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1.0 PURPOSE AND SCOPE
This SOP covers the determination of the following inorganic anions:  bromide, chloride, nitrate, nitrite, phosphate, sulfate, and fluoride.  This method is applicable to analysis of drinking, surface, and saline waters, domestic and industrial wastes, solids (after extraction), and leachates (when no acetic acid is used). 

2.0 SUMMARY OF METHOD
A water sample is injected into a stream of carbonate-bicarbonate eluent and passed through a series of ion exchangers (guard column, and separator column).  The anions of interest are separated on the basis of their relative affinities for a low capacity, strongly basic anion exchanger (separator column).  The separated anions are directed through a micro‑membrane suppressor. In the suppressor the separated anions are converted to their highly conductive acid forms and the carbonate-bicarbonate eluent is converted to weakly conductive carbonic acid.  The separated anions in their acid forms are measured by conductivity.  They are identified on the basis of retention time as compared to standards.  Quantification is by measurement of peak area.
3.0 INTERFERENCES

Any substance that has retention time coinciding with that of any anion to be determined and that produces a detector response will interfere.  For example, relatively high concentrations of low-molecular-weight organic acids interfere with the determination of chloride and fluoride by isocratic analyses.  A high concentration of any one ion also interferes with the resolution, and sometimes retention, of others.  Sample dilution overcomes much interference.  To resolve uncertainties of identification or quantitation use the method of known additions.  Spurious peaks may result from contaminants in reagent water, glassware, or sample processing apparatus.  Because small sample volumes are used, scrupulously avoid contamination.  Modifications such as pre-concentration of samples, gradient elution, or re-injection of portions of the eluted sample may alleviate some interference but require individual validation for precision and bias.
4.0 APPARATUS AND EQUIPMENT

4.1 Dionex, ICS-2000

4.1.1 RFIC, serial #09020397

4.1.2 Automated sampler, AS40

4.1.3 Dionex AS40 and ASM 5 mL vials and filter caps
4.2 Dionex, DX-500

4.2.1 LC20, serial #99010084 

4.2.2 Automated sampler, AS40

4.2.3 Conductivity detector, CD20

4.2.4 Isocratic pump, IP25

4.2.5 Dionex AS40 and ASM 5mL vials and filter caps
4.3 Chromeleon software with dongle, version 6.80 Build 2212, serial #57777 
5.0 REAGENTS AND STANDARDS

5.1 Eluent Solution

5.1.1 ICS-2000

5.1.1.1       Purchase EluGen cartridge, EGCIIIK2CO3
5.1.2 DX-500

5.1.2.1   
0.5M sodium bicarbonate: Dissolve 41.7g sodium bicarbonate (Analytical Reagent grade or better) in DI water and dilute to volume in a one liter volumetric flask. 

5.1.2.2 
 0.5M sodium carbonate: Dissolve 52.8g sodium carbonate   (Analytical Reagent grade or better) in DI water and dilute to volume in a one liter volumetric flask. 

5.1.2.3 
0.5M sodium bicarbonate-sodium carbonate eluent: Prepare eluent by pipetting 7mL of stock 0.5M sodium carbonate and 2ml of stock 0.5M sodium bicarbonate; dilute to volume with DI water in a one liter volumetric flask. 
5.2 Anion Stock Standards, 1000mg/L: stock standards are generally purchased as certified solutions. Alternatively, stock standards may be prepared as described below. 
Prepare a series of stock solutions by weighing the indicated amount of dry, reagent grade (99% purity or better) salt, and diluting to volume with DI water in a one liter volumetric flask. Prepare the dry salt by heating the reagent grade material at 105°C for one hour, then cooling in a desiccator to a constant weight. Note: sodium nitrite should NOT be dried in an oven; it should simply be stored in a desiccator prior to use.  

Anion              Salt
          Amount (g)
Chloride
NaCl

 1.6484

Bromide
NaBr

 1.2876

Fluoride
NaF

 2.2100

Nitrate

NaNO3
             6.0679

Nitrite

NaNO2
             4.9257

Phosphate
KH2PO4
 4.3937

Sulfate

K2SO4
 
 1.8141

Stock standards prepared in-house should be stored in plastic bottles, protected from light and refrigerated at 4°C. They are stable for a period of one month. 
5.3 Working Anion Solutions

5.3.1 Warm-up/Calibration Standard                                                                                 Pipet the indicated volume of 1000mg/l stock standards to prepare a 100% anions warm-up/calibration standard in a 500ml volumetric flask. Dilute to volume with DI water to obtain the following concentrations:
Anion

Stock (ml)
[mg/l]
Chloride
   40.0

 80.0

Bromide
   5.00

 10.0

Fluoride
   3.00

 6.00

Nitrate

   3.00

 6.00

Nitrite

   3.00

 6.00

Phosphate
   4.00

 8.00

Sulfate

   50.0

100.0

5.3.2 QC/ICAL Standards                                                                                              Pipet an aliquot from the 100% anions warm-up/calibration standard to make the following QC standards and calibration (ICAL) standards. Dilute to volume with DI water in a 100ml volumetric flask for each solution. 
· 10mL for 10% anions ICAL1

· 25mL for 25% anions ICAL2 

· 25mL for 25% anions LCS and LCSD

· 50mL for 50% anions ICAL3/CCVS

5.3.3 ICVS Solution                                                                                                           Pipet the indicated volume of stock standards obtained from a second source (i.e., independent of the source of the stock standards used for calibration) to prepare a 50% anions ICVS in a one liter volumetric flask. Dilute to volume with DI water to obtain the following concentrations:
Anion

Stock (ml)
[mg/l]


Chloride
   40.0

 40.0



Bromide
   5.00

 5.00



Fluoride
   3.00

 3.00





Nitrate

   3.00

 3.00



Nitrite

   3.00

 3.00



Phosphate
   4.00

 4.00


Sulfate

   50.0

 50.0
5.3.4 Matrix Spike                                                                                                                               Use the stock standards that were used to prepare the 100% anions warm-up/calibration standard. Prepare the Matrix Spike by pipetting the indicated volume of stock standard for each analyte into a 100ml volumetric flask, and diluting to volume with the selected sample to obtain the following spike concentrations: 


Anion

Stock (ml)
[mg/l]


Chloride
  0.50

 5.0



Bromide
  0.50

 5.0

Fluoride 
  0.50

 5.0




Nitrate

  0.50

 5.0



Nitrite
 
  0.50

 5.0



Phosphate
  0.50

 5.0



Sulfate

  0.50

 5.0

Repeat for the Matrix Spike Duplicate sample. 

Note: Working anion solutions may be prepared with fewer anions than indicated, as appropriate to meet client-specific analytical requirements. When stored in plastic bottles protected from light and refrigerated at 4°C the warm-up, ICVS, and CCVS are stable for a period of one week. ICALs, LCS/LCSD, and matrix spikes should be prepared fresh daily. 
6.0 QUALITY CONTROL

6.1 Laboratory Reagent Blank (LRB) – At least one LRB must be analyzed with each batch of samples. LRB results exceeding the method MDL indicate laboratory or reagent contamination; corrective action is required before continuing the analysis. 
6.2 Laboratory Control Sample (LCS) – At least one LCS must be analyzed with each batch of samples. If the percent recovery of an LCS falls outside the limits of 90-110%, that analyte is judged out of control, and the source of the problem should be identified, and the problem must be resolved (i.e., LCS percent recovery must be within limits) before reporting results. 
6.3 Laboratory Control Sample Duplicate (LCSD) – At least one LCSD will be analyzed with each batch of samples. If the RPD of the LCSD is >10%, the precision of the affected analyte is judged out of control. The source of the problem should be identified, and the problem should be resolved (i.e., LCSD ≤ 10%) before reporting results. 
6.4 Calibration Blank (CB) – A CB must be analyzed immediately following daily calibration, after every tenth analytical sample, and at the end of the sample batch. CB results exceeding the method MDL indicate a problem with calibration or with calibration drift; the analytical batch must be discontinued, and the instrument recalibrated. All samples following the last acceptable CB must be reanalyzed.  
6.5 Continuing Calibration Verification Solution (CCVS) – A CCVS must be analyzed immediately following daily calibration, after every tenth analytical sample, and at the end of the sample batch. CCVS results must be within 90-110% of the original calibration value.  If an analyte is outside the limits, the method is judged out of control, and the analytical batch must be discontinued, and the instrument recalibrated. All samples following the last acceptable CCVS must be reanalyzed.  
6.6 Matrix Spike (MS) – A known amount of each targeted analyte must be added to a known volume of at least 10% of the unknown samples in a batch. The added analyte concentration in the spiked sample should be the same as that used in the LCS. If the concentration of the matrix spike added is less than 25% of its native concentration in the sample, the matrix recovery should not be calculated or reported. If recovery of the spiked analyte is outside 80-120% recovery, analytical results for the spiked analyte in the batch should be flagged as exhibiting a potential matrix effect. 
6.7 Manual Integration – Manual integration and baseline adjustments are expressly prohibited. When baseline noise interferes with resolution or quantitation, the affected samples must be reanalyzed. 
7.0 PROCEDURE

7.1 Sample Handling

7.1.1 Sample Collection – Samples should be collected in plastic or glass bottles. All bottles must have been thoroughly cleaned and rinsed with reagent water. The volume collected should be sufficient to ensure a representative sample, and allow for replicate analyses. 
7.1.2 Filtering Samples-Some samples may require filtration in order to be analyzed using ion chromatography. In these instances, filter the sample using a luer-lock syringe (of appropriate volume for sample amount being filtered) and a 25mm, 0.45µm pore size syringe filter. Filter the sample as many times as needed to obtain a clear, solute-free sample.

7.1.3 Sample Preparation- Allow samples to equilibriate to room temperature before analyzing. Filter the samples if needed prior to analysis.

7.1.4 Sample Holding Time – Sample preservation and holding times for anions are as follows:

Analyte
Preservation
       Holding Time
Bromide
None required

28 days

Chloride
None required

28 days

Fluoride
None required

28 days

Nitrate

4°C ± 2°C

48 hours

Nitrite

4°C ± 2°C

48 hours

Phosphate
4°C ± 2°C

48 hours

Sulfate

4°C ± 2°C

28 days
7.1.5 Sample Storage – In a given sample container, the anion that requires the most restrictive preservation and the shortest hold time will determine the appropriate treatment of the sample. Generally, all aqueous samples should be refrigerated to 4°C ± 2°C and analyzed within 48 hours if nitrate, nitrite, or phosphates are targeted analytes. 
7.2 Instrument Calibration

7.2.1 The instrument must be calibrated at least weekly for the ICS-2000, every time a new eluent is prepared for the DX-500, or as indicated by failure of calibration verification standards. 

7.2.2 A calibration curve must be produced using three or more ICAL solutions. The calibration curve obtained must have a regression analysis performed on each analyte. A calibration blank is not used in the calibration curve or as an ICAL. 
7.2.2.1 The correlation coefficient resulting from regression analysis must be ≥ 0.995 for each analyte.

7.2.2.2 A mid range ICVS must be analyzed to validate the calibration curve. The ICVS result must be within 10% of its as prepared value. 

7.2.2.3 If the acceptance limits are not met for the correlation coefficient or the ICVS, a new calibration curve must be generated which meets the acceptance criteria. 

7.2.3 Analyte Range – If a sample’s analyte concentration exceeds the actual calibration range of the analyte (listed below), the sample may be diluted to fall within range, and reanalyzed. Direct sample results must not be reported if they fall outside their corresponding calibration range. 

Bromide
0.50 – 10.0 mg/l

Chloride
4.00 – 80.0 mg/l

Fluoride 
0.05 – 6.00 mg/l

Nitrate

0.05 – 6.00 mg/l

Nitrite

0.05 – 6.00 mg/l

Phosphate
0.40 – 8.00 mg/l

Sulfate

5.00 – 100.0 mg/l
7.3 Sample Analysis (refer to WI-205.1)
7.3.1 Establish IC operating parameters equivalent to those used for calibration, and establish a stable baseline. 

7.3.2 For ICS-2000, before starting a batch, perform the ready check function and ensure that there is enough DI water eluent for the batch to run. 

7.3.3 For DX-500, nitrogen psi leaving the tank should be 80-100psi, eluent psi should be 40-60 psi (or 6-9), and 1000ml of eluent should be enough for one batch run. 

7.3.4 Establish a valid initial calibration or verify the working calibration curve as described in 7.2.2.2. 

7.3.5 Load and inject a fixed volume of sample or QC sample, consistent with the volume used for calibration. 
7.3.6 The width of the retention time window used to identify peaks should be based on actual measurements of standards.

7.3.7 If sufficient resolution is not achieved in a chromatogram, or if identification of a specific analyte is questionable, the method of standard addition may be used to confirm the presence or absence of the analyte. 
8.0 DATA REPORTING

8.1 Calculations are automatically performed by the Chromeleon software. 
8.2 Results are reported in mg/l. 
8.3 When multiple analytes are spiked into a single sample, the matrix spike percent recovery should be corrected for the volume of standard used. Due to the increased volume of standard used for the matrix spike, the following calculation is used to correct for the volume of standard being used if the spike exceeds 5% of the total volume.

Correction factor = Total volume (ml) – volume of standard (ml) 








Total volume (ml)

% Recovery = MS – (M x Correction Factor) x 100%







Spike concentration
8.4 Data for each analytical run are recorded electronically, and printed from the data file. Data are saved on the Sharepoint network using the naming system “YYYYMMDD” (where Y is the year, M is the month, and D is the day) and is then backed up nightly by IT. 
9.0 MAINTENANCE

All instrument maintenance, whether routine or ad hoc, must be documented in the maintenance log at the time it is performed.
9.1 Prior to each day’s use, routine maintenance should be performed. 
9.1.1 For the ICS-2000: Check the entire chassis for any leaks from the rinse ports, the eluent manifold connections, and valves and eluent reservoirs. Tighten or replace any leaking fittings. Check liquid lines for leaks and clean up any spills. Check and replace column beds every 4-6 weeks or when needed. Look for a white or brown crust on the bed surface. Replace the beds only on the influent side of the column

9.1.2 For the DX-500: Rinse the piston to remove crystallization that can abrade the piston and cause the main seal to leak. Open the pump door and locate the two rinse ports on the front of each of the pump heads. Install waste pump tube onto the pump head and place in a waste beaker. Attach small syringe to the pump head and flush 3-4 times with 5-10 ml of DI water. Do this for both pump heads. Check liquid line from the CD20 to the conductivity cell for leaks, and clean up any spills. Check and replace column beds every 4-6 weeks. The guard column will need it more often. Look for a white or brown crust on the bed surface. Replace the beds only on the influent side of the column. When there is a color change on the eluent filter (it should be white), change out the filter.

9.1.2.1
Check nitrogen pressure going into the DX-500 (pressure going in should be 80-100psi) and tank level.

9.2 Check the entire chassis for any leaks from the rinse ports, the eluent manifold connections and valves and eluent reservoirs. Tighten or replace any leaking fittings. 

9.3 Wipe up spills and use DI water to rinse dried reagents off the pump components.
9.4 Periodic maintenance should be performed and documented as necessary.

9.5 Check all air and liquid lines for crimping. Move or reroute pinched lines, and replace damaged lines. 
10.0 TROUBLESHOOTING

10.1 Peak Identification

10.1.1 If a particular peak has been identified but not named (due to peak drifting outside the retention time window), while in the integration screen, click on the QNT-Editor on the toolbar and go to the peak tracking tab. Adjust the window number by 0.1 for the particular peak until it is named, and save changes to the method file anions when prompted by closing the screen. 

10.1.2 Unidentified peaks or incorrectly identified peaks can be correctly identified by going to the integration screen, select the insert peak tool on the toolbar (black arrow with curved tail), double click the peak of interest, choose the correct anion from the component drop down box, then click the force peak assignment button or any of the other assignment buttons below it as appropriate. 
10.2 ICS-2000

10.2.1 For problems with the ion chromatography system, see the ICS-2000 Operator’s Manual chapter 4 “Troubleshooting,” also on the Dionex Reference Library Disk.
10.3 DX-500

10.3.1 Low Pressure Limit Violation

10.3.1.1 Verify that eluent is present in the channel selected. If the eluent reservoir is empty, refill it. Prime the pump before resuming operation. 

10.3.1.2 Make sure the waste valve on the transducer is closed by turning the knob on the pressure transducer housing clockwise.

10.3.1.3 Make sure there are no leaks in the flow system. 

10.3.1.4 Place the pump in LOCAL DIRECT CONTROL. Press off/on to start the pump and verify that the pistons are moving and that you can hear the pump. If there is not sound from the pump, check the LED on the CPU card inside the door to the electronics chassis. A red LED indicates a defective power supply. Replace the power supply and contact Dionex technical support. 

10.3.1.5 With the pump running, pen the DSP STATUS screen and note whether the left-right pressure varies by more than 3% between strokes. If it does, refer to the pump section of Standard Methods 4110B. If it does not, either increase the flow rate or reduce the low pressure limit setting and continue operation. 
10.3.2 Liquid Leaks/Leak Alarm

10.3.2.1 Pump head – Leaks from the front rinse ports or rear of the pump head may indicate a defective piston seal. Replace the piston seal and the rinse seal. Check all connections between the eluent. 

10.3.2.2 Pressure transducer – Inspect the pressure transducer. If the source of the leak is the waste valve, replace the waste valve O-ring (see section 5.4 of the pump section in the DX-500 Operator’s Manual). If the leak is from the rear of the transducer, call Dionex technical support. 

10.3.2.3 Priming valve – Tighten any leaking fittings just enough to stop the leak. If this does not stop the leak, replace the fittings and/or tubing making the connection. If this does not stop the leak, replace the priming block assembly. 

10.3.2.4 Internal mechanical chassis leaks – Inspect the chassis for leaks. Tighten any leaking fittings. Replace any damaged parts. 
11.0 REFERENCES

11.1 Standard Methods, 19th Edition, Method 4110B.
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11.4 DX-500 Chromatography System Operator’s Manual
	Revision History 

	Revision #
	Effective Date
	Description of Changes

	6
	
	Revised to address comment in A2LA audit on manual baseline changes and data backup. Also updated SOP to address change to Chromeleon software. Changed procedure to provide more stepwise instruction. 

	7
	
	Revised to address addition of Dionex, ICS-2000. Revised Anion Maintenance Log. 

	8
	10/26/2010
	Major revision to move instrument-specific operational detail to a work instruction, and to provide explicit instructions in the SOP


[image: image1.png]



PAGE  
Anions by Ion Chromatography
                 Current approved version of this document
2 of 9
SOP 205, Revision 8
                                is only available on Sharepoint
10/26/2010

