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S$150+ lon Chromatography Module including a column

oven, one-channel conductivity detector and

electrochemical self-regenerating anion suppressor

module

e  S1130 Quaternary Gradient Pump (PEEK) including 4-
channel degasser

e S5300 Automatic Sample Injector with S6115 injection
valve (PEEK)

e 57150 Reagent Organizer with four eluent bottles (2 x
2000 mL, 2 x 1000 mL)

e  Clarity advanced chromatography software for Windows

(DataApex)
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L Deionized water, Type | reagent grade, 0.1 pS/cm
conductivity (10 kQ/cm resistivity) or better

=  Sodium carbonate (Na;COs, anhydrous, for analysis, ACS,
ISO, Reag. Ph Eur), Merck (1.06393)

=  Sodium thiocyanate (NaSCN, ACS reagent, 298.0%), Sigma-
Aldrich (251410)

=  Fluoride standard solution 1000 mg/L (traceable to SRM
from NIST NaF in H,O 1000 mg/L F Certipur®), Merck
(1.19814)

- Chloride standard solution 1000 mg/L (traceable to SRM
from NIST NaCl in H,O 1000 mg/L Cl Certipur®), Merck
(1.19897)

- Nitrite standard solution 1000 mg/L (traceable to SRM from
NIST NaNO; in H,O 1000 mg/L NO, Certipur®), Merck
(1.19899)

=  Bromide standard solution 1000 mg/L (traceable to SRM
from NIST NaBr in H,O 1000 mg/L Br Certipur®), Merck
(1.19896)

=  Nitrate standard solution 1000 mg/L (traceable to SRM
from NIST NaNOs in H0 1000 mg/L NOs Certipur®), Merck
(1.19811)

= Phosphate standard solution 1000 mg/L (traceable to SRM
from NIST KH,PO4 in H,0 1000 mg/L PO, Certipur®), Merck
(1.19898)

=  Sulfate standard solution 1000 mg/L (traceable to SRM
from NIST Na,SO4 in H,0 1000 mg/L SO4 Certipur®), Merck
(1.19813)
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- Sodium fluoride (NaF, for analysis EMSURE, Reag. Ph Eur),
Merck (1.06449)

- Sodium chloride (NaCl, for analysis EMSURE, ACS, ISO, Reag.
Ph Eur), Merck (1.06404)

- Sodium nitrite (NaNO,, for analysis EMSURE, ACS, Reag. Ph
Eur), Merck (1.06549)

- Sodium bromide (NaBr, ACS reagent, >99.0%), Sigma-
Aldrich (310506)

- Sodium nitrate (NaNOs, for analysis EMSURE, ACS, ISO,
Reag. Ph Eur), Merck (1.06537)

- Potassium dihydrogen phosphate (KH,PO, for analysis
EMSURE, 1S0), Merck (1.04873)

- Sodium sulfate (Na,SO4, anhydrous, for analysis EMSURE,
ACS, ISO, Reag. Ph Eur), Merck (1.06649)
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Table 1. List of samples analyzed.

1 Drinking Water (Augsburg)

2 Drinking Water (Riesen (Steingaden))

3 Mineral Water (VIO, Coca-Cola)

4 Mineral Water (Adelholzener)

5 River Water (Donau)

6 River Water (lllach)

7 Mineral Water (RAPP)

8 Mineral Water (St. Leonhard)
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Method Validation 1 (Sykam A07)

Columns: Sykam A07 (150 x 2.6 mm), Analytical column
Sykam AGC-04 (20 x 2.6 mm), Guard column

Eluent: 4.0 mM Na,COs, 25 uM NaSCN

Flow Rate: 1.0 mL/min

Run Time: 20 min

Temperature: 60 °C

Injection Volume: 50 pL (full loop)

Detection: Suppressed Conductivity, Electrochemical Self-

Regenerating Anion Suppressor

Suppressor Current: 40 mA

Backpressure: 51 bar (740 psi)
Base Conductivity: 19 uS/cm
Noise: <2nS/cm

Method Validation 2 (Sykam A08)

Columns: Sykam A08 (125 x 2.6 mm), Analytical column
Sykam AGC-04 (20 x 2.6 mm), Guard column

Eluent: 3.5 mM Na,COs3, 25 uM NaSCN

Flow Rate: 1.2 mL/min

Run Time: 14 min

Temperature: 60 °C

Injection Volume: 50 L (full loop)

Detection: Suppressed Conductivity, Electrochemical
Self-Regenerating Anion Suppressor

Suppressor Current: 50 mA

Backpressure: 69 bar (1000 psi)

Base Conductivity: 21 puS/cm

Noise: <5nS/cm
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Table 2. Preparation of standard stock solutions (1000 mg/L).

Analyte ‘ Compound Amount (g)
Fluoride Sodium fluoride (NaF) 2.210
Chloride Sodium chloride (NaCl) 1.648
Nitrite Sodium nitrite (NaNO,) 1.500
Bromide Sodium bromide (NaBr) 1.288
Nitrate Sodium nitrate (NaNOs) 1.371

Potassium dihydrogen
Phosphate phosphate (KHPOq) 1.433
Sulfate Sodium sulfate (Na;S04) 1.479
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Table 3. Concentrations of the MDLs and QCS standards for both
method validations.

MDLs Calculation

QCS for Precision

Analyte Standard (pg/L) (mg/L)

A07 A08 A07 A08
Fluoride 10 10 2 2
Chloride 10 10 10 10
Nitrite 50 75 2 2
Bromide 50 75 2 2
Nitrate 50 75 20 20
Phosphate 250 250 2 2
Sulfate 100 150 30 30
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N °or e 275k 2 94U Tth TS Sykam IC S151-AG Plus®} Sykam A07 T
et ol 5o ® -U-Xﬂﬁl’i A At Ay 22 22 )
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Table 4. Column performance parameters of Sykam A07 and Sykam A08 at the chromatographic conditions listed above (5 mg/L mixed anion
standard).

Retention time (min) Resolution R Peak Symmetry

Analyte

Sykam A07 Sykam A08 Sykam A07 Sykam A08 Sykam A07 Sykam A08
Fluoride 1.42 1.12 - - 1.37 1.72
Chloride 2.83 2.27 6.98 5.59 1.14 1.34
Nitrite 3.94 3.03 3.55 3.05 1.24 1.40
Bromide 5.83 4.25 4.07 3.60 1.24 1.40
Nitrate 8.03 5.65 3.24 2.85 1.35 1.49
Phosphate 10.97 8.54 2.76 2.64 1.09 1.17
Sulfate 14.79 11.47 2.58 2.14 1.12 1.22




Column: Sykam A07 (150 x 2.6 mm) and Sykam AGC-04 (20 x 2.6 mm)

Eluent: 4.0 mM Na,COs, 25 uM NaSCN

Flow Rate: 1.0 mL/min

Inj. Vol.: 50 L

Detection: Suppressed Conductivity, Electrochemical Self-Regenerating Anion
Suppressor (40 mA)

Peaks: A B
1. Fluoride 1.0mg/L 10 pg/L
2. Chloride 5.0 10
3. Nitrite 5.0 50
4. Bromide 5.0 50
5. Nitrate 5.0 50
6. Phosphate 5.0 250
7. Sulfate 5.0 100

13 -
AL
us

_1 J
0,15 1
us
'0’05 T T T 1
0 5 10 15 20
Minutes

Figure 1. Separation of A) a 5.0 mg/L inorganic anion standard
(Fluoride 1.0 mg/L) and B) the MDLs Calculation Standard using a
Sykam AQ7.
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A, A& Fo) 718kt B HE SHA(MDLs)E 5, 10, 20, 50,
100, 200 pg/L &9 T &
F7EIEYY. 2 o] ¥ =5ZolA] Signal-to-noise H|&©°] 3~5
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Column: Sykam A08 (125 x 2.6 mm) and Sykam AGC-04 (20 x 2.6 mm)

Eluent: 3.5 mM Na,COs;, 25 pM NaSCN

Flow Rate: 1.2 mL/min

Inj. Vol.: 50 pL

Detection: Suppressed Conductivity, Electrochemical Self-Regenerating Anion
Suppressor (50 mA)

Peaks: 1. Fluoride 1.0 mg/L
2. Chloride 5.0
3. Nitrite 5.0
4. Bromide 5.0
5. Nitrate 5.0
6. Phosphate 5.0
7. Sulfate 5.0
10 1
2

HS

Minutes

Figure 2. Separation of a 5.0 mg/L inorganic anion standard (Fluoride
1.0 mg/L) using a Sykam AO0S.
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244 BIHE 9Jel, 7% £5F-20]-2 EF90]0.1,0.2,0.5,1.0, 2.0, & =
5.0, 10, 20 ,50, 100 mg/L(E49] 720.02 - 20 mg/L) £Z &=t EABHE 37 @o0.02-20 mg/L £-20.1-20 mg/L 55
m2oo] =siaUch HrHFortified) ME ks o5 2 oo g F40] AgHF U Sykam A08E ©]-8_F HA A
olege] B WAL AY WY AFHEUT mebs 249 Ad7d Bt s =4S A9kl 01 - 50 me/L 52 0.1-100
= mzolo] AFLE A ofd 7+ ole W2 Ad w9 o] mg/LZ 7t =4+ 002 - 20 mg/Ll2 F7HIEYO
o] EJuF AFR.5H O o Figure 3= 7+ o] 3} 3 B2 7y AL Qlibge] F-empLs ffo] 179.8 pg/Lol7lol] 0.1 mg/L &k
UERU o A9l ololElx wrh JlglEE ErIsisych A4, EEA2 AAHAGHE Table 5, 62 2f o] 2o A =it 4
OFRAMS, K AbS Tl BHAH S Sykam A07 H 3 7] 0.1 - 50 mg/L A4(r2) grol Z19= AFUH =2 o] 259 A A+ 0.999
9 0.1-100 mg/L ¥9jo] W & W92 HIE wh Hznla ode2 e AET g AT,

Retention Time Peak Area Precision
Precision (RSD, %) (RSD, %)
Fluoride 0.02-20 0.9999 1.2 0.44 0.45
Chloride 0.1-100 0.9994 0.5% 0.24 0.59
Nitrite 0.1-100 1.0000 11.9 0.17 1.04
Bromide 0.1-20 0.9999 9.7 0.14 0.65
Nitrate 0.1-50 0.9995 7.5 0.10 0.53
Phosphate 0.1-20 0.9999 62.4 0.12 0.97
Sulfate 0.1-50 0.9998 19.9 0.08 0.64

*Value not valid, MDLg is used instead

Table 6. Linearity, MDLs, retention time and peak area precision for Sykam A08.

Analvte Calibration range Linearity {r2) Calculated MDLs Retention Time Peak Area Precision
E & Precision (RSD, %) (RSD, %)
Fluoride 0.02-20 0.9999 1.1 0.59 0.29
Chloride 0.1-100 0.9996 1.7% 0.30 0.28
Nitrite 0.1-100 0.9999 12.4 0.23 0.83
Bromide 0.1-50 0.9998 44.1 0.16 0.95
Nitrate 0.1-50 0.9996 50.8 0.12 0.43
Phosphate 0.2-50 0.9998 179.8 0.19 8.23
Sulfate 0.1-50 0.9999 68.6 0.09 0.23
*Value not valid, MDLg is used instead
Precision (QCS) and Instrument Performance (ECS) 7171 45S 39l (Verified) 3155 L TF. ECSE= 1000 mg/L &Y o]
Sykam A7, A08 RS Sl 272t 75 U 63 gol29 HEE EE S o FHlFen 710l A8 std B dela HE
A]ZHRT; Retention Time) ¥ I3 Ylo|&= Table 39 4 g U AE 52 &8l 2H oY W2 acse %2 913l
mZo(Qcs) 242 S BIHGUT Table 5, 62 7 0] 9] AFSE BT 7 BE Q0 2 AZHGUTL BT A
DEE A7 9 T3 olo) At EE WAHRSD)E LR Th Sl QesE A8k 4 ECseh QCse] gt M2 & AFol(RPD;
B 0] 250 BELE A|7FRSDLE 1.0 % O] 50| B 0] ] RSD E 5+ Relative Percent Differences)+= 15% ©] UjojoF gttt
2.0 % °J5HS LUF Y- ©l= Sykam IC 5151 Plus®} Sykam A07 9 Table 7. Relative Percent Differences (RPD) of QCS and ECS.
A0s Zo| 948 HE4 3 AUAES oulFY Tt thek sykam
— 0, — 0,
A08 S =5t BAA oAl = Wo| HAFS Heli) Analyte Sykam A07 - RPD (%) Sykam A08 — RPD (%)
L o - o Fluoride +1.4 -2.6
o] ¥hE B4 A3} F Shuo| A Bo]Aekel S5 o] WS o =2 Chloride 08 16
olo] G2 F H RD7EEEY 202 2AHFUTE 24 Ao Nitrite 03 4.8
_ B Bromide -1.7 -5.5
A2 wAo] AIYEX] okttt acs 2A4Z Fo 1A Nitrate 04 10
E220| 3¢ one} 77|10 4% AAL £ 4 AsYth Phosphate +0.2 738
o o o "o - Sulfate -0.4 -1.1
B Q|8 A I ZH(ECS; External Calibration Standard) 248 £}
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Figure 3. Calibration plots of the seven standard anions indicating the LCR used for calibration of the samples.



Sample Analysis
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Table 8. Minimum Reporting Levels based on the LCR and MDL.

Sykam A07 — MRL

Sykam A08 — MRL

A (mg/L) (mg/L)
Fluoride 0.02 0.02
Chloride 0.10 0.10
Nitrite 0.10 0.10
Bromide 0.10 0.10
Nitrate 0.10 0.10
Phosphate 0.10 0.20
Sulfate 0.10 0.10
ME Y Fa, obdtd 4 S FE YEHE o R 30 mg/L
oot UEkon] A 2AE AT BA) A Afolol4 2

20|71 9191 0.0 o] = & 8411 9] 9714 (Robustness)7} 501 &
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Column: Sykam A07 (150 x 2.6 mm) and Sykam AGC-04 (20 x 2.6 mm)

Eluent: 4.0 mM Na,COs, 25 uM NaSCN

Flow Rate: 1.0 mL/min

Inj. Vol.: 50 uL

Detection: Suppressed Conductivity, Electrochemical Self-Regenerating Anion
Suppressor (40 mA)

Peaks: 1. Fluoride 0.14 mg/L
2. Chloride 18.6
3. Bromide 0.04 (< MRL)
4. Nitrate 0.31
5. Sulfate 231
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Figure 4. Determination of anions in mineral water (VIO) using the
Sykam AQ7.
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Column: Sykam A07 (150 x 2.6 mm) and Sykam AGC-04 (20 x 2.6 mm)

Eluent: 4.0 mM Na,COs, 25 uM NaSCN

Flow Rate: 1.0 mL/min

Inj. Vol.: 50 pL

Detection: Suppressed Conductivity, Electrochemical Self-Regenerating Anion
Suppressor (40 mA)

Peaks: A B
1. Fluoride 0.07 mg/L 0.10 mg/L
2. Chloride 4.0 29.2
3. Nitrite - 0.02 (< MRL)
4. Bromide - 0.01 (< MRL)
5. Nitrate 2.9 9.3
6. Phosphate - 0.08 (< MRL)
7. Sulfate 31 29.7
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Figure 5. Determination of anions in river water (lllach (A) and Donau
(B)) using the Sykam AQ7.
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Table 9. Analysis results (mg/L) and RPD (%) of duplicate analyses of both validations.

Drinking Water

Drinking Water

Mineral Water

Mineral Water

Analyte Augsburg Riesen (Steingaden) Adelholzener

A07 A08 A07 A08 A07 A08 A07 A08
Fluoride 0.11(0.2) 0.11 (3.8) 0.09 (0.1) 0.07 (-1.3) 0.14 (-0.8) 0.15 (-0.7) 0.19 (0.8) 0.17 (-1.0)
Chloride 6.0 (-0.7) 5.9 (-0.8) 2.5(-0.4) 2.5 (0.0) 18.6 (-0.5) 18.1(0.1) 16.3 (0.1) 15.7 (-0.7)
Nitrite n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Bromide < MRL n.d. < MRL n.d. < MRL < MRL < MRL n.d.
Nitrate 4.7 (-0.7) 4.5 (-3.7) 3.8(0.3) 3.6 (-0.6) 0.31(0.9) 0.29 (0.8) < MRL n.d.
Phosphate n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Sulfate 21.5(0.4) 20.5(0.7) 3.7 (-2.0) 3.5(-0.7) 23.1(-0.2) 22.1(-0.6) 29.3 (-0.2) 27.7 (-1.1)

River Water River Water Mineral Water Mineral Water
Do RAPP St. Leonhard

A07 A08 A07 A08 A07 A08 A07 A08
Fluoride 0.10(-0.1) 0.08 (-2,7) 0.07 (-0.3) 0.06 (0.1) 0.04 (-0.5) - 0.06 (1.2) -
Chloride 29.2 (-0.2) 24.0 (-0.5) 4.0(0.1) 4.8 (0.2) 0.41(-1.1) - 16.6 (-0.5) -
Nitrite < MRL < MRL n.d. n.d. n.d. - n.d. -
Bromide < MRL < MRL n.d. n.d. n.d. - < MRL -
Nitrate 9.3 (-0.3) 9.1(1.0) 2.9(2.4) 3.3(6.4) < MRL - 1.8 (0.3) -
Phosphate < MRL < MRL n.d. n.d. n.d. - n.d. -
Sulfate 29.7 (-0.5) 24.1 (-0.5) 3.1(-0.6) 3.1(-1.8) 10.8 (-1.0) - 6.2 (-1.2) -

Column: Sykam AO08 (125 x 2.6 mm) and Sykam AGC-04 (20 x 2.6 mm)

Eluent:

3.5 mM Na,CO3, 25 uM NaSCN

2o 4.0 % AFU. OiF

A% 20 % olstgiE Ut Bt

Flow Rate: 1.2 mL/min
Inj. Vol.: 50 pL
Detection: Suppressed Conductivity, Electrochemical Self-Regenerating Anion
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Column: Sykam AO08 (125 x 2.6 mm) and Sykam AGC-04 (20 x 2.6 mm)

Suppressor (50 mA) Eluent: 3.5 mM Na,COj3, 25 uM NaSCN
Peaks: 1. Fluoride 0.07 mg/L FluenR‘ ) 1'2 mL .az 3 &> WM Na

2. Chloride 25 | °V:'/ Ia'te o T /min

3. Nitrate 36 Detection: Suppressed Conductivity, Electrochermical Self-& ing Ani

4. Sulfate 35 etection: uppresse on UCtIVIty, ectrochemical Self- egeneratlng nion

10 Suppressor (50 mA)
] D) Peaks: 1. Fluoride 0.17 mg/L
2. Chloride 15.7
3. Sulfate 27.7
10 -
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Figure 6. Determination of anions in drinking water (Riesen) using the 1 5 d !'5 1'0
Sykam A08.
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Figure 7. Determination of anions in mineral water (Adelholzener)
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Analyte Recovery in Fortified Water Samples

A BAo) AFREE B0 AL Dyt o 2z}, o= Table 12. Recovery Data of the Laboratory Fortified Blank (LFB).
ZFol 2} A 1l 7L A= HF
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Table 10. Recovery Data from fortified Drinking and Natural Water Samples using the Sykam A07.

Drinking Water Drinking Water Mineral Water Mineral Water
Augsburg Riesen (Steingaden) Adelholzener
Analyte Amount Amount Amount Amount
added Recovery (%) added Recovery (%) added Recovery (%) added Recovery (%)
(mg/L) (mg/L) (mg/L) (mg/L)
Fluoride 0.5 99.8 0.5 97.5 0.5 102.9 0.5 100.8
Chloride 7 99.7 3 92.0 20 109.1 20 108.3
Nitrite 2 97.1 2 93.9 2 106.7 2 104.2
Bromide 2 99.8 2 100.1 2 99.5 2 100.0
Nitrate 5 100.0 4 101.5 2 92.2 2 92.2
Phosphate 5 103.7 5 104.5 5 104.1 5 104.8
Sulfate 25 114.6 4 102.2 25 (114.6)* 30 (116.7)*
River Water River Water Mineral Water
Do lllach St. Leonhard
Analyte Amount Amount Amount Amount
added Recovery (%) added Recovery (%) added Recovery (%) added Recovery (%)
(mg/L) (mg/L) (mg/L) (mg/L)
Fluoride 0.5 100.3 0.5 100.9 0.5 100.6 0.5 99.5
Chloride 30 110.7 5 97.6 1 96.2 20 108.7
Nitrite 2 89.3 2 97.1 2 929 2 103.6
Bromide 2 99.4 2 100.6 2 96.7 2 99.3
Nitrate 10 106.5 3 100.4 2 91.3 2 98.2
Phosphate 5 103.4 5 105.8 5 103.5 5 104.5
Sulfate 30 (117.8)* 4 102.8 11 108.3 7 108.0

*Concentration of fortified sample is above the highest calibration level
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Table 11. Recovery Data from fortified Drinking and Natural Water Samples using the Sykam A08.

Analyte

Drinking Water
Augsburg

Drinking Water
Riesen (Steingaden)

Mineral Water

[0)

Adelholzener

Do

Amo(l:gt /aLt)lded Recovery (%) Amo(t:gt /a:-c)jded Recovery (%) Am?:gt /aLt)ided Recovery (%)
Fluoride 0.5 95.6 0.5 92.3 0.5 97.7
Chloride 6 94.9 3 86.6 20 101.7
Nitrite 2 88.0 2 88.9 2 84.3
Bromide 2 94.6 2 86.3 2 93.4
Nitrate 5 96.1 4 91.9 2 90.3
Phosphate 5 87.6 5 91.3 5 92.5
Sulfate 25 107.5 4 99.9 25 108.0
Mineral Water River Water River Water

Analyte o e e
! Amo(l:gt /aLt)lded Recovery (%) Amo(t:gt /a:-c)jded Recovery (%) Am?:gt /aLt)ided Recovery (%)
Fluoride 0.5 96.3 0.5 95.4 0.5 94.4
Chloride 20 100.7 25 102.3 5 93.1
Nitrite 2 83.9 2 84.3 2 86.3
Bromide 2 94.0 10 94.0 4 96.0
Nitrate 2 935 2 99.4 3 93.3
Phosphate 5 90.1 5 91.6 5 91.6
Sulfate 30 (108.9)* 25 107.3 4 99.9

*Concentration of fortified sample is above the highest calibration level

Column: Sykam A07 (150 x 2.6 mm) and Sykam AGC-04 (20 x 2.6 mm)
Eluent: 4.0 mM Na,COs, 25 uM NaSCN
Flow Rate: 1.0 mL/min
Inj. Vol.: 50 pL
Detection: Suppressed Conductivity, Electrochemical Self-Regenerating Anion
Suppressor (40 mA)
Peaks: A B
1. Fluoride 0.11 mg/L 0.61 mg/L
2. Chloride 6.0 12.7
3. Nitrite - 1.9
4. Bromide 0.01 (< MRL) 2.0
5. Nitrate 4.7 9.5
6. Phosphate - 5.2
7. Sulfate 21.5 49.1
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Figure 8. Determination of anions in

unspiked (A) and spiked

drinking water samples from Augsburg using a Sykam A07.

Column: Sykam A07 (150 x 2.6 mm) and Sykam AGC-04 (20 x 2.6 mm)
Eluent: 4.0 mM Na,COs, 25 uM NaSCN
Flow Rate: 1.0 mL/min
Inj. Vol.: 50 pL
Detection: Suppressed Conductivity, Sykam Chemical Anion Suppressor (80 rpm, A)

and Electrochemical Self-Regenerating Anion Suppressor (40 mA, B)
Peaks: A B

1. Fluoride 0.05 mg/L 0.06 mg/L

2. Chloride 16.0 16.6

3. Bromide - 0.009 (< MRL)

4. Nitrate 1.7 1.8

5. Sulfate 6.1 6.2

4
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(B)

Figure 9. Determination of anions in mineral water samples (St.

Leonhard) using a Sykam A07 with the Sykam chemical anion
suppressor (A) and the electrochemical self-regenerating anion
suppressor (B).
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Comparison of chemical and electrochemical suppression
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