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It is well recognized that ANFO is an improvised explosive frequently encountered
in criminal incidents. ANFO is a simple mixture of ammonium nitrate and fuel oil and commonly
used in a confined container. Various formulations of ANFO can be made with different grades
of ammonium nitrate and fuel oil. In this study, soil samples in areas around the location of
ANFO detonation were collected and analyzed by Ion Chromatography using a conductivity
detector. The samples collected in four directions at the distances of 1, 2 and 5 meters from the
center of the explosion pit were analysed for fluoride, acetate, formate, sulphate, chloride, nitrate
and phosphate. The calibration curves for the anions were obtained in the concentration range of
0.11-0.15 ppm with correlation coefficient (Rz) in the range of 0.9850-0.9999. In all samples
analysed, the anions were found with varying amounts. The ion chromatography technique used

in this work has been shown to be a simple and convenient method for forensic applications.
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A1319N 2 ﬂmﬁuﬁﬁmqmﬁmm Ammonium nitrate

Structural formula

H
Properties
Molecular Formula (NH,)(NO,)
Molar Mass 80.043 g/mol
Melting Point 169 .6 °C
Boiling point Approx.210 °C
Density 172 g/ em’
119 g/100 ml( 0°C)
190 g/100 ml( 20°C)
286 g/100 ml( 40°C)

Solubility in water

421 g/100 ml( 60°C)

630 g/100 ml( 80°C)

1024 g/100 ml( 100°C)

Explosive data

Explosive velocity

5270 m/s
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.. . A A o o A o ' 9 3 A A o
9.3 Sample injection 79 U3NUdMTVRATIAIRa1 U 1LY loop WBLATEIM

a 4 a { 4 % 1
M3 AATIZH 9240A switch loop 910 load position 117 inject position e lia15A081990 g

U

=

2 A o A v I o Y A 2 A
Guard column alldnyaziilounsdinivina@n mihisionsesdeanilsn vie aynia
' ' Y o o=q Y 2 1A Y v Y
ya g luarsazaenowdigaeauinlduenas Tanesgaoigmsldnuneani a
I o oA o ] ' @
9.4 Analytical column (Junedinina1sdIod1erzgn uen TaonsuenizuaAna1NNY
dg! 1o a o A 1 [
Yuegnuatiavesainarsiognielunoduil
< s A o Y o = Y R 9
9.5 Suppressor 1Huginsaiaremndyanuldnuleesuignuen udrvuing detector
I o o a ) o
9.6 Conductivity cell (U detector NiadaaNMaEIsAIonUaNLANITU I i 1F
' { < a A ° A
nawnasnlailuasyiala gsasiidszaun marh Ilihoed
. A A o a J o o 9
9.7 Chromatography Workstation 11/91939971m3in 1z Huazasviansii llihves
v vy o T { A
msudrvgasdoyauniimslszuananaruiivazuaaswaoonuilugiues Chromatogram f
v o ' J o [ .
Hanuduiusszrang ammsi Wi (uS) funal (min)
a o dﬁl Y o a 4 . d'd (XY} 1 a a a
Tuauideil 1diimsTins1zsivinfsuna Anion az MilegdedvAuusnurquszia
[ a Y o KR Y o a ¢ A . A [} % [} =
ANFO aams gaszida §asedq ldiimsdnsigdionen  Anion ilegludiodis Taell

srwazdeananluiivonalll
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lon Chromatography System Configuration

Eluant =
é Reservoir Regen Out

Eluant Suppressor

Delivery vice

e Regenin Suppressed
LN Conductivity
Conductivity Detection
Sample )
Injection ?—/'E}i

Cell

E Guard Column Data Acquisition
o Chromatography and Instrument
Exchange ﬂ

Analytical Worksfation Pl Control
Separation :

Column

NN 2 ﬁ’huﬂ’izﬂiz)ULLﬁzﬁﬁﬂﬂﬁﬁNWlﬂlﬂﬂ!ﬂ%@ﬂ Ion chromatography

~ o a ) o A U o Y R A 9 =2 Y
NN AANISLUAT TN T U UL UDILLT [@ﬂu]’lau], UDUND 10 UNTIAN 2555. l"’lﬂﬂ\?ulﬂ%']ﬂ

http://www.mne.eng.psu.ac.th/knowledge/student/.../explosive.htm

10. M3 IATII¥IS118 Anion

13049 Ion chromatograph ;'u ICS-1000(DIONEX) Yszneume Analytical column
(Dionex Ionpac AS 18) ¥U1A 250 mm x 4mn Guard column (Dionex Ionpac AGI18) ¥U1A
50 mm x 4mn 81501931 Eluent Ao Tnunaimon'lanson lua( KOH) Tngiin3ed Reahent —
FreeTm Controller 11]U eluent generator w28 UM gradient mode  Suppressor 9 Dionex
ASRS-ULTRA 4110 4mn  gaungiiiinzaudmiuaedmine 30°C 151nasar0d197d

v A @ < = . .

ABANU 1D 25 ulL @ﬁi1li?ﬂ]@ﬁﬁ1iﬁ$ﬁ181ﬂi$ﬂﬂ A 1.00 mL/min Iﬂil!ﬂﬁll Dionex

9 o @ 9
Chromeleon 6.5 Sl“lfiuﬂ’lﬁﬂ')ﬂﬂﬂﬂ?iﬂ’l\ﬂu HaZIANIIUDYA
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1. seiinetes

103) 2005 Kuila, Chakrabortty, Xharma 1@ Lahiri 14/msanuniseamsm
perdsznevvesiagszidaussnnlszmaduReny vinmsinsziiedzidauas
amiimdevesszidinlszaina 1000 §eg1e TaeldnszurunsinsZfun routine wuiwa
M3unT1eY laglHnaiia lon chromatography and scanning electron microscope with energy
dispersive X-ray analyzer (SEM-EDXA) a13150110451)52n01v04i0618 1468 potassium
nitrate (KNO,) potassium chlorate( KCLO,), arsenic sulphide(As,S,) sulfur(S) , aluminium (Al)

< 9 T < a a o 1 g 9 A g J 1 o
nJu@u LLG]E]EJNUliﬂ@]'lllsluﬂﬁ'Nﬁﬁ‘iZl‘Uﬂl,l,‘i\W]'llma3ﬂﬁQ%giﬂfﬁ'ﬁlﬂﬂﬂlﬂuﬁ’n‘mﬁhlmﬂﬁNﬂu

Y 9 o = clald

a dy < A A 1 = v A 9
‘Ilf]J 58L‘]JﬂLl!f]Jul,ﬂif]\iilf]sluﬂTiﬂ@’éﬂ%iLﬂﬂiill %thﬂiJ"Uﬁ)ﬂWWUQT] o mmmmamnﬂﬂ
9 A Y a o o Y a = Y aa o Jda
mmgmuﬂmwaaﬂmﬂﬁzmﬂmwﬂﬁmﬂmmmwwmmm UagnInygau

3/ 7.71.2008 Cameron Johns , Robert A. Shellie, Oscar G. Potter , John w.o’Reilly, Joseph
P.Hutchinson , Rosanne M.Guijt, Mucgael C.Breadmore, Emily F.Hilder , Greg w. Dicinoski ti1&
Y o = A o A A o dy a =4
Paul R. Haddad(2) ulﬂ“l/l']ﬂﬁﬁﬂlﬂlﬂuliﬂﬂ N1TTSUANHUSVDITSLUANMVULDINNTITOUUN 38

[

a a 1 1 a % a
Taal#nalia Ton chromatography (IC) lumsdmseiaunmasnnmsszida daluauise
4 1 a 4 1 { a
ﬁW‘]J'J'] AWITOLINUASUNTIEH  Anion  Liag Cation %']ﬂﬁ')uﬁl‘ﬁaﬂ‘mﬂﬂWiigl‘Uﬂ lli'%}f’?l}?ﬂ
Y

MAUA  Ton chromatography WU Anion 9gNIMUA 18WUA ( acetate, benzoate
,bromate,carbonate, chlorate, chloride, chromate, cyanate, fluoride, formate, nitrate, nitrite,
perchlorate, phosphate,sulfate, thiocyanate (a1 thiosulfate ) ttag Cation ANV 12 Fila
(ammonium , barium(Il), calcium(Il), chromium(Il), ethylammonium, magnesium(II),
manganese(II), manganese(I),  methylammonium, potassium(I) , sodium(I), strontium(IDLag

H { 2 4 I
zinc(II) %4 Column ﬁi%’umwzwﬁa Dionex AS20 TﬂEJGlGISf} Potassumn hydroxide 11U Eluent tiag

) % a d . U a 4 .
9 Suppressed IC F1HITUNITAUATIEH Anion TIUNITAUATIEH Cation 9219 non — suppressed IC
aald Column 1@ Dionex SCS 1 1A oxalic acid/acetonitile 31 detection limit @Eﬂu‘ﬁ]ﬂ 13-
A A Y a o’dy I A Ao [ a 4 1
115 ppb Wlﬂuﬂﬂcl“b'{luﬂTTJLﬂﬁW%Wulﬂul'ﬂﬂuﬂ‘ﬂ'i‘]Jfﬂiﬂ@ﬂJﬁUiuﬂTi’JLﬂiWﬁiﬁﬁT Ton INTFIU
Mmdennszide FeaWNT0TTYANEAUE tazuen lon UAazyiaeoNIINY Idod1aTaaU A1
. . 1 1 2 Ao a £ <3| Y 2 T '

Linearity 8¢ 114524 0.05-50 ppm Galmduilszansanuiluaunsa (R)ogluag 0.9889-1.00

o g eqe a 4 [
1AMII Reproducibility(n=10) TumM3AATILH a15ATFIUANUTUTY 5 ppm WU
=~ ) o . . dy Aq YA A 1 1
YUV UHNINTI U (R.S.D.) @151 Retention time LY W‘L!‘I/]Gl,@]‘Wﬂ iRN| agclwmd 0.01-0.22%
1ag 0.29-2.16% G]'liJﬁ'l@T“U N8N Anion Lag Cation aemmﬁuiuwauﬁmﬁu Iﬂﬂal"lgf)

1 a g Aa A a 4 a { o
Dionex 1CS-2000 Wuunaatllsz@nsnmlumsinsizyiviies Inorganic Tusziianim
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2 o oA dg ' A A a a a A a a
Vuwesnnaleg i udiuimas lumsszita nazauluysnaunnansseida nan1snaaes
Ay ¥ A o P a o Y} A . 3 2 A
nldansatguduldannmsinsizs laglsmadin Capillary electrophoresis (CE) Fuilumaiin
Ay Yo v A
‘V]llﬂ umseousUued1en
13 a1.¢.2008 Hong-Bo Meng,Tian-Ram Wang , Bao-Yuan Guo , Yuki Hashi , Can-Xiong
. . Y o =2 A . . . y
Guo Hag Jin-Ming (3) lavhimsaneisesmsmysuna Inorganic anion UQY cation I g U
A a 9 a = 9 a
maovedszida Tasldmaia Ton chromatography #9910M3 14nANA Ton chromatography
{ 3 1 o a
(1c) milu non-suppressed ABINY column 1A anion-exchange I& cation-exchange JETIER
Faa 30 19en uazul5unas anion 18 5 iia( sulfate,nitrate,chloride,nitrite 1182 chlorate)
a v a 4
Il cation 1@%}3 BFUA ( sodium, ammonium, (LAY potassium ) Tunan@eInu 91N AATITH
A NMa0v095214A mobile phase N1FUsenoulUa2e 3.5 mM phthalic 712 % acetonirtile
2 4 ; 2
Hagun 'E]G]ﬁ'lﬂ'lillﬂa 0.2 mL/min ﬂ1815ﬁﬂ138ﬂlﬂh13ﬁﬂﬁﬁjﬂ Gl,uﬂ'li!,l,ﬂﬂ‘ﬂ\? anion LAY cation
] o 1 ] ]
llﬁ’amqauu”imslunm 16 WM A1 limits of detection (S/N=3) ¥®4 anion LA anion ’OQGI,UGHN
4
o w 1T o a A I 1 1
50-100 pg/L 1@z 150-320 pg/L awawy mdulszansanuiudunss R2)eglurag
1 13
0.9941-0.9996 agA1 R.S.D.UDY retention time WAL peak area NAUT10.10-0.29% tag
o W a dy 79 Y o a d o ] a 9 ] =
5.65-8.12% #uaiay Lﬂﬂuﬂuﬁ1u1§0ﬂ§$Qﬂ@]1%ﬂUﬂ']ﬁ’J!ﬂﬁ?gﬁﬁjﬂfﬂ\ﬁgmﬂqﬂ@‘t’JNﬂ uag

Twamstaiziduniinela



uni 3

A utumMsIvY

'
% A

A A ¢ =
1. 1A9903UD Qﬂﬂﬁﬂ!!!ﬁ%ﬁfjlﬂﬂd

v 9

A A A J = a
MTNN 5 IATDIND qﬂﬂimuazm npHaA

d A = av
Jaqainsas insesitenazansniililunsise

aandl UsHNAWan
ICS-1000 DIONEX
Reagent-Free Controller DIONEX
Ultrasonic Cleaner Cavitator
Analytical Balance Mettler Toledo

Centrifuge

Syringe 3mL

Nipro Crop., Ltd

Verticlean Nylon Filter

Vertical chromatography

Co.,Ltd
Filter paper Whatman
Micropipette SOCOREX

v Y a

A13199 6 MeFOAIIAY UTHNANAA LazINTA

LRRTLEY UIHNAwAA N30
Acetic acid B.D.H. Analytical grade
Ammonium nitrate Fluka Purum p.a.299.0%
Calcium chloride Fluka Purum p.a.299.0%
Formic acid B.D.H. Analytical grade
Magnesium sulfate Fluka Purum p.a.=>99.0%
Potassium nitrate Riedel-deHaén Puriss 99-100.5%

16
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A1319% 6 (919)

Potassium sulphate Ajax Analytical grade
Sodium chloride Riedel-deHaén Analytical grade
Sodium nitrate Fluka Purum p.a.=>99.0%
Sodium fluoride Ajax Analytical grade
Sodium perchlorate Fluka Purum p.a.=>98.0%
Sodium Phosphate monobasic Fluka Analytical grade
Sulfuric acid B.D.H. Analytical grade

2.M3A3eNaITazae
2.1 MIATOUAITALAWATFILTUTU 1000 ppm
2.1.1 §13a2a189019531U Fluoride ion 1 1000 ppm
o . . [ Y . . Y @ I
%9 Sodium Fluoride 0.1076 NN 82a189A28 Deionized water 1a3USU5H1AT 101100 mL
Tuviad3inas a¢ldasazans Sodium Fluoride 1¥341 1000 ppm
2.1.2 81582A18MIATTIU Acetate ion LU 1000 ppm
le Acetic acid 95 puL 9710 Acetic acid 99.8 % Y511/51035#18 Deionized water 13J1 100 mL
Tuvind3ues v2ldazate Acetic acid |WuYU 1000 ppm
2.1.3 81582A181AT§ 1 Formate ion 19344 1000 ppm
1ila formic acid 96 pL 9710 formic acid 99.8 % Y511/5311735478 Deionized water (314 100 mL
Tuvatfsuas v¢'1daza1s Formic acidiudiu 1000 ppm
2.1.4 81582A181M5§ 1 Chloride ion YMYU 1000 ppm
7 . . [ 9 . . Y [ I
¥4 Sodium Chloride 0.1045 NN A2A18A28 Deionized water 1a3U5VUTM@T1TY 100 mL Tu
va1f53195 32 lde15a2a1e Sodium Chloride WLFY 1000 ppm
2.1.5 81522A181ATF U Sulfate ion 1T 1000 ppm
< . o v L. Y v &
¥4 Potassium sulphate 0.1006 N34 8281978 Deionized water 1231505105134 100 mL Tu
¥a1/51195 92 1da15a2a18 Potassium sulphate [UY4 1000 ppm
2.1.6  @1582A18M1ATF U Nitrate ion IUYU 1000 ppm
< . . v FY .. Y v =
¥4 Sodium Nitrate 0.1032 154 A2A189A28 Deionized water 1ta2U5UUT @511 100 mL Tuvaa

Y3105 92 1densavas Sodium Nitrate (VUYH 1000 ppm
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2.1.7 @130201811AT51U Phosphate ion 11T 1000 ppm
Gl?ﬂ Sodium Phosphate monobasic monohydrate 0.1452 N34 A2A18R28 Deionized water 11371/51
Y3ua3ilu100 mL Jwvinsnas a2 ldasazats Sodium Phosphate monobasic monohydrate
([WUTY 1000 ppm

2.2 111ENsazaeIATFIUENTY 1000 ppm 1B IUTITLTUgAT IR AT 190 7

M0 7 ANUENTUYeIEITaZ AT IUAMIsud 1MUY Calibration curve

S ANMTUTUVDIENTAZA10NIATTIU (ppm)
Ia Fluoride Acctate Fomate Chloride Sulfate Nitrate Phosphate
51103
10 mL
1 0.11 1.51 1.12 0.11 0.53 0.52 0.51
2 043 0.07 0.58 1.08 1.70 1.03 1.02
3 0.81 1.99 1.16 2.17 2.13 2.06 2.03
4 2.15 498 1.73 5.42 4.26 3.61 5.09
5 5.17 14.98 5.17 10.84 5.33 5.16 10.01
3.38mM5308

an

3.1 35MINAADY
3.1.1 @sazaeunIgIunesendmiunai Calibration curve HAZA1TAZANY
v 1A A Yy a9y A Y A A o
aegnimson ldndadunies  1CS-1000 IaelHiaA509 Reagent —Free Controller (W01

Gradient Mode 3414 Tnunai@en laason lamilu cluent

3.1.2 d91IZUDINITNANDY : Flow rate =1.00 mL/min
Temperature =30°C
Inject volume =25ul
Gradient mode ; on =3.5min
EGC =15 mM
Final conc. =35 mM

Gradient time =10 min
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Y3 v o J 1 1 o 9

3.1.3 wamsnaaodldiilu Chromatogram uaaInuFuUTTEHINAINT TN
(uS)AUA (min)  Calibration curve @314TagmsnasanisenIANUTNTUVD
o A . o

asaza1enasgIuny Wunldnia pS.min) laaumsiduassnimdunsvlves  Calibration
Y gyl dq ya . o 1 o Y 9 o

curve 101U 1FHUNIANAWS min)vosddemuIamaNmdutuves losouanludedia

A Aa 4
AUNUAICH

<3 @ 1
3.2 MINUAIDEN
< @ ] a a a 9 a 1 o a A Y a 4
3.2.1 INUAIPENAUUTNUAIMT VoAU nsgaszia el Tumsiaiizs
Blank
< o [ a a a a v o a <
3.2.2 NUMegNAULT NARIMTvesAUnaINTIaTZIde Taoiny
9 Y [
AIDU1NNINUA 13 AI0819 A9 (LEAAIAINING 3)
3221 swdnaulummiie Tuszezl, 2 1ag 5 m MnnaNvquszia
3222 fednauluiald luszezl, 2 1ag 5 m MInnanvqusziia
3223 dognanlunaaziuoenluszezl, 2 uag 5 m MNNaNKaUIILA
3.2.2.4 gegnaulunaaziuan Tuszezl, 2 ag 5 m 9INnaNQUIzIa
3.2.2.5 G08NAUUTNUNANKQNIZITLA
o @ ] Aa ?,‘, Y A Y a A g Y [ Lg
3.2.3 hdedlaunuaui sy luuannd dashvaiim medumsiosnuanusu

v d’ d’ o = ' 7 '
!Lag'ﬂﬂ%ﬁlﬁ)uc]TI’E)W%VI']?]'J']?JL?(?J?H?J@I@@'J@EJN

< @ 1T A a a a J
Lﬂumaﬁmﬂumnmmﬁﬁjmuﬂf)ui;ﬂ

a 4 I
siaNo1)1 Blank

\ 4

<] @ 1T A a a a @ a
LﬂumaﬁmﬂumnmN’mﬂmuwa\ﬁ;mxmﬂiuixﬂx

HAZNANNNANNY (A29819 13 AI9819)

A 4

o A @ ] g}/ Y a Y a
haudIgINnmNausIy luwaunarlnaiin

d' Y [ dy
L‘W@“]JE]\?ﬂ‘L!ﬂ’NlIGH‘L!

{ < % 1 a a a
ﬂ’lWﬁ 3 adﬁﬂ']ilﬂ‘]JG]'J'E]EJ'NﬂuGlu‘]Jﬂ'Jmi@‘U‘V]WQM§$L°L|@ ANFO
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{ @ < @ [] a a a a @
AINDN 4 LLW‘HNﬁfﬂﬁLﬂll@]’)@fJNﬂuﬂil’)ﬂ!ﬂWﬁﬁ%!Uﬂiumﬁ(Lﬁﬁﬂ (1251} ASIUDDON

HaEAZIUAN) BaTsEeL (1,2 uag 5 m) NUANATNNY

3.3 MIIHTINAIDEIAU

o w ] a I~ ¥ ]
3.3.1 ihdegeauualiiiluiiofednu
3.3.2 ¥9A20819AU 1.00 g ANARIY Deionized water 1531915 10 mL

o w ] ~ . Y A . < =
3.3.3 111619819914 1) Sonicate A181AT949 Ultrasonic Cleaner 111141781 10 U1

o W ' A P} Y A . 2 A
3.3.4 Whaee limdesldanazneudien3ed Centrifuge 11unan 5 A

' A Y] o 3 ~ '

3.3.5 nyodadulamilonznoudlenszmynioauss 1 Nuaunnsodld lnsosae

@18 Verticlean Nylon Filter YH1AUDIgNIU 0.2 pm

o T A 9 A o o o v 9 ..
Uﬂ@')@ﬂ?ﬁﬂuiﬁlﬂulu@&ﬂﬂ?ﬂu HAZWINT 1g NAAIY Deionized water T_ENTGW 10 mL

A 4

4

o 1 A Ayy . = o = =
U1 aamaﬂuw"lﬂm Sonicate 104N LLﬁ%‘L!”Illﬂm’JEN 5 UIMN

A 4

haulamilonzNoUNINTBIAUNIZAHIVDS 1 1AZNIIDN

@Q]I’Jﬂ Verticlean Nvlon Filter YH1AUBITNIU 0.2 um

d’ ay ~ % 1 a
NMNN S ITNTATIUAIDY AU
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3.4.75M15%1A1 LOD 1ag LOQ
9 . . =2 d a J Y = o a 4
3.4.11% Deionized water ¥913/U Blank WATIZHAGANNSIASINUAITUATIZHH
Y Y
/3319 Anion 1191 10 A9
o d‘ o 1 é
3.4.2 11 wan 14 1uiamiA1 LOD uagLoQ &4 LOD = 3 S.D. tiag LOQ = 10S.D.
Tagrhyagagavesnsuindlegamgaveans il udmis 2 memaundeveuaazns
Y o oA = U Y]
s lUmandiowuuanasgiu ( S.D.) Ferga1msania1 LOD uag LOQ oonu1la Tauns

unuA1 3S.D. 1ag10 S.D.avlunsminasguvesleosunaazyiia

3.5 MINADDY Repeatability method

3.5.1 #9151 Precision 1A8%1 % RSD

a d v ] a % 1 g’/ o 1 dy ~ Y ~ 9 a 4 1

ANITITHAIDINAUAIBYN AL 3 AT (n=3) u1ﬂ1WHﬂ1@1Wﬂﬂ1ﬂiﬂﬂﬂﬁ’J IATICULNQS

a’; Y 9 @ 1 1 ~ Y 9 1

ﬂi\ill‘]JWWﬂ’JHJHJiJﬂJuGU’ENﬁ'ﬁG]’JE]EJNiﬂﬂﬂﬂﬂlﬂ@]iﬁﬂ! HIAURAYUDIANWVNVU (X) LAz
DEUUULINTFIU(S.D.) MUIUNT %RSD = (S.D./X)x100

3.4.5. W58 Accuracy Tag¥1 %Recoveries

a d' 9 9J % 1 a 1% ,:; o

L@m’miaxmammgmﬂmmmmwmum"lﬂalumammummﬁw 1 3.5,3.6 MIN13

2 2
NARBIE 2 AT

. a 4 (% 1 a = a
A15197 8 MTAUATIZTHN % Recoveries “lumammuﬁlumnqumzmﬂ

ANMUVNTUVDITTAZAINAIFIUTIAN (ppm)

Standard T O
v A v A

AN 1 AIIN 2

Fluoride 3.99 3.99
Acetate 4.83 4.84
Formate 2.26 3.94
Chloride 6.22 5.02
Sulfate 3.25 3.38
Nitrate 3.94 3.38
Phosphate 5.01 5.93




unii 4

ANaN13INANang

1. Chromatogram V23a150221831A5§ 11 Anion 113 7 ¥ia
a 4 . 3’, a Y ] a A ] a 9
M3UATIZHH308 Anion NIviNA 7 sila ludreg1aunedsou vqusziiialagly

MALA Ton Chromatography fe1ATea 1CS-10000 i linamsnaasuiy Chromatogram

v

v A
U
15.0 3;—1 1-2008 #7 sta.mix2,2 ECD_t
2.0
2.0
5.0+
6.0+
4 5
4.0+ "|
2.0 12 l
| ’. ’3 ’&6 "
P— 2 ; e —— A
i W.\'l\ |A.4 iR \r A—— i N
0.5 T I T ' T ]
£ — T -
co 25 5.0 7.5 10.0 125 15.0 “Iﬁ Z‘Z‘IU 220

7NN 6 Chromatogram UB3@1505019U19MT31U VD Fluoride, Acetate, Formate, Chloride

Sulfate, Nitrate 1181& Phosphate

910 Chromatogram U9NT1IALA1YNINTITU VDN Fluoride, Acetate, Formate, Chloride
<3 U Y o
Sulfate , Nitrate 1182 Phosphate 921911 1@ luanizasnaaeatianunsanen Anion lasamu

1ANA1 retention time A19¢) AIA15199 9

22
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MINN 9 1HUBAVAA 118 Retention Time YOIA1TATAWUIATIU 7 FilA

Anion Peak No. Retention Time(min)(n=3)
Fluoride 1 3.413
Acetate 2 3.638
Formate 3 4.077
Chloride 4 5.904
Sulfate 5 11.778
Nitrate 6 12.142
Phosphate 9 17.280

2. ﬂﬁa’%NﬂﬁW\INM‘ig11!(Calibration curve)
Y ] A ?
fl]"lﬂﬂﬁ“l/lﬂa’f)\ﬂuﬂﬁﬁﬁ"lﬂ ﬂi"lWiJW]ﬁﬁTL! Tﬂﬂi‘b’ﬁ"ﬁﬁ%ﬁ?ﬂiﬂﬁiﬂmﬂﬂllfi]’é]’t)uﬁ‘ﬂ‘ﬂﬂ 7
P ) = v o &
FUA UANWUVNUVUATNAITINN 7 llﬂﬂiW‘liJWIijjﬂ!ﬂQH

2.1 81582A18M1MTF U Fluoride 1WNYU 10.11 0.43 0.81 0.15 1A% 5.17 ppm

Calibration curve of Fluoride

y = 0.2354x + 0.01
R? = 0.9993

peak area

0 1 2 3 4 5 6
concentration (ppm)

MWN 7 N3 MIAT91UU04 Fluoride



2.2 @130¢0ATIIU Acetate [T 0.50 0.70 1.99 4.98 9.96 1Az 14.93 ppm

Calibration curve of Acetate

y=0.0746x+ 0.0484
R?=0.9915 %

peak area

0 4 — T
0 5 10 15

concentration (ppm)

AN 8 NTINWINTFIUYDI Acetate

20

2.3 @139¢01011AT3 U Formate 1WA 0.50 0.70 1.99 4.98 9.96 118 14.93 ppm

L
1.2 4 R2 = 0.9974

0.8
0.6 4
04 -
0.2

peak area

|
o ’i‘ == T [ e e e T

02 0 1 2 3 4

concentration (ppm)

Calibration curve of Formate

y = 0.2471x - 0.0378

MWN 9 N3 WUINTFIUVDN Formate

24



2.4 8138¢01011A53 U Chloride 141 0.11 1.08 2.17 5.42 1@z 10.84 ppm

Calibration curve of Chloride

3.5
= y = 0.2923x - 0.1055
R? = 0.9941
25
g 2
S5
©
8 1
0.5 -
0 i i K ST ; ;
05 ! 2 4 6 8 10 12

concentration (ppm)

AR 10 NTINNINTFIUYOI Chloride

2.5 81522A10M1ATF I Sulfate 1TUTU 0.53 1.07 2.13 4.26 1ag 5.33 ppm

calibration curve of Sulfate

| |
; 1 | y =0.1818x - 0.0165 x
:’ R2 = 0.9934

peak area

| concentration (ppm)

MUN 11 nIMIATFIUVA Sulfate

25
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2.6.8138¢01011ATF U Nitrate (TUHU 0.52 1.03 2.06 3.61 1AL 5.16 ppm

Calibration curve of Nitrate

0.6
y = 0.1041x - 0.0251

R? = 0.9952

0.5

0.4

peak area

0 T T = T 53 D T
0 il 2 3 4 5 6
concentration (ppm)

MUN 12 N3N T91U Nitrate

2.7 Standard Phosphate 1394 0.10 0.51 1.02 2.09 5.09 itaz 10.01 ppm

Calibration curve of Phosphate

152

y =0.1104x - 0.0202
R? =0.9983

peak area

MWAN 13 N3 1195911 Phosphate
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Chromatography 18 Chromatogram 1a8211# 13 UE@AIAIDE1E VO1NaAAIN AIRE19AY
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Uinunanvguszide Taguen Anion 13 7 %iiala Retention Time ttazui lafinvoudnaalu

A
AT NN 10
150 1;—17-2‘308#14 sample5-2-C.2 ECD 1
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{ @ ] a a a a 4
NN 14 Chromatogram 51]6\1@]3@EJNﬂW]JiL’JiI!ﬂﬂN‘VinJﬁ%L‘UﬂIﬂ83&ﬂi1$ﬁﬁ1ﬂ%ﬂ1m Anion

Y
NINUA 7 v

v
=

4 . . & . ¥ a o A
A1319% 10 WUYLAVAA Retention Time HazWUN IATNAYDI Anion 14 7 FUA V0IA108190 U

VINIUNANNQUILITA

Anion Peak No. Retention Time(min)* Area(uS.min)
Fluoride 1 3.413 0.1069+0.001153
Acetate 2 3.688 0.4905+0.004537
Formate 3 4.077 0.3563+0.003143
Chloride 4 5.904 1.2110+0.001570
Sulfate 5 11.778 0.7126+0.004161
Nitrate 6 12.142 0.1345+0.006616
Phosphate 8 17.287 0.02730+0.0003610
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v
Tumsnaaealimsnfsunm Anion 13 7 ¥iia Tudredsauusnannmqusziiialy
Aenviie 18 azdueen aziuan luszey 1.,2uaz 5 was lag'lauaas Chromatogram 71l1@a1n
m3naaeeaana 13 lumanun
a o VA o i‘ ~ Y @ [} ~ 9 [ YY) 1 a
nnMsaaszEnuIohnun 1dia ves asdredei ldainmsanadlediean w1

unuaas Il luaumsiduasaesnsminasgiuildues Anion udazyila @wnsonIAIAIL

Y 9 . ' A Y = o A
[UNUVHUDY Anion Lmﬁ&]ﬂ‘l@@@ﬂllflﬂ FIVTLLAANAIATIT NN 11

H s
MITNN 11 ﬂ’NﬂJLSISIIJJ"ﬁIU"UEJQ Anion N4 7 %u@iumat’mﬂumnmnqumzm@

ANMUYNUUVDI Anion* (ppm)
Sample
Fluoride Acetate Formate Chloride

Blank 0.2373+0.0013 4.3704+0.0218 3.7724+0.0057 2.3070+0.0801
N1 0.2562+0.0012 3.7292+0.0411 0.3285+0.0077 2.7696+0.0093
N2 0.4346+0.0007 7.0925+0.0378 0.5790+0.0114 4.4819+0.0053
N5 0.05664+0.0006 | 3.8566+0.0224 0.2934+0.0041 2.8009+0.0561
S1 0.1505+0.0013 4.3360+0.0319 1.9679+0.0024 4.4719+0.0608
S2 0.1476+0.0001 3.9620+0.0297 0.3281+0.0087 4.1728+0.0150
SS 0.1147+0.0049 4.4223+0.0637 1.1183+0.0108 5.2088+0.0311
E1l 0.3103+0.00229 | 4.5746+0.0155 | 0.3892+0.00713 3.8571+0.0133
E2 0.1653+0.0199 4.2945+0.2780 0.8542+0.0884 3.3487+0.1103
ES 0.1832+0.0005 9.219+0.0598 0.8368+0.0293 5.6346+0.0151
W1 0.1434+0.0005 3.1479+0.0127 0.3374+0.0030 3.1571+0.0047
W2 0.1289+0.0044 3.6162+0.0708 0.5442+0.0118 2.8536:+0.0274
W5 0.04602+0.0024 | 3.820440.0651 0.7483+0.0180 2.5773+0.0145
C 0.4116+0.0049 5.9258+0.0608 1.5949+0.0127 4.5042+0.0054




A3 11(919)

Sample ANMTNTUVD Anion*(ppm)
Sulfate Nitrate Phosphate
Blank | 2.1595+0.01958 | 1.0122+0.01997 | 0.3614+0.003266
N1 1.7483+0.00842 | 1.1921+0.005083 | 0.8690+0.001384
N2 2.7134+0.04210 | 5.0186:+0.06790 | 3.7817+0.01371
N5 1.7673+£0.001540 | 4.1864+0.06156 | 0.4713+0.00842
S1 3.5893+0.04102 | 2.1809+0.02659 | 1.7708+0.01278
S2 3.0328+0.007824 | 2.3244+0.005291 | 1.0867+0.09989
S5 2.4804+0.04397 | 1.5882+0.06903 | 1.4653+0.01815
E1l 1.9485+0.005933 | 1.7848+0.000961 | 1.2397+0.00456
E2 2.370240.02312 | 1.4787+0.01538 0.6615+0.00343
E5 2.6665+0.01655 | 3.0183+0.01748 | 1.1528+0.01509
W1 1.8238+0.00127 | 1.7528+0.004929 | 0.8158+0.02882
w2 1.7191+0.02424 | 2.9126+0.008646 | 0.9284+0.00815
W5 1.9345+0.02289 | 2.0519+0.03117 | 0.7434+0.00291
C 4.0105+£0.02289 | 1.5335+0.06356 | 0.4303+0.00327
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nnramInaaedlumsen 11 ihdeyanmaauiuunuginaas/suim Anion 137
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uNuNiingavsu1aL Formate
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B 5eay 21005
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w
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O seae 5 as
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ununinAavlsu1aL Phosphate

B svay 1 wias
B s5zay 2 ias
O svae 5 ey
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msAne1 LoDuaz LOQ w1 ldninmsthdyaia vesa1sazate Blank Nyagagauin
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{ 1 a o a
A1519% 12 A1 LODiag LOQ ¥994m33As1Hn1U5u1at Anion lagmaila Ton

Chromatrography
Anion LOD(ppm) LOQ(ppm)
Fluoride 0.34 1.23
Acetate 0.56 3.37
Formate 0.52 1.37
Chloride 0.67 1.39
Sulfate 0.59 1.74
Nitrate 1.11 3.12
Phosphate 1.00 2.90

5. MSANH Repeatability method

5.1 NI Precision Y9IFI0EAUTIIMIAATIH

NNMITMsIRsmetaunanue Tashmsinszd 3 asa udaan precision
UYONFluoride, Acetate ,Formate, 1t Chloride "lﬁ'waﬁ’qminﬁ 13

lua519 Blank  Aedauluuinuvguszida noumsgaszia N1, N2 uag N5 Aoaulu
Uinarguizda Tuianuniion 199NN Yy 5202 1, 2 1az 5 1WaAs awaay S1, S2 1ay
ss  dAeauluuinunguizndalunialdiieainnalgu sze 1, 2 uag S was awdey
El,E2uaz E5  feauluninavguszialuiiaaz iueoni991nnanvqy seog 1,2 1ag 5
AT wEIay Wi, w2 uaz s aeauluusnanquizie luiigaz Juesnianinnanvigy

502 1,2 102 5 was awday uaz C Aoauluusnulinavgusziia
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4 a o o [] a
A15197 13 % RSD 1un331A512111 Fluoride, Acetate ,Formate, 1182 Chloride 1ua70819A1

VINUNQUIIIA
o v oA % RSD (n=3)
NIDYINAU
Fluoride Acetate Formate Chloride

Blank 0.5468+0.0012 0.498+0.0217 1.5212+0.0057 3.4741+0.0801
N1 0.4388+0.0011 1.1015+0.0410 2.3581+0.0077 0.3306+ 0.0091
N2 0.1693+0.0007 0.323+0.0377 1.965+0.0113 0.1188+ 0. 0053
N5 1.1456+0.0006 0.5806+0.0223 1.3998+0.0041 2.0022 +0.0560
S1 0.8622+0.0012 0.7357+0.0319 0.140+0.0024 1.3584 +0.0607
S2 0.6649+0.0009 0.7492+0.0296 2.6524+0.0087 3.6050 + 0.0150
S5 4.2714+0.0048 1.441+0.0636 0.9618+0.0107 5.9630 +0.0310
E1l 0.7113£0.0022 0.3384+0.0154 1.8318+0.0071 0.3436 +£0.0132
E2 12.0329+0.0198 6.4744+0.2780 10.3504+0.0884 3.2944 +0.1103
E5 2.3453+0.0042 0.6491+0.0597 3.5044+0.0293 0.2674 +£0.01506
W1 0.3420+0.0004 0.4004 +£0.1274 0.9003+0.0030 0.1503+ 0.0047
W2 3.3835+0.0043 1.9567+0.0707 2.1686+0.0118 0.9616 £0.0274
W5 5.3294+0.0024 1.7042+0.0651 2.4108+0.0180 0.5609 +0.0144
C 1.1902+0.0048 1.0263+0.0608 0.7900+0.0127 0.1192 +0.0053




A13199 13(919)
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% RSD (n=3)

CRLEARELY
Sulfate Nitrate Phosphate

Blank 0.9066+0.0195 1.9734+0.0197 0.9036:0.0032
N1 0.4816+0.0084 0.4264+0.0050 0.1592+0.0038
N2 1.5514+0.0421 1.3530+0.0679 0.3625+0.0137
N5 0.8715+0.0154 1.4705+0.0615 1.7857+0.0084
S1 1.1428+0.0410 1.2193+0.0265 0.7216+0.0127
S2 0.2580+0.0078 0.2276+0.0052 9.1920+0.0998
S5 1.7728+0.0049 4.3466+0.0690 1.234+0.0181
E1l 0.3045+0.0059 0.0538+0.0009 3.677+0.0045
E2 0.9700+0.0231 1.0400+0.0153 0.5184+0.0034
E5 0.6207+0.0165 0.5790+0.0174 1.305+0.0150
W1 0.06965+0.0027 0.2812+0.0049 3.5326+0.0288
W2 1.4102+0.0242 0.2968+0.0086 0.8780+0.0081
W5 1.4892+0.0288 1.5192+0.0311 0.3917+0.0029
C 0.5706+0.0228 4.1446+0.0635 0.7591+0.0032

AMIWNYIN  Sulfate 1AL Nitrate 3%RSD 108N 5% LAY Anion DUNDN 5 BiA

1aun Fluoride, Acetate ,Formate, Chloride Li8i& Phosphate 3 %RSD Yo 12%

5.2 HAaN1IN1A1% Recovery

A ~ Yy 9 % [ A aAd
INNITANTITASAYNIATIIUNNIIUANIVNUY mvlﬂﬁlumaﬂwﬂumﬂu Blank L

ModnAundIasziialuns 1Az Anion Tamanisnaaesdsn1sei 14 uag 15
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4 1 a 1 a a 4
A15199 14 NIMA1% Recovery Y04 Blank (AUnouMsseida ) lumsiasegimlsunu

Y
Anion N 7 ¥UA

mmzmﬂmmgmﬁzﬁu AN (ppm) % Recovery
Fluoride 3.99 85.40+4.24
Acetate 4.83 104.90+£8.25
Formate 2.26 100.74+16.90
Chloride 6.22 84.98+0.078
Sulfate 3.25 87.35+8.69
Nitrate 3.94 92.14+1.31
Phosphate 5.01 91.83+1.19

M3199 15 NINIAT % Recovery YDIAIDENAUUINUNQUIzITAMAINITZITA ) UM

a J .
AATIZHHUTVY Anion

mmxmﬂmmgmﬁzﬁu AN (ppm) % Recovery
Fluoride 3.99 87.76+2.84

Acctate 4.84 86.30+1.34

Formate 3.94 82.325+2.38
Chloride 5.20 99.14+12.42

Sulfate 3.38 92.355+6.99

Nitrate 3.88 97.355+3.80
Phosphate 5.93 83.75+1.81

9 ]

1INNTNN 14 182 15 WU % Recovery ag1usI 83.75 — 104 % Hadana i lnog

' A A o 1 L)) Aa o Y A

Tugaidauinasgin ACACHMHUANANUUTUYEINITNAATIZH IUTZAY ppm vzl
A 1 ' = 1 Y1 ax . a

% Recovery  MMHINZANDYIZTHIN 75— 120 %34na1 1a3135msvnf5uar Anion Tudn

A A a A ¥ anla
VINUNNATSIUAAIYITUN Accuracy 'L:I:\T
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1. Chromatogram vosieensaulufiamiie 14 aziueon aziuan fszazaiag
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Neviie 3282110 T

I F Y
A13197 16 HUNBLAVAA Retention Time LAz NUNIANAVDI Anion N9 7 Fiia voId0819a1 11

Anion Peak No. Retention Time(min)* Area(uS.min)
Fluoride 1 3.404 0.0703040.0002650
Acetate 2 3.629 0.3266+0.003064
Formate 3 4.061 0.04340+0.001914
Chloride 4 5.889 0.7040+0.002676
Sulfate 5 11.724 0.3013+0.001531

Nitrate 6 12.142 0.0990+0.0005290
Phosphate 8 17.194 0.0757+0.0001530




43

20.0 .12—1 1-2008 %6 sample5-2-1-2.2 ECD_1
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{ @ ] a a a 4
NN 24 Chromatogram maamammuiumﬂmﬁ@ 5292210A5 1AeATIEH USSR Anion

9
MHUA 7 ¥UA

=

v 9 Y
A1319% 17 ¥UNeLavAA Retention Time taziuN1aNAU09 Anion N4 7 Fia vo3d0g19a1 11

Nenniioszoz2uuns
Anion Peak No. Retention Time(min)* Area(uS.min)
Fluoride 1 3.413 0.1123+0.0001730
Acetate 2 3.631 0.5775+0.002816
Formate 3 4.066 0.1053+0.002811
Chloride 4 5.883 1.2046+0.001557
Sulfate 7 11.713 0.4768+0.007653
Nitrate 8 12.087 0.4973+0.007068
Phosphate 10 17.112 0.3973+£0.001513
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Anion Peak No. Retention Time(min)* Area(nS.min)
Fluoride 1 3.401 0.02330+0.0001530
Acetate 2 3.629 0.3361+0.001670

Formate 3 4.602 0.0347+001015

Chloride 4 5.885 0.7226+0.01639
Sulfate 6 11.702 0.3048+0.002800
Nitrate 7 12.097 0.4107+0.006409

Phosphate 9 17.162 0.0318+0.0009290
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Anion Peak No. Retention Time(min)* Area(uS.min)
Fluoride 1 3.401 0.04540+0.0003060
Acetate 2 3.629 0.3718+0.002380
Formate 3 4.602 0.4485+0.0006030
Chloride 4 5.885 1.2016+0.01776
Sulfate 6 11.702 0.6360+0.007457
Nitrate 7 12.097 0.2020+0.002768
Phosphate 9 17.162 0.1753+£0.001411




46

150 13—1 1-2008 #11 sample5-2-2-2.1 ECD_1
S
2.0
:.G-—-
5.0:
E-AG—_
. 7
4.0
= 2 "
2.0 '| ' .._8 a
i i ft 10
= 3 ﬂ:‘?' ! 1 2
] ijl { | I 1- (=3 — L[ 5,9 = R
e e g ,..) "{'ﬁ_»\ — 1} 1"‘—"‘1‘/— —\-—~
D5 ming
.0 2!5 5!0 7 10'.0 12IA5 ‘:5‘.0 1?‘.5 2'3‘.0 220

4 @ 1 a a a 4
5UM 27 Chromatogram  vesdregauluiald szor 2 masTaedns1zyinfSuia Anion

9
MHUA 7 ¥UA

#19197 20 ¥NEIAUTIA Retention Time Haz A 187inv04 Anion 1 7 ¥iia VOIAI0U
auluneld szoz2mns
Anion Peak No. Retention Time(min)* Area(nS.min)
Fluoride 1 3.410 0.04470+0.0002310
Acetate 2 3.630 0.3440+0.002214
Formate 3 4.063 0.0433+0.002150
Chloride 4 5.883 1.1142+0.004397
Sulfate 6 11.692 0.5349+0.001422
Nitrate 7 12.107 0.2169+0.0005510
Phosphate 9 17.136 0.09980+0.01103
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Anion Peak No. Retention Time(min)* Area(nS.min)
Fluoride 1 3.420 0.03700+0.001153

Acetate 2 3.638 0.3783+0.004751
Formate 3 4.080 0.2385+0.002658
Chloride 4 5911 1.4170+0.009079

Sulfate 6 11.811 0.4344+0.007994

Nitrate 7 12.146 0.1402+0.007186
Phosphate 9 17.322 0.1415+0.001665




48

=0 11-11-2008 #7 samplef-2-3-1.2 ECD_1
2.0-—-
:.G—-
5,0_-‘ 4
6.0 ,’
4.0+ b 4 '

] | | ’

] |
2.0 ; I “ 7

1 na AN A .

Y f \ 5 e . 3 —_ & A )
— i ) S & WPy T g
e | T == T = | v T T e

5.0 75 1C.0 125 5.0 175 20.0 2290

(4]

o0 2.

{ @ ' a a @ a 4
AN 29 Chromatogram voumee AU lunAazueen s2oe 1 was lagnszridsuna

9
Anion MHUA 7 YUA

v 9 Y
A13197 22 HUBLVYNA Retention Time tazfuN1ANAVU09 Anion N4 7 ¥l vo3d0g19a1 11

NANLIUDONTLOL 1 AT

Anion Peak No. Retention Time(min)* Area(uS.min)
Fluoride 1 3.406 0.08320+0.0005200
Acetate 2 3.629 0.3896+0.001155
Formate 3 4.062 0.0584+0.001762
Chloride 4 5.888 1.0220+0.003873
Sulfate 6 11.717 0.3377+0.001079

Nitrate 7 12.132 0.1607+0.0001000
Phosphate 9 17.180 0.1167+0.0005030
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Anion Peak No. Retention Time(min)* Area(uS.min)
Fluoride 1 3.409 0.04890+0.004681
Acetate 2 3.632 0.3688+0.02074
Formate 3 4.072 0.17334£0.02185
Chloride 4 5.906 0.8733+0.03225
Sulfate 5 11.753 0.4144+0.004204
Nitrate 6 12.174 0.1288+0.001601
Phosphate 8 17.247 0.0528+0.0003790
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Anion Peak No. Retention Time(min)* Area(uS.min)
Fluoride 1 3.412 0.05310+0.001012
Acetate 2 3.636 0.7355+0.004460
Formate 3 4.072 0.1690+0.007246
Chloride 4 5.906 1.5415+0.004403
Sulfate 5 11.747 0.4683+0.001819
Nitrate 6 12.160 0.2891+0.001819
Phosphate 8 17.230 0.1071£0.001665
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Anion Peak No. Retention Time(min)* Area(uS.min)
Fluoride 1 3.406 0.04380+0.0001150
Acetate 2 3.627 0.2832+0.0009500
Formate 3 4.062 0.0456+0.0007510
Chloride 4 5.888 0.8173+0.001387
Sulfate 5 11.720 0.3151+0.0002310
Nitrate 6 12.130 0.1574+0.0005130
Phosphate 8 17.188 0.06990+0.003182




52

5.0 -124’-2508 #5 sample5-2-4-2 2 EcD +
2.0
0.0
5.0-]
& C: 4
4.0
] 2
4 5
a5 1 ¥
. { E { l‘ a
E \j‘i ! ‘f _LJl 'S}M "7 a‘ﬁ* 9
P N L S | S AV S,
..'.x_“ _l_ T »‘
0.0 25 5.0 75 10.0 12.6 5.0 175 200 n-—:: o

{ @ 1 a a @ a 4
NN 33 Chromatogram voumee AU luNAaz IuANITZeE 2 AT IAe g1 uIn

9
Anion MHUA 7 YUA

v 2 Y
A1319% 26 NUBIAVAA Retention Time tazNuUNIANAVDI Anion 14 7 ¥ vosdeg1aanlu

ATIUANTLEL 1INAT

Anion Peak No. Retention Time(min)* Area(uS.min)
Fluoride 1 3.410 0.04030+0.001026
Acetate 2 3.629 0.3181+0.005279
Formate 3 4.067 0.09670 £0.002916
Chloride 4 5.901 0.7286+0.008021

Sulfate 5 11.747 0.2960+0.004407

Nitrate 6 12.159 0.2781 £0.0009000
Phosphate 8 17.227 0.0823+0.0009000
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Anion Peak No. Retention Time(min)* Area(uS.min)
Fluoride 1 3.412 0.02080+0.0005770
Acetate 2 3.632 0.3334+0.0004857
Formate 3 4.07 0.1471+0.004458
Chloride 4 5.902 0.6478+0.004225
Sulfate 5 11.74 0.3352+0.005237
Nitrate 6 12.163 0.1885+0.003245
Phosphate 8 17.239 0.06190+0.0003210
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A ' . . . £ A ya . v 1A
13197 28 A1 Retention Time (min) tazwunlana (uS. min ) GII’EN@]’J@EJNﬂuGlﬂﬂaNﬁQN

a1 a¥sii 2 a¥sii 3
Anion | Ret Time Area Ret.Time Area Ret. Time Area
(min) (uS. min ) (min) (uS. min ) (min) (uS. min)

Fluoride 3.413 0.1056 3.410 0.1073 3.417 0.1078
Acetate 3.637 0.4938 3.637 0.4923 3.640 0.4853
Formate 4.073 0.3585 4.077 0.3577 4.080 0.3527
Chloride 5.903 1.2093 5.903 1.2116 5.907 1.2123

Sulfate 11.767 0.7172 11.783 0.7115 11.783 0.7091

Nitrate 12.147 0.1420 12.143 0.1322 12.137 0.1294
Phosphate 17.273 0.0270 17.293 0.0277 17.293 0.0272
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aSsii 1 a%sii 2 a¥sii 3
Anion | Ret.Time Area RetTime | ™ | RetTime Area
(min) (uS.min ) (min) (uS.min ) (min) (uS.min)
Fluoride 3.403 0.0658 3.410 0.0662 3.410 0.0656
Acetate 3.623 0.3726 3.630 0.3757 3.630 0.3750
For mate 4.060 0.0538 4.067 0.0565 4.067 0.0559
Chloride 5.880 0.5418 5.890 0.5815 5.890 0.5832
Sulfate 11.717 0.3795 11.733 0.3724 11.720 0.3764
Nitrate 12.133 0.0818 12.120 0.0779 12.127 0.0811
Phosphate 17.197 0.0194 17.190 0.0201 17.193 0.0196
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Afin (uS. min ) vesddeeaau lufimmile

aSaii 1 a¥sii 2 a¥sii 3

Anion Ret.Time Area Ret.Time Area Ret.Time Area
(min) (uS.min ) (min) (uS.min ) (min) (uS.min)

Fluoride 3.410 0.0700 3.400 0.0704 3.403 0.0705
Acetate 3.633 0.3244 3.627 0.3301 3.627 0.3253
Formate 4.067 0.0428 4.057 0.0455 4.060 0.0418
Chloride 5.893 0.7012 5.887 0.7045 5.887 0.7065
Sulfate 11.730 0.2996 11.723 0.3019 11.720 0.3025
Nitrate 12.143 0.0984 12.140 0.0992 12.143 0.0994
Phosphate 17.200 0.0759 17.193 0.0756 17.190 0.0757

@15190 31 A1 Retention Time (min)

ITUT 2 AT

g Aq ¥ . @ 1 a a A
HagNUN1ANA (uS. min ) YesaIndau lunmmrile

a¥aii 1 a¥sii 2 a¥sii 3
Anion Ret.Time Area Ret.Time Area Ret.Time Area
(min) (uS.min ) (min) (uS.min ) (min) (uS. min)

Fluoride 3.420 0.1125 3.410 0.1122 3.410 0.1122
Acetate 3.640 0.5743 3.627 0.5796 3.627 0.5786
For mate 4.073 0.1034 4.063 0.1085 4.060 0.1039
Chloride 5.883 1.2044 5.883 1.2062 5.883 1.2031

Sulfate 11.707 0.4680 11.707 0.4805 11.707 0.4819

Nitrate 12.087 0.4893 12.087 0.5001 12.087 0.5026
Phosphate 17.113 0.3956 17.113 0.3978 17.110 0.3985
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ffin (uS.min ) vesdetaau lufimmile

asait 1 A 2 Asat 3
Anion | Ret Time Area Ret. Time Area Ret. Time Area
(min) (uS. min ) (min) (uS.min ) (min) (uS. min)

Fluoride 3.400 0.0232 3.403 0.025 3.400 0.0233
Acetate 3.630 0.3346 3.630 0.3379 3.627 0.3358
For mate 4.063 0.0358 4.063 0.0345 4.060 0.0338
Chloride 5.887 0.6944 5.887 0.7245 5.883 0.7207

Sulfate 11.703 0.3016 11.703 0.3068 11.700 0.3060

Nitrate 12.097 0.4034 12.097 0.4154 12.097 0.4133
Phosphate 17.163 0.0308 17.167 0.0326 17.157 0.0321
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M35199 33 A1 Retention Time (min) taziuN1ANA (uS.min ) voadredaauludiald

28T 1 A9

v
w

ﬂiﬁﬁ 1 ﬂi\‘lﬁ 2 ﬂ%ﬂﬁ 3
Anion Ret. Time Area Ret. Time Area Ret. Area
(min) (uS. min ) (min) (uS.min ) | Time (min) (uS. min)

Fluoride 3.407 0.0451 3.410 0.0455 3.413 0.0457
Acetate 3.627 0.3693 3.627 0.3723 3.633 0.3740
Formate 4.067 0.4479 4.067 0.4484 4.070 0.4491
Chloride 5.887 1.1824 5.887 1.2051 5.890 1.2174

Sulfate 11.710 0.6281 11.707 0.6371 11.710 0.6429

Nitrate 12.110 0.1990 12.107 0.2023 12.110 0.2045
Phosphate 17.163 0.1768 17.160 0.1740 17.160 0.1751
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Anion | Ret Time Area Ret. Time Area Ret. Time Area
(min) (uS. min ) (min) (uS.min ) (min) (uS. min)
Fluoride 3.413 0.0446 3.413 0.0450 3.403 0.0446
Acetate 3.633 0.3430 3.633 0.3424 3.623 0.3465
Formate 4.067 0.0454 4.067 0.0433 4.057 0.0411
Chloride 5.887 1.1106 5.887 1.1129 5.877 1.1191
Sulfate 11.693 0.5339 11.693 0.5342 11.69 0.5396
Nitrate 12.110 0.2174 12.107 0.2163 12.103 0.2169
Phosphate 17.137 0.1125 17.137 0.0934 17.133 0.0934
19197 35 M Retention Time (min) HazMuRI&Tin (uS.min ) voasetr9auludiald
ITYY S5 1UAT
ﬂ%\?ﬁ 1 ﬂ%ﬂ‘ﬁ 2 ﬂ%\?ﬁ 3
Anion Ret.Time Area Ret.Time Area Ret.Time Area
(min) (uS. min ) (min) (uS. min ) (min) (uS. min)
Fluoride 3.420 0.0357 3.420 0.0379 3.420 0.0374
Acctate 3.637 0.3736 3.637 0.3831 3.640 0.3782
Formate 4.080 0.2371 4.077 0.2416 4.083 0.2369
Chloride 5.910 1.4105 5.910 1.4274 5913 1.4132
Sulfate 11.803 0.4419 11.813 0.4354 11.817 0.4260
Nitrate 12.147 0.1478 12.143 0.1394 12.143 0.1335
Phosphate 17.310 0.1435 17.327 0.1417 17.330 0.1395
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a¥aii 1 a¥ai 2 a¥aii 3
Anion Ret. Time Area Ret. Time Area Ret. Time Area
(min) (uS. min ) (min) (uS. min ) (min) (uS. min)

Fluoride 3.410 0.0826 3.403 0.0835 3.403 0.0835
Acetate 3.633 0.3890 3.627 0.3910 3.627 0.3890
Formate 4.067 0.0604 4.060 0.0574 4.060 0.0573
Chloride 5.890 1.0177 5.887 1.0253 5.887 1.0228

Sulfate 11.720 0.3365 11.717 0.3385 11.713 0.3382

Nitrate 12.137 0.1608 12.133 0.1606 12.127 0.1607
Phosphate 17.183 0.1162 17.183 0.1172 17.173 0.1166
19197 37 A1 Retention Time (min) taziiuiiIdiin (1S. min) YoIAIEAU TUNA

AZIUDDN TLUL 2 1UAT
asait 1 At 2 A¥ait 3
Anion Ret.Time Area Ret.Time Area Ret.Time Area
(min) (uS. min ) (min) (uS. min ) (min) (uS. min)

Fluoride 3.407 0.0435 3.143 0.0514 3.407 0.0518

Acetate 3.630 0.3461 3.637 0.3868 3.630 0.3734
Formate 4.070 0.1485 4.077 0.1898 4.070 0.1815
Chloride 5.903 0.8361 5.910 0.8923 5.903 0.8916

Sulfate 11.747 0.4097 11.747 0.4157 11.747 04178

Nitrate 12.173 0.1289 12.177 0.1272 12.173 0.1304
Phosphate 17.253 0.0531 17.247 0.0530 17.240 0.0524
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a1 aaii 2 a¥ait 3
Anion Ret.Time Area Ret.Time Area Ret.Time Area
(min) (uS. min ) (min) (uS. min ) (min) (uS. min)

Fluoride 3.413 0.0543 3.407 0.0525 3.417 0.0526
Acetate 3.637 0.7406 3.63 0.7322 3.640 0.7338
Formate 4.073 0.1771 4.067 0.1666 4.077 0.1632
Chloride 5.907 1.5370 5.900 1.5417 5.910 1.5458

Sulfate 11.753 0.4648 11.740 0.4698 11.747 0.4702

Nitrate 12.163 0.2870 12.157 0.2901 12.160 0.2902
Phosphate 17.237 0.1052 17.227 0.1076 17.227 0.1084
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Anion | Ret.Time Area Ret. Time Area RetTime | T
(min) (uS. min ) (min) (uS. min ) (min) (uS. min)

Fluoride 3.407 0.0437 3.403 0.0437 3.407 0.0439
Acetate 3.627 0.2842 3.627 0.2832 3.627 0.2823
Formate 4.063 0.0463 4.060 0.0456 4.063 0.0448
Chloride 5.890 0.8158 5.887 0.8177 5.887 0.8185
Sulfate 11.270 0.3152 11.717 0.3152 11.723 0.3148
Nitrate 12.133 0.1578 12.127 0.1575 12.130 0.1568
Phosphate 17.187 0.0662 17.190 0.0715 17.187 0.0719
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Anion | Ret.Time Area Ret. Time Area RetTime | ¢
(min) (uS. min ) (min) (uS. min ) (min) (uS. min)

Fluoride 3.413 0.0406 3.407 0.0412 3.410 0.0392
Acetate 3.630 0.3188 3.627 0.3231 3.630 0.3126
Formate 4.070 0.0983 4.063 0.0984 4.067 0.0933
Chloride 5.903 0.7217 5.900 0.7374 5.900 0.7267

Sulfate 11.757 0.2910 11.743 0.2979 11.74 0.2992

Nitrate 12.163 0.2781 12.157 0.2790 12.157 0.2772
Phosphate |  17.240 0.0814 17.223 0.0823 17.217 0.0832
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a%aii 1 a¥sii 2 a¥sii 3
Anion Ret.Time Area Ret.Time Area Ret. Time Area
(min) (uS. min ) (min) (uS. min ) (min) (uS. min)

Fluoride 3.413 0.0215 3.413 0.0205 3.410 0.0205
Acetate 3.633 0.3389 3.633 0.3316 3.630 0.3297
Formate 4.070 0.1517 4.073 0.1468 4.067 0.1428
Chloride 5.903 0.6527 5.903 0.6457 5.900 0.6451

Sulfate 11.747 0.3363 11.740 0.3398 11.757 0.3295

Nitrate 12.170 0.1894 12.167 0.1912 12.153 0.1849
Phosphate 17.237 0.0620 17.223 0.0615 17.257 0.0621




3. MIMAAINAM3a319n5M1A5g U (Calibration curve) 145041133104 Anion Tus

AI0ENIAULSNIMUIBY ¥iguszIla ANFO

=

. { a 73 H
@]’li']\?ﬁ 42 ﬁu‘n g]}ﬁﬂsll’f]\‘] Blank (Deionized water) 910N15UAT1EYit1 10 AT

ﬂ%ﬂ“ﬁ Area (uS. min )
1 0.465
2 0.4438
3 0.440
4 0.430
5 0.425
6 0.420
7 0.425
8 0.376
9 0.370
10 0.375
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@15197 43 A1 Retention Time (min) GFATAY

=

N

62

AR (1S.min) YOIA1TAZAWUIATIIU Fluoride

ANNVNTY AN Ret.Time ( min) Area(uS. min )

(ppm)

1 3.420 0.0257

0.108 2 3.413 0.0226

3 3.413 0.0223

1 3.147 0.1065

0.43 2 3.417 0.1090

3 3.413 0.1101

1 3.413 0.1982

0.807 2 3.413 0.2044

3 3.413 0.2056

1 3.423 0.5377

2.15 2 3.420 0.5367

3 3.417 0.5352

1 3.420 1.2101

5.17 2 3.423 1.2210

3 3.423 1.2249
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=

N
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AR (1S.min) YOIATAZAWUINTIIU Acetate

ANUTUTU (ppm) ";{/ Q“ﬁ Ret.Time ( min) Area (min)

1 3.683 0.0525

0.50 2 3.683 0.0542
3 3.680 0.0548

1 3.700 0.1859

1.99 2 3.693 0.1987
3 3.690 0.1990

1 3.703 0.4806

4.98 2 3.693 0.4820
3 3.693 0.4792

1 3.700 0.8211

9.96 2 3.700 0.8282
3 3.697 0.8302

1 3.703 1.1172

14.93 2 3.700 1.1212
3 3.700 1.1220
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=

N
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AR (1S.min) YOIA1TAZAWUIATIIU Formate

ANUTUTU (ppm) ";{/ Q“ﬁ Ret.Time ( min) Area (min)
1 4.072 0.0157
0.12 2 4.074 0.0144
3 4.074 0.0156
1 4.073 0.1153
0.58 2 4.073 0.1138
3 4.077 0.1133
1 4.067 0.2443
1.16 2 4.070 0.2416
3 4.070 0.2408
1 4.073 0.3516
1.73 2 4.073 0.3483
3 4.070 0.3487
1 4.073 1.2644
5.17 2 4.067 1.2515
3 4.067 1.2437
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AR (1S.min) Y9IA15AZANIATIIU Chloride

ANUTUTU (ppm) ";{/ Q“ﬁ Retime ( min) Area ( min)
1 5.903 0.0448
0.11 2 5.907 0.0454
3 5.903 0.0457
1 5.903 0.2080
1.08 2 5.900 0.2085
3 5.903 0.2087
1 5.913 0.4359
2.17 2 5.907 0.4654
3 5.907 0.4666
1 5.910 1.3242
5.42 2 5.903 1.3814
3 5.903 1.3816
1 5.903 3.1352
10.84 2 5.900 3.1441
3 5.897 3.1245
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=

N
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AR (1S.min) YOIATAZAWUIATIIU Sulfate

ANUTUTU (ppm) ";{/ Q“ﬁ Ret.Time ( min) Area (min)

1 11.737 0.0977

0.53 2 11.770 0.0827
3 11.787 0.0769

1 11.730 0.1923

1.07 2 11.730 0.1898
3 11.730 0.1905

1 11.743 0.3577

2.13 2 11.743 0.3632
3 11.737 0.3632

1 11.727 0.7122

4.26 2 11.723 0.7122
3 11.727 0.7140

1 11.743 0.9672

5.33 2 11.737 0.9971
3 11.737 1.0044
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@1519% 48 A1 Retention Time (min) HATWY

=

N
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AR (1S.min) YOIATAZAWUIATIIU Nitrate

ANUTUTU (ppm) ";{/ Q“ﬁ Ret.Time ( min) Area (min)
1 12.137 0.0355
0.52 2 12.143 0.0363
3 12.143 0.0370
1 12.133 0.0876
1.03 2 12.133 0.0879
3 12.133 0.0881
1 12.120 0.1614
2.06 2 12.120 0.1862
3 12.117 0.1918
1 12.113 0.3323
3.61 2 12.110 0.3315
3 12.110 0.3321
1 12.097 0.5412
5.16 2 12.083 0.5244
3 12.083 0.5167
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AR (1S.min) Y9IA15AZA10NIATTI1UPhosphate

ANUTUTU (ppm) ";{/ Q“ﬁ Ret.Time ( min) Area (min)
1 17.227 0.0070
0.10 2 17.223 0.0071
3 17.223 0.0075
1 17.217 0.0891
1.02 2 17.213 0.0892
3 17.220 0.0892
1 17.243 0.2005
2.03 2 17.240 0.2001
3 17.230 0.2002
1 17.167 0.5107
5.09 2 17.143 0.5100
3 17.130 0.5119
1 17.213 1.0944
10.01 2 17.220 1.1025
3 17.243 1.1050




=

[ k4
A15199 50 A1 Retention Time (min) tagWu Idn (uS.min) vosasazaIvuIATFIU

Ammonium
ANUTUTU (ppm) ﬂ% Q‘ﬁ Ret.Time ( min) Area (min)
1 5.253 0.1054
0.51 2 5.253 0.0898
3 5.253 0.0894
1 5.253 0.2204
2.03 2 5.253 0.215
3 5.257 0.2151
1 5.257 1.0171
20.28 2 5.257 1.0197
3 5.257 1.0261
1 5.263 1.3344
30.42 2 5.263 1.3379
3 5.26 1.3393
1 5.263 1.9135
50.70 2 5.263 1.9163
3 5.263 1.9167




=

[ k4
M15199 51 A1 Retention Time (min) tagWui 1din (uS.min) vosasazaIvuIATFIU

Potassium
ANUTUTU (ppm) ﬂ% Q‘ﬁ Ret.Time ( min) Area (min)
1 6.667 0.0438
0.53 2 6.667 0.0475
3 6.667 0.0480
1 6.667 0.1493
2.11 2 6.663 0.1524
3 6.66 0.1516
1 6.637 1.5606
21.14 2 6.640 1.557
3 6.640 1.5585
1 6.650 2.3613
31.71 2 6.647 2.3539
3 6.647 2.3551
1 6.640 3.9773
52.85 2 6.643 3.9859
3 6.643 3.9913




=

[ k4
M15199 52 A1 Retention Time (min) tagWu 1d7in (uS.min) vosasazaIvuIATFIU

Magnesium
ANUTUTU (ppm) ﬂ% Q‘ﬁ Ret.Time ( min) Area (min)
1 10.723 0.0472
0.52 2 10.727 0.0477
3 10.730 0.0426
1 10.703 0.1322
2.07 2 10.717 0.1320
3 10.723 0.1254
1 10.714 1.1349
20.66 2 10.717 1.0726
3 10.713 1.0675
1 10.700 1.5728
30.99 2 10.693 1.6078
3 10.693 1.6023
1 10.657 2.7253
51.65 2 10.657 2.7549
3 10.657 2.7582
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?15199 53 A1 Retention Time (min) HATNY

=

n

72

AR (1S.min) YOIA1TAZAWUIATIIU Calcium

ANUTUTU (ppm) ";{/ Q“ﬁ Ret.Time ( min) Area (min)
1 12.930 0.1403
0.53 2 12.930 0.1308
3 12.933 0.1137
1 12.903 0.2682
2.12 2 12.913 0.2681
3 12.920 0.2550
1 12.870 1.9502
21.18 2 12.870 1.9932
3 12.870 2.0268
1 12.843 2.9700
31.77 2 12.833 3.0116
3 12.837 2.9804
1 12.783 4.9337
52.95 2 12.777 4.9790
3 12.773 4.9777
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s.ﬂ15Nuamwamsﬂﬂam‘lumsﬁ] Repeatability method
a 4 @ v a a a a
5.1 MIAUATICHNT % Recovery UDI Anion Glumemmumwmiem NANISIUATUA

ANFO

Y
=

M15190 54 ANUNIATNA (uS.min ) VDI Anion HABLFUANMTIAVAITAZAONIATTIUUADE

A A o 1 a e
yiannauanududuas i ludrog19aunily Blank

U
2 ﬂ% Q‘ﬁ Fluoride | Acetate | Formate | Chloride | Sulfate | Nitrate | Phosphate

ATIN | _ )
AUNIIEN

1 0.8438 0.7523 | 0.8332 | 2.2181 | 1.0164 | 0.4589 0.5250

1 2 0.8559 0.7556 | 0.8180 | 2.2288 | 0.9991 | 0.4545 0.5238

3 0.8567 0.7618 | 0.8220 | 2.2469 | 1.0213 | 0.4695 0.5284

1 0.8991 0.7202 | 0.6965 | 2.2288 | 0.9359 | 0.4646 0.5407

5 2 0.9016 0.7112 | 0.6982 | 2.2419 | 0.9313 | 0.4649 0.5462

3 0.9186 0.7210 | 0.6911 | 2.2591 | 0.9464 | 0.4763 0.5456
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H k4 H
A15199 55 MNUN1A7iA (uS.min ) V99 Anion UAAZFHANINMIANENTAZAVUIATTIULADE

a A Y 9 o 1A @ a
%uwmmmmmmum'lﬂGlumammuﬁmmii;mzmﬂ

NUIUY
2 ﬂgﬁ‘ﬁ Fluoride | Acetate | Formate | Chloride | Sulfate | Nitrate | Phosphate

AN | _ .,
AUAINCU

1 0.9010 0.5082 1.0223 | 2.0709 | 0.8221 | 0.5176 0.5864

1 2 0.9076 0.5071 1.0206 | 2.0860 | 0.8255 | 0.5216 0.5918

3 0.9023 0.4989 1.0042 | 2.0617 | 0.8222 | 0.5121 0.5991

1 0.8450 0.4964 1.0229 | 2.2828 | 0.9182 | 0.4592 0.6170

2 2 0.8697 0.4996 1.0039 | 2.3517 | 0.9145 | 0.4696 0.6162

3 0.8770 0.4995 | 0.9218 | 2.3658 | 0.9480 | 0.4573 0.6197
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