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1.0 Scope
1.1. This procedure measures the “total” concentration of mercury (organic + inorganic forms) in drinking, surface, ground, industrial and domestic waste water. Extracts of soil and sludge for dissolved and total recoverable suspended sample fractions can also be determined.
1.2. Mercury determinations will be conducted in accordance with Method 3112B, Standard Methods for the Examination of Water and Wastewater, 19th Edition. 
2.0 Summary of Method
2.1. Samples are prepared using a developed digestion technique. Prepared samples are then analyzed on a Flow Injection Mercury System (FIMS).  
3.0 Safety

3.1 The mercury salts used in standards are highly toxic materials that can accumulate in the kidneys, causing renal damage. Mercury salts are hazardous if inhaled or if exposed to the skin for more than a short period of time. Analysts working with mercury salts should always wear personal protective equipment (lab coat, gloves, safety glasses). 
4.0 Interferences
4.1 Interferences have been reported for waters containing sulfide, chloride, copper and tellurium.  Organic compounds which have broad ban UV absorbance (253.7 nm) are confirmed interferences.

4.2 Volatile materials which absorb at 253.7 nm will cause a positive interference.  In order to remove any interfering volatile materials, the dead air space in the sample container after the addition of hydroxylamine hydrochloride should be allowed to degas for approximately 2-3 minutes prior to transferring into sample tubes.
5.0 Equipment

5.1 Perkin Elmer FIAS 100 Flow Injection Mercury System (FIMS).  The FIMS spectrometer consists of an atomic absorption spectrometer specifically designed to measure the absorption of mercury and a flow injection system to prepare the samples for the spectrometer.

5.2 Optical Unit:  The optical unit contains the radiation source, the detector and the FIMS-Cell.

5.3 Flow System Components:  The flow system contains the peristaltic pump, pump magazines, pump tubing, flow-injection valve, sample loops, manifold and gas/liquid separator.  The flow system utilizes a carrier gas system for operation.

5.4 AA Winlab software.  Version 2.50
5.5 Labline Aqua Bath or comparable water bath.

6.0 Reagents and Standards

6.1 1% Nitric Acid (HNO3): Use 1% (v/v) ultrapure nitric acid for preparing all reagents, calibration blanks, calibration standards and as dilution water.  See WI-502.1 for preparation 

6.2 3% HCL (Carrier solution):  Prepared by adding 30.00 mL concentrated reagent grade HCl to 1000.0 ml deionized H2O.

6.3 Mercury 1 ppm Stock Standard:  Prepared daily for use in mercury working standards.  See WI-502.1 for preparation. 

6.4 Mercury Working Standards:  Prepared daily for calibration, calibration verification, and all QC requirements.  See WI-502.1 for preparation. 
6.5 Nitric Acid, HNO3 ultrapure, concentrated.
6.6 Sulfuric Acid, H2SO4 reagent grade, concentrated.
6.7 Potassium Permanganate solution ( KMnO4):  Dissolve 50g KMnO4 in 1% HNO3 and dilute to approximately 1 liter in a volumetric flask. Insert a magnetic stir bar and place it on a stir plate to dissolve solids.
6.8 Potassium Persulfate solution (K2S2O8):  Dissolve 50g K2S2O8 in 1% HNO3 and dilute to approximately 1 liter in a volumetric flask. Insert a magnetic stir bar and place it on a stir plate to dissolve solids.
6.9 Hydroxylamine Hydrochloride solution (NH2OH*HCl):  Dissolve 120g NH2OH*HCl in 1% HNO3 and dilute to approximately 1 liter in a volumetric flask. Insert a magnetic stir bar and place it on a stir plate to dissolve solids.   
6.10 Stannous Chloride solution (SnCl2):  Dissolve 120 g SnCl2 with 30 ml concentrated HCl and dilute to 1000 ml with deionized H2O.
7.0 Sample Collection and Management

7.1 Samples should be collected in polyethylene bottles and stored at 4oC.  Hold time for mercury analysis is 28 days. 

7.2 Samples should be preserved at time of collection with 2.5 mL of HNO3 and 5 mL of H2SO4. If samples are received unpreserved, they should be preserved immediately upon receipt. 

8.0 Quality Control

8.1 LCS:  Laboratory Control Sample.  Prepare one LCS per batch.  LCS percent recovery must fall with 85%-115%.  If the LCS recovery is out of control analysis must be stopped, the source of the deviance must be found and samples will need to be reanalyzed.

8.2 MS/MSD:  Matrix Spike and Matrix Spike Duplicate.  Prepare the MS/MSD by spiking sample aliquots prepared from a randomly selected sample from the batch of samples to be analyzed.  The MS/MSD percent recovery/relative percent difference criteria are 85-115% and ≤10%.  If the MS or MSD criteria are out of control, the analysis may proceed, and the results should be flagged as having a potential matrix interference. 

8.3 ICVS:  Initial Calibration Verification Sample.  An ICVS prepared from a second source, independent of that used for the calibration standards, must be prepared and analyzed immediately after calibration.  The ICVS percent recovery must be within 90-110%. If the ICVS recovery is out of control, analysis must be stopped, the problem must be resolved, and the batch samples will need to be reanalyzed. 
8.4 CCVS:  Continuing Calibration Verification Sample:  A CCVS is a midlevel calibration standard that is run after the ICVS, after every ten samples in the analysis sequence, and at the end of the analytical batch. The CCVS percent recovery must be within 90-110%. If the CCVS is out of control, analysis must be stopped, the problem must be resolved, and the batch samples will need to be reanalyzed.
8.5 CB: Calibration Blank:  A CB is run after every calibration and before every CCV.  If mercury is quantified in the calibration blank at a concentration ≥ the reporting limit, the analysis must be stopped, the source of the problem identified and addressed, and samples in the batch will need to be reanalyzed. Note:  Because the calibration blanks are prepared and analyzed in the exact same manner as a laboratory reagent blank, it eliminates the need for this QC component.  
9.0 Procedure

9.1 Turn on the designated water bath used for mercury digestion.  Fill the bath as needed with additional DI water.  Before the samples can be digested the water in the bath should be at 95oC.

9.2 Prepare KMnO4 and K2S2O8 per instructions outlined in Section 6.

9.3 Using designated mercury-free sample cups from a lot with a verified volumetric capacity, prepare working standards as outlined in WI-502.1.  Calibration of sample cups to demonstrate compliance with ±2% of target volume must be performed prior to use of each new lot of cups.  Form F-502.1 is completed and stored with the batch of raw data from analysis of samples using the sample cups. 
9.4 Volumetric dispensers used for KMnO4, K2S2O8, and Hydroxylamine Hydrochloride solution will have their volumetric calibration verified, and documented in the appropriate log book.  Allow time for all solids to dissolve before use.
9.5 Remove samples to be prepared from the storage refrigerator, and place them in order from cleanest to dirtiest.  A specific order may be required by protocol.  The analyst should check with a supervisor if they are unsure as to what order the samples should be placed in.  Record the sample number in the log book and apply labels with all necessary information to samples cups.
9.6 Prepare client samples by pouring 100 mL of sample into the calibrated mercury-free sample cups.  An MS and MSD must be prepared for each batch.  Refer to WI-502.1 for instructions on how to prepare working standards and QC. 

9.7 Once all samples and associated QC samples have been prepared, reagents must be added before beginning digestion.  Place the prepared KMnO4 and K2S2O8 solutions into clean, labeled 1L amber glass bottles.  The KMnO4 volumetric dispenser should be configured to dispense 15 mL of solution.  The K2S2O8 volumetric dispenser should be configured to dispense 8 mL of solution. 

9.8 Place reagents in an operating hood, and dispense the specified amounts of each reagent into each sample cup:  

9.8.1 2.5 mL HNO3
9.8.2 15 mL of KMnO4
9.8.3 8 ml K2S2O8
9.8.4 5 mL of H2SO4
9.9 Following each addition of reagent, securely close the lid on each sample cup.
9.10 Samples are now ready to be digested.  Place all of the sample cups into the 95oC water bath.  It is a good practice to pop the lid open a small amount in order to avoid pressure build up during digestion.  Place the water bath lid on top of the bath, and allow the samples to digest for exactly two hours. Record the bath temperature and the start and stop time for the digestion on the log form. 

9.11 Remove the sample cups from the bath and place them on the bench in the fume hood.  Allow the samples to cool overnight.

9.12 The morning after the samples have been allowed to cool, prepare the Hydroxylamine Hydrochloride solution as described in Section 6.
9.13   When the Hydroxylamine Hydrochloride solution is ready, place it into a 1L amber glass bottle and configure the volumetric dispenser to dispense 6 mL of solution. 
9.14 Dispense 6 ml of Hydroxylamine Hydrochloride solution into each sample cup, firmly secure the lid and shake the solution until it becomes clear.  CAUTION:  A buildup of gas will develop in the cup from the chemical reaction.  While shaking the sample, be sure to periodically pause to pop the lid and release the pressure. If the pressure is allowed to build up, the lid may pop off on its own, releasing the sample liquid under pressure. 
9.15 Samples are now ready to be analyzed.  Label and prepare sample analysis tubes for the FIMS instrument.  NOTE:  Very dirty samples may have solids or other matter remaining in the cup after digestion.  These samples should be filtered before being placed in the sample tubes for analysis.  Solid material can cause the instrument to not perform properly. 

9.16 Once samples have been properly prepared refer to WI-502.1 for detailed instructions on how to start up the instrument, maintain the instrument and perform analysis. 

9.17 After sample analysis has been completed, print reports for the batch and shutdown the instrument as outlined in WI-502.1.
11.0 Data and Record Management 
11.1 Quality control results will be calculated using the following equations:

Percent Recovery, %R =   (Result obtained, µg/l)_____  X 100%   (ICVS, CCVS, LCS)




(Prepared concentration, µg/l)

Spike Recovery, %R = (Result Spiked sample
 µg/l) – (Result Sample µg/l) X 100%   (MS)




Concentration of spike added, µg/l)
Spike Duplicate Precision, RPD = | (Result MS µg/l) – (Result MSD µg/l) | * 2 X 100%    (MSD)





   (Result MS µg/l) + (Result MSD µg/l)

11.3 Throughout instrumental analysis raw data will be printed while the instrument is run.  Data can be organized and reprinted using the reporter option in the software located under the utilities option of the file menu. After results are reported, hard copy results from each analytical batch are stored by date sequence and program in the Supervisor’s office. 
11.4 Data generated by the instrument electronically are saved in a results file located on the instrument computer hard drive.  Data can be accessed directly using the instrument software.
11.5 Reporting:  Laboratory results are entered via the SQL LIMS system.  Laboratory Analysts are responsible for ensuring that results are entered to LIMS for data they generate.  

12.0 Maintenance and Troubleshooting

12.1 Detailed maintenance procedures are outlined in WI-502.1.  Before instrument startup, clean deionized H2O should be run through the system, and the peristaltic pump tubing should be replaced.  The instrument flow should be manually checked once per month.
12.2 The supply of argon gas should be checked daily prior to use.  A sufficient amount of gas should be available before performing any analysis.
12.3 All maintenance activities and issues should be documented in the FIMS maintenance log. 
13.0 Waste Disposal

13.1 Unless otherwise indicated in the sample protocol, 30 days after results are reported, remaining samples may be discarded in an acid sink.

13.2 Mercury sample containers will be rinsed with tap water and disposed of in the trash.
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