
INTRODUCTION
The U.S. FDA is responsible for protecting consumers by ensuring 
that pharmaceuticals are safe by requiring manufacturers to verify drug 
substance and drug product identity, strength, quality, and purity charac-
teristics. Inorganic impurities may be derived from the raw materials or 
reagents used during the manufacturing process of the pharmaceutical 
compound.1 Although low concentrations of many inorganic impuri-
ties have few toxicological consequences, significant variation in the 
impurity levels from batch-to-batch can indicate that the manufacturing 
process of the drug product is not adequately controlled.2,3 Analysis of 
water-insoluble pharmaceuticals by ion chromatography (IC) can lead 
to precipitation of the drug in the IC system, potentially causing excess 
backpressure and column contamination. Here the authors provide a 
simple approach to determine anionic impurities in a proprietary water-
insoluble pharmaceutical preparation using preconcentration/matrix 
elimination followed by separation using a hydroxide-selective IonPac® 
AS15 column with electrolytically generated potassium hydroxide eluent 
and suppressed conductivity detection.4

EXPERIMENTAL
A Dionex ICS-3000 Reagent-Free™ ion chromatography system with: 
	 EluGen® EGC II KOH cartridge  
	 IonPac AG15 (2 x 50 mm) and AS15 (2 × 250 mm)
	 ASRS® 300 (2 mm) suppressor operating at 60 mA in recycle mode 
Chromeleon® Chromatography Data System was used for system 

control and data processing.

Standard Preparation
All calibration standards were prepared in deionized water from serial 
dilutions of their respective 1000 mg/L stock solutions. Calibration 
standards were prepared from the low µg/L to mg/L range to cover the 
expected concentration range in the sample.

Sample Preparation
To prepare a final sample concentration of 0.30 mg/mL (w/v), dissolve 
30 ± 2 mg of the sample in 100 mL of ACS grade CH3OH. Sonicate the 
solution for approximately 15 min to fully dissolve the solid material.
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Results and Discussion
The IonPac AS15 column is a high-capacity, hydroxide-selective, 
anion-exchange column specifically developed for the rapid and efficient 
separation of trace concentrations of inorganic anions and small organic 
acids in samples with a range of ionic strengths.

The use of electrolytically generated hydroxide eluent produces an ex-
ceptionally low background and baseline noise, which is one factor that 
enabled the quantification of 0.001% (w/w) or less of inorganic anion 
impurities in the pharmaceutical sample analyzed in this study.

Figure 1 shows the separation of common anions using the IonPac 
AS15 column after a 100 µL preconcentration and 1 mL matrix elimina-
tion with DI water. 

Figure 1. Separation of common inorganic anions using the IonPac AS15 
column.
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Column:  IonPac AG15, AS15, 2 mm
Eluent: 10 mM KOH 0–8 min, 10–40 mM 8–14 min,
 40–60 mM 14–20 min, 60 mM 20–30 min 
Eluent Source: EGC II KOH with CR-ATC
Flow Rate:  0.40 mL/min
Temperature: 30 °C
Inj. Volume: 100 µL
Matrix Elim. Vol.: 1 mL
Concentrator: UTAC-ULP1 (5 × 23 mm)  
Detection:  ASRS 300, 2 mm, recycle mode, 60 mA

Peaks: 1. Fluoride 20 µg/L 
 2. Chloride 30
 3. Nitrite 100
 4. Carbonate —
 5. Sulfate 150 
 6. Bromide     100
 7. Nitrate     100
 8. Phosphate     150
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Sample Analysis
The method performance was evaluated by analyzing three different 
preparations of the pharmaceutical sample over three days.

Figure 3 shows the determination of trace anions in a 0.30 mg/mL 
proprietary pharmaceutical sample.

Figure 2 shows a representative blank of 100% CH3OH. As shown 
below, trace concentrations of chloride, sulfate, and nitrate were  
detected in the blank.
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Column:  IonPac AG15, AS15, 2 mm
Eluent: 10 mM KOH 0–8 min, 10–40 mM 8–14 min,
 40–60 mM 14–20 min, 60 mM 20–30 min 
Eluent Source: EGC II KOH with CR-ATC
Flow Rate:  0.40 mL/min
Temperature: 30 °C
Inj. Volume: 100 µL
Matrix Elim. Vol.: 1 mL
Concentrator: UTAC-ULP1 (5 × 23 mm)  
Detection:  ASRS 300, 2 mm, recycle mode, 60 mA

Peaks: 1. Fluoride   5.3  µg/L
 2. Chloride 27.3
 3.  Carbonate   —
 4.  Sulfate   3.8
 5.  Nitrate 31.5
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Column:  IonPac AG15, AS15, 2 mm
Eluent: 10 mM KOH 0–8 min, 10–40 mM 8–14 min,
 40–60 mM 14–20 min, 60 mM 20–30 min 
Eluent Source: EGC II KOH with CR-ATC
Flow Rate:  0.40 mL/min
Temperature: 30 °C
Inj. Volume: 100 µL
Matrix Elim. Vol.: 1 mL
Concentrator: UTAC-ULP1 (5 × 23 mm)  
Detection:  ASRS 300, 2 mm, recycle mode, 60 mA
Sample: 0.30 mg/mL pharmaceutical (Day 3)
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Peaks: 1. Fluoride 975   µg/L 
 2. Chloride   33.3
 3. Carbonate   —
 4. Sulfate     6.5  
 5. Nitrate   33.8
 6. Phosphate 339

Figure 2. Target anions detected in a representative CH3OH blank.
Figure 3. Determination of inorganic anion impurities in a proprietary water-
insoluble pharmaceutical compound.

When the sample is corrected for the CH3OH blank, the concentrations 
of chloride, sulfate, and nitrate were determined to be significantly less 
than the background concentrations. Therefore, the application primarily 
focused on the main anion constituents, fluoride and phosphate, in the 
pharmaceutical sample.

Table 2. Summary of Data Obtained for Target Anions in a 
Water-Insoluble Pharmaceutical Product

Day Analyte Amount
Found
(µg/L)

% (w/w) in a 
0.30 mg/mL

Pharmaceutical

Retention 
Time
RSDa

Peak Area
RSDa

1
Fluoride 973.5 0.25 0.06 0.12

Phosphate 328.9 0.08 0.02 1.1

2

Fluoride 953.9 0.24 0.12 1.3

Phosphate 349.0 0.09 0.01 0.76

3
Fluoride 974.5 0.25 0.04 0.38

Phosphate 339.0 0.09 0.01 0.40

a n = 6
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A possible source of fluoride in the sample is from the use of calcium 
salts during the manufacturing process. In addition, phosphate is 
commonly used in buffer solutions during the preparation of the final 
product.

For a sample spiked with 948 µg/L fluoride and 302 µg/L phosphate, 
the calculated recoveries were 102.6% and 107.7%, respectively. This 
indicates the method performed well for the determination of the target 
anions in a proprietary pharmaceutical compound.

Conclusions
The method described here demonstrates a simpler approach to deter-
mination of trace anions in a water-insoluble pharmaceutical by avoiding 
potential complications of column contamination and excess column 
backpressure that can occur from analyzing these sample types.

The IonPac AS15 column provided efficient separation of common 
anions from low- to high-µg/L concentrations. In addition, the use of 
electrolytically generated hydroxide eluent eliminates the problems  
associated with manually prepared eluents and therefore further  
increases the ease-of-use and method automation.  

This method demonstrated good linearity, sensitivity, precision, and 
accuracy for determining inorganic anion impurities in a water-insoluble 
pharmaceutical compound.
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