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S1130 Gradient 3 X+ S1130 Isocratic Pump 2 &= 4
| 9A] 7Hs STk E3 S153-AG+ X SI155-A+2 X2

g#Alo]A =E AUI5 & Sykam ©o|-2 = ZobE ey
SISI-AG+E ARES 2MdFlen 89 #4712 dAE 4
AU FH o A8 52 orelio Z5uH

S$150+ lon Chromatography Module including column oven,
single-channel conductivity detector and electrochemical
self-regenerating anion suppressor module

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

S5300 Automatic Sample Injector with S6115 injection
valve (PEEK)

S7150 Reagent Organizer with four eluent bottles
(2 x 2000 mL, 2 x 1000 mL)

Clarity advanced chromatography software for Windows
(DataApex)
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Reagents and Standards

AE0 MEBEE Z= FEHE2 ACS 55 2 1 0l¢9
Of AFBEfOF UL b7 LIEE &Y MEQ AH8S FUsi

TR HE2R N E &+ ASLIC

Zﬂ%%OI

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

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

Sodium bicarbonate (NaHCOs, for analysis, ACS, Reag.Ph
Eur), Merck (1.06329)

Ethylene diamine (ReagentPlus, puriss. p.a., 299.5% (GC),
Sigma-Aldrich (03550).

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

Bromate standard solution 1000 mg/L in H,O (traceable to
SRM from NIST), Sigma-Aldrich (78476)

Chlorite standard solution 1000 mg/L in H,0, Sigma-Aldrich
(1CS-006)

Chlorate standard solution 1000mg/L in H,O (traceable to
SRM from NIST), Sigma-Aldrich (73166)

2o o2 72 0|8 g0 =7 BEAS 95y )

AtgHEYH.

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)

Nitrate standard solution 1000 mg/L (traceable to SRM
from NIST NaNOs in H,O 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 H0 1000 mg/L SO4 Certipur®), Merck
(1.19813)

1} 1000 mg/L 59| BF §9o| £F £ Eets F el

FOZRE FH|Hof gt HPLC 22 ACS 53 °1d9] AlE

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

Sodium bromate (NaBrOs, for synthesis, 299.0%), Sigma-
Aldrich (8.14368)

Sodium chlorate (NaClOs, ACS reagent, 299.0%), Sigma-
Aldrich (403016)

Sodium fluoride (NaF, for analysis EMSURE, Reag. Ph Eur),
Merck (1.06449)

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

3Potassium dihydrogen phosphate (KH,PO4, for analysis
EMSURE, 1SO), Merck (1.04873)

Sodium sulfate (Na,SO4, anhydrous, for analysis EMSURE,
ACS, ISO, Reag. Ph Eur), Merck (1.06649)
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AL} A4 A Z o] AFR 4 UTH (Table 1).

Ta521ble 1. List of samples analyzed.

1 Drinking Water (Milbertshofen, Munich)
2 Drinking Water (Penzberg)

3 Mineral Water 1

4 Mineral Water 2
5

6

Mineral Water 3
Mineral Water 4

AWE 0= A AK| BAIY A4 BFL 2L As4 2AA 2 Lol

ol gob WUtk o3 MEE 44 EL 0F 59 £7h A%

ol #X)A] YohO| WEtA 4% BAE HA| AEEHH) UG EE o]
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AN AABHE oleizk ZzoteTd EAYA weto)es
51710 AEFL LT F A4 A2 1000 ml PE Ho] W25 4 °C o4
BasigUt RE 4S5 A¥A 23] 41Z(aboratory duplicate)
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Chromatographic Conditions

Columns: Sykam A10 (250 x 4.0 mm), Analytical Column
Sykam AGC-06 (50 x 4.6 mm), Guard Column

Eluent: 1.6 mM Na,COs3, 1.5 mM NaHCO3

Flow Rate: 1.0 mL/min

Run Time: 46 min

Temperature: 35°C

Injection Volume: 100 pL (full loop)

Detection: Suppressed Conductivity, Electrochemical Self-

Table 2. Preparation of standard stock solutions (1000 mg/L).

Analyte ‘ Compound Amount (g)
Bromate Sodium bromate (NaBrOs) 1.180
Chlorate Sodium chlorate (NaClOs) 1.276
Bromide Sodium bromide (NaBr) 1.288

of| 2l 3ICto[of 2l (EDA) EE M (100 mg/mL EDA)
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Table 3. Concentrations of the standard anions in artificial drinking
water (ADW).

Analyte ADW Composition (mg/L)

Regenerating Anion Suppressor Fluoride 1.0

Suppressor Current: 25 Ma Chloride 200
PP : Nitrite 0.1
Backpressure: 50 bar (725 psi) Nitrate 30.0
Base Conductivity: 13 pS/cm Phosphate 0.1
Noise: <2 nS/cm Sulfate 50.0

Preparation of Solutions and Reagents

Anion Standard Stock Solutions (1000 mg/L)

BEA ofgdial dAast Jej7 BER EE YAe “Reagents and
Standards”@-EolA AgH AY AFS Foisks Aol FHET gkok
Ol & 4 gt 48 U 2e: G HH9 B43tES o &5 TH T
& UAFUH greforg At mEdo] A& G HH 2 SHHHH BE
ANg AESH7] A BEEA] A 5o W O 2 ofgA4to] jheFg A4S
S ARgslior FYh ol AFH HF &F FHY F 9 FH L 0t
80%°]7| HEYUH EE YA 225 Yol Foiote A 2 E 29
719g= Qlg U oy £ Zol2rt BAslof it OhE o] 2o EF
Y- FHSHA| kot HUoh Az EE YA WEH 4 °C 240

151000 ppm 5= o|5te] @, 53 0|2 A& & &L
2E dYo2BE mjd AEA FHISHoF hYTh WAl BAY
AZ dstA|(Method Detection Limit; MDL)-S H75}7] ¥3H 10
mg/L =9 &d 2F £d5 o]&s) 1, 2, 5,10 ,20 ,50 ,100

pg/L 5 =9 of A LA, Hakh BEA T2l T HRY B §U2

AZGUL 94 2o B2 %9 F oix|gto] EDA BE
8942 W71 5| 82 REUTH 372, MDLs B7HE 93 &
goleg BT 8og 2 WMo AxFYch E 4(Table
4)t MDLs 9 BI28 AlZF A 2 53 A JUY B7HE
9% QCS 8AE9) gol EF EBE 899) 5= BT



Table 4. Concentrations of the MDLs Calculation Standards and QCS
Standard.

MDL; Calculation
Standard (pg/L) in

MDLs QCS for

Analyte Calculation oo . o Precision
Standard (ug/L) Artificial Drinking (1g/L)
Water
Chlorite 10 10 50
Bromate 15 20 50
Chlorate 20 20 500
Bromide 15 10 500

A4 I % 8 7 vk EE £9 FA| ADW O
B ASIEUT ofd a4t BEEAY] 32 02,05, 1, 2, 5,10, 20,

LsE2 FHglon da4tm B2112 2510, 20, 50,
100, 200, 500 pg/L 52 FHHFUH 2 §942 10 mg/L
2 Az oH QF A4 (ADW)Z 50 ml 7h4]
Utk Z2ntETH AARC] 45 BIME
Z(ECS)o] QCS LAHET} U3 =r g
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2 2A0A AF ARAE T 2 F o5/ 529 1.6mM
Na2CO3 + 1.5 mM NaHCO3 & #H|5}7] Ysi4l Batd 5=
32 mL & S84 =91 30 mL £ 2,000 mL 9 &

ZetA3E 0|83 2,000 mL 7HA] 3]4%H § 0.45 um RC &2
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ZA 1} 3 A E(Results and Discussion)

2 2A0A AASHE A% W X5 ol obg A, dadt
BEAN 59 4% BAHE 3 EA R (method) 9] B4 ASS
oA RE EAHZA HAL EPA method 300.1 (Revision 01,
Part B)I' & EtHZ ZABGUCH £5 2 BAME 272 150

EN 15061:2001-12!" and ASTM D6581-18!4/0j A A A|8H= &2

el 27 (quality control parameters)& THE3}

So] 4% gkalo|L} B R H7HS sl b0 A3 2 B 2 A

H7o| 7Hsgrych 2 24H-e Sykam Al0 I AGC-06 20|
T

w8 2H Sykam SI51-AG+ ©o]-@ I 2utEdajm AJAElo)

- BAH AZ 34 (Method detection limits MDLs!!5))
- Z)A4 (Linear Calibration Range, LCR)[®!
3 (Precision, by repeated injection of a Quality

Control Sample; QCS)

- REZBOIECS) 29U FH A Ex 89 geln
EREC P

- A3A ZA @A (Laboratory Reagent Blank; LRB)<2}
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Ba)str] 9l 223k A3 U} 1SO EN 15061:2001-
12 o= d4et g4t o] 0] 2t 50 mg/L 2 EAst= &
Holl A &5 BAMFES 5271 2442t A 5 Helo Ao 528
B3] & (Resolution; R)7} 1.3 o]A+d

Z30 Hell =2 559 4

2 b ojRo] A Wl A& BAEES 34 A
B7lEUS 3 Alg U9 2t 339 22l 2 B 4(50
pg/L ClOz/BrOs, 500 pg/L ClOs/Br)= 3}7] & 5(Table 5)0]
719SEUH. RE A9 HES AIZFE 7|29 ofEejAol

LE ANI2 E| EEEE 2 Xo| glom DREE A7l
Y7Ho0 13ty e Bt ARG,
Table 5. Column performance parameters of the Sykam A10 at the

chromatographic conditions listed above and concentration levels of
the Quality Control Sample in Artificial Drinking Water.

‘ Retention . Peak

Analyte ) X Resolution R
time (min) Symmetry
Fluoride 4.47 - 1.05
Chlorite 6.20 6.33 1.03
Bromate 6.66 1.35 1.20
Chloride 7.88 2.63 0.62
Nitrite 9.44 3.27 1.09
Chlorate 10.98 3.48 1.03
Bromide 11.71 1.49 1.11
Nitrate 13.43 3.27 1.31
Phosphate 32.81 18.92 1.01
Sulfate 39.04 4.01 0.90

=]
]
& 2(Figure 2)= MDLs B7tE Qlsll 2 == 3 2
=
=

[ |
of M=zl B2z 842 24 % 22| A=0EIZHYLCt



Column: Sykam A10 (250 x 4.0 mm) + AGC-06 (50 x 4.6 mm)

Eluent: 1.6 mM Na,COs3, 1.5 mM NaHCO;

Flow Rate: 1.0 mL/min

Inj. Vol.: 100 pL

Detection: Suppressed Conductivity, Electrochemical Self-Regenerating Anion
Suppressor (25 mA)

Peaks: 1. Fluoride 1.0 mg/L

2. Chlorite 0.05

3. Bromate 0.05

4. Chloride 50.0

5. Nitrite 0.1

6. Chlorate 0.5

7. Bromide 0.5

8. Nitrate 30.0

9. System Peak

10. Phosphate 0.1

11. Sulfate 50.0

09 10 (12 3 w \U\M 8
-0,05 +
3
HS 7 Minutes
3 6
5 11
/Ju“ 9 1IO
-0,1 T
0 10 20 30 40
Minutes

Figure 1. Separation of inorganic anions in the quality control
standard in artificial drinking water on a Sykam A10.

2MH HE SHA (Method Detection Limit; MDLs)

24 AA (Method Validation; MV)e] A &=Q1 EA 8
q4E e A2 72 & 24 42 S By
Bt FE2 ofdadt, daqt, BEA, BE2lo] Hrssyo
Ol 7% &°l2 T EE &9 Y& B olRHAoH 5=
7} 1, 2, 5,10, 20, 50, 100 pg/L SE2 ZH|S|on] 7} Er s

FHASHH

Signal to Noise H|-&0]

HAsiA dY. Z o] 22 3~5

TR BUHEAY FH"sUS Brre 2AR AE
SHA|(MDLs)9l| 5 € &35t MDLs-Calculation Standard 9] %=
S5 AASYH o] F 4(Table 4)5 Lyt 7+ o] 29
MDLs = MDLS-Calculation Standard 2--& z}+ 7 ¥ HF2 =0l 5)

Artsy.
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Column: Sykam A10 (250 x 4.0 mm) + AGC-06 (50 x 4.6 mm) 1'0 -

Eluent: 1.6 mM Na,COs3, 1.5 mM NaHCO; 1 4
Flow Rate: 1.0 mL/min
Inj. Vol.: 100 pL
Detection: Suppressed Conductivity, Electrochemical Self-Regenerating Anion
Suppressor (25 mA)
Peaks: 1. Fluoride
2. Chlorite 10.0 10.0 pg/L
3. Bromate 15.0 20.0 uS
4. Chloride
5. Nitrite
6. Chlorate 20.0 20.0
7. Bromide 15.0 10.0
8. Nitrate
9. system Peak
10. Phosphate j
11. Sulfate 0,1
8 0,07 0
Minutes
us Figure 2. Separation of disinfection byproducts and bromide in the
MDLs-calculation standard diluted in deionized water (red) and
artificial drinking water (blue)
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Figure 3. Calibration plots of the disinfection byproducts and bromide indicating the LCR used for calibration of the samples.

Table 5. Linearity, MDLs in deionized water as well as in artificial drinking water (ADW), retention time- and peak area precision.

Analvte Calibration range Linearity (r2) Calculated MDLs Calculated MDLs Retention Time Peak Area
Y (ng/L) v (ng/L) in H,0 (ng/L) in ADW Precision (RSD, %)  Precision (RSD, %)
Chlorite 2-50 0.9999 1.07 1.54 0.08 0.96
Bromate 2-50 0.9997 1.56 1.80 0.08 1.46
Chlorate 5-500 1.0000 2.57 1.90 0.07 0.30
Bromide 5-500 1.0000 3.25 2.66 0.07 0.48
Z MM (Linearity; LCR) 7k ol o] mg yefek 1ol mE A4l B7HE fshAl s w
BE 9IS T3t 87| SRR 289 5 ol BRUL
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Column: Sykam A10 (250 x 4.0 mm) + AGC-06 (50 x 4.6 mm)

Eluent: 1.6 mM Na,COs, 1.5 mM NaHCO;

Flow Rate: 1.0 mL/min

Inj. Vol.: 100 pL

Detection: Suppressed Conductivity, Electrochemical Self-Regenerating Anion
Suppressor (25 mA)

Peaks: 1. Fluoride 5. Nitrite
2. Chlorite 6. Chlorate
3. Bromate 7. Bromide
4. Chloride 8. Nitrate
0,20 -

1 4 [

HS

-0,05 T T
4 9 14

Minutes

Figure 4. Chromatograms of the eight calibration solutions for
linearity assessment.
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Table 6. Relative Percent Differences (RPD) of QCS and ECS.

Analyte RPD (%)
Chlorite 3.1
Bromate 0.7
Chlorate 1.4
Bromide 1.7
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Table 7. Minimum Reporting Levels based on the LCR and MDL.

Analyte ‘ MRL (pg/L)

Chlorite 2.0

Bromate 2.0

Chlorate 5.0

Bromide 5.0
US EPA 3001 ol 4] 278 B2 RS AL 27] 4S50 A4
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Table 8. Analysis results (ug/L) and RPD (%) of laboratory duplicate
analyses.

Drinking Drinking Mineral
Analyte Water Water Water 1
Milbertshofen Penzberg
Chlorite n.d. n.d. n.d.
Bromate n.d. n.d. n.d.
Chlorate n.d. n.d. n.d.

Bromide 7.6 (1.3) 7.9 (-1.4) 14.3 (-1.2)

e ‘ Mineral Mineral Mineral
Water 2 Water 3 Water 4
Chlorite n.d. n.d. n.d.
Bromate n.d. n.d. n.d.
Chlorate n.d. n.d. n.d.
Bromide 39.3 (-0.8) 58.6 (1.5) 9.3(2.0)
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Table 9. Recovery data of the Laboratory Fortified Blank (LFB).

LFB — Recovery

Analyte

Amount added (pg/L) Recovery (%)
Chlorite 10 114.8
Bromate 10 96.0
Chlorate 25 87.7
Bromide 60 103.0
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Column: Sykam A10 (250 x 4.0 mm) + AGC-06 (50 x 4.6 mm)
Eluent: 1.6 mM Na,COs3, 1.5 mM NaHCO;

Flow Rate: 1.0 mL/min

Inj. Vol.: 100 pL

Detection: Suppressed Conductivity, Electrochemical Self-Regenerating Anion
Suppressor (25 mA)

Peaks: 1. Fluoride - -
2. Chlorite n.d. 10.3 pg/L
3. Bromate n.d. 8.83
4. Chloride - -
5. Chlorate n.d. 25.9
6. Bromide 7.57 333
7. Nitrate - -
8. System Peak
9. Sulfate - -
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us 23
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Figure 5. Determination of DBPs in drinking water from the municipal
water supplier in Milbertshofen (Munich): unfortified sample (red)
and fortified sample (blue).

Column: Sykam A10 (250 x 4.0 mm) + AGC-06 (50 x 4.6 mm)
Eluent: 1.6 mM Na,COs, 1.5 mM NaHCO;

Flow Rate: 1.0 mL/min

Inj. Vol.: 100 pL

Detection: Suppressed Conductivity, Electrochemical Self-Regenerating Anion
Suppressor (25 mA)

Peaks: 1. Fluoride - -
2. Chlorite n.d. 8.93 pg/L
3. Bromate n.d. 9.76
4. Chloride - -
5. Chlorate n.d. 25.2
6. Bromide 9.33 33.0
7. Nitrate - -
8. System Peak
9. Sulfate - -
1,0 - 0,10
’] 4 7 ) ‘ 1 ‘4 7
6
us 3
23
HS 9 14
1 Minutes
'0,1 — T T T T
0 10 20 30 40
Minutes

Figure 6. Determination of DBPs in bottled mineral water 4:
unfortified sample (red) and fortified sample (blue).

Table 11. Recovery data from fortified drinking water and bottled mineral water samples using the Sykam A10 column.

Drinking Water

Milbertshofen
Analyte

Drinking Water
Penzberg

Mineral Water 1

Amo(l:l ngt/i;j ded Recovery (%) Amo(uur;t/i)d ded Recovery (%) Amo(uur:/i)d ded Recovery (%)
Chlorite 10 102.9 10 95.2 10 91.3
Bromate 10 88.3 10 91.5 10 85.3
Chlorate 25 103.6 25 91.9 25 114.7
Bromide 25 103.1 25 102.6 25 106.0

Mineral Water 2
Analyte

Mineral Water 3

Mineral Water 4

Amo(t:l ngt/i;j ded Recovery (%) Amo(uu':/i)d ded Recovery (%) Amo(uur;t/i)d ded Recovery (%)
Chlorite 10 102.3 10 107.9 10 89.3
Bromate 10 101.9 10 107.2 10 97.6
Chlorate 25 98.1 25 103.9 25 100.7
Bromide 40 100.6 60 114.9 25 94.7
H2rlo] 4L 3480] 99 ~ 107 %akol e, ole 52 g4 Fee Auigyo. ST g4 ol vk Fte &%
3 gHt o] EA) ol = Fold B4 HIE A 4 Utk 2e RArRo| 213t 3|48 vt eyt o 23t gak £3
oJojghych. ohe ol 2.9] 79 ghatet H7hshe w93 - 105 %2 of @44t B24be A4 Y=, o] & o] & o] 20| g4 73
A7E AYEUT ol B2 T4 o HEot 0| Pt ol g2l 7] WEQUUL. WHE @i TR goss
W BHEHE A a5 R4S A4 Al 2 EAIEA daatol A A F FFS FAFUH 50 ppm 529
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Table 10. Recovery data from samples with high chloride and/or

sulfate concentrations
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