavUSunahenatinan 25 faaans
23 uaaam m‘vm‘ummLsgwﬂjummmamqmuwmwmﬂﬂuﬂimmuaa LAY CRM GB 02 IpfiszauAIy
LT LOQ (1) AssfuAILTLNENS (45 mg/kg Imsﬂfu CRM GB 02 mumﬂfnmwmum (90 me/ke) GE
T CRM GBWO074172 Tnounazwisimosyi 10 g1 Lmemmmmm % Recovery WU % Recovery
AL NANS R ag"[,uszm 80-110 Fadutnameonsu SuuanmIEunNEeTU
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n1sunanuIdeluTgUslevd
nsteszaeanefaiidulstlovumeinluiu Tasunsasadeuanulylauai Wuitunsgu
Julsifinugnaes wanganfiaziunlouazaseunquanumeanislunisiialalunisiinseniu wae
ANLNI0TIBURANTIAT I LAY 19NABY uiuE uasTedeln naumnefe vesUftRnisTese Ay

LONE1T19D

U1 MY ANTIUA NrBdou NaAfe Lmyafjﬁu uag 253 T0U YAYAT. 2553, HAunIBIATIELarng
maaaaummlﬂgﬁuaﬁgﬁmeﬁﬁmmmwﬁﬂ 519811115509 517 1ISLEY LLazm‘iﬂ‘lﬂuﬂ:ﬂ Tgly
1A394 Inductively Coupled Plasma (ICP). Tu s1esmnansufiRaulsedrdeudssana 2553 auil 2
AUMIBRAUITINENITHEANNNITNEYAT NFUIVINTNEAS.

AOAC. 2 0 1 6 . Official Method of Analysis of AOAC International. 2 0 th Ed. AOAC International
Gaithersburg, Maryland. USA.

Adesanwo, O. O, Ige, D. V., Thibault, L., Flaten, D. and W. Akinremi. 2013. Comparison of Colorimetric
and ICP Methods of Phosphorus Determination in Soil Extracts. Communications in Soil
Science and Plant Analysis, 44:3061-3075,

Bray, R.H. and L.T. Kurtz. 1945. Determination of Total, Organic and Available Forms of Phosphorus in
Soil. Soil Sci. 59:39-45

DRAGHICI, CRISTINA JELESCU, CARMEN DIMA, MIHAELA SICA, ELISABETA CHIRILA, SIMONA DOBRINAS and
ALINA SOCEANU. 2012. Method validation and uncertainty estimation for total phosphorus
determination in wastewater sludge samples. STUDIA UBB CHEMIA, LVII, 1, 93 - 102

Eurachem. 2014. The Fitness for Purpose of Analytical Methods. A Laboratory Guide to
Method Validation and Related Topics.

Latrou, M., Papadopoulos, A., Papadopoulos, F., Dichala, O., Psoma, P., AND A. Bountla. 2014.
Determination of Soil Available Phosphorus using the Olsen and Mehlich 3 Methods for Greek
Soils Having Variable Amounts of Calcium Carbonate. Communications in Soil Science and
Plant Analysis, 45:16, 2207-2214

Olsen, S.R., Cole, C.V.,, Watanabe, F.S. and L.A. Dean. 1954. Estimation of available phosphorus in soil
by extraction with sodium bicarbonate. vol. 939. U.S.Gov.Print Office, Washington D.C, pp. 1-19.

229





