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장비 

• S150+ Ion 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) 

Reagents and Standards 

분석법 검정에 사용되는 모든 화학제품은 ACS 등급 혹은 그 이상의 

제품이 사용돼야 합니다. 하기 나열된 상업 제품의 사용을 추천하며 

높은 순도의 제품으로 대체될 수 있습니다. 

▪ Deionized water, Type I reagent grade, 0.1 µS/cm 

conductivity (10 kΩ/cm resistivity) or better 

▪ Sodium carbonate (Na2CO3, anhydrous, for analysis, ACS, 

ISO, Reag. Ph Eur), Merck (1.06393) 

▪ Sodium bicarbonate (NaHCO3, for analysis, ACS, Reag.Ph 

Eur), Merck (1.06329) 

▪ Ethylene diamine (ReagentPlus, puriss. p.a., ≥99.5% (GC), 

Sigma-Aldrich (03550).  

▪ Bromide standard solution 1000 mg/L (traceable to SRM 

from NIST NaBr in H2O 1000 mg/L Br Certipur®), Merck 

(1.19896) 

▪ Bromate standard solution 1000 mg/L in H2O (traceable to 

SRM from NIST), Sigma-Aldrich (78476) 

▪ Chlorite standard solution 1000 mg/L in H2O, Sigma-Aldrich 

(ICS-006) 

▪ Chlorate standard solution 1000mg/L in H2O (traceable to 

SRM from NIST), Sigma-Aldrich (73166) 

▪ Fluoride standard solution 1000 mg/L (traceable to SRM 

from NIST NaF in H2O 1000 mg/L F Certipur®), Merck 

(1.19814) 

▪ Chloride standard solution 1000 mg/L (traceable to SRM 

from NIST NaCl in H2O 1000 mg/L Cl Certipur®), Merck 

(1.19897) 

▪ Nitrite standard solution 1000 mg/L (traceable to SRM from 

NIST NaNO2 in H2O 1000 mg/L NO2 Certipur®), Merck 

(1.19899) 

▪ Nitrate standard solution 1000 mg/L (traceable to SRM 

from NIST NaNO3 in H2O 1000 mg/L NO3 Certipur®), Merck 

(1.19811) 

▪ Phosphate standard solution 1000 mg/L (traceable to SRM 

from NIST KH2PO4 in H2O 1000 mg/L PO4 Certipur®), Merck 

(1.19898) 

▪ Sulfate standard solution 1000 mg/L (traceable to SRM 

from NIST Na2SO4 in H2O 1000 mg/L SO4 Certipur®), Merck 

(1.19813) 

- Sodium bromide (NaBr, ACS reagent, ≥99.0%), Sigma-

Aldrich (310506) 

- Sodium bromate (NaBrO3, for synthesis, ≥99.0%), Sigma-

Aldrich (8.14368) 

- Sodium chlorate (NaClO3, ACS reagent, ≥99.0%), Sigma-

Aldrich (403016) 

- 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 (NaNO2, for analysis EMSURE, ACS, Reag. Ph 

Eur), Merck (1.06549) 

- Sodium nitrate (NaNO3, for analysis EMSURE, ACS, ISO, 

Reag. Ph Eur), Merck (1.06537) 

- 3Potassium dihydrogen phosphate (KH2PO4, for analysis 

EMSURE, ISO), Merck (1.04873) 

- Sodium sulfate (Na2SO4, anhydrous, for analysis EMSURE, 

ACS, ISO, Reag. Ph Eur), Merck (1.06649) 
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Samples 

Ta521ble 1. List of samples analyzed. 

No. Name 

1 Drinking Water (Milbertshofen, Munich) 

2 Drinking Water (Penzberg) 

3 Mineral Water 1 

4 Mineral Water 2 

5 Mineral Water 3 

6 Mineral Water 4 

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 Na2CO3, 1.5 mM NaHCO3 

Flow Rate: 1.0 mL/min 

Run Time: 46 min 

Temperature: 35 °C 

Injection Volume: 100 µL (full loop) 

Detection: Suppressed Conductivity, Electrochemical Self-
Regenerating Anion Suppressor 

Suppressor Current: 25 Ma 

Backpressure: 50 bar (725 psi) 

Base Conductivity: 13 µS/cm 

Noise: <2 nS/cm 

  

Preparation of Solutions and Reagents 

Anion Standard Stock Solutions (1000 mg/L) 

 

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

Analyte Compound Amount (g) 

Bromate Sodium bromate (NaBrO3) 1.180 

Chlorate Sodium chlorate (NaClO3) 1.276 

Bromide Sodium bromide (NaBr) 1.288 

 

에틸렌다이아민 (EDA) 보존 용액 (100 mg/mL EDA) 

인공 식수(Artificial Drinking Water; ADW) 

Table 3. Concentrations of the standard anions in artificial drinking 

water (ADW). 

Analyte ADW Composition (mg/L) 

Fluoride 1.0 

Chloride 50.0 

Nitrite 0.1 

Nitrate 30.0 

Phosphate 0.1 

Sulfate 50.0 

 

상용 표준 용액(Working Standard Solutions) 
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Table 4. Concentrations of the MDLS Calculation Standards and QCS 

Standard. 

Analyte 
MDLS 

Calculation 
Standard (µg/L) 

MDLS Calculation 
Standard (µg/L) in 
Artificial Drinking 

Water 

QCS for 
Precision 

(µg/L) 

Chlorite 10 10 50 

Bromate 15 20 50 

Chlorate 20 20 500 

Bromide 15 10 500 

이동상 

. 

 

이온 크로마토그래피 시스템 준비 

샘플 준비(Sample Preparation)  
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결과 및 결론(Results and Discussion) 

- 

- 

- 

- 

- 

- 

- 

 

  

 

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. 

Analyte 
Retention 
time (min) 

Resolution R 
Peak 

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 

 

그림 1(Figure 1)은 인공 식수(ADW)의 품질 관리 샘플 내의 소독 

부산물과 무기물 음이온의 동시 분리된 크로마토그램입니다.   

그림 2(Figure 2)는 MDLs 평가를 위해 각 초순수 및 인공 식수에 

녹여 제조된 표준 용액의 분석 및 분리 크로마토그램입니다.  
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Column: Sykam A10 (250 x 4.0 mm) + AGC-06 (50 x 4.6 mm) 

Eluent: 1.6 mM Na2CO3, 1.5 mM NaHCO3 

Flow Rate: 1.0 mL/min 

Inj. Vol.: 100 µL 

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 

   

Figure 1. Separation of inorganic anions in the quality control 

standard in artificial drinking water on a Sykam A10.  

분석법 검출 한계(Method Detection Limit; MDLS) 
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Column: Sykam A10 (250 x 4.0 mm) + AGC-06 (50 x 4.6 mm) 

Eluent: 1.6 mM Na2CO3, 1.5 mM NaHCO3 

Flow Rate: 1.0 mL/min 

Inj. Vol.: 100 µL 

Detection: Suppressed Conductivity, Electrochemical Self-Regenerating Anion 

Suppressor (25 mA) 

Peaks:   1. Fluoride 

  2. Chlorite  10.0 10.0 µg/L 

   3. Bromate  15.0 20.0 

   4. Chloride 

  5. Nitrite 

   6. Chlorate  20.0 20.0 

   7. Bromide  15.0 10.0 

   8. Nitrate 

   9. system Peak 

10. Phosphate 

 11. Sulfate  

  
Figure 2. Separation of disinfection byproducts and bromide in the 

MDLS-calculation standard diluted in deionized water (red) and 

artificial drinking water (blue)

 

   

  

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. 

Analyte 
Calibration range 

(µg/L) 
Linearity (r2) 

Calculated MDLS 
(µg/L) in H2O 

Calculated MDLS 
(µg/L) in ADW 

Retention Time 
Precision (RSD, %) 

Peak Area 
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 

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

Eluent: 1.6 mM Na2CO3, 1.5 mM NaHCO3 

Flow Rate: 1.0 mL/min 

Inj. Vol.: 100 µL 

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 

 

Figure 4. Chromatograms of the eight calibration solutions for 

linearity assessment. 

정밀성 (QCS) 및 장비 성능 평가 (ECS) 

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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샘플 분석 

Table 7. Minimum Reporting Levels based on the LCR and MDL. 

Analyte MRL (µg/L) 

Chlorite 2.0 

Bromate 2.0 

Chlorate 5.0 

Bromide 5.0 
 

Table 8. Analysis results (µg/L) and RPD (%) of laboratory duplicate  

analyses. 

Analyte 
Drinking 
Water 

Milbertshofen 

Drinking 
Water 

Penzberg 

Mineral 
Water 1 

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) 

Analyte 
Mineral 
Water 2 

Mineral 
Water 3 

Mineral 
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) 
 

.  

첨가 샘플 내 분석물 회수율 

 

Table 9. Recovery data of the Laboratory Fortified Blank (LFB). 

Analyte 
LFB – Recovery 

Amount added (µg/L) Recovery (%) 

Chlorite 10 114.8 

Bromate 10 96.0 

Chlorate 25 87.7 

Bromide 60 103.0 

 

컬럼 오버로딩이 분석물 회수율에 주는 영향 
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Column: Sykam A10 (250 x 4.0 mm) + AGC-06 (50 x 4.6 mm) 

Eluent: 1.6 mM Na2CO3, 1.5 mM NaHCO3 

Flow Rate: 1.0 mL/min 

Inj. Vol.: 100 µL 

Detection: Suppressed Conductivity, Electrochemical Self-Regenerating Anion 

Suppressor (25 mA) 

Peaks: 1. Fluoride  - - 

 2. Chlorite  n.d. 10.3 µg/L 

 3. Bromate  n.d.   8.83 

 4. Chloride  - - 

5. Chlorate  n.d. 25.9 

6. Bromide  7.57 33.3 

 7. Nitrate  - - 

8. System Peak 

9. Sulfate  - - 

 

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 Na2CO3, 1.5 mM NaHCO3 

Flow Rate: 1.0 mL/min 

Inj. Vol.: 100 µL 

Detection: Suppressed Conductivity, Electrochemical Self-Regenerating Anion 

Suppressor (25 mA) 

Peaks: 1. Fluoride  - - 

 2. Chlorite  n.d.   8.93 µg/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  - - 

 
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. 

Analyte 

Drinking Water 
Milbertshofen 

Drinking Water 
 Penzberg 

Mineral Water 1 

Amount added 
(µg/L) 

Recovery (%) 
Amount added 

(µg/L) 
Recovery (%) 

Amount added 
(µg/L) 

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 

Analyte 
Mineral Water 2 Mineral Water 3 Mineral Water 4 

Amount added 
(µg/L) 

Recovery (%) 
Amount added 

(µg/L) 
Recovery (%) 

Amount added 
(µg/L) 

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 
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Table 10. Recovery data from samples with high chloride and/or 

sulfate concentrations

Cl- SO4
2- Recovery (%) 

(ppm) (ppm) ClO2
- BrO3

- ClO3
- Br- 

50 – 90.6 78.1 96.2 101.3 

100 – (82.0)* (37.5)* 88.7 106.3 

150 – (60.8)* –* 85.6 106.3 

200 – (43.1)* –* 82.1 104.0 

250 – (25.0)* –* 71.4 105.7 

– 50 100.7 101.0 95.6 100.6 

– 100 103.4 102.5 104.2 101.7 

– 150 102.0 97.1 101.3 100.8 

– 200 103.1 93.1 102.1 102.0 

– 250 99.7 100.2 103.0 102.9 

50 50 77.6 38.6 91.9 99.6 

100 100 (60.2)* –* 89.1 100.2 

150 150 (43.1)* –* 83.6 105.9 

200 200 (29.6)* –* 70.1 100.8 

* Peaks are not resolved any more 

요약 
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