ANSNAIUIITNAFDU sodium nitrite (NO,), nitric acid (NO5),
potassium bromide (Br), phosphoric acid (PO, ), sulfuric acid (SO,)

waz hydrochloric acid (Cl) Tudqag1endnduaiingdunsieiunisuadng

faewalia ion chromatography

Y [y o £ 3

giuv AnAngiam YANA 919glu MM UsEn NI Tauned

9 Y

WITUIIY FWIDU  ININT MR

UNANED

NSWAILIIONAEDURIUSHIUES sodium  nitrite  (NO,), nitric  acid  (NO;),
potassium bromide (Br), phosphoric acid (PO,), sulfuric acid (SO,) Wag hydrochloric
acid (C) lusheghandnduningdunsigrunisuadnd mewmaila lon chromatography
anunsanadeumUsinaansld 6 winansddey Tneld anion-exchange column &ve
Dionex lonPac' " AS22 RFIC™ wu1m 4 x 250 mm 14 eluent 3.6 mM Na,CO, uaz 1.7 mM
NaHCO, 14 flow rate 2.0 mU/min 3nfegneit 25 pl MWnailunisinadsas 10 wi
NANYITNVBINTUATIZNUDIENTVBIATUIATEIU NO, NO; Uag Br fnidadilugag
1.0 - 100 pg/mL wuilmduussansanduis (correlation coefficient; r ) winiu 0.9998,
0.9989 uay 0.9990 w84 PO, uag SO, ﬁﬂmmﬁmﬁuaaﬂum 1.5-150 pg/mL Winnu
0.9990, 0.9989 waz Cl Amuidutuselutas 0.3-30 pg/mL Wiy 0.9994 nsvazey
AN UEUNTIU0IEHINSgIU NO,, NO; wag Br fianududulugag 20 - 80 pe/mL
wunAduUsEAvSanduius (correlation coefficient; r ) Winfu 0.9998, 0.9995 waw
0.9994 uay PO, , SO, MM Uluga9 30 — 120 pe/mL Winiu 0.9994 was 0.9994
way CU Aanududulugag 6 - 24 pe/mlL Wiy 0.9995 nsnadeuAUkLTaENISA
JewarnsAuNGUNanAaaUad NO, aglutie 96.5 - 100.0 % NO; agluzig 98.9 - 105.0
% Br aglura 97.4 - 105.0 %, PO, 2gluyae 98.9 - 104.3 %, SO, aglutis 98.3 - 105.0

% uay Cl agluie 95.7 - 104.1 % laArauaunsalunisvigitesndt 2.0 % RSD ¥n

e

¥ ]
o =% a a

wuIuifinnumansauavidrldnedeuanulalavesitnaaaum
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=
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Ad1AgY : sodium nitrite (NO, ), nitric acid (NO5), potassium bromide (Br), phosphoric

acid (PO, ), sulfuric acid (SOq ), hydrochloric acid (Cl) wag ion chromatography
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Development of an lon Chromatography Method for Quantitative Determination
of Sodium Nitrite (NO,), Nitrate (NO5 ),Bromide (Br), Phosphate (PO,),
Sulfate (SO, ), and Chloride (Cl) in Hazardous Livestock Product

Sunan Kittijaruwattana, Chusak Ardsoongnearn, Jutamas Prapapanpong
Phannarai Singthuan, Jutaporn Hongpathong

Abstract

The development of a testing method for quantifying sodium nitrite (NO,),
nitric acid (NOs ), potassium bromide (Br), phosphoric acid (PO, ), sulfuric acid (SOy),
and hydrochloric acid (Cl) in hazardous livestock product samples was conducted
using lon Chromatography technique. This method can test for six key substances
using an anion-exchange column (Dionex lonPac AS22 RFICTM, 4 x 250 mm). The
eluent used was 3.6 mM Na,CO; and 1.7 mM NaHCO;, with a flow rate of 2.0
mL/min. Sample injection volume was 25 L, with a run time of 10 minutes. The
analytical range study for standard NO,, NO5; and Br at concentrations between 1.0
- 100 pg/mL showed correlation coefficients (r) of 0.9998, 0.9989, and 0.9990,
respectively. For PO, and SO,at concentrations between 1.5 — 150 pg/mL, the r
values were 0.9990 and 0.9989 respectively. Cl at concentration between 0.3-30
ug/m, the r value of 0.9994. Linearity testing of standard NO,, NO; and Br at
concentrations between 20 - 80 pg/mL yielded correlation coefficients (r) of 0.9998,
0.9995 and 0.9994, respectively. For PO, and SO, at concentrations between 30 -
120 pg/mL, the r value was 0.9994 and 0.9994, and Cl at concentrations between 6
- 24 pg/mL, 0.9995. Accuracy testing through recovery percentage showed results for
NO, 96.5 — 100.0%, NOs 98.9 — 105.0 %, Br 97.4 — 105.0%, PO, 98.9 — 104.3 %, SO,
98.3 — 105.0 %, and Cl 95.7 — 104.1 %. The repeatability for all substances was less
than 2.0% RSD. In conclusion, this developed method is suitable for further
validation testing to quantify these substances in hazardous livestock products.
Keywords: sodium nitrite (NO, ), nitric acid (NO5 ), potassium bromide (Br), phosphoric

acid (PO, ), sulfuric acid (SO, ), hydrochloric acid (Cl) and ion chromatography

Veterinary Drug and Hazardous Substances Assay Division, Bureau of Quality Control

of Livestock Products, Department of Livestock Development
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MANAZDINLAL AT NURIAY 19U Uoguin 1503audesdnd enunivue 15991undn

ke = a L

9115807 wazlseehdnd Wudu (allsda, 2550) Tnendndueinildiuusenauvad nitric acid

1 4
LY & a 3

. . & a a v a v o & Ao )
waz phosphoric acid Judnuandusintenldwaziivunsioulusiuladnd wedasiunis

wnsnszgvenenelsaludnitazludnidau

a

AuUsENIATY BT ingdunsiennsuUadnisuliatey way.  nQdunsie
WA, 2535 wlawdndusinguineuasenn/dnte Wuingdunsievilaf 3 91uiu 8 wila
Town acid, aldehyde, alkalis, chlorine, chlorine and releasing substances, phenol and
phenolics compounds, amphoteric surfactants, cationic surfactants ke nonyl phenol
ethoxylate 1ng nitric acid waz phosphoric acid fnifudiulsenevvewaniusisniolay
ANz oIn lesandussansnmlunisiasugmslunisyinanuazeinswivasnignsan
& v, . =) . [T . .
LB WU iodine complexes %38 quaternary ammonium compounds LUAY nitric acid ko
phosphoric acid daLdunsaun (strong acid) filslastaulussrvsznou Wuasusenou
Mdloazanetnazunanillalasiaulesou (H)  dd1pH i 7 wandludilaad
Usgansnnlunisviaegadngs mnvigasenduansaslainge (af, 2560) Faisauifinis
NGUATIVABUAMAIMNENTR TLazINgdunTIwaIuNIsUATRT dlnasiraaununInauen
Uadnd Ssdndudediitvaaeuiianunsanadeuninioeiliegaindetouasluneeusy

[ [ a . <

NANN13VRINTISHENAIELNALlA ion  chromatography (I0) LTunshenanskayly
anznsuandalulessu lnsuenaisuausanainiu anauwAnaiui R UAT0S

o . A Y ) ' Y =
@13 818 mobile phase %39 eluent LuUFMNIATF9819101 column Taenisianiudsu
Uszaniglumedul (on exchange) Falaoauiiogluy eluent uazlosauvetansiiognan
Aosn1snaaey iuszansetuiulesauiiiives stationary phase Megnelunadul vilv
lopauiiagly  eluent uazleoauretansiiateiineens nnsLaNUAUUTENRIVRS

stationary phase  a1ntuansazHIwdfInTIa T wazuanswasenundulasunlnunsy
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(chromatogram)  ansalduenansussinnnsanaziuaiifualuanamuazazaisiléa
(gFun, 2546)

Tu‘fjﬁ]ﬁ;ﬁ’uﬁmssﬁumLﬁauwﬁmﬁmsﬁﬁﬁdwﬂszﬂawm nitric acid, phosphoric acid
uaz hydrochloric acid 5aweg waziiisunasgruildlunmsmeasumuiinusmemaianis
Tnnse uwallanansanadeumiUsunaas sodium nitrite, nitric acid, potassium bromide,
phosphoric acid, sulfuric acid kag hydrochloric acid wenmurdinansldmndunda S
fanswmaniogruiu wardilifiivasoumuiinmansdananlundadusiendo e
az01m sewAila IC TanasnAsgIu ISO/IEC 17025: 2017 o 7.2.2.1 seyliviosufiinis
Fowmsnaeumuldldvedisiliidunnsgiu ivesufoinmeitauniuemiensiaulas
By Mmsfnwadiiingusraiifionanisvaaeumyiinaas nitrc acid, sodium
nitrite, potassium bromide, phosphoric acid, sulfuric acid wag hydrochloric acid Tu

Megrmaniatingdunseiiunsuadad mewaia IC Wwellunsiaasuaruldlanvedds

NAFDUANNLUINIIYDY Eurachem (2014) sl

nuideiisatas

American Public Health Association (2012) fiTnun3svagau anion Tu part 4110
A. uway 4110 B. sgwaila IC naaaun fluoride (F), chloride (CL), nitrite (NO,), nitrate
(NO;), bromide (Br), orthophosphate (POs) hag sulfate (SO,) dieldlunsuszdfiuna
nadeunududuresanslui finunisnsesounia aum 045 pm- thlunssuaunsms
gravnssuuesie wu tndeletn divdeidu Wudu viedidgsldiiunistiva
maamuﬁﬁuﬁ%%gﬂ Taelt column Dionex AGAA-sc plus ASAA-SC 1% eluent 1.7 mM
sodium bicarbonate (NaHCO;)/ 1.8 mM sodium carbonate (Na,CO;) flow rate
2.0 mL/min 3ndaegnedi 25 uL 14 standard anion solution AMMLTNTY 1,000 mg/mL
a5 calibration curve l9iAn correlation coefficients (r) > 0.99 Iﬁi’fﬁjﬁaéﬂﬂﬁﬁﬁ&imﬂﬁ
N3099YN1A YUIA 0.45 um AN15AIVANANAINLAENAGRY % recovery WuItaglugae
70 - 125 % wazilonaasulagldaiududutisnaisuazsisgs wuin egsning

90 - 110 %

Bajenaru et al.  (2015) lamsivdsuaulalavesidwiusuim anion  Tu
wet depositions sgmalia IC Inen1snsiausunaves F, CU, NO,, Br, PO; wag SO, 9
NAgU linearity ¥09 F Tua9aMatUutdu 0.04 - 0.2 mg/L CL, NOs, Br, uag SO, nndau

o &
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BRANUAUTY 0.2 - 5 mg/L  Uaznaaeau PO; 19ANUTLTY 0.4 - 10 mg/L lamT r
Wiy 0.995 A1 LOD 8g/luyae 0.01-.0.02 mg/L A1 LOQ agluyae 0.004-.0.06 mg/L A1
repeatability Wag intermediate precision (%RSD) 8¢j5¥1319 0.65 - 2.19 % lagn15nadey

Ausegsluumiias Bucharest Tutiauduinau 2012 — fuiay 2013

lvanova et al. (2018) ladnwuazasiadeunnuldlaveisdmsunisman
standard inoreanic anions Tuhaudirunistrauarliivide shemaia IC Tnemu3unm
F, CU, NO, @z SO, fena3as IC conductivity detector lngldnaduil Metrosep A supp
7-250 (250 x 4 mm) eluent Aa 3.6 MM Na,COs (isocratic) 14 flow rate 0.7 mL/min wa

nsnageulamn linearity, LOD, LOQ, recovery Wag precision NIULNaaINISEaus Ui

The National Institute for Occupational Safety and Health (2014) method
7907 Amualsnageu volatile acid fdw IC lnenaaauals hydrogen chloride (HCL),
hydrogen bromide (HBr) wag nitric acid (HNO; ) Imemusunes CU, Br wag NO, looou
gl Pre-column (4.0x50 mm), anion-exchange column (4.0x200 mm) Lagsuppressor
column (4 mm) 14 eluent 0.35 mM NaHCO; / 3.1 mM Na,CO; 14 flow rate 1.5 mL/min
3a7IUSH195 25 pL 14 standard solution CU, Br waz NO, ainandudu 1,000 me/L
@519 calibration curve U919 0.4 — 4 mg/mL W3BuUAMIBE1lAENIINTBINNY pre-filter
quartz fiber filter auIA 37-mm 1 adiaz filter ﬁﬁquéha 1 M Na,CO; 500 pL lagly
oump  dmduniseseuiiednaiiednsinisia 2 Umin - Usuinsdaednasiane
30-600 L ifiusnwilifigaumgfl 20 °C Tunan 1 dai ndsann 28 Ju ifuflgundl 4 °C
\Aushedidliednstion 4 Juneuthunnaaeu Wendnidesnsgandes HNO, vaaeufoens
S¥INANAT 4 Tuuag 4 dUavi nuanle A1 % recovery 110N 95 % wasann 4 Jula
% recovery oglur29 97-100 % léiA1 LOD 0.003 mg 1139 0.0012 mg/m’ A precision

WInAU 0.01 %

The National Institute for Occupational Safety and Health (2014) method
7908 AMUUAIINAZBU non-volatile acid Mmuwmaila IC lnenadauals sulfuric acid (H,S0,)
wag phosphoric acid (HsPO,) 1aelt Pre-column (4.0x50 mm), anion-exchange column
(4.0x200 mm) Waz suppressor column (& mm) 14 eluent 0.3 MM NaHCO; / 2.7 mM
Na,CO; 14 flow rate 1.5 mL/min aﬂﬁﬂ%mm 50 pL 1% standard solution anion

AMNHNTY 100 me/L dmTuasne calibration curve 1ag H,S0, aglugae 0.2 - 8 mg/mL
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Wy HPO, 8gluyie 0.8 - 8 me/mL w3euieg1alauni1snsaewie quartz fiber filter

YU 37 mm LAy polytetra fluoroethylene filter (PTFE) au1a 0.45 pum Lazainflae19

paasazay (0.27 M Na,COs hag 0.03 M NaHCOs) Usuns 2 mL Tagld pump dwsu

NswSeiieg1amEsnsINsiva 1-5 L/min wudild @1 % recovery 11031 95 % g

T3 97-100 % 1§A1 LOD o9 H,S0, i 0.002 me/m’ waz HyPOLRU 0.003

me/m’ 1 precision 189 H,50, WU 0.043 % wag H,PO, Wiy 0.032 %

1.

4.

o

ngUszeeA

oI snaaeumUsuNaEns sodium nitrite, nitric acid, potassium bromide,
phosphoric acid, sulfuric acid wag hydrochloric acid Tusiegandnsdiaueingaunsie
AumsUAdnisemaia IC
YBUUY

WJunismeaaumusunuans sodium nitrite, nitric acid, potassium bromide,
phosphoric acid, sulfuric acid wag hydrochloric acid aaewmatlia IC lundndnning
é’umwaé’mmiﬂﬁé’miﬁszé’ummLsi’f:usifuéuaa NO,, NO; , ua¥ Br 20-80 pg/mL
AULNTUTBY PO, Wag SO, 30-120 pg/mL wagAnudutuyes Cl 6-24 ug/mL
Useleviifinndnazlésu

Iaignaaeun1sMmIUTUIUENS sodium nitrite, nitric acid, potassium bromide,
phosphoric acid, sulfuric acid wag hydrochloric acid fewmaiia IC deluldly
nsnsiaaeualdlavesisnaaaudiogiaingdunsianunisadnd wazaunsayulis

negeuluvasun1suseIInIgIu ISO/IEC 17025 1

A5ATdUNT
4.1 \p3sdle

411 yousnvlanIosiiasiginiiunalessu (lon  chromatography)
wiougunsal 8% Themo scientific” U ICS-6000

412 moufiumesmunnTzuULarUsznana 1Usunsu Chromeleon'

4.1.3 Anion-exchange column ?iﬁa Dionex lonPac' " AS22 RFIC'" auim
4 x 250 mm.

4.1.4 Suppressor column § Thermo scientific” iqlu Dionex ACRS 500 4 mm

4.1.5 gatudm3u suppressor anion Svia FLOW JU SP-21

o &
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4.1.6 \3asvhiuiavswieugunsal B%e Themo sdentific $u Genpure Pro UV TOC
0.1.7 \widpsdaimidnlwihmadon 5 duns B Mettle Toledo u AX 205 DR
4.2 Y9 Inereans
4.2.1 Vial Ta w¥aur1 vua 1.5 mL
4.2.2 Vial Ta w¥our aum 10 mL
4.2.3 Micropipette 9u% 20-100 pL
4.2.4 Micropipette 9u1% 100-1,000 pL
4.2.5 Micropipette 9uU1% 5 mL
4.2.6 Volumetric pipette ¥uUa 1, 2, 3, 4, 5 Uag 6 mL
4.2.7 Volumetric flask 9u1d 5, 10, 50, 100 tlag 1,000 mL
4.2.8 Beaker aun 10, 50 whag 500 mL
4.3 15015
Seven anion standard, certified reference material ﬁﬁa CPA chem Lot no. 953005
Usznaume
1) Fluoride (F) A3iUuu 20.00 mg/L
2) Chloride (Cl) Anuitatu 30.08 me/L
3) Nitrite (NO, ) AMWNTU 99.97 mg/L
4) Nitrate (NO5) ALULUU 99.79 mg/L
5) Bromide (Br) ALY 100.05 me/L
6) Phosphate (PO,) AMULULTIY 149.86 mg/L
7) Sulfate (SOq) AULVNUU 149.58 mg/L
4.4 d@1swAdl
4.4.1 Sulfuric acid (H,SO,) ¥ia AR grade
4.4.2 0.5 M Sodium carbonate (Na,COs) in deionized water
4.4.3 0.5 M Sodium bicarbonate (NaHCO3) in deionized water

4.4.4 Whusansmusuvulitesndy 18.2 MQ.cm (deionized water, D)
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4.5 R8N Y luN1SNAEaU

Table 1. Sample used for method development

A9819 dquusznau

Mix sample lot. 2306073 1. Nitric acid 10 %
2. Phosphoric acid 20 %

Nitric acid lot. 18010449 Nitric acid 70 %

Orthro-phosphoric acid lot. AC11002500 Orthro-phosphoric acid 85 %

Hydrochloric acid lot. 19040282 Hydrochloric acid 37 %
Sulfuric acid lot. 410306 Sulfuric acid 96 %
Sodium nitrite lot. F2G107 Sodium nitrite 97 %
Potassium bromide lot. B359072103 Potassium bromide 99.5 %

4.6 TupBUNSNAFEY
4.6.1 NMIw3BNESIAL
4.6.1.1 1N (H,SO,)
779 H,S0, 11 27 mL Talu volumetric flask au1m 1,000 mL At
DI 89 900 mL idhe uaziwenlsidniu Adilmbunouyfuiunms
4.6.1.2 50 mM H,S0,
M9 1 N H,50, 11 50 mL Tdlu volumetric flask au1a 1,000 mL
fiini1 DI 8y 800 mL imde waswelidndu Adlilidunouutu
UNRT
4.6.1.3 Eluent anion 1.8 mM Na,COs kag 1.7 mM NaHCO;
s 0.5 M Na,COs 111 3.6 mL uaz 0.5 M NaHCO; 31 3.4 mL
&l volumetric flask 4178 1,000 mL USuU3anaseeti DI weh
Tidiuwazthluldau
4.6.1.4 Eluent anion 3.6 mM Na,CO; ag 1.7 mM NaHCO;
YU 0.5 M Na,COs 111 7.2 mL waz 0.5 M NaHCO, 11 3.4 mL
Tl volumetric flask 217a 1,000 mL USuUSunnsgedh DI weh

Tmdnfusazilulgay
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4.7 MMSWAIUIITNAFDU

nMsaLn R umInageufieguaranTnssIUieman g iy lu
N1sNAADUIUTUIANT nitric acid tag phosphoric acid Mewatia IC 1nee198335
NAABUIIN American Public Health Association (APHA). 2012. Part 4110 A,
4110 B. 7 column Dionex ASAA-SC plus with guard column AG4A-sc
19 eluent 1.7 mM NaHCOy/ 1.8 mM Na,CO; 14 flow rate 2.0 mL/min aa

o A I~ a o aa o &
FAIDYININ 25 LIL IfﬂﬂlﬁqUazL@Uﬂﬂqiwwuq"]ﬁmﬂﬁ@‘Umqu

4.7.1  mawssusiegsdmsunagou
4.7.1.1 AI981NAFBUMIUSUIUENT nitric acid (HNOs)
1) Ywnsieg1e HNO; w1 1 mL ldlu volumetric flask aun
100 mL YSuusunaseeni DI
2) Ywm 98 1) 11 0.5 mL Talu volumetric flask au1m 100 mL
USutsnnsmeni DI agldnnudiudunes nitric acid wihif
35 pg/mL
3) 1hiegadeUsEeSen IC
4.7.1.2 fog1amndaunUsuinans phosphoric acid
1) TuUndaegns orthro-phosphoric acid (HsPO,) 11 1 mL Talu
volumetric flask w11 100 mL USuuSinasaei DI
2) Uim U9 1) 11 0.5 mL ldlu volumetric flask aw1n 100 mL
Vudsinesdaed DI agldmnududunnududunes
phosphoric acid 1Ay 43 pg/mL
3) 1hiegadeUseeSe IC
4.7.1.3 FR081NAADUNIYUINIENT nitric acid wag phosphoric acid
1) Ywadre81s mix sample 11 1 mL Tdlu volumetric flask
U 100 mlL U§udiumseeih DI
2) Ywe 99 1) w1 2 mL 1dlu volumetric flask wu1a 50 mL

JSuUsunnsaieun DI aglannudutueed nitric acid windu
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65.28 pg/mlL uaz AULTNTUYDI phosphoric acid iy
90 pg/mL
3) 1hiegadeUseweSe IC
4.7.1.4 gy aaaaunIUIuIalans Hydrochloric acid (HCL)
1) Uwmans HCL 11 1 mL Talu volumetric flask ww1a 100 mL
USud3umseaeni DI
2) Uim 99 1) 11 1 mL Talu volumetric flask aua 100 mL
VSudsinessed DI agldmnududunes HCL windy
37 pg/mL
3) 1hiegadeUseeSe IC
4.7.1.5 Areg1anngaumUIuIaEns Sulfuric acid (H,S0,)
1) Unans H,50, 111 mbL 1dlu volumetric flask wua
100 mL USuU3annssaeii DI
2) U v 1) 11 1 mL Tdlu volumetric flask um 100 mL
Vudsinesdaeth DI agldmnnududunes HCL indy
98 pg/mL
3) g mMAdOUMIEIA3N IC
4.7.1.6 $9819NAdauUMIUSNIETT Sodium nitrite (Na,NO,)
1) F5815 Na,NO, 11Uszanas 0.5 ¢ Taflu volumetric flask awn
100 mL avaneuazUSudsuasieii DI
2) U ¥ 1) 11 1 mL Tdlu volumetric flask wuim 100 mL
USud3nnsdaein DI agldaududuues Na,NO, iy
48.5 pg/mL
3) 1eg1aAAD U IEATEN IC
4.7.1.7 fegnavngaumUIuaians Potassium bromine (KBr)
1) 43815 KBr 11 0.5 ¢ Talu volumetric flask wwm 100 mL

avanukarysuusunsaagn DI
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2) U 90 1) 11 1 mL Talu volumetric flask wvuim 100 mL
USulsunnseaetn DI azldmnududuves KBr iy 49.8
pg/mL

3) Yt mndeURIELA3as IC

472 MIWIENaTUIRTTINEmMTUTRIUIEYAaeU

Doy

1) Ywmasu1msgIu seven anion 11 0.60 mlL  wagi1uIgng wn
0.40 mL adly vial awIn 1.5 mL aglannududuwes NO; Wiy
60 pg/mL, PO, Wiy 90 ug/mL, NO, Wiy 60 pg/mL

2) 1hasUINITFIUNAFRUMELATBY IC

Table 2. Test conditions modified according to the APHA (2012) method

Parameter Fvnseuiidneds Condition i 1 Condition i 2

Column Dionex' ASAA-SC  Dionex lonPac " Dionex lonPac' "
plus  with  guard AS22 4x250 mm AS22 4x250 mm
column AG4A-SC

Eluent 1.8 mM Na,CO; / 1.8 mM Na,CO; / 3.6 mM Na,CO; /
1.7 mM NaHCO4 1.7 mM NaHCO, 1.7 mM NaHCO4

Eluention mode Isocratic Isocratic Isocratic

Eluent flow rate 2 mL/min 2 mL/min 2 mL/min

Injection volume 25 uL 25 uL 25 uL

4.7.3 A1SAUI

4.7.3.1 nN3AINMUTUETT Sodium nitrite

- CoxVyxD
Sodium nitrile %W/W %38 %W/ =—— x 100
M, x 1000
Co = USuumnutntuYesansazauniog1e (mg/mL) ldainnis

ANUIVDLATBINIBIINENNSUBY calibration curve
= YSumsansazatesingeimsey (mL)

o=

= SELAUAIULTDIN

O
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M, = dutdnuseUsuiiasildwmsensiesns (g 5o mL)
1000 = wuasanuuae ¢ 1Uu me
100 = vilndu %

4.7.3.2 N15AUIMMIUTUIUETT nitric acid

- CoxVexD
Nitric acid %W/W #38 %W/ = ——— x 100
M; x 1000
C, = Usunumnududuvesasazatediegns (mg/mb) laannnis
ATUINVBIATDINTDAINENNITUDY calibration curve
V., = YSuinsansazangsiedneiimsy (mL)
D = STAUAMULTDIN
M, = dmtnuseUsunsildwsuuaiesns (g e mL)

1000 = wuasanuuae ¢ 1Uu me
100 = yihlmdu %

4.7.3.3 A1SAIUINIUSUIETS Potassium bromide

Potassium bromide %W/W %38 %W/V =M x 100
M; x 1000
Co = UTuumututuYesansazaIufiog1e (mg/mL) ldainnis
ﬁwmméuaaLﬂéaaw'%amﬂaMﬂwuaq calibration curve
V., = Usumsansazanssiogefiesen (mL)
D = STAUAMIULTDAIN
M, = sdnudeUsinasiildnseusied (¢ wie mL)

1000 = wiasanuuie g \u mg
100 = vhlndu %
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4.7.3.4 MsAUIUNIYINIETT phosphoric acid

) ) “ CoxVexD
Phosphoric acid %W/W %38 %W/V = —— x 100
M, x 1000
C, = Usunuanududuvetsaisazatodegns (mg/mL) laannnis
ATUINVBIATDINTDAINANNITVDY calibration curve

V. = YSuinsansazangsieg iy (mL)
D = STAUAULTDAN
M, = dmthnuseUsunsildwssuaiens (g e mL)

1000 = wuasnuuae ¢ 1Uu me
100 = vhlidu %

4.7.3.5 n15AIUINIUIHINETS Sulfuric acid

- CoxVyxD
Sulfuric acid %W/W %38 %W/ = — x 100
M, x 1000
Co = USuumnudutuYesansazaigfiog1 (mg/mL) ldainnis
ATUINVDIATOINTDAINANNITVDY calibration curve

V. = USuinsansazangsied iy (mL)
D = STAUAMIULTDAN
M, = dudnuseUsuinsildmseusiesis (g 5o mL)

1000 = wuasanuuae ¢ 1Uu me
100 = vhlndu %

4.7.3.6 NM1IAUINMIUIUIUAT Hydrochloric acid

CoxV,xD
Hydrochloric acid %W/W 38 %W/N = ——— x 100
M, x 1000
C, = USUumNuutuYeEsaza1efieg1s (me/mL) laannnis
AUV UATDINTDAINANNTUDY calibration curve
V., = Ysunsansazangsiedneiimsey (mL)
(a8} Wit 13 970 43
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D = FZAUAILLIDIN
M, = dmtnuseusunsildwmsuuaiedns (g e mL)
1000 = wiasannuie g \u mg
100 = ¥y %
4.7.4 MINAABUBINTVBINITIATIZIN (range)

W38 range VBIENTUINTZIU NO,, NO; , kae Br 37u3u 13 Ay
windu ieglugae 1 - 100 pug/mL (1, 2.5, 5, 10, 20, 30, 40, 50, 60, 70,
80, 90 wag 100 pg/mLb) @1511M5§1U PO, Wag SO; 31U 13 Ay
wnty agluyae 1.5 - 150 ug/mL (1.5, 3.75, 7.5, 15, 30, 45, 60, 75, 90,
105, 120, 135 uag 150 pg/mL) wagasuInsgIu Cl 31U 13 Ay
Windu eglurae 0.3 - 30 pg/mL (0.3, 0.75, 1.5, 3, 6, 9, 12, 15, 18, 21,
24, 27 waz 30 pg/ml) W3suaw Table 3, 4 az 5 lneRAaI5UIRNTFIU

ALLLNTUAE 3 injection

Table 3. Preparation of solutions for testing the range of NO,, NOs , and Br.

a19u  USums (mL) vas  USuimswesun  Final conc.  Final conc.  Final conc.

YRRl U3qW3 (mL) NO, NO, Br
conc. 100 (ug/mL) (pg/mL) (pg/mL) (pg/mL)
1 0.010 0.990 1 1 1
2 0.025 0.975 2.5 2.5 2.5
3 0.050 0.95 5 5 5
4 0.10 0.90 10 10 10
5 0.20 0.80 20 20 20
6 0.30 0.70 30 30 30
7 0.40 0.60 40 40 40
8 0.50 0.50 50 50 50
9 0.60 0.40 60 60 60
10 0.70 0.30 70 70 70
11 0.80 0.20 80 80 80
12 0.90 0.10 90 90 90
13 1 - 100 100 100

o &
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Table 4. Preparation of solutions for testing the range of PO, and SO,

anu Usuns (mL) v Ysu1msva9in Final conc. Final conc.
#1501MTFU uIgns (mL) PO, (ug/mL) SO, (ug/mL)

conc.150 pg/mL

1 0.010 0.990 1.5 1.5
2 0.025 0.975 3.75 3.75
3 0.050 0.95 7.5 7.5
4 0.10 0.90 15 15
5 0.20 0.80 30 30
6 0.30 0.70 a5 45
7 0.40 0.60 60 60
8 0.50 0.50 75 75
9 0.60 0.40 90 90
10 0.70 0.30 105 105
11 0.80 0.20 120 120
12 0.90 0.1 135 135
13 1 - 150 150

o 1 & Adg va Yy v ] ] .
UrArnuilafiavesarsuinsgiukazaududuluasiansinniei correlation
coefficient (r) nauaiN1580U5U r > 0.99 (AOAC, 2023)

Table 5. Preparation of solutions for testing the range of Cl

a6y U3u1As (mL) va9 &13 Uunsvesindgns  Final conc. CU
UINTFIU conc. 30 pg/mL (mL) (ug/mL)
1 0.010 0.990 0.30
2 0.025 0.975 0.75
3 0.050 0.95 15
4 0.10 0.90 3.0
5 0.20 0.80 6.0
6 0.30 0.70 9.0
7 0.40 0.60 12
8 0.50 0.50 15
9 0.60 0.40 18
10 0.70 0.30 21
11 0.80 0.20 24
12 0.90 0.1 27

o &
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13

1 - 30

UrAunlafiaveIasuInsgIukazaududuliasiansinmian correlation

coefficient (r) 1NaUINI588USU r > 0.99 (AOAC, 2023)

4.7.5 minadeuadudunse (linearity)

4.75.1

4.75.2

4753

4754

nsnedeuaUludunsI909a151IRSg U NO,, NO5 , Uaw Br
lngwnsey calibration  curve  Tudanudutuagluyig
20 - 80 pg/mL (20, 30, 40, 50, 60, 70 uax 80 pg/mL) Fum3ey
i1 Table 6 wazwisumududuay 1 919 a2 3 injection
n1snageuAuludunIIeEIsuInsgIu PO, uaz SO, lng
W38y calibration curve  lvilianuidudueaglugig 30 - 120
ug/mL (30, 45, 60, 75, 90, 105 wag 120 pg/ml) TFun3ey
1 Table 7 uaswdenmududuaz 1 919 a¢ 3 injection
msnagouAuludunsivesasnsgiu CU lnawmsey
calibration curve Tislanudiutuagluiag 6 - 24 ug/mL

6,9, 12, 15, 18, 21 way 24 pg/mL) JupSeusa Table 8 uaz
wasuanduduay 1 819 av 3 injection
theniiuildfinansnesgiuuazaundudu 984 nitrate uaz
phosphate lUa519n31muen correlation coefficient (r ) theusi

N158ausu r > 0.99 (AOAC, 2023)

Table 6. Preparation of solutions for testing the linearity of standard NO,, NO; and Br

au  Usuies (mbL) vas USumswasun Final conc.  Final conc.  Final conc.

#1501A551U U3qws (mL) NO, NO; Br
conc. 100 (ug/mL) (ug/mL) (pg/mL) (pg/mL)
1 0.20 0.80 20 20 20
2 0.30 0.70 30 30 30
3 0.40 0.60 40 40 40
4 0.50 0.50 50 50 50
5 0.60 0.40 60 60 60
6 0.70 0.30 70 70 70
7 0.80 0.20 80 80 80

o &
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Table 7. Preparation of solutions for testing the linearity of standard PO, Wag SO,

anu Usuns (mL) va9 Usunsvaeun Final conc. Final conc.
F1501953 1Y uIgns (mL) PO, (ug/mL) SO, (ug/mL)

conc.150 pg/mL

1 0.20 0.80 30 30
2 0.30 0.70 a5 45
3 0.40 0.60 60 60
4 0.50 0.50 75 75
5 0.60 0.40 90 90
6 0.70 0.30 105 105
7 0.80 0.20 120 120

Table 8 Preparation of solutions for testing the linearity of standard Cl

a16U J3umas (mL) ves U’%mm%aaﬁw’%qwé Final conc. ClU
#1901M3g1U conc. 30 pg/mL (mL) (ug/mL)
1 0.20 0.80 6.0
2 0.30 0.70 9.0
3 0.40 0.60 12
4 0.50 0.50 15
5 0.60 0.40 18
6 0.70 0.30 21
7 0.80 0.20 24

4.7.6 NISNAADUAINNLLU (accuracy)
4.7.6.1 MsNAdBY accuracy Uad NaNO,, HNO; , wag KBr TA8nN159N
Yo8azAINISAUNSU (% recovery) lagniswssuaIsnagaud
g 3 sEeu fe 30, 50 wa 70 ug/ml Fafitumeuns
wisuan Table 9-11 Inevhanuanududuas 2 919 av 3
injection tNUIN1TEBUTU % recovery agluyav 95-105 Uay

[

9%RPD < 2 (AOAC, 2023) lnewm3e stock 189618819691

o &
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1)

2)

3)

#19819 NaNO, Faa5u1Ussanas 05 ¢  azaiswazuiu
Usinmssaeii DI Tu volumetric flask wwin 100 mL azld
AULNTUBY NO, WinAU 4,850 pg/mL

feena HNO; Ui 11 1 mL Tdlu volumetric flask wum
100 mL U$uUSinnsaaein DI agldanududuves NO,
WINAU 7,000 pg/mL

Fr0819 KBr FeansunUszanns 0.5 ¢ avateuazUiuusunns
et DI Tu volumetric flask aw1m 100 mL 9gldAy

\WNTUYBS Br AU 4,975 pg/mL

Table 9. Preparation of standard addition NaNO, for determining % recovery

No. Stock Std.  Conc. Std. Sample Conc. Final NO,
conc. 100 (ug/mL) conc. 4,850 sample conc. (ug/mL)
pg/mL (mL) pg/mL (mL) (ug/mL)
1 1 10 0.044 20 30
2 1 10 0.085 40 50
3 1 10 0.125 60 70

Table 10. Preparation of standard addition HNO; for determining % recovery

No. Stock Std. Conc. Std. Sample Conc. Final NO,
conc. 100 (ug/mL) conc. 7,000 sample conc. (ug/mL)
pg/mL (mL) pg/mL (mL) (ug/mL)
1 1 10 0.030 20 30
2 1 10 0.060 40 50
3 1 10 0.090 60 70

Table 11. Preparation of standard addition KBr for determining % recovery

No. Stock Std. Conc. Std. Sample Conc. Final Br
conc. 100 (pg/mL) conc. 4,975 sample conc. (pug/mL)
pg/mL (mL) pg/mL (mL) (ug/mL)
1 1 10 0.043 20 30
2 1 10 0.082 40 50
3 1 10 0.120 60 70

o &
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4.7.6.2 NMINAGBY accuracy U994 HsPO,, ay H,S0, lnan1suisouazan
MSAUNEU (% recovery) TnenswnSeuansnageufiaududu 3
SZAU AB 45, 75 wag 105 ug/mL Faiduneunisinsuumy Table
12-13 Tnevhanuanududuas 2 919 av 3 injection nasinTg
gouTU % recovery agluyat 95-105 war %RPD < 2 (AOAC,
2023) Tnewn3en stock vesfatasad

1) @919 HsPO, Uim a1 1 mL Talu volumetric flask wuna
100 mL  USuUsinsanetn DI agldmnudidues PO,
WiAY 8,500 pg/mL

2) #9819 H,50, Yws 11 1 mL Tdlu volumetric flask aun
100 mL U¥uUSunnsanein DI agldanududures SO,

WiNAY 9,800 pg/mL

Table 12. Preparation of standard addition HsPO, for determining % recovery

No. Stock Std. Conc. Std. Sample Conc. Final PO,
conc. 150 (ug/mL) 8,500 pg/mL sample conc. (ug/mL)
pg/mL (mL) (mL) (pg/mL)
1 1 15 0.035 30 45
2 1 15 0.070 60 75
3 1 15 0.105 90 105

Table 13. Preparation of standard addition H,SO,4 for determining % recovery

No. Stock Std.  Conc. Std. Sample Conc. Final SO,
conc. 150 (ug/mL) 9,800 pg/mL sample conc. (ug/mL)
pg/mL (mL) (mL) (ug/mL)
1 1 15 0.031 30 45
2 1 15 0.062 60 75
3 1 15 0.093 90 105

4.6.7.3 NAE0U accuracy U89 HCL  lagn1suiseauasAINISAUNGU
(% recovery) Ingn1SIASINENTNAABUNAUULTU 3 S2AU @D 9,
15 uag 21 pg/mlL FedvunaunIsiesauni Table 14 Tawvin

AUAMILTLTUAY 2 919 8 3 injection  LNTINITEIUSU %

o &
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recovery g/lut9 95-105 uag %RPD < 2 (AOAC, 2023) 1wy
stock va9aglaeUn HCL 11 1 mL Tdlu volumetric flask
U9 100 mL  USuUSumseietn DI aglamnuuduses CL

WiNAY 3,700 pg/mL

Table 14. Preparation of standard addition HCl for determining % recovery

No. Stock Std. Conc. Std. Sample Conc. Final CU
conc. 30 (pg/mL) 3,700 pg/mL sample conc. (ug/mL)
pg/mL (mL) (mL) (ug/mL)
1 1 3 0.017 6 9
2 1 3 0.033 12 15
3 1 3 0.093 18 21

5. HANTSNAGDU
5.1 NMINARDUANTIE

NAFDUAITUIATFIU seven anion finnuitawes NO,, NOs uaw Br Wiy
60 pg/mL ANUTNTUVDY PO, e SO, 1AU 90 pg/mlL LazAIUINTUUDY CL
Wiy 18 pg/mL ldanngnsvadeunuiisvaaeufisnsds APHA 2012 lnglasusu
column 210 Dionex " ASGA-SC plus with guard column AG4A-SC \Ju Dionex
lonPac" AS22 RFIC"" 411@ 4 x 250 mm Dionex lonPac' AS22 Warnadaumial
condition 71 1 #4 Table 2 WU peak wos NO,, NOs uag Br  Usingil 4.070,
5.563 Way 4.913 U9l Lay peak 199 PO, , SO, Ui'mg‘ﬁ 10.967 way 13.447 w19

uay peak 84 Cl UsING7 3.263 Uit fa Fig 1
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Fig 1 chromatogram Standard solutions of seven anions based on the APHA
(2012) testing method condition 1
NAFOUAITUINTZIUY  seven anion fnuduves NO,, NO; uag Br Wiy
60 pg/mL ANMIAILTUVDY PO, Wag SO, WiNAU 90 pg/mL harAMULUNTUYDY Cl
Wiy 18 pe/mL Manizmu condition 71 2 Table 2 wu3n peak 283 NO,, NO; uae
Br Us1ngfl 3.340, 4.480 wag 3.970 W7l uay peak wos PO, , SO, UTINGT 6.500

WaE 7.637 W17 uay peak ¥e4 CU UsINgT 2.737 w1dl i Fig 2

;h“

mil
-9:901.252.503.755.006.257.508.7510.00

PR O W)

[6=HPO4 - 6.453 %

Fig 2 chromatogram seven-anion standard solutions prepared under condition 2

o &
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WeonaaauRlaene mix sample 19 condition 71 2 WU @wnsauen peak
283 NO; Waz PO, lhog1adaau ne peak v8s NO; Usngi 4.477 uil uag PO,
U597 6.470 W19 flagu?l 3 A resolution ¥8e NO; Wiy 7.8 i tailing factor

94 NO; AU 1.4 wag PO, windu 1.2 63 Fig 3

ERVE

us B

2504

—2- HPO4 - 6.470

5.0+

min

—— T T T T g T T i -
0.00 1.26 250 375 5.00 B.25 750 a8 10.00)

Fig 3 chromatogram of mix sample under condition 2
nAAoUFIE13 NaNO, Tngld condition 7 2 wu31 peak 189 NO, U357n9)

Faau 71 3.327 undl 71 Fig 4

18.0

1]

W02 -3 0|

6.0

4.0+

12.0+

10.04

8.0

6.0
4.0
204

" ]

-2.0
o0 125 250 37s 500 625 7.50 875 10.00

Fig 4 chromatogram of NaNO, under condition 2
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VAaoURIE HNO, Tagld condition 7 2 wu31 peak 189 NO, 13104

Faau 71 4.450 Uit 73 Fig 5

FTRTEES = — - et =
s

4. 370

25.04

10.0+4

00 L .

min

0.00 125 250 35 5.00 525 750 875 1000

Fig 5 chromatogram of HNO; under condition 2

naaeudia81s KBr Iagld condition 11 2 wuidn peak vas Br Usingdiniau

71 3.953 undl 1 Fig 6

1M = = — = =
BE

2933,

11,254

10,00 4

8754

7504

5.26 4

5.004

3764

2.50 4

1264

'>-|-cu-2m

0.004

%

-1.25 4

2001
000 125 250 378 500 825 750 875 10,00,

Fiec 6 chromatogram of KBr under condition 2
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NAADURIENY HoPO, Tneld condition 7 2 wui1 peak v PO, 13104

Fonau 7 6.447 wndl Fig 7

4_Anicn_spiked-P04-Cl #36 [manually cD 1

18.0- 2
(B

16.04

14.0-

12.04

10.04

2.0+

6.0

4.0+

2.0+

oo

2.0
000 125 250 3T 5.00 .25 750 875 10.00

Fig 7 chromatogram of H;PO, under condition 2
NAADURIEY HySO, Ineld condition 7 2 wuin peak wed SO, 13104
Faau 71 7.637 undl 71 Fie 8

300 = T L g ey o

us

250

1 - 504 -7.500

200

10,04

5.0

0.0 -

min

0.00 125 250 37 5.00 625 750 875 10:00

Fig 8 chromatogram of H,SO, under condition 2
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npaeuiiogn HCL Ingld condition 7 2 wuin peak wes CL Usingdaiau

7 2.750 undt &4 Fig 9

43.U+

[

cl-277

4004
35.04
30,0

25.04

10.0
5.0 Kh
0.0 !

50d

rrrrrrrrrrrrrrrrrrrrrrrrrrr

Fig 9 chromatogram of HCl under condition 2
5.2 MINAABULIVBINITIATIZA (range)

5.2.1 Han1InA#BU range YB9ENIUIATEIU NO, NOs , Ly Br ﬁﬂamwﬁwﬁuagj
Tu979 1.0 - 100 pg/mL @4 Table 15-17 Wu31 % RSD ¥0¢ NO, $8%319
d10gfluta9 0.05 - 1.96 % RSD wo9 NO;  agluts 0.03 - 0.49 uaz%
RSD w4 Br ogluyie 0.04 - 1.74 Fariunaueiniseausu (% RSD < 2)
e area Ta$1answluinsgruilonan correlation coefficient () #is

Fig 10-12 Wua13A1 r 999 NO, NO; , lag Br 11y 0.9998, 0.9989 lag

0.9990 ANUAINU FIULNUNNITIBUTU (r > 0.99) NanUA

o &
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Table 15. Results of range testing for NO, standard solution

ANUTNTUY Area
Average SD % RSD
(pg/mL) 1 2 3
1.00 0.0507 0.0504 0.0505 0.0505 0.0002 0.30
2.50 0.1258 0.1247 0.1230 0.1245 0.0014 1.14
5.00 0.2566 0.2554 0.2566 0.2562 0.0007 0.27
10.00 0.5181 0.5185 0.5179 0.5182 0.0003 0.05
19.99 1.1415 1.1008 1.1073 1.1165 0.0219 1.96
29.99 1.6479 1.6400 1.6428 1.6436 0.0040 0.25
39.99 2.2824 2.2851 2.2883 2.2853 0.0030 0.13
49.99 2.8650 2.8690 2.8634 2.8658 0.0029 0.10
59.98 3.4319 3.4276 3.4290 3.4295 0.0022 0.06
69.98 4.0314 4.0623 4.0521 4.0486 0.0158 0.39
79.98 4.6565 4.6532 4.6522 4.6540 0.0023 0.05
89.97 5.2420 5.2465 5.2377 5.2421 0.0044 0.08
99.97 5.8262 5.8323 5.8340 5.8308 0.0041 0.07
Table 16. Results of range testing for NO; standard solution
ANty Area
Average SD % RSD
(ug/mL) 1 2 3

1.00 0.0404 0.0406 0.0405 0.0405 0.0001 0.24
2.50 0.1009 0.1003 0.1000 0.1004 0.0005 0.48
5.00 0.2062 0.2061 0.2062 0.2062 0.0001 0.03
10.01 0.4158 0.4164 0.4166 0.4163 0.0004 0.09
20.01 0.9049 0.8915 0.9010 0.8991 0.0069 0.77
30.02 1.3531 1.3399 1.3471 1.3467 0.0066 0.49
40.02 1.8665 1.8650 1.8656 1.8657 0.0007 0.04
50.03 2.3863 2.3913 2.3841 2.3872 0.0037 0.15
60.03 2.9075 2.9022 2.9031 2.9043 0.0028 0.10
70.04 3.4614 3.4751 3.4657 3.4674 0.0070 0.20
80.04 4.0384 4.0314 4.0150 4.0283 0.0120 0.30
90.05 4.6152 4.6162 4.6122 4.6145 0.0021 0.05
100.05 5.2035 5.2021 5.2047 5.2034 0.0013 0.03

naunTIvEUANA NN TLaz IngdunsiesunTUe
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Table 17. Results of range testing for Br standard solution

AULTNTU Area
Average SD % RSD
(ug/mL) 1 2 3
1.00 0.0320 0.0322 0.0323 0.0322 0.0002 0.57
2.49 0.0817 0.0799 0.0789 0.0802 0.0014 1.74
4.99 0.1639 0.1639 0.1643 0.1640 0.0002 0.14
9.98 0.3312 0.3303 0.3314 0.3310 0.0006 0.18
19.96 0.7193 0.7048 0.7100 0.7114 0.0074 1.03
29.94 1.0641 1.0527 1.0591 1.0587 0.0057 0.54
39.92 1.4760 1.4752 1.4755 1.4756 0.0004 0.03
49.90 1.8808 1.8825 1.8779 1.8804 0.0023 0.12
59.87 2.2817 2.2821 2.2791 2.2810 0.0016 0.07
69.85 2.7090 2.71326 2.7280 2.1232 0.0125 0.46
79.83 3.1681 3.1622 3.1522 3.1608 0.0080 0.25
89.81 3.6252 3.6269 3.6226 3.6249 0.0022 0.06
99.79 4.0831 4.0809 4.0836 4.0825 0.0014 0.04
Range of NO,
7.0000
y = 0.0586x - 0.051
6.0000
Rz = 0.9998
5.0000
= 4.0000
IS
% 3.0000
=
g 20000
©
1.0000
0.0000
0.00 20.00 40.00 60.00 80.00 100.00 120.00
Conc. (pg/mL)

naunsIEoUANAMEERTuaz TngdunTemuNsUATH T

Fig 10 Calibration curve of range for standard solution NO,

o &

Wi 27 910 43



Range of NO,
6.0000
5.0000 y = 0.0517x - 0.1088
4.0000 R? = 0.9979
<
£ 3.0000
2
~ 2.0000
]
5
1.0000
0.0000
0.00 20.00 40.00 60.00 80.00  100.00  120.00
Conc. (pg/mL)
Fig 11 Calibration curve of range for standard solution NO5
Range of Br
5.0000
y = 0.0407x - 0.0816
4.0000 R? = 0.9981
= 3.0000
£
*
2 20000
©
o
S 1.0000
0.0000
0.00 20.00 40.00 60.00 80.00  100.00  120.00
Conc. (ug/mL)

Fig 12 Calibration curve of range for standard solution Br.
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52.2  HANIIAABY range YBENTHATIIU PO, War SO, Minuiduduagluyis

1.5 - 150 pg/mL 79 Table 17-18 wWu31 % RSD w84 PO, swiwa%‘wa@j
Tut23 003 - 1.75 uaz % RSD w8 SO, ogflutine 0.03 - 053 Fari1u

NAINITEOUSY (% RSD < 2) Wiet area Masiansmuinsgiuiioniad

correlation coefficient (r ) ¢4 Fig 13-14 Wua A1 r 984 PO, Wwag SO,

WU 0.9990 wag 0.9989 AUESU BEunaeinNsEaNSY (> 0.99)

Table 17. Results of range testing for PO, standard solution

AMuduty Area
Average SD % RSD
(ug/mL) 1 2 3
1.5 0.0308 0.0304 0.0315 0.0309 0.0005 1.75
3.75 0.0763 0.0755 0.0762 0.0760 0.0004 0.55
7.5 0.1582 0.1582 0.1581 0.1582 0.0001 0.03
14.99 0.3183 0.3193 0.3191 0.3189 0.0005 0.17
29.97 0.6746 0.6757 0.6761 0.6755 0.0008 0.11
44.96 1.0110 1.0088 1.0048 1.0082 0.0031 0.31
59.94 1.3762 1.3734 1.3739 1.3745 0.0015 0.11
74.93 1.7613 1.7707 1.7585 1.7635 0.0064 0.36
89.92 2.1554 2.1430 2.1443 2.1476 0.0068 0.32
104.90 25735 2.5955 25718 2.5803 0.0132 0.51
119.89 2.9810 2.9720 29761 29764 0.0045 0.15
134.87 3.4088 3.4103 3.4087 3.4093 0.0009 0.03
149.86 3.8393 3.8320 3.8363 3.8359 0.0037 0.10
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Table 18. Results of range testing for SO, standard solution

AU Area
Average SD % RSD
(pg/mL) 1 2 3
1.50 0.0798 0.0793 0.0789 0.0793 0.0004 0.53
3.74 0.1968 0.1970 0.1963 0.1967 0.0004 0.20
7.48 0.4054 0.4075 0.4072 0.4067 0.0011 0.27
14.96 0.8203 0.8198 0.8202 0.8201 0.0002 0.03
29.92 1.7620 1.7577 1.7604 1.7600 0.0022 0.12
44.87 2.6498 2.6429 2.6338 2.6422 0.0081 0.31
59.83 3.6276 3.6226 3.6229 3.6244 0.0028 0.08
74.79 4.6570 4.6757 4.6522 4.6616 0.0124 0.27
89.75 5.7087 5.6827 5.6762 5.6892 0.0172 0.30
104.71 6.8327 6.8777 6.8373 6.8492 0.0248 0.36
119.66 7.9170 7.8990 7.9026 7.9062 0.0096 0.12
134.62 9.0477 9.0478 9.0359 9.0438 0.0069 0.08
149.58 10.1705 10.1588 10.1764 10.1685 0.0090 0.09
Range of PO,
5.0000
4.0000 y = 0.0255x - 0.0733
. R? = 0.9981
c
£ 3.0000
= 2.0000
o
©
1.0000
0.0000
0 50 100 150 200
Conc. (ug/mL)
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Fig 13 Calibration curve of range for PO, standard solution
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Fig 14 Calibration curve of range for SO, standard solution

HANINAABY range VBATNINTHIUN CL MiAduiduduaglugig 0.3 - 30

ug/mL #is Table 19 Wudn % RSD wes szninedeglurag 0.02 - 1.26 9

HIUNAU9IN58OUSY (% RSD < 2) Liipin area LUas19nsmunnsgIuiven

fin correlation coefficient (r ) &3 Fig 15 wudndlen r Wiy 0.9994 &4

NULNAINNITEBUSU (r > 0.99)

Table 19. Results of range testing for Cl standard solution

Auduty Area
Average SD % RSD
(ug/mL) 1 2 3
0.30 0.0303 0.0299 0.0302 0.0302 0.0002 0.66
0.75 0.0623 0.0633 0.0618 0.0625 0.0008 1.26
1.50 0.1265 0.1257 0.1263 0.1262 0.0004 0.31
3.01 0.2355 0.2352 0.2355 0.2354 0.0002 0.09
6.02 0.5122 0.5040 0.5073 0.5078 0.0041 0.81
9.02 0.7363 0.7366 0.7345 0.7358 0.0012 0.16
12.03 1.0691 1.0649 1.0630 1.0656 0.0031 0.29
15.04 1.3200 1.3267 1.3201 1.3223 0.0038 0.29
18.05 1.5829 1.5808 1.5779 1.5805 0.0025 0.16
21.06 1.8739 1.8782 1.8758 1.8760 0.0022 0.12
24.06 2.1955 2.1986 2.1953 2.1964 0.0019 0.08
27.07 2.4801 2.4821 2.4794 2.4805 0.0014 0.06
30.08 2.71867 2.7856 2.7867 2.7863 0.0006 0.02
naunsREeURMAMENdniuaz IngdunTeiunMsUadn Wil 31 200 43



Range of Cl

3.0000

2.5000

y = 0.0922x - 0.0373

20000 R?z =0.9988

1.5000

area (us*min)

1.0000
0.5000

0.0000
0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00

Conc. (pg/mL)

Fig 15 Calibration curve of range for Cl standard solution

5.3 nMInadeuAIdudunse (linearity)
531  wan1svaaeuAududunsivesasuinggiu NO,, NOs , uay Br lag
W38y calibration curve ﬁﬂ’smﬁmﬁuaﬂmhﬂ 20 - 80 pg/mL ¢4 Table
20-22 WU % RSD o9 NO, wvi'jwz’j‘;']aeﬂwdm 0.10 - 1.13 % RSD 284
NO; 8glu¥a1 0.15 - 0.88 uaz% RSD ved Br  aglu¥it 0.16 - 1.55
Farmunaminiseouiu (% RSD < 2) et area luadunsmlunsgiuile
A" correlation coefficient (r) A9 Fig 15-17 Wu18AT r 989 NO,, NOs,
WA Br WihAu 0.9998, 0.9995 war 0.9994 AUEIRU BINIUNIINIS

gaUSU (r > 0.99) VIUUA

o &
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Table 20. Results of linearity testing for NO, standard solution

ANUdUTY Area
Average SD % RSD
(pg/mL) 1 2 3
19.99 1.0978 1.0928 1.0891 1.0932 0.0044 0.40
29.99 1.6820 1.7066 1.7086 1.6991 0.0148 0.87
39.99 23274 2.2825 2.3284 2.3128 0.0262 1.13
49.99 2.9249 2.9036 29193 2.9159 0.0110 0.38
59.98 3.5002 3.4965 3.5154 3.5040 0.0100 0.29
69.98 4.1159 4.1243 4.1189 4.1197 0.0043 0.10
79.98 4.7446 4.7759 4.7581 4.7595 0.0157 0.33
Table 21. Results of linearity testing for NO5 standard solution
AU Area
Average SD % RSD
(pg/mL) 1 2 3
20.01 0.8974 0.8923 0.8931 0.8943 0.0027 0.30
30.02 1.3976 1.4177 1.4205 1.4120 0.0125 0.88
40.02 1.9360 1.9161 1.9350 1.9290 0.0112 0.58
50.03 2.4758 2.4431 2.4623 2.4604 0.0165 0.67
60.03 2.9964 2.9898 3.0090 2.9984 0.0098 0.33
70.04 3.5865 3.5812 3.5759 3.5812 0.0053 0.15
80.04 4.1729 4.2021 4.1801 4.1851 0.0152 0.36
Table 22. Results of linearity testing for Br standard solution
ANUTUTY Area
(ug/mL) . . 3 Average SD % RSD
19.96 0.7104 0.7062 0.7042 0.7069 0.0031 0.44
29.94 1.0986 1.1282 1.1290 1.1186 0.0174 1.55
39.92 1.5284 1.5041 1.5274 1.5200 0.0137 0.90
49.90 1.9481 1.9289 1.9380 1.9383 0.0096 0.50
59.87 2.3573 2.3527 2.3666 2.3589 0.0071 0.30
69.85 2.8148 2.8098 2.8059 2.8102 0.0045 0.16
79.83 3.2763 3.2948 3.2829 3.2847 0.0093 0.28
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Fig 16 Calibration curve of linearity for NO, standard solution

Linearity STD NO,
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4.0000
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Fig 17 Calibration curve of linearity for NO; standard solution
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Linearity STD Br
4.0000
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=
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Fig 18 Calibration curve of linearity for Br standard solution

532  uan1IneaeuAdudunsIvesdIsuInggIu PO, waz SO, lnain3ay
calibration curve ﬁmmlfﬁm,fuaeﬂmi’m 30 - 120 pg/mL @9 Table
23-24 WU % RSD 104 PO, Sewinagnaglugag 0.03 - 0.89 wag % RSD
9 S0, 8gluT29 0.04 — 0.50 FarunasinIBaN3Y (% RSD < 2) iloth
area iﬂa%’mﬂi’]Wu’lmg’luLﬁamﬁi’] correlation coefficient (r ) #4 Fig
18-19 WUIEA r 999 PO, way SO, Wiy 0.9994 uaz 0.9994 Ferinu

LNATIN1T8BUSY (r > 0.99) y1auA

Table 23. Results of linearity testing for PO, standard solution

ANty Area
(ug/mL) ] . 3 Average SD % RSD
29.97 0.6732 0.6782 0.6793 0.6769 0.0032 0.48
44.96 1.0438 1.0433 1.0450 1.0441 0.0009 0.08
59.94 1.4295 1.4257 1.4273 1.4275 0.0019 0.14
74.93 1.8413 1.8217 1.8214 1.8282 0.0114 0.62
89.92 2.2324 2.2317 2.2313 2.2318 0.0006 0.03
104.90 2.6620 2.6561 2.6523 2.6568 0.0049 0.18
119.89 3.0912 3.1447 3.1065 3.1141 0.0276 0.89
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naunsIEoUANAMEERTuaz TngdunTemuNsUATH T W9 35 210 43



Table 24. Results of linearity testing for SO, standard solution

AULTNTY Area
Average SD % RSD
(pg/mL) 1 2 3
29.92 1.7582 1.7574 1.7590 1.7582 0.0008 0.04
a44.87 2.7250 2.7161 2.7198 2.7203 0.0045 0.16
59.83 3.7467 3.7368 37412 3.7415 0.0050 0.13
74.79 4.8320 4.7898 a.7917 4.8045 0.0238 0.50
89.75 5.8840 5.8765 5.8788 5.8798 0.0039 0.07
104.71 7.0138 7.0127 6.9922 7.0062 0.0122 0.17
119.66 8.1519 8.2681 8.1787 8.1996 0.0609 0.74
Linearity STD PO4'
4.0000
y = 0.027x - 0.1711
3.0000
. R2 = 0.9988
f=
£ 20000
=
]
5 1.0000
0.0000
0.00 2000 4000  60.00 80.00 100.00 120.00  140.00
Conc. (pg/mL)
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Fig 19 Calibration curve of linearity for PO, standard solution
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Fig 20 Calibration curve of linearity for SO, standard solution

nan1snadauAuudunsIvesa1suInsgIu CU lnew3ey calibration
cuve  Aanududueglugis 60 -24  pg/ml f1 Table
25 WU 9% RSD ogjsevinednoglutag 0.13 - 1.65 Baruinmusiniseensy
(% RSD < 2) \ilew1 area Wa¥rsnsmianasgruilonnan correlation
coefficient () #3 Fig 21 Wuindlan r Wiy 0.9995 Ferinunasiniseeusu

(r>0.99) ﬁ’jwm

Table 25. Results of linearity testing for Cl standard solution

AUty Area
(ue/mb) X . 3 Average SD % RSD
6.02 0.4903 0.4905 0.4915 0.4907 0.0006 0.13
9.02 0.7594 0.7831 0.7794 0.7740 0.0128 1.65
12.03 1.0784 1.0530 1.0864 1.0726 0.0174 1.62
15.04 1.3514 1.3364 1.3422 1.3434 0.0075 0.56
18.05 1.6125 1.6095 1.6183 1.6134 0.0045 0.28
21.06 1.9129 1.9166 1.9105 1.9133 0.0031 0.16
24.06 2.2319 2.2439 2.2366 2.2375 0.0061 0.27
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Fig 21 Calibration curve of linearity for Cl standard solution

5.4 NANIINAFDUAINULIY (Accuracy)

5.4.1  NANINAFOUANULLUVDS NaNO,, HNO; iag KBr PMNNIUSDYALAINTS

AUNEU (% recovery) 91U 3 Ansdudulay NO, Hanaaauegluyls

96.5 - 100.0 %RPD 8glutas 0.30-1.73, NO; 8¢/luyae 98.9 - 105.0

%RPD glute 0.13 - 1.25 uaz Br agluyie 97.4 - 105.0 %RPD oy

Tut19 0.45 - 1.21 FRUNUNNITIONTUIIUNA (% recovery 95-105 uag

%RPD < 2 (AOAC, 2023) ¢4 Table 26

Table 26. Result of % recovery for NaNO,, HNOs and KBr

Concentration level % recovery % RPD
(pg/mL)
30 96.5 0.97
NO, 50 100.0 1.73
70 98.3 0.30
30 98.9 1.25
NO; 50 104.1 0.89
70 105.0 0.13
30 97.8 0.50
Br 50 97.4 0.45
70 105.0 1.21
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5.4.2  HANINAABUANLLUYIEY PO, Wag SO, NNTMTDEAZAINISAUNTY
(% recovery) 31U3U 3 AudNtulag PO, nanadeuaglutia 98.9
~ 104.3 % RPD agluas 0.20 - 1.01 uay SO, agluyie 98.3 - 105.0
9%RPD 8gluy34 0.19 - 0.81 Ferhunaminiseousutiaun (% recovery

95-105 waz %RPD < 2 (AOAC, 2023) ¢4 Table 27

Table 27. Result of % recovery for PO, and SO,

Concentration level % recovery % RPD
(ug/mL)
45 98.9 0.20
PO, 75 101.9 0.40
105 104.3 1.01
a5 98.4 0.19
SO, 75 98.3 0.81
105 100.8 0.52

543  NAaNISNAARUANULIUYDY Cl 91NN1sKnsagazAINIsAUNaU (%
recovery) 31U 3 ANUTUlAY Navngeueglute 95.7 - 104.1 %
RPD 8¢/lu34 0.01 - 1.18 Ja1uINUeIN58aUTUNIMUA (% recovery 95-

105 Wag %RPD < 2 (AOAC, 2023) ¢4 Table 28

Table 28. Result of % recovery for Cl

Concentration level % recovery % RPD
(pg/mL)
9 95.7 0.01
cl 15 104.1 1.18
21 97.2 0.57
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naunsIEoUANAMEERTuaz TngdunTemuNsUATH T W 39 210 43



1. ayudnanisnagay
INAITRAUITNAROUNIUTUIEIT nitric acid  aw phosphoric acid a1
wadla IC 1¢ condition Mivsngaumia condition 2 L‘fj@\imﬂnﬂ factor NMINAGEBU
oefluinausinissensy uennidalien Run time Aldfszarnalunsdnfodiedu
n91 Condition # 1 s Table 29

Table 29. Summary of factors for condition testing results

Condition 1 Condition 2
378115 Resolution Tailing Retention  Resolution Tailing Retention
factor time (min) factor time (min)
ct 4.9 1.2 3.263 4.0 1.1 2.730
NO, 4.3 1.1 4.070 3.7 1.2 3.330
NO, 14.2 1.8 5.563 8.0 1.4 4.480
Br 2.8 1.3 4913 2.8 1.3 3.957
PO, 4.73 1.2 10.967 3.6 1.2 6.453
SO, . 1.2 13.447 . 1.1 7.577

nUNEe 1. resolution > 1.5 (USP 2023)

2. tailing factor #¢/luy34 0.8-1.8 (USP 2023)

N1SNAFBUTIVBINITIATIZY (range) V09E15UNTFIU NO,, NO5 , Uag Br i
AAUNTY 1 - 100  pg/mL  @15U19557U PO, wag SO, frauduty
1.5 - 150 pg/mL wagasunggiu Cl firaaududu 0.3 - 30 pe/mL waz linearity
VYBIETUINITIU NO,, NOs , waz Br  Uazsiogs NO, fidaeAududy 20 - 80
ug/mL @19UIATEIU PO, Waw SO,  MvaeAmidudu 30 - 120 pg/mL wazans
3 g 2 3 3 1 U «l
fidranududiu 6.0 - 24 ug/mlL WU % RSD s¥winetrunasinsEeNsy (% RSD
< 2) WothwanaaouNIaF1INTINLNATIIU WaEVIAOUATINLLIL (accuracy) Tngnnsuean
Souayn1SAUNAU (% recovery) YBIETN 6 BIA WU WANTVAGOURIUNATINNS
gawuTTavIIA (AOAC, 2023) &1 Table 30 Fvasuldhanusoir3sdluldlunsnmaaey

auldlivesdsnaaauiiodnsingdunsiesrunisuadnindaisns 6 sdadu
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drulseneu wazausauIsnaaeuluveiun1siusensgIu ISO/IEC 17025 lelu

deusall

Table 30. Summary of test results

Range (r > 0.99) Linearity % recovery GEL
> 0.99) (95-105%)
NO, 0.9998 0.9999 96.5 - 100.0 HWNEUTINISEBNSY
NO37 09989 0.9991 989 - 1050 B\i’]ul’ﬂm%ﬂ’]iaau%}u
Br 0.9990 0.9992 97.4 - 105.0 bR nsEaNsy
PO, 0.9990 0.9988 98.9 - 104.3 sunassEausy
SO, 0.9989 0.9989 98.3 — 105.0 SNEIPTT vy Y
cl 0.9994 0.9994 95.7 - 104.1 R nsEansy
v

2. UBLAUBLUY

3. naRnssuUsTNA

4. @NEN591994

NOIAIUANDIMNTHALEENT. 2563, N1sAmUATaYa LaﬂmsLLawﬁﬂgmmi‘ﬁu
netleuingdunsie w.a. 2563. [Online]. Available:
http://afvc.dld.go.th/webnew/images/All-Law/hazardous-
dld/d_announce-dld-hazardous 2563.pdf.

NOIAIUANDINNTUALEERT. 2563, SmuanseaAdeuINUSinafisvualy
vosnsddyluingdunsiefinsuadaisuiiaveu n.a. 2560. [Onlinel.
Available: http://afvc.dld.co.th/webnew/images/All-Law/hazardous-
moac/10_announce-moac-hazardous-2560.pdf.

aflala Aosssugws. 2550. fmgdunsiosunisuadnd. dninfaussuuuasiuses

WnsgIuduAUadainTuUednd. 18-32.

o &

naunsIEoUANAMEERTuaz TngdunTemuNsUATH T W9 41 910 43


http://afvc.dld.go.th/webnew/images/All-Law/hazardous-dld/4_announce-dld-hazardous_2563.pdf
http://afvc.dld.go.th/webnew/images/All-Law/hazardous-dld/4_announce-dld-hazardous_2563.pdf
http://afvc.dld.go.th/webnew/images/All-Law/hazardous-moac/10_announce-moac-hazardous-2560.pdf
http://afvc.dld.go.th/webnew/images/All-Law/hazardous-moac/10_announce-moac-hazardous-2560.pdf

Cs

YU ASIYAd. 2546, n1sieselasiasedlasuiungiil.  aedvedl A

U a 3

ANUEERN S AUNAUNLIING1FYIUALAL, 247

(%
=

AR LW3YNAL. 2560, NMIHAIWNTEUUAIVANENENT Tngdunsie (HEnduaeTe) way

(%
[

doreolumadssdnifuiadedl 1. uunyd:  quyuavnsainainunIuis
Uszdlng. 136-140.

American Public Health Association. 2012. Part 4110 A., 4110 B. Determination
of anion by ion chromatography. In: Standard Method for the
Examination of Water and Wastewater 22" eds. Laura B. (ed).
Washington, DC: American Public Health Association. 4-5 to 4-9.

AOAC. 2023. Appendix F: Guideline for Standard Method Performance
Requirements. In: Official Methods of Analysis. 22 st ed. G.W. Latimer
(ed.). Maryland, AOAC International. 1-34.

Bajenaru, I. Minca, I. Guran, C. Josceanu, AM. and Bacarum, F. 2013. Validation
of an ion chromatographic method for determination of anions in wet
depositions. [Online]. Available:
https://www.researchgate.net/publication/272162239 Validation of an
_lon_Chromatographic_Method for Determination _of Anions_in Wet
Depositions.

EURACHEM Guide, The Fitness for Purpose of Analytical Methods A
Laboratory. Guide to Method Validation and Related Topics. United
Kingdom, 2014. [Online]. Available:
https://www.eurachem.org/images/stories/Guides/pdf/MV_suide 2nd ed EN.pdf

Ilvanova, v. Surleva, A. and Koleva, B. 2018. Validation of ion chromatographic
Method for determination of standard inorganic anions in treated and
untreated drinking water. IOP Conf. Series: Materials Science and

Engineering 374 012053, 1-9.

naunsREeURMAMENdniuaz IngdunTeiunMsUadn W9 42 210 43


https://www.eurachem.org/images/stories/Guides/pdf/MV_guide_2nd_ed_EN.pdf

The National Institute for Occupational Safety and Health. 2014. Non-volatile
acid by ion chromatography (Sulfuric Acid and Phosphoric Acid)
method 7908. [Online]. Available:
https://www.cdc.gov/niosh/docs/2003-154/pdfs/7908.pdf.

The National Institute for Occupational Safety and Health. 2014. Volatile acid
by ion chromatography (Hydrogen Chloride, Hydrogen Bromide, Nitric
Acid) method 7907. [Online]. Available:
https://www.cdc.gov/niosh/docs/2003154/pdfs/7907.pdf.

The United State Pharmacopeia (USP 46) and the National Formulary (NF 41).
2023. [Online]. Available:
https://online.uspnf.com/uspnf/document/1_GUID-6C3DF8B8-D12E-

4253-A0ET7-6855670CDB7B 6 en-US.

naunsREeURMAMENdniuaz IngdunTeiunMsUadn W9 43 210 43


https://www.cdc.gov/niosh/docs/2003-154/pdfs/7908.pdf
https://www.cdc.gov/niosh/docs/2003154/pdfs/7907.pdf

