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Conclusion
 These tests identified that the majority of the soluble mercury in the dietary 

supplements was inorganic mercury (Hg2+), corresponding to the sub-percent 
amounts found in the patients. 

 IC with Inductively Coupled Plasma (ICP) provides a total solution by combining 
speciation with total elemental content.

 ICP analysis screens samples for unknown metal contamination especially 
when only one species is present, but also provides the total amount of an 
element when more than one species is present.   

 IC analysis separates metal species thereby providing important mercury 
speciation when multiple species are present.

 Mercury speciation determinations define the potential toxicity in food sources.

 Inorganic anions and organic acids needed for mass balance calculations are 
easily and accurately determined by anion-exchange chromatography with  a 
Reagent-Free IC system. 

• For more information on this method and mercury analysis methods, see 
references 1–4. 
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Overview
Purpose: Demonstrate low cost solutions for use in food safety for mercury speciation 
and counter anion determinations in solutions extracted from dietary supplements on 
an integrated ion chromatography system. 

Methods: Mercury species (mg/L) were determined on a mixed anion-cation-exchange 
column optimized for metal speciation using a cysteine-perchlorate eluent and detected 
by absorbance at 210 nm. Inorganic anions and organic acids were determined on an 
anion-exchange high-capacity column optimized for organic acids using electrolytically 
generated hydroxide eluent and detected by suppressed conductivity detection.

Results: The Asian supplements had 0.05 to 0.1 wt% extractable amounts primarily of 
less toxic inorganic mercury.

Introduction
Multiple patients had clinical symptoms of mercury poisoning and unusually high blood 
concentrations (mg/dL) of total mercury after ingesting Asian dietary supplements 
adulterated with mercury. Testing of the dietary supplements by Inductively Coupled 
Plasma (ICP) showed they contained 10,000-fold higher concentrations of total 
mercury (1–10 wt%) than measured in the patients’ blood. Because inorganic and 
organic forms of mercury show disparate toxicity, mercury speciation was required to 
establish the forms of mercury present in the supplement for determining food safety. 
Counter-anion  determinations were also needed to calculate mass balance. Ion 
chromatography (IC) is well suited for ion separations and provides a well-established 
method to determine and quantify metal species and anions. 

Results 
Method 1: Ion Pairing
The mercury species is separated as a mercury-cysteine complex by ion pair 
chromatography using the cysteine perchlorate-based mobile phase on the mixed 
mode Dionex IonPac CS5A column. The Dionex IonPac CS5A has both anion- and 
cation-exchange properties making it ideal for the separation of transition metal 
species. As the analytes elute from the column, they are detected by UV at 210 nm. All 
three mercury species evaluated had linear responses replicate injections of four 
standards from 1 to 10 mg/L with concentration (r2 > 0.999). 

The ground samples were extracted with eluent to ensure that the ions were soluble 
throughout the chromatographic separation. 

Figure 2 shows the separation of methymercury and inorganic mercury standards. The 
chromatograms show that inorganic mercury (Hg2+) is well resolved from 
methylmercury. Ethylmercury is not shown.
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FIGURE 3. Determination of organic and inorganic mercury in dietary 
supplement Number 1. 

FIGURE 4: Determinations of inorganic anions and organic acids in a water 
extract of dietary supplement Number 5.

Table 2. Summary of counter anion results. 

  

Method 1: Ion Pair Chromatography

Columns: Thermo Scientific Dionex IonPac CG5A, CS5A, 4 x 250 mm

Eluent 1.0 mM acetic acid, 1.0 mM sodium perchlorate, 5 mM cysteine,
adjusted to pH = 4.0

Flow Rate: 1.75 mL/min

Injection Volume: 25 µL

Detection: UV Absorbance, 210 nm

Method 2: Counter Anion Determinations Using Reagent-Free Ion Chromatography

Columns: Dionex IonPac™ AG11-HC, AS11-HC, 4 × 250 mm

Eluent Source: Thermo Scientific Dionex EGC III KOH cartridge

Gradient: 1.0 mM KOH for 8 min, 1–15 mM KOH from 8 to 18 min, 
15–20 mM KOH from 18 to 28 min, 30–60 mM KOH from 
28 to 38 min, 1 mM KOH from 38 to 45 min

Flow Rate: 1.5 mL/min

Injection Volume: 25 µL

Detection: Suppressed conductivity, Thermo Scientific Dionex ASRS 300
Anion Self-Regenerating Suppressor, recycle mode, 223 mA

Safety Warnings 
Mercury salts and organic mercury compounds are very toxic and sometimes can be 
fatal. Additionally, perchlorate used in the eluent is classified as a hazardous chemical 
because it interferes with iodide uptake thereby causing hypothyroidism. Review material 
safety data sheets for handling precautions, safe storage, and disposal methods, and 
review local regulations prior to ordering reagents or analyzing samples.

Standard Preparation
The methylmercury and ethylmercury standards were prepared from their mercury 
salts (Aldrich) in methanol, and diluted with water to the working standard 
concentrations. All other standards were prepared in deionized water.

Instrument

Method 1: Mercury Speciation By Ion Pairing Chromatography

• Thermo Scientific Dionex ICS-1600 Standard Integrated or Dionex ICS-1100 
Basic Integrated IC system

• Thermo Scientific Dionex ICS Series Variable Wavelength Detector (VWD)

• Thermo Scientific Dionex AS-AP Autosampler 

Method 2: Counter Anion Determinations By Ion Chromatography

• Dionex ICS-2100 Integrated Reagent-Free™ IC (RFIC™) system

• Dionex AS-AP Autosampler 

Software

• Thermo Scientific Dionex Chromeleon Chromatography Data System 

FIGURE 1. Dionex AS-AP Autosampler (Bottom Left), Dionex ICS Series VWD 
(Top Left) shown next to Dionex ICS-1600 (Center), and ICS-2100 RFIC (Right) 
Integrated IC Systems.  

Columns: Dionex IonPac AG11-HC,
AS11-HC,  4 mm

Eluent Source: Dionex EGC III KOH
Gradient: 1 mM from 0–8 min,

1–15 mM from 8–18 min,
15–30 mM  from 18–28 min,
30–60 mM  from 28–38 min

Temperature: 30 °C
Flow Rate: 1.5 mL/min
Inj. Volume: 25 µL
Detection: Suppressed conductivity, 

Dionex ASRS™ 300, 4 mm, 
recycle mode

Sample Prep.: 5 min extraction in deionized
water,  settle 5 min, filter,
dilute 1:5 

total wt %
Peaks: 1. Acetate —

2. Formate —
3. Chloride 0.716
4. Bromide —
5. Nitrate 0.142
6. Carbonate —
7. Sulfate 0.662
8. Oxalate 0.043
9. Phosphate 0.025
10. Citrate 0.039
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Inorganic Mercury
Sample Measured 

(mg/L)
Calculated

(wt %)
Calculated
(µg/tablet)

Methylmercury /
Ethylmercury

Control -- -- -- --

1 3.69 0.0586 52 ND
2 15.6 0.2265 387 ND
3 4.82 0.0437 117 ND
4 5.31 0.0473 123 ND
5 11.3 0.0708 243 NDFIGURE 2. Separation of mercury standards. 

Table 1. Summary of mercury speciation determinations. 

Column: Dionex IonPac CG5A, CS5A, 
4 mm

Eluent: 1 mM Acetic acid, 
1 mM Sodium perchlorate, 
5 mM Cysteine, pH 4

Flow Rate: 1.75 mL/min
Column Temp.: 30 °C
Detection: UV Absorbance, 210 nm
Inj. Volume: 25 µL
Sample Prep.: 1:5 dilution with deionized water

Peaks: 1.Total Hg2+ 3.69 mg/L 
52 µg/tablet
0.0586 wt%-10

Minutes
1850 10

mAU

50

1 

15

The results of the mercury speciation determinations are summarized in Table 1. 
Sample 2 had the highest concentration and sample 1 the lowest. Only very high 
concentrations of inorganic mercury were found; no organic mercury was detected. 
Although the results are very high (400 to 2200 mg/kg), the effect could be more 
devastating if ethylmercury and methylmercury were present at these concentrations.   

Method 2: Counter Anion Determinations
Counter anion determinations were needed to conduct a mass balance of the mercury 
speciation in the dietary supplement samples. We selected the high capacity Dionex 
IonPac AS11-HC anion-exchange column optimized for organic acid determinations for 
this application because this column provides the best separations when the samples 
are uncharacterized. Inorganic anions and organic acids in these samples were 
separated using a shallow potassium hydroxide gradient to resolve as many peaks as 
possible. The eluent was electrolytically generated without solution preparation by just 
adding water. The chromatographic separation of a water extract from Sample 5 is 
shown in Figure 4. The sample has high amounts of chloride and sulfate (~ 700 mg/kg) 
with < 50 mg/kg of nitrate, oxalate, phosphate, and citrate. 

The counter anions results are summarized in Table 2. The counter anions are 
primarily chloride and sulfate. Sample 2 has the highest results. 

Column: Dionex IonPac CG5A, CS5A,
4 mm 

Eluent: 1 mM Acetic acid, 
1 mM Sodium perchlorate, 
5 mM Cysteine, pH 4

Flow Rate: 1.75 mL/min
Column Temp.: 30 °C
Detection: UV Absorbance, 210 nm
Inj. Volume: 25 µL
Preparation: A: Deionized water

B: Methanol, working standards
diluted in deionized water

Peaks: 1.Hg2+ 2.5 mg/L
2. Methylmercury 9.3 

mAU

1850 10 15
-5

45

1 
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B

A

Counter Anion 
(wt %)

Sample #

1 2 3 4 5

Acetate 0.012 0.389 0.014 0.008 --

Formate 0.002 0.019 -- -- --

Chloride 0.080 1.624 0.128 0.254 0.716

Bromide -- -- 0.093 0.192 --

Nitrate 0.102 0.507 0.061 0.201 0.142

Sulfate 0.240 1.818 0.196 0.554 0.662

Oxalate 0.003 0.026 0.005 0.011 0.043

Phosphate -- 0.005 -- 0.070 0.025

Citrate -- 0.050 0.018 0.042 0.039

Methods
Sample Preparation
The Asian dietary supplements were ground to a 
coarse powder, extracted in 20 mL of eluent with 
manual agitation for 5 min, filtered, diluted with 
deionized water prior to injection for mercury speciation 
determinations. The samples were treated in the same 
manner and extracted with deionized water for counter 
anion determinations. 

Figure 3 shows the separation of inorganic and organic mercury in dietary supplement 1 
after extraction in 20 mL of the acetic acid, sodium perchlorate, and cysteine eluent. This 
sample has moderately high concentrations of inorganic mercury as compared with the 
other four samples. No methylmercury or ethylmercury was detected.
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Purpose: Demonstrate low cost solutions for use in food safety for mercury speciation 
and counter anion determinations in solutions extracted from dietary supplements on 
an integrated ion chromatography system. 

Methods: Mercury species (mg/L) were determined on a mixed anion-cation-exchange 
column optimized for metal speciation using a cysteine-perchlorate eluent and detected 
by absorbance at 210 nm. Inorganic anions and organic acids were determined on an 
anion-exchange high-capacity column optimized for organic acids using electrolytically 
generated hydroxide eluent and detected by suppressed conductivity detection.

Results: The Asian supplements had 0.05 to 0.1 wt% extractable amounts primarily of 
less toxic inorganic mercury.

Introduction
Multiple patients had clinical symptoms of mercury poisoning and unusually high blood 
concentrations (mg/dL) of total mercury after ingesting Asian dietary supplements 
adulterated with mercury. Testing of the dietary supplements by Inductively Coupled 
Plasma (ICP) showed they contained 10,000-fold higher concentrations of total 
mercury (1–10 wt%) than measured in the patients’ blood. Because inorganic and 
organic forms of mercury show disparate toxicity, mercury speciation was required to 
establish the forms of mercury present in the supplement for determining food safety. 
Counter-anion  determinations were also needed to calculate mass balance. Ion 
chromatography (IC) is well suited for ion separations and provides a well-established 
method to determine and quantify metal species and anions. 

Results 
Method 1: Ion Pairing
The mercury species is separated as a mercury-cysteine complex by ion pair 
chromatography using the cysteine perchlorate-based mobile phase on the mixed 
mode Dionex IonPac CS5A column. The Dionex IonPac CS5A has both anion- and 
cation-exchange properties making it ideal for the separation of transition metal 
species. As the analytes elute from the column, they are detected by UV at 210 nm. All 
three mercury species evaluated had linear responses replicate injections of four 
standards from 1 to 10 mg/L with concentration (r2 > 0.999). 

The ground samples were extracted with eluent to ensure that the ions were soluble 
throughout the chromatographic separation. 

Figure 2 shows the separation of methymercury and inorganic mercury standards. The 
chromatograms show that inorganic mercury (Hg2+) is well resolved from 
methylmercury. Ethylmercury is not shown.
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FIGURE 3. Determination of organic and inorganic mercury in dietary 
supplement Number 1. 

FIGURE 4: Determinations of inorganic anions and organic acids in a water 
extract of dietary supplement Number 5.

Table 2. Summary of counter anion results. 

  

Method 1: Ion Pair Chromatography

Columns: Thermo Scientific Dionex IonPac CG5A, CS5A, 4 x 250 mm

Eluent 1.0 mM acetic acid, 1.0 mM sodium perchlorate, 5 mM cysteine,
adjusted to pH = 4.0

Flow Rate: 1.75 mL/min

Injection Volume: 25 µL

Detection: UV Absorbance, 210 nm

Method 2: Counter Anion Determinations Using Reagent-Free Ion Chromatography

Columns: Dionex IonPac™ AG11-HC, AS11-HC, 4 × 250 mm

Eluent Source: Thermo Scientific Dionex EGC III KOH cartridge

Gradient: 1.0 mM KOH for 8 min, 1–15 mM KOH from 8 to 18 min, 
15–20 mM KOH from 18 to 28 min, 30–60 mM KOH from 
28 to 38 min, 1 mM KOH from 38 to 45 min

Flow Rate: 1.5 mL/min

Injection Volume: 25 µL

Detection: Suppressed conductivity, Thermo Scientific Dionex ASRS 300
Anion Self-Regenerating Suppressor, recycle mode, 223 mA

Safety Warnings 
Mercury salts and organic mercury compounds are very toxic and sometimes can be 
fatal. Additionally, perchlorate used in the eluent is classified as a hazardous chemical 
because it interferes with iodide uptake thereby causing hypothyroidism. Review material 
safety data sheets for handling precautions, safe storage, and disposal methods, and 
review local regulations prior to ordering reagents or analyzing samples.

Standard Preparation
The methylmercury and ethylmercury standards were prepared from their mercury 
salts (Aldrich) in methanol, and diluted with water to the working standard 
concentrations. All other standards were prepared in deionized water.

Instrument

Method 1: Mercury Speciation By Ion Pairing Chromatography

• Thermo Scientific Dionex ICS-1600 Standard Integrated or Dionex ICS-1100 
Basic Integrated IC system

• Thermo Scientific Dionex ICS Series Variable Wavelength Detector (VWD)

• Thermo Scientific Dionex AS-AP Autosampler 

Method 2: Counter Anion Determinations By Ion Chromatography

• Dionex ICS-2100 Integrated Reagent-Free™ IC (RFIC™) system

• Dionex AS-AP Autosampler 

Software

• Thermo Scientific Dionex Chromeleon Chromatography Data System 

FIGURE 1. Dionex AS-AP Autosampler (Bottom Left), Dionex ICS Series VWD 
(Top Left) shown next to Dionex ICS-1600 (Center), and ICS-2100 RFIC (Right) 
Integrated IC Systems.  

Columns: Dionex IonPac AG11-HC,
AS11-HC,  4 mm

Eluent Source: Dionex EGC III KOH
Gradient: 1 mM from 0–8 min,

1–15 mM from 8–18 min,
15–30 mM  from 18–28 min,
30–60 mM  from 28–38 min

Temperature: 30 °C
Flow Rate: 1.5 mL/min
Inj. Volume: 25 µL
Detection: Suppressed conductivity, 

Dionex ASRS™ 300, 4 mm, 
recycle mode

Sample Prep.: 5 min extraction in deionized
water,  settle 5 min, filter,
dilute 1:5 

total wt %
Peaks: 1. Acetate —

2. Formate —
3. Chloride 0.716
4. Bromide —
5. Nitrate 0.142
6. Carbonate —
7. Sulfate 0.662
8. Oxalate 0.043
9. Phosphate 0.025
10. Citrate 0.039

1
8

2

3

6
10

5

7

94

Minutes
20 35100 30

20

µS

-2

Inorganic Mercury
Sample Measured 

(mg/L)
Calculated

(wt %)
Calculated
(µg/tablet)

Methylmercury /
Ethylmercury

Control -- -- -- --

1 3.69 0.0586 52 ND
2 15.6 0.2265 387 ND
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Table 1. Summary of mercury speciation determinations. 
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The results of the mercury speciation determinations are summarized in Table 1. 
Sample 2 had the highest concentration and sample 1 the lowest. Only very high 
concentrations of inorganic mercury were found; no organic mercury was detected. 
Although the results are very high (400 to 2200 mg/kg), the effect could be more 
devastating if ethylmercury and methylmercury were present at these concentrations.   

Method 2: Counter Anion Determinations
Counter anion determinations were needed to conduct a mass balance of the mercury 
speciation in the dietary supplement samples. We selected the high capacity Dionex 
IonPac AS11-HC anion-exchange column optimized for organic acid determinations for 
this application because this column provides the best separations when the samples 
are uncharacterized. Inorganic anions and organic acids in these samples were 
separated using a shallow potassium hydroxide gradient to resolve as many peaks as 
possible. The eluent was electrolytically generated without solution preparation by just 
adding water. The chromatographic separation of a water extract from Sample 5 is 
shown in Figure 4. The sample has high amounts of chloride and sulfate (~ 700 mg/kg) 
with < 50 mg/kg of nitrate, oxalate, phosphate, and citrate. 

The counter anions results are summarized in Table 2. The counter anions are 
primarily chloride and sulfate. Sample 2 has the highest results. 

Column: Dionex IonPac CG5A, CS5A,
4 mm 

Eluent: 1 mM Acetic acid, 
1 mM Sodium perchlorate, 
5 mM Cysteine, pH 4

Flow Rate: 1.75 mL/min
Column Temp.: 30 °C
Detection: UV Absorbance, 210 nm
Inj. Volume: 25 µL
Preparation: A: Deionized water

B: Methanol, working standards
diluted in deionized water

Peaks: 1.Hg2+ 2.5 mg/L
2. Methylmercury 9.3 
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Acetate 0.012 0.389 0.014 0.008 --

Formate 0.002 0.019 -- -- --

Chloride 0.080 1.624 0.128 0.254 0.716

Bromide -- -- 0.093 0.192 --

Nitrate 0.102 0.507 0.061 0.201 0.142

Sulfate 0.240 1.818 0.196 0.554 0.662

Oxalate 0.003 0.026 0.005 0.011 0.043

Phosphate -- 0.005 -- 0.070 0.025

Citrate -- 0.050 0.018 0.042 0.039

Methods
Sample Preparation
The Asian dietary supplements were ground to a 
coarse powder, extracted in 20 mL of eluent with 
manual agitation for 5 min, filtered, diluted with 
deionized water prior to injection for mercury speciation 
determinations. The samples were treated in the same 
manner and extracted with deionized water for counter 
anion determinations. 

Figure 3 shows the separation of inorganic and organic mercury in dietary supplement 1 
after extraction in 20 mL of the acetic acid, sodium perchlorate, and cysteine eluent. This 
sample has moderately high concentrations of inorganic mercury as compared with the 
other four samples. No methylmercury or ethylmercury was detected.
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Columns: Thermo Scientific Dionex IonPac CG5A, CS5A, 4 x 250 mm
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adjusted to pH = 4.0
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Gradient: 1.0 mM KOH for 8 min, 1–15 mM KOH from 8 to 18 min, 
15–20 mM KOH from 18 to 28 min, 30–60 mM KOH from 
28 to 38 min, 1 mM KOH from 38 to 45 min

Flow Rate: 1.5 mL/min

Injection Volume: 25 µL

Detection: Suppressed conductivity, Thermo Scientific Dionex ASRS 300
Anion Self-Regenerating Suppressor, recycle mode, 223 mA

Safety Warnings 
Mercury salts and organic mercury compounds are very toxic and sometimes can be 
fatal. Additionally, perchlorate used in the eluent is classified as a hazardous chemical 
because it interferes with iodide uptake thereby causing hypothyroidism. Review material 
safety data sheets for handling precautions, safe storage, and disposal methods, and 
review local regulations prior to ordering reagents or analyzing samples.

Standard Preparation
The methylmercury and ethylmercury standards were prepared from their mercury 
salts (Aldrich) in methanol, and diluted with water to the working standard 
concentrations. All other standards were prepared in deionized water.

Instrument

Method 1: Mercury Speciation By Ion Pairing Chromatography

• Thermo Scientific Dionex ICS-1600 Standard Integrated or Dionex ICS-1100 
Basic Integrated IC system

• Thermo Scientific Dionex ICS Series Variable Wavelength Detector (VWD)

• Thermo Scientific Dionex AS-AP Autosampler 

Method 2: Counter Anion Determinations By Ion Chromatography

• Dionex ICS-2100 Integrated Reagent-Free™ IC (RFIC™) system

• Dionex AS-AP Autosampler 

Software

• Thermo Scientific Dionex Chromeleon Chromatography Data System 

FIGURE 1. Dionex AS-AP Autosampler (Bottom Left), Dionex ICS Series VWD 
(Top Left) shown next to Dionex ICS-1600 (Center), and ICS-2100 RFIC (Right) 
Integrated IC Systems.  

Columns: Dionex IonPac AG11-HC,
AS11-HC,  4 mm

Eluent Source: Dionex EGC III KOH
Gradient: 1 mM from 0–8 min,

1–15 mM from 8–18 min,
15–30 mM  from 18–28 min,
30–60 mM  from 28–38 min

Temperature: 30 °C
Flow Rate: 1.5 mL/min
Inj. Volume: 25 µL
Detection: Suppressed conductivity, 

Dionex ASRS™ 300, 4 mm, 
recycle mode

Sample Prep.: 5 min extraction in deionized
water,  settle 5 min, filter,
dilute 1:5 

total wt %
Peaks: 1. Acetate —

2. Formate —
3. Chloride 0.716
4. Bromide —
5. Nitrate 0.142
6. Carbonate —
7. Sulfate 0.662
8. Oxalate 0.043
9. Phosphate 0.025
10. Citrate 0.039
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Inorganic Mercury
Sample Measured 

(mg/L)
Calculated

(wt %)
Calculated
(µg/tablet)

Methylmercury /
Ethylmercury

Control -- -- -- --

1 3.69 0.0586 52 ND
2 15.6 0.2265 387 ND
3 4.82 0.0437 117 ND
4 5.31 0.0473 123 ND
5 11.3 0.0708 243 NDFIGURE 2. Separation of mercury standards. 

Table 1. Summary of mercury speciation determinations. 

Column: Dionex IonPac CG5A, CS5A, 
4 mm

Eluent: 1 mM Acetic acid, 
1 mM Sodium perchlorate, 
5 mM Cysteine, pH 4

Flow Rate: 1.75 mL/min
Column Temp.: 30 °C
Detection: UV Absorbance, 210 nm
Inj. Volume: 25 µL
Sample Prep.: 1:5 dilution with deionized water

Peaks: 1.Total Hg2+ 3.69 mg/L 
52 µg/tablet
0.0586 wt%-10

Minutes
1850 10

mAU

50

1 

15

The results of the mercury speciation determinations are summarized in Table 1. 
Sample 2 had the highest concentration and sample 1 the lowest. Only very high 
concentrations of inorganic mercury were found; no organic mercury was detected. 
Although the results are very high (400 to 2200 mg/kg), the effect could be more 
devastating if ethylmercury and methylmercury were present at these concentrations.   

Method 2: Counter Anion Determinations
Counter anion determinations were needed to conduct a mass balance of the mercury 
speciation in the dietary supplement samples. We selected the high capacity Dionex 
IonPac AS11-HC anion-exchange column optimized for organic acid determinations for 
this application because this column provides the best separations when the samples 
are uncharacterized. Inorganic anions and organic acids in these samples were 
separated using a shallow potassium hydroxide gradient to resolve as many peaks as 
possible. The eluent was electrolytically generated without solution preparation by just 
adding water. The chromatographic separation of a water extract from Sample 5 is 
shown in Figure 4. The sample has high amounts of chloride and sulfate (~ 700 mg/kg) 
with < 50 mg/kg of nitrate, oxalate, phosphate, and citrate. 

The counter anions results are summarized in Table 2. The counter anions are 
primarily chloride and sulfate. Sample 2 has the highest results. 

Column: Dionex IonPac CG5A, CS5A,
4 mm 

Eluent: 1 mM Acetic acid, 
1 mM Sodium perchlorate, 
5 mM Cysteine, pH 4

Flow Rate: 1.75 mL/min
Column Temp.: 30 °C
Detection: UV Absorbance, 210 nm
Inj. Volume: 25 µL
Preparation: A: Deionized water

B: Methanol, working standards
diluted in deionized water

Peaks: 1.Hg2+ 2.5 mg/L
2. Methylmercury 9.3 

mAU

1850 10 15
-5

45

1 
2 

B

A

Counter Anion 
(wt %)

Sample #

1 2 3 4 5

Acetate 0.012 0.389 0.014 0.008 --

Formate 0.002 0.019 -- -- --

Chloride 0.080 1.624 0.128 0.254 0.716

Bromide -- -- 0.093 0.192 --

Nitrate 0.102 0.507 0.061 0.201 0.142

Sulfate 0.240 1.818 0.196 0.554 0.662

Oxalate 0.003 0.026 0.005 0.011 0.043

Phosphate -- 0.005 -- 0.070 0.025

Citrate -- 0.050 0.018 0.042 0.039

Methods
Sample Preparation
The Asian dietary supplements were ground to a 
coarse powder, extracted in 20 mL of eluent with 
manual agitation for 5 min, filtered, diluted with 
deionized water prior to injection for mercury speciation 
determinations. The samples were treated in the same 
manner and extracted with deionized water for counter 
anion determinations. 

Figure 3 shows the separation of inorganic and organic mercury in dietary supplement 1 
after extraction in 20 mL of the acetic acid, sodium perchlorate, and cysteine eluent. This 
sample has moderately high concentrations of inorganic mercury as compared with the 
other four samples. No methylmercury or ethylmercury was detected.
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Conclusion
 These tests identified that the majority of the soluble mercury in the dietary 

supplements was inorganic mercury (Hg2+), corresponding to the sub-percent 
amounts found in the patients. 

 IC with Inductively Coupled Plasma (ICP) provides a total solution by combining 
speciation with total elemental content.

 ICP analysis screens samples for unknown metal contamination especially 
when only one species is present, but also provides the total amount of an 
element when more than one species is present.   

 IC analysis separates metal species thereby providing important mercury 
speciation when multiple species are present.

 Mercury speciation determinations define the potential toxicity in food sources.

 Inorganic anions and organic acids needed for mass balance calculations are 
easily and accurately determined by anion-exchange chromatography with  a 
Reagent-Free IC system. 

• For more information on this method and mercury analysis methods, see 
references 1–4. 
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Overview
Purpose: Demonstrate low cost solutions for use in food safety for mercury speciation 
and counter anion determinations in solutions extracted from dietary supplements on 
an integrated ion chromatography system. 

Methods: Mercury species (mg/L) were determined on a mixed anion-cation-exchange 
column optimized for metal speciation using a cysteine-perchlorate eluent and detected 
by absorbance at 210 nm. Inorganic anions and organic acids were determined on an 
anion-exchange high-capacity column optimized for organic acids using electrolytically 
generated hydroxide eluent and detected by suppressed conductivity detection.

Results: The Asian supplements had 0.05 to 0.1 wt% extractable amounts primarily of 
less toxic inorganic mercury.

Introduction
Multiple patients had clinical symptoms of mercury poisoning and unusually high blood 
concentrations (mg/dL) of total mercury after ingesting Asian dietary supplements 
adulterated with mercury. Testing of the dietary supplements by Inductively Coupled 
Plasma (ICP) showed they contained 10,000-fold higher concentrations of total 
mercury (1–10 wt%) than measured in the patients’ blood. Because inorganic and 
organic forms of mercury show disparate toxicity, mercury speciation was required to 
establish the forms of mercury present in the supplement for determining food safety. 
Counter-anion  determinations were also needed to calculate mass balance. Ion 
chromatography (IC) is well suited for ion separations and provides a well-established 
method to determine and quantify metal species and anions. 

Results 
Method 1: Ion Pairing
The mercury species is separated as a mercury-cysteine complex by ion pair 
chromatography using the cysteine perchlorate-based mobile phase on the mixed 
mode Dionex IonPac CS5A column. The Dionex IonPac CS5A has both anion- and 
cation-exchange properties making it ideal for the separation of transition metal 
species. As the analytes elute from the column, they are detected by UV at 210 nm. All 
three mercury species evaluated had linear responses replicate injections of four 
standards from 1 to 10 mg/L with concentration (r2 > 0.999). 

The ground samples were extracted with eluent to ensure that the ions were soluble 
throughout the chromatographic separation. 

Figure 2 shows the separation of methymercury and inorganic mercury standards. The 
chromatograms show that inorganic mercury (Hg2+) is well resolved from 
methylmercury. Ethylmercury is not shown.
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FIGURE 3. Determination of organic and inorganic mercury in dietary 
supplement Number 1. 

FIGURE 4: Determinations of inorganic anions and organic acids in a water 
extract of dietary supplement Number 5.

Table 2. Summary of counter anion results. 

  

Method 1: Ion Pair Chromatography

Columns: Thermo Scientific Dionex IonPac CG5A, CS5A, 4 x 250 mm

Eluent 1.0 mM acetic acid, 1.0 mM sodium perchlorate, 5 mM cysteine,
adjusted to pH = 4.0

Flow Rate: 1.75 mL/min

Injection Volume: 25 µL

Detection: UV Absorbance, 210 nm

Method 2: Counter Anion Determinations Using Reagent-Free Ion Chromatography

Columns: Dionex IonPac™ AG11-HC, AS11-HC, 4 × 250 mm

Eluent Source: Thermo Scientific Dionex EGC III KOH cartridge

Gradient: 1.0 mM KOH for 8 min, 1–15 mM KOH from 8 to 18 min, 
15–20 mM KOH from 18 to 28 min, 30–60 mM KOH from 
28 to 38 min, 1 mM KOH from 38 to 45 min

Flow Rate: 1.5 mL/min

Injection Volume: 25 µL

Detection: Suppressed conductivity, Thermo Scientific Dionex ASRS 300
Anion Self-Regenerating Suppressor, recycle mode, 223 mA

Safety Warnings 
Mercury salts and organic mercury compounds are very toxic and sometimes can be 
fatal. Additionally, perchlorate used in the eluent is classified as a hazardous chemical 
because it interferes with iodide uptake thereby causing hypothyroidism. Review material 
safety data sheets for handling precautions, safe storage, and disposal methods, and 
review local regulations prior to ordering reagents or analyzing samples.

Standard Preparation
The methylmercury and ethylmercury standards were prepared from their mercury 
salts (Aldrich) in methanol, and diluted with water to the working standard 
concentrations. All other standards were prepared in deionized water.

Instrument

Method 1: Mercury Speciation By Ion Pairing Chromatography

• Thermo Scientific Dionex ICS-1600 Standard Integrated or Dionex ICS-1100 
Basic Integrated IC system

• Thermo Scientific Dionex ICS Series Variable Wavelength Detector (VWD)

• Thermo Scientific Dionex AS-AP Autosampler 

Method 2: Counter Anion Determinations By Ion Chromatography

• Dionex ICS-2100 Integrated Reagent-Free™ IC (RFIC™) system

• Dionex AS-AP Autosampler 

Software

• Thermo Scientific Dionex Chromeleon Chromatography Data System 

FIGURE 1. Dionex AS-AP Autosampler (Bottom Left), Dionex ICS Series VWD 
(Top Left) shown next to Dionex ICS-1600 (Center), and ICS-2100 RFIC (Right) 
Integrated IC Systems.  

Columns: Dionex IonPac AG11-HC,
AS11-HC,  4 mm

Eluent Source: Dionex EGC III KOH
Gradient: 1 mM from 0–8 min,

1–15 mM from 8–18 min,
15–30 mM  from 18–28 min,
30–60 mM  from 28–38 min

Temperature: 30 °C
Flow Rate: 1.5 mL/min
Inj. Volume: 25 µL
Detection: Suppressed conductivity, 

Dionex ASRS™ 300, 4 mm, 
recycle mode

Sample Prep.: 5 min extraction in deionized
water,  settle 5 min, filter,
dilute 1:5 

total wt %
Peaks: 1. Acetate —

2. Formate —
3. Chloride 0.716
4. Bromide —
5. Nitrate 0.142
6. Carbonate —
7. Sulfate 0.662
8. Oxalate 0.043
9. Phosphate 0.025
10. Citrate 0.039
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Inorganic Mercury
Sample Measured 

(mg/L)
Calculated

(wt %)
Calculated
(µg/tablet)

Methylmercury /
Ethylmercury

Control -- -- -- --

1 3.69 0.0586 52 ND
2 15.6 0.2265 387 ND
3 4.82 0.0437 117 ND
4 5.31 0.0473 123 ND
5 11.3 0.0708 243 NDFIGURE 2. Separation of mercury standards. 

Table 1. Summary of mercury speciation determinations. 

Column: Dionex IonPac CG5A, CS5A, 
4 mm

Eluent: 1 mM Acetic acid, 
1 mM Sodium perchlorate, 
5 mM Cysteine, pH 4

Flow Rate: 1.75 mL/min
Column Temp.: 30 °C
Detection: UV Absorbance, 210 nm
Inj. Volume: 25 µL
Sample Prep.: 1:5 dilution with deionized water

Peaks: 1.Total Hg2+ 3.69 mg/L 
52 µg/tablet
0.0586 wt%-10

Minutes
1850 10

mAU

50

1 

15

The results of the mercury speciation determinations are summarized in Table 1. 
Sample 2 had the highest concentration and sample 1 the lowest. Only very high 
concentrations of inorganic mercury were found; no organic mercury was detected. 
Although the results are very high (400 to 2200 mg/kg), the effect could be more 
devastating if ethylmercury and methylmercury were present at these concentrations.   

Method 2: Counter Anion Determinations
Counter anion determinations were needed to conduct a mass balance of the mercury 
speciation in the dietary supplement samples. We selected the high capacity Dionex 
IonPac AS11-HC anion-exchange column optimized for organic acid determinations for 
this application because this column provides the best separations when the samples 
are uncharacterized. Inorganic anions and organic acids in these samples were 
separated using a shallow potassium hydroxide gradient to resolve as many peaks as 
possible. The eluent was electrolytically generated without solution preparation by just 
adding water. The chromatographic separation of a water extract from Sample 5 is 
shown in Figure 4. The sample has high amounts of chloride and sulfate (~ 700 mg/kg) 
with < 50 mg/kg of nitrate, oxalate, phosphate, and citrate. 

The counter anions results are summarized in Table 2. The counter anions are 
primarily chloride and sulfate. Sample 2 has the highest results. 

Column: Dionex IonPac CG5A, CS5A,
4 mm 

Eluent: 1 mM Acetic acid, 
1 mM Sodium perchlorate, 
5 mM Cysteine, pH 4

Flow Rate: 1.75 mL/min
Column Temp.: 30 °C
Detection: UV Absorbance, 210 nm
Inj. Volume: 25 µL
Preparation: A: Deionized water

B: Methanol, working standards
diluted in deionized water

Peaks: 1.Hg2+ 2.5 mg/L
2. Methylmercury 9.3 

mAU

1850 10 15
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45

1 
2 

B

A

Counter Anion 
(wt %)

Sample #

1 2 3 4 5

Acetate 0.012 0.389 0.014 0.008 --

Formate 0.002 0.019 -- -- --

Chloride 0.080 1.624 0.128 0.254 0.716

Bromide -- -- 0.093 0.192 --

Nitrate 0.102 0.507 0.061 0.201 0.142

Sulfate 0.240 1.818 0.196 0.554 0.662

Oxalate 0.003 0.026 0.005 0.011 0.043

Phosphate -- 0.005 -- 0.070 0.025

Citrate -- 0.050 0.018 0.042 0.039

Methods
Sample Preparation
The Asian dietary supplements were ground to a 
coarse powder, extracted in 20 mL of eluent with 
manual agitation for 5 min, filtered, diluted with 
deionized water prior to injection for mercury speciation 
determinations. The samples were treated in the same 
manner and extracted with deionized water for counter 
anion determinations. 

Figure 3 shows the separation of inorganic and organic mercury in dietary supplement 1 
after extraction in 20 mL of the acetic acid, sodium perchlorate, and cysteine eluent. This 
sample has moderately high concentrations of inorganic mercury as compared with the 
other four samples. No methylmercury or ethylmercury was detected.
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Conclusion
 These tests identified that the majority of the soluble mercury in the dietary 

supplements was inorganic mercury (Hg2+), corresponding to the sub-percent 
amounts found in the patients. 

 IC with Inductively Coupled Plasma (ICP) provides a total solution by combining 
speciation with total elemental content.

 ICP analysis screens samples for unknown metal contamination especially 
when only one species is present, but also provides the total amount of an 
element when more than one species is present.   

 IC analysis separates metal species thereby providing important mercury 
speciation when multiple species are present.

 Mercury speciation determinations define the potential toxicity in food sources.

 Inorganic anions and organic acids needed for mass balance calculations are 
easily and accurately determined by anion-exchange chromatography with  a 
Reagent-Free IC system. 

• For more information on this method and mercury analysis methods, see 
references 1–4. 
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Overview
Purpose: Demonstrate low cost solutions for use in food safety for mercury speciation 
and counter anion determinations in solutions extracted from dietary supplements on 
an integrated ion chromatography system. 

Methods: Mercury species (mg/L) were determined on a mixed anion-cation-exchange 
column optimized for metal speciation using a cysteine-perchlorate eluent and detected 
by absorbance at 210 nm. Inorganic anions and organic acids were determined on an 
anion-exchange high-capacity column optimized for organic acids using electrolytically 
generated hydroxide eluent and detected by suppressed conductivity detection.

Results: The Asian supplements had 0.05 to 0.1 wt% extractable amounts primarily of 
less toxic inorganic mercury.

Introduction
Multiple patients had clinical symptoms of mercury poisoning and unusually high blood 
concentrations (mg/dL) of total mercury after ingesting Asian dietary supplements 
adulterated with mercury. Testing of the dietary supplements by Inductively Coupled 
Plasma (ICP) showed they contained 10,000-fold higher concentrations of total 
mercury (1–10 wt%) than measured in the patients’ blood. Because inorganic and 
organic forms of mercury show disparate toxicity, mercury speciation was required to 
establish the forms of mercury present in the supplement for determining food safety. 
Counter-anion  determinations were also needed to calculate mass balance. Ion 
chromatography (IC) is well suited for ion separations and provides a well-established 
method to determine and quantify metal species and anions. 

Results 
Method 1: Ion Pairing
The mercury species is separated as a mercury-cysteine complex by ion pair 
chromatography using the cysteine perchlorate-based mobile phase on the mixed 
mode Dionex IonPac CS5A column. The Dionex IonPac CS5A has both anion- and 
cation-exchange properties making it ideal for the separation of transition metal 
species. As the analytes elute from the column, they are detected by UV at 210 nm. All 
three mercury species evaluated had linear responses replicate injections of four 
standards from 1 to 10 mg/L with concentration (r2 > 0.999). 

The ground samples were extracted with eluent to ensure that the ions were soluble 
throughout the chromatographic separation. 

Figure 2 shows the separation of methymercury and inorganic mercury standards. The 
chromatograms show that inorganic mercury (Hg2+) is well resolved from 
methylmercury. Ethylmercury is not shown.
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FIGURE 3. Determination of organic and inorganic mercury in dietary 
supplement Number 1. 

FIGURE 4: Determinations of inorganic anions and organic acids in a water 
extract of dietary supplement Number 5.

Table 2. Summary of counter anion results. 

  

Method 1: Ion Pair Chromatography

Columns: Thermo Scientific Dionex IonPac CG5A, CS5A, 4 x 250 mm

Eluent 1.0 mM acetic acid, 1.0 mM sodium perchlorate, 5 mM cysteine,
adjusted to pH = 4.0

Flow Rate: 1.75 mL/min

Injection Volume: 25 µL

Detection: UV Absorbance, 210 nm

Method 2: Counter Anion Determinations Using Reagent-Free Ion Chromatography

Columns: Dionex IonPac™ AG11-HC, AS11-HC, 4 × 250 mm

Eluent Source: Thermo Scientific Dionex EGC III KOH cartridge

Gradient: 1.0 mM KOH for 8 min, 1–15 mM KOH from 8 to 18 min, 
15–20 mM KOH from 18 to 28 min, 30–60 mM KOH from 
28 to 38 min, 1 mM KOH from 38 to 45 min

Flow Rate: 1.5 mL/min

Injection Volume: 25 µL

Detection: Suppressed conductivity, Thermo Scientific Dionex ASRS 300
Anion Self-Regenerating Suppressor, recycle mode, 223 mA

Safety Warnings 
Mercury salts and organic mercury compounds are very toxic and sometimes can be 
fatal. Additionally, perchlorate used in the eluent is classified as a hazardous chemical 
because it interferes with iodide uptake thereby causing hypothyroidism. Review material 
safety data sheets for handling precautions, safe storage, and disposal methods, and 
review local regulations prior to ordering reagents or analyzing samples.

Standard Preparation
The methylmercury and ethylmercury standards were prepared from their mercury 
salts (Aldrich) in methanol, and diluted with water to the working standard 
concentrations. All other standards were prepared in deionized water.

Instrument

Method 1: Mercury Speciation By Ion Pairing Chromatography

• Thermo Scientific Dionex ICS-1600 Standard Integrated or Dionex ICS-1100 
Basic Integrated IC system

• Thermo Scientific Dionex ICS Series Variable Wavelength Detector (VWD)

• Thermo Scientific Dionex AS-AP Autosampler 

Method 2: Counter Anion Determinations By Ion Chromatography

• Dionex ICS-2100 Integrated Reagent-Free™ IC (RFIC™) system

• Dionex AS-AP Autosampler 

Software

• Thermo Scientific Dionex Chromeleon Chromatography Data System 

FIGURE 1. Dionex AS-AP Autosampler (Bottom Left), Dionex ICS Series VWD 
(Top Left) shown next to Dionex ICS-1600 (Center), and ICS-2100 RFIC (Right) 
Integrated IC Systems.  

Columns: Dionex IonPac AG11-HC,
AS11-HC,  4 mm

Eluent Source: Dionex EGC III KOH
Gradient: 1 mM from 0–8 min,

1–15 mM from 8–18 min,
15–30 mM  from 18–28 min,
30–60 mM  from 28–38 min

Temperature: 30 °C
Flow Rate: 1.5 mL/min
Inj. Volume: 25 µL
Detection: Suppressed conductivity, 

Dionex ASRS™ 300, 4 mm, 
recycle mode

Sample Prep.: 5 min extraction in deionized
water,  settle 5 min, filter,
dilute 1:5 

total wt %
Peaks: 1. Acetate —

2. Formate —
3. Chloride 0.716
4. Bromide —
5. Nitrate 0.142
6. Carbonate —
7. Sulfate 0.662
8. Oxalate 0.043
9. Phosphate 0.025
10. Citrate 0.039
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Inorganic Mercury
Sample Measured 

(mg/L)
Calculated

(wt %)
Calculated
(µg/tablet)

Methylmercury /
Ethylmercury

Control -- -- -- --

1 3.69 0.0586 52 ND
2 15.6 0.2265 387 ND
3 4.82 0.0437 117 ND
4 5.31 0.0473 123 ND
5 11.3 0.0708 243 NDFIGURE 2. Separation of mercury standards. 

Table 1. Summary of mercury speciation determinations. 

Column: Dionex IonPac CG5A, CS5A, 
4 mm

Eluent: 1 mM Acetic acid, 
1 mM Sodium perchlorate, 
5 mM Cysteine, pH 4

Flow Rate: 1.75 mL/min
Column Temp.: 30 °C
Detection: UV Absorbance, 210 nm
Inj. Volume: 25 µL
Sample Prep.: 1:5 dilution with deionized water

Peaks: 1.Total Hg2+ 3.69 mg/L 
52 µg/tablet
0.0586 wt%-10

Minutes
1850 10

mAU

50

1 

15

The results of the mercury speciation determinations are summarized in Table 1. 
Sample 2 had the highest concentration and sample 1 the lowest. Only very high 
concentrations of inorganic mercury were found; no organic mercury was detected. 
Although the results are very high (400 to 2200 mg/kg), the effect could be more 
devastating if ethylmercury and methylmercury were present at these concentrations.   

Method 2: Counter Anion Determinations
Counter anion determinations were needed to conduct a mass balance of the mercury 
speciation in the dietary supplement samples. We selected the high capacity Dionex 
IonPac AS11-HC anion-exchange column optimized for organic acid determinations for 
this application because this column provides the best separations when the samples 
are uncharacterized. Inorganic anions and organic acids in these samples were 
separated using a shallow potassium hydroxide gradient to resolve as many peaks as 
possible. The eluent was electrolytically generated without solution preparation by just 
adding water. The chromatographic separation of a water extract from Sample 5 is 
shown in Figure 4. The sample has high amounts of chloride and sulfate (~ 700 mg/kg) 
with < 50 mg/kg of nitrate, oxalate, phosphate, and citrate. 

The counter anions results are summarized in Table 2. The counter anions are 
primarily chloride and sulfate. Sample 2 has the highest results. 

Column: Dionex IonPac CG5A, CS5A,
4 mm 

Eluent: 1 mM Acetic acid, 
1 mM Sodium perchlorate, 
5 mM Cysteine, pH 4

Flow Rate: 1.75 mL/min
Column Temp.: 30 °C
Detection: UV Absorbance, 210 nm
Inj. Volume: 25 µL
Preparation: A: Deionized water

B: Methanol, working standards
diluted in deionized water

Peaks: 1.Hg2+ 2.5 mg/L
2. Methylmercury 9.3 

mAU
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A

Counter Anion 
(wt %)

Sample #

1 2 3 4 5

Acetate 0.012 0.389 0.014 0.008 --

Formate 0.002 0.019 -- -- --

Chloride 0.080 1.624 0.128 0.254 0.716

Bromide -- -- 0.093 0.192 --

Nitrate 0.102 0.507 0.061 0.201 0.142

Sulfate 0.240 1.818 0.196 0.554 0.662

Oxalate 0.003 0.026 0.005 0.011 0.043

Phosphate -- 0.005 -- 0.070 0.025

Citrate -- 0.050 0.018 0.042 0.039

Methods
Sample Preparation
The Asian dietary supplements were ground to a 
coarse powder, extracted in 20 mL of eluent with 
manual agitation for 5 min, filtered, diluted with 
deionized water prior to injection for mercury speciation 
determinations. The samples were treated in the same 
manner and extracted with deionized water for counter 
anion determinations. 

Figure 3 shows the separation of inorganic and organic mercury in dietary supplement 1 
after extraction in 20 mL of the acetic acid, sodium perchlorate, and cysteine eluent. This 
sample has moderately high concentrations of inorganic mercury as compared with the 
other four samples. No methylmercury or ethylmercury was detected.
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