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Designated
Agency SOP/Document CALFED ID

Battelle TAMU Sediment and SOP-CALFED.D01
Tissue Digestion

Battelle Total Mercury in Tissues and SOP-CALFED.D02
Sediments by Cold Vapor
Atomic Absorption (CVAA)

Battelle Methyl Mercury in Tissues SOP-CALFED.D03
and Sediments by Cold Vapor
Atomic Flourescence (CVAF)

Battelle Mixed Acid Tissue Digestion SOP-CALFED.D04

Battelle Methyl Mercury in SOP-CALFED.D05
Aqueous Samples by
Cold Vapor Atomic
Fluorescence (CVAF)

Battelle Total Mercury in Aqueous SOP-CALFED.D06
Samples by Cold Vapor
Atomic Fluorescence

Frontier Geosciences Methyl Mercury Working SOP-CALFED.D07
Standards and Instrument
Calibration

Frontier Geosciences Total Mercury Analysis SOP-CALFED.D08
and Calibration Modified
EPA 1631 Revision B

Frontier Geosciences Total Mercury Cold SOP-CALFED.D09
Aqua-Regia Digestion of
Solid Samples

Frontier Geosciences Methyl Mercury Distillation SOP-CALFED.D10
of Aqueous Samples

Frontier Geosciences Total Mercury Oxidation SOP-CALFED.D11
of Aqueous Samples

Frontier Geosciences Methyl Mercury in Sediments SOP-CALFED.D12
by Acidic KBr Extraction into
Methylene Chloride
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Frontier Geosciences Total Mercury 70:30 SOP-CALFED.D13
Nitric/Sulfuric Digest of
Tissues

Frontier Geosciences Sample Receipt, COC, and SOP-CALFED.D14
Tracking

Frontier Geosciences Methyl Mercury KOH/ SOP-CALFED.D15
Methanol Digest of Solids

MLML (DFG) Analysis of Mercury in SOP-CALFED.D16
Sediments by Flow Injection
Mercury System (FIMS)

MLML (DFG) Method:  Trace Element SOP-CALFED.D17
Digestion and Analysis of
Trace Elements in Tissue
and Sediment Using
Teflon Vessels

USFWS (Sacramento) Avian Egg Harvest, Embryo SOP-CALFED.D18
Examination and Shell
Thickness Determination
With Intent to Save Contents
for Chemical Analysis

Texas A&M/Galveston Aqua Regia Digestion of Solid SOP-CALFED.D19
Materials for the Determination
of Total Mercury

Texas A&M/Galveston Determination of Total Hg in SOP-CALFED.D20
Aqueous Samples by
Sodium Borohydride
Reduction and Cold Vapor
Atomic Fluorescence

UCDavis Dry Weight Sample SOP-CALFED.D21
Preparation Techniques for
Aquatic Invertebrate and
Fish Samples, Prior to Mercury
and Other Analyses

UCDavis Laboratory Sediment Slurry SOP-CALFED.D22
Mercury Methylation
Experiments
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Agency SOP/Document CALFED ID

UCDavis Analysis of Total Mercury in SOP-CALFED.D23
Biological Tissues Using the
Perkin-Elmer Flow
Injection Mercury System

UCDavis Laboratory Stable Isotope SOP-CALFED.D24
Analysis for Plant and
Animal Tissue

USGS (Boulder) Determination of Total SOP-CALFED.D25
Mercury in Environmental
Water Samples

USGS (Boulder) Determination of Total SOP-CALFED.D26
Mercury in Environmental
Sediment Samples

USGS (Boulder) Determination of Selected SOP-CALFED.D27
Major Cations, Dissolved
Iron and Silica in Aqueous
Media by Inductively-Coupled
Plasma Atomic Emmision
Spectroscopy

USGS (Boulder) Determination of Selected SOP-CALFED.D28
Trace Metals in Aqueous Media
by Inductively-Coupled
Plasma Mass Spectrosopy
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SOP-CALFED.D01
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SOP-CALFED.D02
Total Mercury in
Tissues and Sediments
by Cold Vapor
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Battelle

CALFED
Mercury Project
QAPP

March 2000

Appendix D













SOP-CALFED.D03
Methyl Mercury in
Tissues and Sediments
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Methyl Mercury in
Aqueous Samples by
Cold Vapor Atomic
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Methyl Mercury Calibration and Analysis
FGS-070.1

Frontier Geosciences Inc.
414 Pontius Avenue North

Seattle, WA 98109

Originated by: Sarah DuBord, Lucas Hawkins, Dustin Leen, and Amber Steward
May 15, 2000

On June 20, 2000, this procedure was reviewed and validated by Michelle L. Gauthier, Labora-
tory Manager and Beverly H. van Buuren, Quality Assurance Program Director. Signatures are

on file.

1.0 SCOPE AND APPLICATION

1.1. This standard operating procedure (SOP) is designed to ensure that reproducible, traceable
procedures are followed in the standardization of the methyl mercury (MeHg) analyzers
and in the analysis of samples for methyl mercury, as well as to establish the bounds wherein
data will be considered acceptable.

1.2 This method provides for the determination of methyl mercury in a wide range of matrices
including aqueous, biologic, and geologic media. In general, using clean handling and re-
agents, the typical detection limits for the method are in the range of 0.010-0.030 ng/L for
aqueous samples, 0.005-0.020 ng/g for low-level solids by distillation, and around 1.0 ng/g
for solids by extraction or digestion.

1.3 This SOP consists of three aspects: (1) preparation of methyl mercury standard solutions,
(2) calibration of the methyl mercury analyzers, and (3) analysis of samples for methyl
mercury in various matrices.

2.0 SUMMARY OF METHOD

2.1. Preparation of Methyl Mercury Standards

2.1.1. Methyl mercury standard solutions are prepared using ultra-clean class A volumet-
ric glassware and gravimetrically calibrated pipettors. All reagents (including reagent
water) are pre-tested and must have very low mercury concentrations.

2.1.2. All standard solutions, preparations, and calibrations must be recorded in the Mer-
cury Standards Logbook upon receipt or creation and given a unique identification
number



2.1.3. Any standard and its original documents that are received should be labeled with
the receipt date and the receiver s initials, all documentation should be given to the
QA Office. The QA Office is responsible for maintaining standard records as well as
updating the folders in the laboratory where the copies are kept.

2.2. Methyl Mercury Analyzer Calibration Sequence

2.2.1. The calibration sequence for the determination of methyl mercury consists of a 5-
point curve (0.005 ng, 0.010 ng, 0.050 ng, 0.100 ng, and 0.200 ng), an instrument
calibration verification (ICV), an instrument calibration blank (ICB), and a quality
control sample (QCS).

2.2.2. The calibration standard is made from a serial dilution of the initial stock solution
obtained from Strem Chemical which has been verified against NIST 3133.

2.2.3. The calibration sequence determines the range of sample concentrations that are
reportable.

2.3 Methyl Mercury Analysis

2.3.1 All methyl mercury runs receive a unique dataset identifier. This is composed
of the instrument type and number, the date, and the calibration number for
that day. The format is as follows: MHG7-000224-1, where:

2.3.1.1 MHG  refers to the type of analysis.

2.3.1.2 Number seven (7)  refers to the methyl mercury instrument number seven
(7).

2.3.1.3 Number 000224  refers to the date, February 24, 2000, in YYMMDD
format.

2.3.1.4  Number one ( 1 ) refers to the first calibration of that day .

2.3.2 Methyl mercury analyses are split into three categories: waters, sediments/
soils, and tissues.

2.3.2.1  For water and sediment/soil analysis, an aliquot of prepared sample is
added to a bubbler and brought up to a volume of approximately 50 mL
with reagent water. Acetate buffer and ethylating agent is added to each
bubbler.

2.3.2.2 For the analysis of tissues, approximately 50 mL of reagent water is added
to each bubbler, followed by acetate buffer and ethylating agent.

2.3.2.3 For all analyses, the bubbler connections are sealed with Teflon end plugs.
After a set reaction time, end plugs are removed, blanked carbotraps are



securely placed at the end of the bubbler, and the bubbler is purged with
nitrogen. Gaseous methyl mercury collects in the carbotrap. After the
carbotrap is connected directly to the gas lines to dry any water vapor from
it, it is then placed in the analytical train and burned  to the analyzer .

2.3.2.4 For each sample, three peaks are produced that are recorded by strip chart
recorder or integrator. The first is Hg°, the second is methyl mercury, the
third is Hg (II).

3.0 INTERFERENCES

3.1. BrCl will oxidize nearly all forms of mercury; therefore, pipettes used to aliquot BrCl or
bubblers used/cleaned with BrCl should never be used for methyl mercury analysis.

3.2. Methyl mercury analysis is pH sensitive and distillation can cause acidification of samples;
therefore, it is essential that the pH of the distillates be adjusted by the addition of acetate
buffer. Each distillate should be tested for pH before analysis, making sure not to place pH
paper directly into sample. If the pH is determined to be < 3, 600 µL of acetate buffer
should be added.

3.3. Because of the basic nature of tissue digests prepared with the KOH/methanol digestion,
600 µL of acetate buffer must be added. Also, it is recommended that aliquots of no more
than 25 µL of the tissue digest be analyzed, unless otherwise instructed by a project man-
ager or senior analyst.

3.4. When analyzing samples for methyl mercury, bubblers should be rinsed and new reagent
water added between every sample.

4.0 SAFETY

4.1. CAUTION: Ethylating agent (NaBEt
4
) is toxic, gives off toxic gases (triethylboron),

and is spontaneously combustible. To discard unused portions of ethylating agent
and empty bottles, place into a large beaker of ~10% 1N HCl in the hood 
triethylboron will bubble off to the air where it is eventually oxidized to harmless
boric acid. Leave the acid beaker in the hood indefinitely, or boil down to _ volume
to destroy residues before discarding as acid waste.

4.2. Personnel will don appropriate laboratory attire according to the Chemical Hy-
giene Plan. This includes, but is not limited to, laboratory coat, safety goggles, and
latex gloves under clean gloves.

4.3. The toxicity or carcinogenicity of reagents used in this method has not been fully
established. Each chemical should be regarded as a potential health hazard and
exposure to these compounds should be as low as reasonably achievable. Chemists
should refer to the MSDS for each chemical they are working with.



4.4. All personnel handling environmental samples known to contain or to have been in
contact with human waste should be immunized against known disease-causative
agents. Frontier will reimburse the expense of Hepatitis A and B immunizations for
any laboratory staff member who desires this protection.

5.0 EQUIPMENT

5.1. Micro-pipettors: All-plastic pneumatic fixed-volume and variable pipettors in the range of
10 µL to 5.0 mL.

5.2. Cold Vapor Generators (Bubblers): 150-mL, tall, flat-bottom borosilicate glass flasks with
standard taper 24/40 necks, fitted with spargers having coarse glass frits which extends to
within 0.2 cm of the flask bottom.

5.3. Recorder: Any integrator or multi-range chart recorder with 0.1-5.000 mV input and vari-
able speeds is acceptable.

5.4. Carbotraps: Borosilicate, silanized quartz tubes filled with low mercury Carbotrap and
plugged with quartz wool

5.5. Atomic Fluorescence Spectrophotometer (AFS): To achieve the low detection levels and
small, interference-free sample aliquots claimed by this method, a very sensitive (IDL < 1
pg Hg) AFS detector is required. Such systems can be built in-lab or purchased from Tekran
Inc. (Toronto, Ontario).

5.6. Flow Meter/Needle Valve: Capable of controlling and measuring gas flow to the purge
vessel at 200-500 mL/minute.

5.7. Teflon Fittings: Connections between components and columns are made using 6.4-mm
O.D. Teflon¤  FEP tubing and Teflon¤  friction-fit or threaded tubing connectors. Connec-
tions between components requiring mobility are made with 3.2-mm O.D. Teflon¤  tubing
due to its greater flexibility.

5.8. Isothermal GC Unit: A 1.3-m packed GC column is made to the following specification
(Supelco Inc. custom product): The column is made of 0.25-in. O.D. borosilicate glass
column tubing with 4-mm I.D. bore. The tube is formed into an 8-cm diameter coil of 1.0-
m length with two 15-cm arms extending in parallel up from the coil. The column is silanized,
and packed with 1 m (in the coil section only) of preconditioned 60/80 mesh 15% OV-3 on
Chromasorb WAW-DMSC, held in place with silanized glass wool plugs. The column is
held in a small temperature-controlled isothermal oven made from a heating mantle (Glass-
Col TM-580) interfaced with a Cole Parmer Digi-Sense temperature controller. The col-
umn is held at a constant temperature of 100 ± 2 °C using the temperature controller.

5.9. Pyrolytic Organo-mercury Breakdown Column: This column consists of a 20-cm length of
7-mm O.D. by 4.5-mm I.D. quartz tubing with the central 10 cm packed with quartz wool.
The column is wrapped with 1.5 m of 22-gage Nichrome wire that is electrically heated to
about 700 °C (bright orange) with 30-34 volts from an autotransformer.



6.0 REAGENTS

6.1. Reagent Water: Reagent water (18-MΩ minimum) must be ultra-pure deionized water
starting from a pre-purified source. Reagent water used in the mercury lab is checked
weekly for total mercury concentrations. The total mercury concentration must be <
0.20 ng/L.

6.2. Hydrochloric Acid (HCl): Hydrochloric acid must be trace-metal purified and reagent
grade. Total mercury concentration in HCl must be < 5.00 ng/L.

6.3. Sodium Acetate: Neat, reagent grade. Pre-tested and verified to be low in mercury.

6.4. Glacial Acetic Acid: Reagent grade. Pre-tested and verified to be low in mercury.

6.5. Acetate Buffer: Place 500 mL of reagent water in a 1.0-L Teflon¤  bottle. Add 272 grams
of sodium acetate and dissolve. Add 118 mL of glacial acetic acid and dilute to a final
volume of 1.0 L. Add ~0.5 mL of ethylating reagent (tetraethyl borate solution) and
purge overnight with nitrogen. This solution has an indefinite lifetime when stored in a
Teflon¤  bottle at room temperature

6.6. Potassium Hydroxide: Neat, pellets.

6.7. Sodium Tetraethyl Borate: 1-g vials.

6.8. Ethylating Agent (Sodium Tetraethyl Borate Solution): Ethylating agent can be made by
following the procedure below.

6.8.1. Rinse approximately 20 seven-milliliter Teflon¤  vials with reagent water and ar-
range on a clean sheet of blotter paper in a class-100 clean air station to dry.

6.8.2. Pour 100 mL of reagent water into a 125-mL Teflon¤  bottle and add 2.0 g of KOH
pellets. Dissolve mixture and place in freezer until ice crystals just begin to form.

6.8.3. Turn on reagent water. Remove wax and tape seal from a 1.0-g ampoule of so-
dium tetraethyl borate. Open the ampoule and immediately transfer its contents to
the 125-mL Teflon¤  bottle, cap tightly, and give a few quick shakes.

6.8.4. Fill the now empty ampoule and its cap with reagent water and sink into a beaker
containing water and HCl (the pure borate powder is pyrophoric and could sponta-
neously-combust when exposed to air if not stabilized by the addition of water).

6.8.5. Shake the borate solution again then transfer to the 7-mL Teflon¤  vials, four mil-
liliters at a time, leaving ample air space for freezing and capping tightly.

6.8.6. Place all the 7-mL vials in the freezer standing upright. If any borate solution is
left over, dispose in the HCl solution that the ampoule was placed in. If any doubt
arises about the quality of the ethylating reagent, make a new batch, as the old



material often gives good results for reagent water spikes, but not for environmental
samples. Do not use NaBEt4 solid or solutions if they have a yellow color.

6.9. Acetate Buffer: Place 500 mL of reagent water in a 1.0-L Teflon¤  bottle. Add 272 grams of
sodium acetate and dissolve. Add 118 mL of glacial acetic acid and dilute to a final volume
of 1.0 L. Add ~0.5 mL of ethylating reagent (tetraethyl borate solution) and purge over-
night with nitrogen. This solution has an indefinite lifetime when stored in a Teflon¤ bottle
at room temperature.

6.10. Nitrogen  (N
2
):  Grade 4.5 (standard laboratory grade) nitrogen which can be further

purified of mercury using a gold or iodated carbon trap located in line between the gas
output and bubbler.

6.11. Argon (Ar):  No less than Grade 4.7 (high purity grade) argon that has been further
purified by the removal of mercury using a gold or iodated carbon trap that is located in
line between the gas output and the analyzer gas input.

7.0 PROCEDURES

7.1. Documentation of Standards and Reagents

7.1.1. All freshly prepared standards, as well as purchased standards, are logged into the
Mercury Standards Logbook and are given a unique identification number. The ID is
composed of the number of the logbook, followed by the page number where the
standard was logged in, followed by the line number given to that standard. For ex-
ample, AQ2-1-13 would indicate a standard documented in the Aquatics  Mercury
Standard Logbook, Volume 2, on page 1, and line 13. The date received or the date
created as well as the analyst s initials should be noted on the standard bottle and on
the certification information shipped with the standard.

7.1.2. The standard is entered into the first available line in the logbook and the following
information is recorded:

7.1.2.1. Number — the standard is given a number one higher than the previous line
number.

7.1.2.2. Stock concentration — for liquid standards; record the stock concentration
and unique ID used to create working/spiking standards. For solid reagents, write
the name of the compound used to create working standards. The final working/
spiking standard is to be tested in triplicate on two separate days to determine
that it is low in mercury.

7.1.2.3. Initial volume — record the amount of the original standard used to create
working/spiking standards.

7.1.2.4. Final volume — record the final working/spiking standard volume.



7.1.2.5. Diluent — record the volume and type of diluent used to bring initial volume
up to final volume.

7.1.2.6. Dataset ID — after a standard has been tested, record all dataset IDs that
contain the standard test results.

7.1.3. All reagents used for total mercury determination are recorded in the
Mercury Reagent Testing Logbook. The name of the reagent, the date made, and the
initials of the person who made the reagent are recorded. Next, the solution is given to
an analyst to test (with the exception of ethylating agent) to assure that the reagent is
low in mercury content. When the solution tests low, the analyst enters into the log-
book that the solution tested low and records the corresponding dataset ID. The actual
reagent bottle gets labeled with the reagent name, the initials of the person who pre-
pared the solution, the date made, and if the solution tested low. If a reagent does not
test sufficiently low, it is re-tested once. If it is still testing high, it is marked not for
laboratory use,  and a note is made in the Reagent Testing Logbook. The reagent is
then appropriately disposed of and a new batch is made.

7.2. Preparation of Methyl Mercury Standard Solutions

7.2.1. Methyl mercury standard solutions are prepared using ultra-clean class-A volumet-
ric glassware and gravimetrically calibrated pipettes. All waters and reagents are pre-
tested and must have very low mercury concentrations. Solution preparations and cali-
brations must be recorded in the Laboratory Standard Solution Preparation Logbook.

7.2.2. Methyl Mercury Initial Stock Solution: Methyl mercury initial stock solution is pre-
pared by serial dilution of an initial concentrated methyl mercury chloride (approxi-
mately 4000 mg/L), obtained from Strem Chemical. The methyl mercury initial stock
solution does not have a specific titer. Due to the contamination danger, the methyl
mercury chloride is not weighed, but rather, the entire five gram bottle is added to
1,000 mL of reagent water preserved to 0.2% with HCl in a Teflon¤  bottle.

7.2.3. Methyl Mercury Stock Standard Solution: Methyl mercury stock standard solution
is prepared by a 1:4000 dilution of the initial stock solution. The diluent for the dilu-
tion is reagent water containing five-percent acetic acid and 0.2% HCl. This solution s
concentration is approximately 1000 ng/mL and must be calibrated against NIST-3133
to determine the concentration of methyl mercury. The solution should be discarded
and a new one made if the fraction of methyl mercury in the solution drops below
98.0%. Laboratory stock standard solution should be recalibrated yearly.

7.2.4. Methyl Mercury Working Standard Solution: Two different concentrations of me-
thyl mercury working standard solutions are made; one contains
1.00 ng/mL of methyl mercury, and the other contains 0.05 ng/mL of methyl mercury.
Because of changes in concentration over time, the concentration of methyl mercury
in the stock solution should be calibrated. The appropriate volume of methyl mercury
stock standard solution is then added to reagent water containing five percent acetic



acid and 0.2% HCl to bring the working standard to the desired concentration. After
preparation, the new working standard is tested in replication (usually three repli-
cates) against the old valid working standard calibration. The mean of at least three
determinations of concentration should fall within five percent of the predicted value.
Methyl mercury working standard solution should be remade quarterly.

7.2.5. Quality Control Sample (DORM-2): A Quality Control Sample (QCS) containing
4,470 ng/g is prepared by digesting 1.000 grams of the certified reference material
DORM-2 in 20 mL of 25% KOH/methanol, and then diluting to 1000.00 mL with
methanol.

7.3. Calibration of Methyl Mercury Stock Standard and Working Standard Solutions

7.3.1. Calibrate the methyl mercury stock standard solution by diluting 0.100 mL of it into
0.900 mL of BrCl solution in a small Teflon¤ vial and allowing it to oxidize for a
minimum of four hours. Next, dilute 0.100 mL of NIST-3133 certified total Hg stock
solution the same way. The total Hg in the dilution of methyl mercury stock standard
solution can be compared to that of NIST-3133 analyzed using dual amalgamation/
CV-AFS (Frontier SOP FGS-069). A mean of at least seven replicate analyses of the
stock solution is necessary to accurately quantify the total Hg concentration of the
methyl mercury stock standard solution. Next, at least two labile Hg(II) determina-
tions must be made of the methyl mercury stock standard solution. These are analyzed
by direct reduction of an aliquot of methyl mercury stock standard solution by stan-
nous chloride (SnCl

2
), with no prior BrCl oxidation. The methyl mercury concentra-

tion in the stock solution is then equal to the concentration of the total mercury minus
the concentration of the labile Hg(II). The concentration of methyl mercury working
standard solution is calibrated in the same manner.

7.4. Instrument Start-up

7.4.1. Begin by blanking your sample carbotraps. To do this you close the argon gas valve,
attach one trap at a time to the analytical train, open the argon gas valve and burn to
instrument for 30 seconds. Continue to burn traps while doing steps 7.4.2 and 7.4.3,
making sure traps remain in analytical train until cool enough to remove safely.

7.4.2. Remove Ethylating Agent from freezer and allow to thaw for 15 minutes, then place
in freezer.

7.4.3. Rinse each bubbler and bubbler top, and fill with approximately 50 mL of reagent
water.

7.4.4. The analyst should record the following information on the strip chart or integrator
print-out:

7.4.4.1. Corresponding dataset ID

7.4.4.2. Analyst name (also signature)



7.4.4.3. The baseline ratios (usually X=1 and X=20)

7.4.4.4. The date, analysis start time, and the analysis end time (at the end of the day)

7.4.4.5. The strip chart drum speed (usually 1 mm/min)

7.5. Analyzer Calibration Sequence

7.5.1. The sequence starts with a 5-point (0.005 ng, 0.010 ng, 0.050 ng, 0.100 nanograms,
and 0.200 ng) standard calibration curve using the methyl mercury working standard
solution. This 5-point curve defines the acceptable concentration of the samples being
analyzed.

7.5.2. Immediately following the standard calibration curve, a quality control sample (QCS)
is analyzed, followed by an initial calibration verification (ICV) standard and an ini-
tial calibration blank (ICB). For most projects, at least three preparation blanks are run
following the ICB.

7.6. To calibrate the instrument, follow the protocols below:

7.6.1. Close connections to bubblers with Teflon¤  end plugs.

7.6.2. Add 300 µL of acetate buffer to each bubbler.

7.6.3. Using the 0.050 ng/mL MeHg working standard solution, add 100 µL to the first
bubbler. Then, using the 1.00 ng/mL MeHg working standard solution, add 50 µL, 100
µL, and 200 µL to the remaining bubblers sequentially from left to right.

7.6.4. Remove ethylating agent from the freezer and add 38.5 µL to each bubbler, immedi-
ately returning the ethylating agent to the freezer. Seal bubbler tops using Keck Clips
and/or friction seal to insure nominal sample leakage and swirl gently.

7.6.5. Allow to react for 17 minutes.

7.6.6. Remove end plugs, connect blanked carbotraps to bubbler outlet using through plugs,
connect gas lines, and purge with nitrogen

 
for 17 minutes, ensuring that no water drop-

lets enter the carbotraps.

7.6.7. Connect traps directly to the gas lines for seven minutes to remove water vapor
from the traps.

7.6.8. Attach carbotraps to analytical train and burn for 30 seconds each in sequential
order. Do not remove trap until all three peaks have been recorded.

7.6.9. Rinse bubblers and frits with reagent water and add approximately 50 mL of reagent
water to each bubbler.



7.6.10. Add 300 µL of acetate buffer to bubblers 1, 3, and 4. Add 600 µL of acetate buffer to
bubbler 2.

7.6.11. Add 200 µL of 0.050 ng/mL MeHg working standard solution to the first bubbler.
Open the QCS (DORM-2) bottle and aspirate some of the fumes into a pipette. With-
out conditioning the pipette, draw up 25 µL of the digest allowing the pipette tip to
touch only just below (1 mm) the surface of the liquid. Immediately inject the sample
into the second bubbler, below the surface of the water. Rinse the pipette tip several
times into the bubbler water. Add 100 µL of 1.00 ng/mL MeHg working standard
solution to the third bubbler for the initial calibration verification. No standard is added
to the fourth bubbler, the initial calibration blank.

7.6.12. Remove ethylating agent from the freezer and add 38.5 µL to each bubbler, immedi-
ately returning the ethylating agent to the freezer. Seal bubbler tops using Keck Clips
and/or friction seal to insure nominal sample leakage and swirl gently.

7.6.13. Follow steps 7.6.5 though 7.6.8.

7.7. Pre-analysis and Organization

7.7.1. When analyzing samples, it is imperative to check the project sheets.  Within these
sheets the analyst will find a summary of all the information to verify the samples
were prepared correctly as well as the information needed to run the samples properly.
These sheets can list the QC specifications required for the samples, suggested aliquot
size, project manager information, as well as listing information about spiking levels.

7.7.2. The analyst should locate the samples to be analyzed and their chain of custody
(COC) forms (plus internal COCs or digestion bench sheets, if applicable).

7.7.3. The analyst should compare the project sheet to the COCs and digestion bench sheets,
and confirm that all samples are accounted for. Notify the project manager of any
discrepancies.

7.7.4. The analyst should organize the samples to be analyzed in the order listed on the
COC or the digestion bench sheet, or in numerical order, depending on the preference
of the PM. The first samples analyzed should be the preparation blanks then the di-
gested SRM if running solid samples, (or the blank spike if analyzing waters) fol-
lowed by actual samples. If there are total and dissolved samples with the same sample
ID, run these side by side to ease in checking that total concentration is greater than
dissolved concentration. Field blanks, equipment blanks, and trip blanks should all be
analyzed before their associated samples.

7.7.5. Be aware that all samples specified as being High QA should be analyzed prior to
any Standard QA projects that are being analyzed on the same instrument on the same
day.



7.8. Analyzing Aqueous Samples

7.8.1. All aqueous samples should be prepared according to Frontier SOP FGS-013
(Distillation of Aqueous Samples for Methyl Mercury Analysis).

7.8.2. While drying the standard curve carbotraps, the analyst should prepare the first
batch of samples.

7.8.2.1. Rinse bubblers and frits with reagent water.

7.8.2.2. Add 300 µL of acetate buffer directly to the distillation vial, unless sample
pH is known to be low (3 or less), in which case add 600 µL of acetate buffer.

7.8.2.3. Dilute vial up to volume with reagent water, and pour the entire sample
into bubbler.

7.8.2.4. Remove ethylating agent from the freezer and add 38.5 µL to each bub-
bler, immediately returning the ethylating agent to the freezer. Seal bubbler
tops using Keck Clips and/or friction seal to insure nominal sample leakage
and swirl gently.

7.8.3. Follow steps 7.6.5 though 7.6.8 of calibration process.

7.8.4. Sample IDs, aliquot volume, peak height/peak area, distillation factor (0.906),
dilution factor (if applicable), and blank correction associated with each sample and
analysis sequences should be entered into the methyl mercury spreadsheet tem-
plate.

7.8.5. While drying and burning one set of sample traps, the analyst should begin pre-
paring the next round of water samples in the same fashion to maximize efficiency.

7.8.6. Quality Control Procedures for Aqueous Samples

7.8.6.1. An analytical batch is defined as 20 or fewer field samples. QC samples
are not included, such as PBWs, the ICV, the ICB, CCVs, CCBs, or matrix QC
(MD, MS, or MSD). An analytical day is defined as 12 hours or less.

7.8.6.2. One CCV/CCB must be performed every 10 analytical runs (a run being
one bubbler).

7.8.6.3. One matrix spike/matrix spike duplicate (MS/MSD) pair must be ana-
lyzed for every 20 samples. Therefore, a minimum of one MS/MSD pair is
required per analytical batch. MS/MSDs are spiked according to the project
manager instructions. Aqueous samples are spiked by lab assistants during
preparations.



7.8.6.4. Upon request, a matrix duplicate (MD) or matrix triplicate (MT) sample
may be requested by the project manager, but otherwise it is not required. MD
and MT samples should be analyzed using the same sample aliquots as the ambi-
ent sample.

7.8.6.5. At least one blank spike must be prepared and analyzed per analytical batch.
The spiking levels may vary depending upon the client, and will be performed
during preparation for distillation. Refer to project sheets/project managers for
specific spiking levels.

7.8.6.6. At the end of the analytical day a CCV and CCB must be analyzed.

7.9. Analyzing Sediment/Soil Samples

7.9.1. For analysis of sediment/soil samples prepared by Frontier SOP FGS-017 (Methyl
Mercury Distillation of Low Level Solids) or Frontier SOP FGS-045 (Preparation of
Sediments by Acidic KBr Extraction Into Methylene Chloride for Determination of
Methyl Mercury), follow steps listed in section 7.8.2 — 7.8.5.

7.9.2. Quality control requirements for the analysis of sediment/soil samples are the same
as is listed in sections 7.8.6.1 — 7.8.6.4 and section 7.8.6.6. When samples are spiking
following preparation, spiking levels should be 1-5 times the native analyte concen-
tration.

7.10. Analyzing Tissue Samples

7.10.1. For analysis of tissue samples prepared by Frontier SOP FGS-017 (Methyl Mercury
Distillation of Low Level Solids), follow steps listed in section 7.8.2 — 7.8.5.

7.10.2. For analysis of tissue samples prepared by Frontier SOP FGS-010 (KOH/Methanol
Digestion of Solids for Methyl Mercury), follow steps listed in section 7.8.2 — 7.8.5.,
with the following exceptions:

7.10.2.1. Add 600 µL of acetate buffer to each bubbler.

7.10.2.2. Consult project sheet and/or PM as to proper aliquot volume.

7.10.2.3. As the tissue digest liquid has low surface tension and tends to want to drip
out of a pipette, an altered pipette technique is necessary:

7.10.2.3.1. Open the digest bottle and aspirate some of the fumes into a pipette.

7.10.2.3.2. Without conditioning the pipette, draw up proper aliquot (typically 25
µL) of the digest, allowing the pipette tip to touch only just below the sur-
face (1 mm) of the liquid.



7.10.2.3.3. Immediately inject the sample into the bubbler
below the surface of the water, then rinse the pipette
tip several times into the bubbler water.

7.10.3. Quality Control Procedures for Tissue Samples

7.10.3.1. Quality control requirements for the analysis of tis-
sue samples are the same as is listed in sections 7.8.6.1 —
7.8.6.4 and section 7.8.6.6.

7.10.3.2. Spiking levels for MS and MSD samples should be
1-5 times the native analyte concentration.

8.0 QUALITY ASSURANCE

8.1. Analysts are to verify QC sample results in real-time  as they come
off the instrument. This allows for correction of any analytical prob-
lems immediately.

8.2. The acceptable recoveries must be met in order to consider a data
set valid. Of particular importance to the client is Frontier s position
that a single non-compliant result on a QC sample does not auto-
matically invalidate a data set. All data points noted on the analy-
sis day s spreadsheet as invalid for known reasons may be discarded
if rerun during the same analysis day. In the event that the system
becomes out of control during the analysis day, all results must fall
between valid QC data points shall still be considered valid.



Quality Control Limits for Determination of Methyl Hg*

QC Item Acceptance Criteria
Calibration curve correlation coefficient value (minimum 5-points calibration curve) ≥
0.995
QCS (SRM or LCS) 70-130% recovery

ICB and CCBs Mean < 0.025 ng/L

CCVs 80-120% recovery
MS/MSD 70-130% recovery with RPD ≤ 25, spiking level
≥ ambient level
MD ≤ 25 RPD for values > 10x the est. MDL
PBW Mean < 0.025 ng/L

PBS Mean < 0.02 ng/g
PBT Mean < 2.0 ng/g
*Client QC requirements may be more stringent. Analysts should refer to project sheets prior
to analysis.

10.0 CORRECTIVE ACTION

10.1. The quality control data gathered throughout the analytical day provides an indica-
tion of overall data quality. Therefore, corrective action is required if quality assurance
measures are outside of acceptable limits.  First, a careful re-examination of the calcula-
tions is performed to assure that there are no numerical errors. The project manager is
informed of the data issue, and they decide what, if any corrective action, including reruns,
is warranted. The Quality Assurance Officer oversees this process and has the final say in
what corrective action is to be performed.

10.2. If insufficient sample volume remains to repeat analysis for samples analyzed after
the last acceptable CCV, use best professional judgment to estimate values. Bracket those
samples from previous acceptable QC checks, and provide a narrative explanation on the
dataset coversheet. Estimated values must be flagged on the dataset and the report to the
client.

10.3. The above corrective actions apply only to events which have unknown causes. If
the analyst is aware of the cause, no corrective action is necessary other than reanalyzing
the sample.



11.0 EQUATIONS

11.1. Methyl Mercury in Water
11.1.1. Average all bubbler blanks (B) using the peak height/peak area values from the strip

chart.
11.1.2. The slope of the calibration curve (A) is calculated using the chart units per ng of

mercury.  A standard statistical package is used to determine the slope, using the five
initial calibration points.  The calibration points are first corrected by subtraction of
the mean of the bubbler blanks. The statistical program forces the regression line through
zero (0,0). Average the results for the preparation blanks (PB), from the chart values of
at least three preparation blanks.

11.1.3. To calculate methyl mercury in waters (ng/L), use the following equations.

11.1.3.1. MeHg/Aliquot (ng) = [(Peak Height or Peak Area)-B]/A

11.1.3.2. MeHg Gross (ng/L) = [(MeHg/Aliquot)/V
a
/D]*1000

11.1.3.3. MeHg Net (ng/L) = [(MeHg Gross)/0.906]-(PB)

Where:

•      B is the average bubbler blank peak height or peak area.

•      A is the slope of the calibration curve (in ng/units).

•      Va is the volume of sample analyzed (the aliquot size) in mL.

•    D takes into account any dilution of the sample and is expressed as a fraction (0.2 = 1/5
dilution).

•      PB is the average of the preparation blanks in ng/L.

Total Mercury in Solids

11.1.4. To calculate total mercury in a solid digestion or extraction (ng/g), use the following
equations:

11.1.4.1. THg/Aliquot (ng) = [(Peak Height Or Peak Area)-B]/A

11.1.4.2. THg Gross (ng/L) = [(THg/Aliquot)/Va/D]*1000

11.1.4.3. THg/Digest (ng) = [(THg Gross-PB)*Vd/1000]
11.1.4.4. THg Solid (ng/g) = (THg/Digest)/m



Where:

• B is the average bubbler blank peak height or peak area.

• A is the slope of the calibration curve (in ng/units).

• Va is the volume of sample analyzed (the aliquot size) in mL.

• Vd is the final digested volume of the digest.

• D takes into account any dilution of the sample and is expressed as a fraction (0.2 =
1/5 dilution).

• m is the mass of the sample which can be expressed as either a dry or wet weight.

•    PB is the average of the preparation blanks in ng/L.

11.1.5. To calculate total mercury in a solid distillation (ng/g), use the following equations:

11.1.5.1. THg/Aliquot (ng) = [(Peak Height Or Peak Area)-B]/A

11.1.5.2. THg Gross (ng/L) = [(THg/Aliquot)/Va/D]*1000

11.1.5.3. MeHg Net (ng/L) = [(MeHg Gross)/0.906]-(PB)

11.1.5.4. THg/Digest (ng) = [(THg Gross-PB)*Vd/1000]

11.1.5.5. THg Solid (ng/g) = (THg/Digest)/m

Where:

• B is the average bubbler blank peak height or peak area.

• A is the slope of the calibration curve (in ng/units).

• Va is the volume of sample analyzed (the aliquot size) in mL.

• Vd is the final digested volume of the digest.

• D takes into account any dilution of the sample and is expressed as a fraction (0.2 = 1/
5 dilution).

• m is the mass of the sample which can be expressed as either a dry or wet weight.

•           PB is the average of the preparation blanks in ng/L.
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1.0 SCOPE AND APPLICATION

1.1. This SOP is designed to ensure that reproducible, traceable procedures are followed in the
standardization of the total mercury analyzers and in the analysis of samples for total mer-
cury, as well as to establish the bounds wherein data will be considered acceptable.

1.2. This method provides for the determination of total mercury in a wide range of matrices
including aqueous, biologic, and geologic media. In general, using clean handling and
reagents, the typical detection limit for the method is less than 0.2 ng/L for aqueous samples
and 0.5 ng/L for digested solid samples or 0.5 ng/g as Hg.

1.3. This SOP consists of three aspects: (1) preparation of total mercury standard solutions, (2)
calibration sequence of the total mercury analyzers, and (3) analysis of samples for total
mercury.

2.0 SUMMARY OF METHOD

2.1. Preparation of Total Mercury Standards

2.1.1. Mercury (Hg) standard solutions are prepared using ultra-clean class A volumetric
glassware and gravimetrically calibrated pipettors. All waters and reagents are pre-
tested and must have very low Hg concentrations. All standard solutions, prepara-
tions, and calibrations must be logged in the Mercury Standard Logbook upon receipt
or creation and given a unique identification number. Any standard and its original
documents that are received should be labeled with the receipt date and the receiver s
initials, all documentation should be given to the QA Office. The QA Office is respon-
sible for maintaining standard records as well as updating the folders around the labo-
ratory where copies are kept.



2.2. THg analyzer calibration sequence

2.2.1. The calibration sequence for the determination of total mercury consists of a 5 point
curve (0.05 ng, 0.50 ng, 1.00 ng, 2.00 ng, and 4.00 ng), an instrument calibration
verification (ICV/OPR), an instrument calibration blank (ICB), and a quality control
sample (QCS). The calibration standard is made from NIST-3133; it determines the
range of sample concentrations that are valid. The instrument calibration verification
(ICV) is a second source standard that is made from APG-23703, it verifies the cali-
bration curve. The instrument calibration blank is used to show that the system is low
in total mercury. The quality control sample (QCS) is made from NIST-1641d; it proves
the recovery of a specific matrix.

2.3. THg Analysis

2.3.1. All total mercury runs receive a unique dataset identifier. This is composed of the
instrument type and number, the date and the calibration number for that day.  The
format is as follows: THG8-000224-1 where THG  refers to the total mercury instru-
ment, 8  refers to total mercury instrument number 8, 000224  refers to the date,
February 24, 2000, in YYMMDD format, and 1  refers to the first calibration of that
day.

2.3.2. Total mercury analyses are split into two categories: water and solids. For water
analysis, an aliquot of preserved sample is neutralized with hydroxylamine-hydro-
chloride (NH

2
OH-HCl) and added to a bubbler. The sample is then reduced with stan-

nous chloride (SnCl
2
). For the analysis of solids, an aliquot of digested sample is pipetted

directly into the bubbler and is reduced with SnCl
2
. For both water and solids, the

bubbler is sealed with Keck Clips and/or friction seal to ensure nominal sample leak-
age. Blanked gold traps are securely placed at the end of the soda-lime trap. The bub-
bler is purged with nitrogen (N

2
) for 20 minutes. All gas that flows into the bubbler

system should only leave the system by passing through the soda-lime trap and then
gold trap where the gaseous mercury amalgamates to the gold trap. Gold traps are then
removed from soda-lime traps and sequentially placed in the analytical train. Attach
individual traps to analytical train and burn to analyzer. As sample peaks come off on
strip chart recorder, label the recorded peaks with each sample s ID.

3.0 INTERFERENCES

3.1. Due to the high levels of acid and halogens (i.e. bromine) in digested solid samples, it is
recommended that aliquots of no more then 1.0 mL of the solid digestates be analyzed,
unless otherwise instructed by a Project Manager (PM) or Senior Analyst.

3.2. When running digested solid samples, bubbler water should be changed and purged after a
total of 10 mL of digestate has been added to the bubbler. This is done to avoid a build up
of acidity and halogens in the bubbler water that can result in low sample recoveries and a
drop in analyzer sensitivity that would be reflected in the analysis QC samples.



4.0 SAFETY

4.1. Personnel will don appropriate laboratory attire according to the Chemical Hygiene Plan.
This includes, but is not limited to, laboratory coat, safety goggles, and latex gloves under
clean gloves.

4.2. The toxicity or carcinogenicity of reagents used in this method has not been fully estab-
lished. Each chemical should be regarded as a potential health hazard and exposure to
these compounds should be as low as reasonably achievable. Chemists should refer to the
MSDS for each chemical they are working with.

4.3. All personnel handling environmental samples known to contain or to have been in contact
with human waste should be immunized against known disease-causative agents. Frontier
will reimburse the expense of Hepatitis A and B immunizations for any laboratory staff
member who desires this protection.

5.0 EQUIPMENT

5.1. Atomic fluorescence spectrophotometer (AFS): To achieve the low detection levels and
small, interference-free sample aliquots claimed by this method, a very sensitive (IDL <
1pg Hg) AFS detector is required. Such systems can be built in-lab or purchased from
Tekran Inc. (Toronto, Ontario).

5.2. Flow meter/needle valve: capable of controlling and measuring gas flow to the purge ves-
sel at 200-500 mL/min.

5.3. Teflon¤ fittings:  Connections between components and columns are made using 6.4 mm
OD Teflon¤ FEP  tubing, and Teflon¤ friction-fit or threaded tubing connectors. Connec-
tions between components requiring mobility are made with 3.2 mm OD Teflon¤ tubing
due to its greater flexibility.

5.4. Acid fume pre-trap (soda-lime trap): A 10 cm x 0.9 cm diameter Teflon¤ tube containing
2-3 g of reagent grade, non-indicating 8-14 mesh soda-lime (Ca(OH)2+NaOH) aggregates,
packed between portions of silanized glass wool. This trap is purged of Hg by placing it on
the output of a clean cold vapor generator, filled with ~3% HCl in water, and purging for
approximately 30 minutes with N2 at 40 mL/min.

5.5. Cold vapor generators (bubbler): A 150 mL, tall, flat-bottom borosilicate flask with stan-
dard taper 24/40 neck, fitted with a sparger having a coarse glass frit which extends to
within 0.2 cm of the flask bottom.

5.6. Gold-coated sand traps: Made from 10 cm lengths of 6.5 mm OD x 4 mm quartz tubing,
with a quartz wool plug 2.0 cm from one end. The tube is filled with 3.4 cm of gold-coated



quartz sand (60/80 mesh; see Reagents Section), and the end then plugged with quartz
wool. Gold coated sand traps are heated to 450-500 oC (the coil should have a barely
visible red glow when the room is darkened) with a coil consisting of 75 cm of 24 ga
nichrome wire at a potential of 10 VAC. Potential is applied and finely adjusted with an
auto-transformer.

5.7. Recorder: Any multi-range chart recorder or integrator with 0.1-5.000 mV input and vari-
able speeds is acceptable.

5.8. Micro-pipettors: All-plastic pneumatic fixed volume and variable pipettors in the range of
10 µL to 5.0 mL.

5.9. Analytical Balance: Capable of accurately weighing to the nearest 0.1 milligram, and able
to tare at least 100 grams.

6.0 REAGENTS

6.1. Reagent Water: Reagent water (18-MΩ minimum) must be ultra-pure deionized water start-
ing from a pre-purified source. Reagent water used in the mercury lab is checked weekly
for total mercury concentrations. The total mercury concentration must be < 0.20 ng/L.

6.2. Hydrochloric Acid (HCl): Hydrochloric acid must be trace-metal purified and reagent grade.
Total mercury concentration in HCl must be < 5.00 ng/L.

6.3. Potassium Bromide (KBr), neat: This reagent should be pre-analyzed and have tested low
for Hg.

6.4. Potassium Bromate (KBrO
3
), neat: This reagent should be pre-analyzed and have tested

low for Hg.

6.5. 0.2N Bromine Monochloride: (BrCl): In a fume hood, dissolve 37.5 g of reagent grade
KBr to 2.5 liters of HCl that has been determined to be low in mercury. Invert occasionally
and let sit over night. After the KBr has nearly dissolved, slowly add 27.5 g reagent grade
KBrO

3
 to the acid while stirring. When all the KBrO

3
 has been added, the solution should

change from yellow to red to orange in color. Loosely cap and allow solution to stir for
another hour. WARNING, This process generates copious quantities of free halogens that
are released from the bottle upon the addition of KBrO

3
. Add KBrO3 slowly in the fume

hood!

6.6. Hydroxylamine Hydrochloride: (NH
2
OH-HCl): Dissolve 300 g of NH

2
OH-HCl in reagent

water and bring to 1.0 liter. This solution may be purified by the addition of 1.0 mL SnCl
2

solution and purging overnight at 500 mL/min with Hg free N
2
. The solution that is used to

neutralize total mercury samples is a 25% solution that is made by adding one part reagent
water to one part hydroxylamine hydrochloride in a 125-mL bottle.



6.7. Stannous Chloride (SnCl
2
): Dissolve 500g SnCl

2
 with three 100-mL aliquots of concen-

trated HCl and transfer to a 1.0 liter glass bottle which contains approximately 300 mL of
reagent water. Bring this solution up to 1 liter and purge overnight with mercury free N

2
 at

500 mL/min. to remove all traces of mercury. Store tightly capped. The solution that is
used to reduce total mercury samples is a 25% solution that is made by adding one part
reagent water to one part stannous chloride in a 125-mL bottle.

6.8. Nitrogen  (N
2
): Grade 4.5 (standard laboratory grade) nitrogen that can be further purified

of mercury using a gold or iodated carbon trap that is located in line between the gas output
and bubbler.

6.9. Argon (Ar): No less than Grade 4.7 (high purity grade) argon that has been further purified
by the removal of mercury using a gold or iodated carbon trap that is located in line be-
tween the gas output and the analyzer gas input.

7.0 PROCEDURES

7.1. Documentation of Standards and Reagents

7.1.1. All freshly prepared standards, as well as purchased standards, are logged into the
Mercury Standards logbook and are given a unique identification number.  The ID is
composed of the number of the logbook, followed by the page number where the
standard was logged in, followed by the line number given to that standard. For ex-
ample, AQ2-1-13 would indicate a standard documented in the Aquatics Standard
Logbook-Volume 2, on page 1, and line 13. The date received or the date created as
well as the analyst s initials should be noted on the standard bottle and on the certifica-
tion information shipped with the standard.

7.1.2. The standard is entered into the first available line in the logbook and the following
information is recorded:

7.1.2.1. Number - the standard is given a number one higher than the previous line
number.

7.1.2.2. Stock concentration — for liquid standards; record the stock concentration
and unique ID used to create working/spiking standards. For solid reagents, write
the name of the compound used to create working standards. The final working/
spiking standard is to be tested in triplicate on two separate days to determine
that it is low in mercury.

7.1.2.3. Initial volume — record the amount of the original standard used to create
working/spiking standards.

7.1.2.4. Final volume — record the final working/spiking standard volume.

7.1.2.5. Dilutent - record the volume and type of dilutent used to bring initial volume
up to final volume.



7.1.2.6. Dataset ID — after a standard has been tested, record all dataset IDs that
contain the standard test results.

7.1.3. All reagents used for total mercury determination are recorded in the Reagent Test-
ing Logbook. The name of the reagent, the date made, and the initials of the person
who made the solution are recorded.  Next, the solution is given to an analyst to test, to
assure that the reagent is low in mercury content. When the solution tests low, the
analyst enters into the logbook that the solution tested low and records the correspond-
ing dataset ID. The actual reagent bottle gets labeled with the reagent name, the initials
of the person who prepared the solution, the date made, and if the solution tested low.
If a reagent does not test sufficiently low, it is re-tested once. If it is still testing high, it
is marked not for laboratory use , and a note is made in the Reagent Testing Log-
book. The reagent is then appropriately disposed of and a new batch is made.

7.2. Preparation of Total Mercury Standard Solutions

7.2.1. Mercury standard solutions are prepared using ultra-clean class-A volumetric glass-
ware and gravimetrically calibrated pipettors. All waters and reagents are pre-tested
and must have very low Hg concentrations.  Solution preparations and calibrations
must be recorded in the Laboratory Standard Solution Preparation Logbook.

7.2.2. Total Mercury Stock Standard Solution: Total mercury stock standard is prepared by
serial dilution of NIST-3133 certified Hg stock solution (10,000 mg/L).  Total mercury
laboratory stock standard containing 10,000 ng/mL is prepared by dilution of 0.100
mL of NIST-3133 in 100 mL of reagent water containing 2% BrCl. Total mercury
stock standard solution is tested daily against 2nd source standard solution and a SRM
and is considered stable for 3 years.

7.2.3. Total Mercury Working Standard Solution: Total mercury working standard (used
for the 5-point calibration curve) containing 10.00 ng/mL is prepared by dilution of
1.00 mL of total mercury stock standard (10,000 ng/mL concentration) in 1000 mL of
reagent water containing 2% BrCl. Total mercury working standard should be remade
quarterly.

7.2.4. Total Mercury Spiking Standard Solutions: Total mercury spiking standards are used
to spike samples with high mercury concentrations without adding an appreciable vol-
ume to the sample. All total mercury spiking standards are prepared by serial dilution
of NIST-3133 certified Hg stock solution (10,000 mg/L). Total mercury spiking stan-
dard solution is tested daily against 2nd source standard solution and a SRM and is
considered stable for 3 years.

7.2.4.1. Total mercury spiking standard containing 100,000 ng/mL is prepared by
dilution of 1.00 mL of NIST-3133 in 100 mL of reagent water containing 2%
BrCl.



7.2.4.2. Total mercury stock standard solution containing 10,000 ng/mL is used in
place of a separate total mercury spiking standard.

7.2.4.3. Total mercury spiking standard containing 1,000 ng/mL is prepared by dilu-
tion of 25 µL of NIST-3133 in 250 mL of reagent water containing 2% BrCl.

7.2.5. Secondary Source Total Mercury Stock Standard Solution: Secondary source total
mercury stock standard is prepared by serial dilution of APG-23703 certified Hg stock
solution (1,000 mg/L). Secondary source total mercury stock standard containing 100.0
ng/mL is prepared by dilution of 10.0 µL of APG-23703 in 100 mL of reagent water
containing 2% BrCl and should be stored in a 125-mL glass bottle.

7.2.6. Secondary Source Total Mercury Working Standard Solution: Secondary source to-
tal mercury working standard containing 5.0 ng/L is prepared by dilution of 50.0 µL of
secondary source total mercury stock standard in 2.0 L of reagent water containing
0.5% BrCl.  This solution is labeled OPR  and is used for curve validation (ICV) and
tracking purposes (OPR).

7.2.7. Quality Control Sample (NIST 1641d): Quality control sample (QCS) containing
1.590 mg/L is prepared by adding of 5.00 g of NIST 1641d into a 1000-mL volumetric
flask. Dilute to 1000-mL line, and then add 20 mL of concentrated BrCl giving a final
volume of 1020 mL. Preparing the solution in this manner makes a 1/200 dilution of
the standard.

7.3. Instrument Start-up

7.3.1. Begin blanking your sample gold traps. To do this you attach one trap at a time to
the analytical train and burn to instrument. Continue to burn traps while doing the
steps 7.3.2 and 7.3.3.

7.3.2. Rinse out each bubbler and bubbler top three times with reagent water and fill with
about 100 mL reagent water. Using a pre-purged repipettor, add 5 mL HCl. Add 600
µL of SnCl

2
 and purge with nitrogen (N

2
) gas.

7.3.3. Prepare one soda-lime trap for each bubbler. To prepare soda-lime traps, hold soda-
lime between two glass wool plugs in a Teflon¤ tube. Cap the tubes with through
plugs and attach to bubbler. Once the soda-lime traps have been attached, the bubbler
system must purge for a minimum of 20 minutes before beginning analyzer calibra-
tion sequence.

7.3.4. Analyst should label strip chart/integrator print-out with the corresponding dataset
ID, as well as print and sign their name.  For strip chart print outs, analyst should label
the baseline ratios accordingly (usually X=1 and X=20) and label with the analysis
day start time and strip chart drum speed (usually 1 mm/min).



7.4. Analyzer Calibration Sequence

7.4.1. The sequence starts with a 5-point (0.05 ng, 0.50 ng, 1.00 ng, 2.00 ng, 4.00 ng)
standard calibration curve using the total mercury working standard solution. This 5-
point curve defines the acceptable concentration of the samples being analyzed.

7.4.2. Immediately following the standard calibration curve, an initial calibration verifica-
tion (ICV/OPR) and an initial calibration blank (ICB) are performed. Then a quality
control sample (QCS) is analyzed. For most projects, at least three preparation blanks
are run following the QCS.

7.5. To calibrate the instrument, follow the protocols below.

7.5.1. Using the 10.0 ng/mL Hg working standard solution, add 50 µL, 100 µL, 200 µL
and 400 µL to the bubblers sequentially from left to right. Add 300 µL SnCl

2
 to bub-

blers and seal bubbler tops using friction seal and/or Keck Clips to insure nominal
sample leakage.

7.5.2. Blanked gold traps are securely placed at the end of the soda-lime trap and bubblers
are purged with N

2
 for a minimum of 20 minutes.

7.5.3. Attach gold trap to analytical train and burn in sequential order.

7.5.4. Add 5 µL of 10.0 ng/mL Hg working standard, 100 mL of OPR solution (ICV/OPR)
that has been pre-reduced with 200 µL NH

2
OH-HCl. The third bubbler is the initial

calibration blank and nothing should be added to this bubbler (to ensure that you do
not add anything to this bubbler, it is helpful to keep the bubbler top sealed with fric-
tion seal and/or Keck Clip). To the fourth and final bubbler add 200 µL NIST-1641d.

7.5.5. Add 300 µL SnCl
2
 to all bubblers except the third and seal bubbler tops using fric-

tion seal and/or Keck Clips.

7.5.6. Blanked gold traps are securely place at the end of the soda-lime traps and bubblers
are purged with N

2
 for a minimum of 20 minutes.

7.5.7. Attach gold trap to analytical train and burn in sequential order.

7.5.8. This completes the instrument calibration for Total Mercury analysis.

7.6. Pre-analysis and Organization

7.6.1. When analyzing water or solid samples, it is imperative to check the project sheets.
Within these sheets the analyst will find a summary of all the information to run the
samples properly. These sheets can list the QC format required for the samples, sug-
gested aliquot size, project manager information, as well as listing information about
spiking levels.



7.6.2. Analyst should then locate samples and their chain of custody (COC), any internal
COC when applicable, as well as for solids any digestion bench sheets.

7.6.3. Analyst should compare the project sheet to the COC and see that all samples are
accounted for, and notify Project Manager of any discrepancies in analysis required,
sample identification, etc.

7.6.4. Analyst should then organize their samples in the order listed on the COC or the
digestion bench sheet, or in numerical order, depending on the preference of the PM.
The first samples analyzed should be the preparation blanks then the digested SRM if
running solid samples, followed by actual samples.  Field blanks should be analyzed
before their associated samples.  If there are total and dissolved samples with the same
sample ID, run these side by side to ease in checking that total concentration is greater
than dissolved concentration.

7.6.5. Be aware that all samples specified as being High QA should be analyzed prior to
any Standard QA projects that are being analyzed on the same instrument on the same
day.

7.7. Analyzing Aqueous Samples

7.7.1. All aqueous samples should be preserved according to Frontier SOP FGS-012 at
least 24 hours prior to analysis.

7.7.2. While bubbling and burning the standard curve, the analyst should prepare three 1%
BrCl water preparation blanks (PBW). Rinse and fill three 7-mL Teflon¤ vials with ~3
mL reagent water. Add 200 µL hydroxylamine hydrochloride (NH

2
OH-HCl) and 1 mL

BrCl to each vial.  PBWs should be performed at the beginning of the analysis day.
Use entire contents of vial at time of analysis and assume a final sample volume of 100
mL for calculations.

7.7.3. All known field, equipment, and trip blanks must be analyzed before any other sample
types, usually after the PBWs. 100-mL sample aliquots should be analyzed providing
there is adequate sample volume collected.

7.7.4. For all waters except blanks, select appropriate aliquot volume (refer to project sheets
or historical data).

7.7.4.1. For sample aliquots of 5 µL to 10.0 mL, use calibrated pipettes to dispense
the aliquots directly into bubbler. Due to minimal amounts of BrCl in aliquots of
10 mL or less, NH

2
OH-HCl is not added.

7.7.4.2. For sample aliquots of 10.0-100.0 mL, gravimetrically weigh out the se-
lected volume (± 0.2 g) into a clean 125-mL Teflon split bottle. Once volume is
weighed out, neutralize BrCl with 200 µL NH

2
OH-HCl no more than 5 minutes

prior to adding the sample to bubblers. Sample should turn from a yellowish
color to a clear.



7.7.5. The procedure for analysis is similar to that of the calibration process.

7.7.5.1. Selected and neutralized aliquots are poured/pipetted into bubbler (one sample
per bubbler). 300 µL SnCl

2
 is added to each bubbler. Bubblers are sealed with

Keck Clips and/or friction seals to insure nominal sample leakage. Blanked gold
traps are securely placed at the end of the soda-lime trap. Purge bubblers with N

2

for a minimum of 20 minutes. After 20 minutes, remove gold traps and sequen-
tially place gold traps in analytical train. Burn individual traps to analyzer and
make notation on recorded peaks as to sample s ID.

7.7.5.2.  Sample IDs, BrCl percentages, aliquot volume, peak height/peak area, and
dilution factor (if applicable) associated with each sample and analysis sequences
should be entered into the Total Mercury spreadsheet template.

7.7.5.3. While bubbling and burning one set of sample traps, the analyst should be-
gin preparing the next round of water samples in the same fashion to maximize
efficiency.

7.7.6. Quality Control procedures for aqueous samples

7.7.6.1. An analytical batch is defined as 20 or fewer field samples, not including
PBWs, OPR, ICB, CCV, CCB and MD/MS/MSD. An analytical day is defined
as 12 hours or less.

7.7.6.2. An OPR (100 mL of a 5.0 ng/L second source) must be performed at the
beginning and end of each analytical batch.

7.7.6.3. One QCS (200 µL of 1/200 diluted NIST 1641d) must be analyzed for every
20 samples.

7.7.6.4. One CCV/CCB must be performed every 10 analytical runs (a run being one
bubbler).

7.7.6.5. One Matrix Spike/Matrix Spike Duplicate (MS/MSD) must be performed
every 10 samples. Therefore, two MS/MSDs per analytical batch. MS/MSDs are
spiked at 1-5 times the ambient concentration or 1-5 times the minimum level,
whichever is greater. Sample aliquots for MS/MSDs should be the same as the
ambient sample aliquot. Spikes are added to the split aliquots for volumes of 10
mL or greater. For less than 10 mL aliquots, spikes are added directly to the
bubbler. NEVER ADD SPIKE DIRECTLY TO ORIGINAL SAMPLE UN-
LESS DIRECTED OTHERWISE.

7.7.6.6. Upon request, a Matrix Duplicate (MD) or Matrix Triplicate (MT) sample
may be request by the PM, but is not required by EPA Method 1631 Rev. B. MD/
MT should be performed using the same sample aliquots as the ambient sample.



7.7.6.7.  At the end of the analytical day and OPR/CCB/CCV combination must be
performed.

7.8. Analysis of Digested Solids

7.8.1. With this method it is possible to determine the concentration of total mercury in
solid samples with proper digestion. For tissues, refer to Frontier SOP FGS-011 for
the 70:30  digestion and SOP FGS-058 for the concentrated nitric acid digestion. For
soils/sediments refer to Frontier SOP FGS-011 for the 70:30  digestion, SOP  FGS-
066 for the cold Aqua Regia digestion, and SOP FGS-053 for the HF/HNO

3
 micro-

wave bomb digestion.

7.8.2. Due to high levels of acid and halogens in digested solids, it is suggested that the
maximum aliquot volume be no greater than 1 mL, unless directed by PM or Senior
Analyst to do so.  Also when running digested solid samples, bubbler water should be
changed and purged after a total of 10 mL of sample has been added to the bubbler
(approximately after every second CCV/CCB cycle).  This is done to avoid a build up
of acidity and halogens in the bubbler water that can result in low sample recoveries
and a drop in analyzer sensitivity that would be reflected in the analysis QC.

7.8.3. After the analyzer calibration sequence, preparation blanks and the digested SRM
should be run. The analyst should run 5 mL of each preparation blank and calculate the
aliquot volume for the digested SRM that should be added to the bubbler to ensure that
the sample concentration stays within the calibration curve.

7.8.4. Analysts should begin analyzing samples by the order of the digestion sheet, with
the exception of the sample that has separate QC digested for MD/MS/MSD. This
sample should be run first to determine its concentration and the spiking level for the
MS/MSD (1-5 times the sample concentration).

7.8.5. The procedure for analysis is similar to that of the calibration process.

7.8.6. Selected digest samples are pipetted into bubbler (1 sample per bubbler). Add 300
µL SnCl

2
 to each bubbler. Bubbler tops are sealed with friction seal and/or Keck Clips

to insure nominal sample leakage. Blanked gold traps are securely placed at the end of
the soda-lime trap. Purge bubblers with N

2
 for a minimum of 20 minutes, remove gold

traps and sequentially place sample traps in analytical train. Burn individual traps to
analyzer and make notation on recorded peaks as to sample s ID.

7.8.7. Sample IDs, BrCl percentages, aliquot volume, digest volume, digested solid weight,
peak height/peak area, and dilution factor if applicable associated with each sample
and analysis sequences should be entered into the Total Mercury spreadsheet tem-
plate.

7.8.8. While purging one set of samples, the analyst should begin preparing the next round
of digested solid samples in the same fashion to maximize efficiency.



7.8.9. Quality Control procedures for digested solid samples

7.8.9.1. A minimum of 3 preparation blanks and one SRM that is matrix specific
must be digested and analyzed.

7.8.9.2. One CCV/CCB must be performed every 10 analytical runs (a run being one
bubbler).

7.8.9.3. One MS/MSD per 20 samples should be digested separately. Total mercury
spiking standard solutions should be used to spike the MS/MSD at 1-5 times the
sample concentration. Spike directly into the separate MS/MSD digests.

7.8.9.4. Upon request, a matrix duplicate or matrix triplicate (MD, MT) may be per-
formed.  Separate digests should be made and the same aliquot size as the origi-
nal sample should be used.

7.8.9.5. At the end of the analytical day, analyst must close with a CCV/CCB.

7.9. Analysis of Tissue Samples for Hg(II)

7.9.1. With this method it is possible to determine the inorganic mercury species in tissues
that have been digested with KOH/Methanol (Frontier SOPFGS-010). Inorganic ionic
mercury, as defined by this method, means all species found in the tissue matrix which
are directly reducible by SnCl

2
 in water. This includes, but is not limited to, Hg(II)

salts, weakly organo-complexed Hg(II) compounds, and probably the analogous soluble
Hg(I) compounds, although this has not been confirmed.

7.9.2. Calibration is performed as above in section 7.5. To prepare the samples for analy-
sis, use the following steps:

7.9.2.1. Pipette up to 1 mL of sample into the freshly blanked bubbler water. As the
KOH/Methanol digest is somewhat sticky, do not condition the pipette tips be-
fore injecting the samples. Instead, draw up the solution only once, making sure
the tip penetrates the solution a minimal amount (1-2 mm). When injecting the
sample into the bubbler, place the pipette tip below the surface of the bubbler
water and inject slowly. To assure that the entire sample is transferred, rinse the
tip at least 2X with bubbler solution.

7.9.2.2. Repeat the last step for all bubblers and add 300 µL of SnCl
2
.

7.9.2.3. Tighten all bubbler heads and attach gold blanked gold traps.

7.9.2.4. Attach nitrogen lines and allow to bubble for 20 minutes.

7.9.2.5. Remove traps and burn to instrument.



7.9.2.6. Rinse out bubblers and add 60-75 mL of reagent water. Add ~3 mL of HCl
and 300 µL of SnCl

2
. This step is very important, as there are matrix issues with

tissue digests. Allowing this matrix to accumulate in the bubblers will cause inter-
ferences.

7.9.2.7. Purge the fresh bubbler water for at least 10 minutes.

7.9.2.8. The bubblers are now ready to receive the next round set of samples.

8.0 QUALITY ASSURANCE

8.1. Analysts are to verify QC sample results in real-time  as they come of f the instrument.
This allows for correction of any analytical problems immediately.

8.2. The acceptable recoveries must be met in order to consider a data set valid. Of particular
importance to the client is Frontier s position that a single non-compliant result on a QC
sample does not automatically invalidate a data set. All data points noted on the analysis
day s spreadsheet as invalid for know reasons may be discarded if rerun during the same
analysis day. In the event that the system becomes out of control during the analysis day, all
results sandwiched between valid QC data points shall still be considered valid.

Quality Control Limits for Determination of Total Hg *

QC Item Acceptance Criteria

ICV 79-121% recovery

ICB and CCBs Mean  < 0.25 ng/L with SD < 0.1 ng/L
Individual limit of < 0.50 ng/L
3 per analytical batch of ≤ 20 samples

QCS (SRM or LCS) 75-125% recovery

Calibration curve correlation coefficient r ≥ 0.995, forced through 0
(minimum 5 points)

OPR 77-123% recovery

CCVs 80-120% recovery

PBWs Mean ≤ 0.25 ng/L with SD ≤ 0.1ng/L.
Individual limit of < 0.50 ng/L
3 per analytical batch of ≤ 20 samples

PBSs Mean ≤ 1 ng/g (or <0.1x lowest sample)
3 per analytical batch of <20 samples

PBTs Mean ≤ 1ng/g (or ≤ 0.1 x lowest sample)
3 per analytical batch of ≤ 20 samples

MS/MSD 75-125% recovery with RPD ≤ 24

MD ≤ 24 RPD

*Client QC requirements may be more stringent. Please refer to project sheets prior to analysis.



9.0 CORRECTIVE ACTION

9.1. The Quality Control data gathered throughout the analytical day provides an indication
of overall data quality. Therefore, corrective action is required if quality assurance
measures are outside of acceptable limits. First, a careful re-examination of the calcula-
tions is performed to assure that there are no numerical errors. The Project Manager is
informed of any data issue, and they decide what, if any, corrective action, including
reruns, is warranted. The Quality Assurance Officer oversees this process and has the
final say in what corrective action is to be performed.

9.2. If insufficient sample volume remains to repeat analysis for samples analyzed after the last
acceptable CCV, use best professional judgment to estimate values. Bracket those samples
from previous acceptable QC checks, and provide a narrative explanation on the dataset
coversheet.

9.3. The above corrective actions apply only to events which have unknown causes. If the
analyst is aware of the cause, no corrective action is necessary other that reanalyzing the
sample.

10.0 EQUATIONS
10.1. Total Mercury in Water

10.1.1. Average all bubbler blanks (B) using the peak height/peak area values from the strip
chart/integrator.

10.1.2. The slope of the calibration curve (A) is calculated using the chart units per ng of
mercury.  A standard statistical package is used to determine the slope, using the five
initial calibration points.  The calibration points are first corrected by subtraction of
the mean bubbler blank. The statistical program forces the regression line through
zero (0,0). Average the results for the preparation blanks (PB), from the chart values of
at least three preparation blanks.

10.1.3. To calculate total mercury in waters (ng/L), use the following equations:

10.1.3.1. THg/Aliquot (ng) = [(Peak Height or Peak Area)-B]/A

10.1.3.2. THg Gross (ng/L) = [(THg/Aliquot)/V
a
/D]*1000

10.1.3.3. THg Net (ng/L) = [(THg Gross)/F]-(PB*X)

Where:
• B is the average bubbler blank peak height or peak area

• A is the slope of the calibration curve (in ng/units)

• V
a
 is the volume of sample analyzed (the aliquot size) in mL



• D takes into account any dilution of the sample and is expressed as a fraction (0.2 =
1/5 dilution)

• F equals: 1-[BrCl%/(1+BrCl%)]; F is expressed as a fraction which accounts for the
dilution of a sample from the addition of BrCl. Taking a 100 mL aliquot of a sample
preserved at 5% BrCl would result in F = 0.9524. This corresponds to the percent-
age of 100 mL volume which actual sample

• PB is the average of the preparation blanks in ng/L

• X is an integer related to the preservation level of the samples (i.e., X=2 for a sample
which is preserved at 2% BrCl), thus accounting for the extra contribution of mer-
cury in the BrCl

10.2. Total Mercury in Solids

10.2.1. To calculate total mercury in a solid (ng/g), use the following equations:

10.2.1.1. THg/Aliquot (ng) = [(Peak Height Or Peak Area)-B]/A

10.2.1.2. THg Gross (ng/L) = [(THg/Aliquot)/V
a
/D]*1000

10.2.1.3. THg/Digest (ng) = [(THg Gross-PB)*V
d
/1000]

10.2.1.4. THg Solid (ng/g) = (THg/Digest)/m

Where:
• B is the average bubbler blank peak height or peak area

• A is the slope of the calibration curve (in ng/units)

• Va is the volume of sample analyzed (the aliquot size) in mL

• Vd is the final digested volume of the digest

• D takes into account any dilution of the sample and is expressed as a fraction (0.2 =
1/5 dilution)

• m is the mass of the sample that can be expressed as either a dry or wet weight.

• PB is the average of the preparation blanks in ng/L
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1.0 SCOPE AND APPLICATION

1.1. This method is for the digestion of geological (sediments, soils) and carbon (coal) samples to be analyzed for

total mercury. If other metals besides Hg are to be analyzed also, then the preferred digestion is the HF/HNO
3

microwave bomb digestion method (Frontier SOP FGS-053). This digestion has been found to give quantita-

tive recovery for mercury on all tested CRMs, even though it is a strong acid leach rather than a complete

matrix decomposition method. Aqua Regia is particularly capable of solubilizing cinnabar (HgS), making

this technique more effective than the HNO
3
/H

2
SO

4
 digestion that has been previously employed. In addi-

tion, when only Hg is to be determined in a sample, this digestion is superior to the HF/HNO
3
 microwave

bomb digestion yielding lower blanks, greater safety, and greater ease of application.

1.2. Aqua Regia is also an excellent solvent for noble metals (Au, Pt, Pd, etc.), arsenic, and for the solubilization

of iron ore (taconite), and so may be applied to digestions for these metals as well. However, the user must be

aware that the high chloride matrix presents special problems for common analytical techniques such as ICP-

MS and GFAAS. Arsenic and selenium may be effectively determined in Aqua Regia digests by methods

employing hydride generation as a matrix removal step.

1.3. This digestion is not intended for the recovery of crustal silicate minerals (i.e., Fe, Al, Si, Cr), which require

the addition of HF. If these elements are to be analyzed, then FGS-053 should be utilized.

1.4. As of January 1, 1999, this method supercedes the previous (HNO
3
/H

2
SO

4
) digestion method for geological

materials at Frontier.

1.5. This digestion procedure is functionally equivalent to EPA standard method 7471, and it should be stated in

case narratives where the method is used.



2.0 SUMMARY OF METHOD

2.1. Prior to digestion, samples should be homogenized as thoroughly as possible. When used on fine-grain or

powdered samples, recovery by this digestion is complete, but if used on coarse materials such as sand, Hg

contained within the mineral grains will not be completely recovered. Iodated carbon trap materials do not

need to be pulverized, as the entrained Hg is adsorbed to the surface of the particles.

2.2. This method involves leaching the sample overnight with Aqua Regia (4:1 HCl/HNO
3
) at room temperature.

Recovery of mercury in a wide range of geological materials was found to be 90-110%.

2.3. Aqua Regia is not simply a mixture of the two acids. Rather, the oxidizing action of concentrated HNO
3
 on

HCl results in the formation of nitrosyl chloride (NOCl) and free Cl
2
, which are particularly strong oxidizers

for noble metals and metal-sulfide minerals. Aqua Regia only exists as a concentrated acid species dilution

of Aqua Regia with water destroys its unique oxidizing capability, rendering it a simple mixture of HNO
3
 and

HCl. Furthermore, Aqua Regia loses its strength rapidly after preparation because of the loss of Cl
2
 to the

atmosphere. Aqua Regia must therefore always be prepared fresh at the time of use.

2.4. This procedure must be performed in a fume hood due to the copious quantities of noxious fumes, includ-

ing, but not limited to, Cl
2
, which are generated during this process!!

3.0 INTERFERENCES

3.1. All free halogens in a sample must be reduced prior to purging onto gold traps, or the traps will be destroyed.

For small aliquots of digest, this is accomplished by adding SnCl
2
 to the bubbler. However, if larger aliquots

(> 5 mL) were to be analyzed, pre-reduction with NH
2
OH would be required.

3.2. The diluted Aqua Regia matrix poses no known interferences for cold vapor mercury or hydride generation

methods, but the high chloride content is an interferant with methods such as ICP-MS and GFAAS. If these

methods are used with this digestion, then sufficient dilution (i.e., an additional 10-100x, depending upon the

elements being measured) must be undertaken prior to analysis. The high chloride matrix is particularly

problematic for As, Se, and Cr by ICP-MS.

3.3. Low recoveries will result for carbon materials such as coal and iodated carbon traps unless the final solution

contains > 40% acid, it remains oxidizing, and all carbon particles are settled out of the aliquot to be ana-

lyzed. Low recoveries result from re-adsorption of metals to the carbon particles, which can occur in the

digest, after dilution, or in the SnCl
2
 bubbler if transferred with the sample aliquot. Following this SOP

accurately will avoid this source of error.

3.4. Aqua Regia is a leaching method and as such does not dissolve silicate minerals. Thus, crustal elements such

as Fe, Al, Cr, Ba, and Si will not be quantitatively recovered in most media using this procedure.



4.0 SAFETY

4.1. Personnel will don appropriate laboratory attire according to the Chemical Hygiene Plan. This includes, but

is not limited to, laboratory coat, safety goggles, and latex gloves under clean gloves.

4.2. The toxicity or carcinogenicity of reagents used in this method has not been fully established. Each chemical

should be regarded as a potential health hazard and exposure to these compounds should be as low as reason-

ably achievable. Chemists should refer to the MSDS for each chemical they are working with.

4.3. All personnel handling environmental samples known to contain or to have been in contact with human

waste should be immunized against known disease-causative agents. Frontier will reimburse the expense of

Hepatitis A and B immunizations for any laboratory staff member who desires this protection.

5.0 MATERIALS

5.1. Digestion Vials. In most cases this digestion is performed in tested-cleaned (i.e., I-Chem series 300“ or

equivalent) 40.0mL borosilicate glass vials with Teflon¤ lined silicone septa caps. The correct vials will be

found to contain 40 ± 0.5 mL when filled such that the liquid meniscus is just to the bottom of the vial neck.

However, because other similar vials are on the market which hold only 36.5mL, the analyst should verify if

in doubt by weighing water filled to the vial neck. In the case that larger sample aliquots (as for inhomoge-

neous samples) or highly organic rich, foamy samples (some coals, for example) are to be processed, then

125-mL borosilicate glass bottles of the same specification are used.

5.2. Pipettors. Hydrochloric and nitric acids are conveniently dispensed separately from all glass or glass and

Teflon¤ bottle-top repetitive pipettors (0-10 mL  size Re-Pipette“ or equivalent).

6.0 REAGENTS

6.1 Reagent Water. 18-MΩ ultra pure deionized water starting from a pre-purified (distilled, R.O., etc.) source.

To remove any remaining trace metals and organics an activated carbon cartridge is placed between the final

ion exchange bed and the 0.2-µM filter. This water must be routinely monitored and found to be sufficiently

low for the analytes of interest.

6.2 Nitric Acid (HNO
3
). Concentrated (16.0N) HNO

3
, known to be low in Hg and/or other trace metals of inter-

est.

6.3 Hydrochloric Acid (HCl). Concentrated (12.2N) HCl, known to be low in Hg and/or other trace metals of

interest.

6.4 0.2N Bromine Monochloride: 37.5 g of KBr are added to a 2.5-L bottle of concentrated HCl analyzed and

found to be low in Hg (< 5 ng/L). A clean magnetic stir bar is placed in the bottle, and stirred for 1 hour (or



longer if time permits), in a fume hood. Next, 27.5 g of pre-analyzed, low-Hg KBrO3 are slowly added to the

acid while stirring. Although this recipe does not adhere to the proper stoichiometric ratio for preparing BrCl,

it results in a strong orange color. This dark orange is easier to see in an oxidized sample, thus preventing

cloudier samples from being oxidized twice. When all of the KBrO3 has been added, the solution should have

gone from yellow to red to orange.  Loosely cap the bottle, and allow stirring another hour before tightening

the lid. CAUTION: This process generates copious quantities of free halogens (Cl2, Br2, BrCl) which are

released from the bottle. Add the KBrO3 SLOWLY and in a well operating fume hood!

6.5 0.07 N (35%) Bromine Monochloride. Dilute 330 mL of the 0.2N BrCl solution to 1.0 L with DI water in a

1000 mL Teflon¤ bottle.

7.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

7.1 Sediment, soil, and other geological samples should be collected into acid-cleaned Teflon¤ , plastic (polyeth-

ylene or polypropylene), or glass containers using standard clean techniques.

7.2 Samples should to be frozen at < −10 °C (ordinary freezer at lowest setting) if they will not be digested within

28 days. Maximum holding time is 1 year at < −10 °C.

7.3 Ideally, samples should be screened to < 2 mm size fraction, or pulverized to a fine grain size prior to

digestion. If samples do not contain elemental mercury (liquid Hgo) and are only to be digested for total

metals, they may be oven dried at 105 oC prior to grinding and digestion. Samples should not contain liquid

mercury or cinnabar, as they are high in mercury and Frontier Geosciences will not handle them.

Suspect samples should be reported to the PM immediately.

7.4 Samples containing liquid elemental Hg or which are to also be studied for trace metal speciation should be

digested fresh, and corrected for dry fraction determined on a separate sample aliquot.

7.5 All homogenization and other handling of low-level samples (< 100 ng/g) is to be performed by clean-room

gloved personnel, in an area known to be low in atmospheric Hg.

8.0 PROCEDURES

8.1 Obtain samples from the designated refrigerator or freezer. All samples must be completely thawed before

homogenizing and weighing out. All tools used for homogenization and weighing must be cleaned thor-

oughly between samples with two 10% HCl acid baths.

8.2 Weigh 0.5-1.0 g of the homogenized sample to ± 1 mg. Place the sample directly into a 40-mL digestion vial.

After the samples have been weighed out, spike the designated samples to the appropriate level. The most

common spiking amount for coal is 100 µL @ 100 ng/mL of total mercury standard. After spiking, add 8 mL

of concentrated HCl and swirl the sample to wet all particles. Next, add 2.0 mL of concentrated HNO
3
, swirl,

and LOOSELY cap the vials.



8.3 Allow the loosely capped samples to digest in the fume hood at a room temperature of 18-25 °C for at least

4 hours, or preferably over night. Tightening the caps or heating the samples will cause the vials to

explode!! At temperatures cooler than 18 °C the reaction is less vigorous so there may be a longer digestion

time. At temperatures higher than 25 °C, the reaction can generate much free chlorine, causing some samples

to foam over.

8.4 After digestion is complete, dilute soil or sediment digestions to 40 mL ± 0.5 mL with reagent water so that

the meniscus is just at the bottom of the neck of the vial. Shake vigorously and allow settling until the

supernatant is clear prior to analysis.

8.5 For coal and other carbon materials, dilute the samples with 0.07 N BrCl solution (30%). This ensures that of

Hg will not re-adsorb to the carbon particles, producing low recoveries. Be sure that of all finely grained

particles are completely settled prior to analysis. This settling can be hastened by centrifuging for 20 minutes

at 3000 RPM or by pre-filtering the sample through 0.45-µm disposable filters.

8.6 Caution: when adding BrCl to Aqua Regia, be aware of possible rapid bubble formation and foam-

ing out of the vial. This is particularly a problem with carbon media, warm digests, and samples

which have only been digested for a few hours.

8.7 Analysis for mercury is according to EPA method 1631 (Frontier SOP FGS-069). For other elements ana-

lyzed by ICP-MS, GFAAS, or HG-AFS, adaptations of methods already employed will need to be made

bearing in mind the potential interferences from the high chlorine matrix.

9.0 QUALITY CONTROL

9.1 All quality control data should be maintained and available for easy reference or inspection.

9.2 A minimum of three preparations blanks (PBSs), one matrix duplicate (MD), and one matrix spike/matrix

spike duplicate (MS/MSD) pair must be prepared for each discrete sample batch (25 samples max. for stan-

dard QA, 20 samples max. for High QA). Matrix spikes must be prepared at the point that Aqua Regia is

added to the coal, not after dilution and centrifugation.

9.2.1. The mean concentration of the PBSs should be < 5 ng/g, and the standard deviation between the PBSs

should be < 2 ng/L. Therefore, the estimated method detection limit for total mercury following this

procedure should be < 6 ng/g.

9.2.2. The control limit for the relative percent difference (RPD) between the sample and the MD sample is

25.

9.2.3. The control limit for the recoveries of the MS and MSD samples is 75-125%. The control limit for the

RPD between the MS and the MSD is 25.



9.2.4. The control limit for the recovery of the SRM is 75-125%. Some clients may request a blank spike

samples, and the control limits for that would also be 75-125% recovery.

9.3 A certified standard reference material (SRM) for sediment, soil, or coal (whichever is applicable to the

samples being analyzed) must also be digested with each batch of samples.

9.3.1. The control limit for the recovery of the SRM is 75-125%. Some clients may request a blank spike

samples, and the control limits for that would also be 75-125% recovery.

10.0CORRECTIVE ACTIONS

10.1 If upon analysis, the quality assurance samples are out of control, some investigation should be performed

to access if the difficulties are related to matrix effects. If an analyst is not able to remedy the problem, the

set should be re-digested and re-analyzed.

10.2 If there is any question as to the completeness of the digestion procedure, the samples should be allowed

to react for an additional amount of time. If there is no change in the sample, the digestion is considered

complete and can be diluted.
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Distillation of Aqueous Samples for Methyl Mercury Analysis
FGS-013.2

Frontier Geosciences Inc.

414 Pontius Avenue North

Seattle, WA 98109

Originated by: Nicolas S Bloom and Efrosini Tsalkitzis

Revised by: Paul Laskowski

January 3, 2000

On June 06, 2000, this procedure was reviewed and validated by Michelle L. Gauthier, Laboratory
Manager and Beverly H. van Buuren, Quality Assurance Program Director. Signatures are on file.

1.0 SCOPE AND APPLICATION

1.1. This method is for the distillation of methyl mercury (MMHg) in aqueous media (natural waters, precipita-

tion, pore water, industrial and municipal effluents) at concentrations of less than 0.05 ng/L. Through the use

of smaller aliquots, contaminated waters and effluents of up to 1,000 ng/L can be directly measured. In

general, using clean handling and reagents, method detection limits (MDLs) in the range of 0.005 _ 0.030 ng/

L are routinely attainable.

1.2. Methyl mercury as defined by this method means all chloride-distillable methyl mercury forms and species

found in aqueous solution and on aqueous suspended matter. This includes, but is not limited to, CH3Hg+,

CH3HgCl, CH3HgOH, and CH3HgS-R.

2.0 SUMMARY OF METHOD

2.1. Samples are collected using ultra-clean sample handling protocols into rigorously cleaned Teflon  bottles.

2.2. Samples are preserved to 0.4% (v/v) with pre-analyzed HCl, and stored in a cool, dark location until analysis.

2.3. Before analysis, the MMHg in an aliquot of the sample is co-distilled into pure water. The distillates are then

analyzed for MMHg by aqueous phase ethylation and GC — CVAFS as described in Frontier SOP FGS-070.

3.0 INTERFERENCES

3.1. The use of the distillation pre-extraction procedure eliminates method interferences from organic matter,

particulate, and sulfides that affect the methylene chloride extraction procedure.



3.2. Under no circumstances should ordinary plastic (i.e., polyethylene, polypropylene, polycarbonate, or vinyl)

containers be used in this process, as they are very permeable to Hgo gas from the air Containers should be

made of hot-acid cleaned Teflon¤  or borosilicate (or quartz) glass bottles with Teflon caps. It is critical that

the bottles have very tightly sealing caps to avoid diffusion of atmospheric Hg through the threads.

3.3. The low detection limit of this method depends on the stringent cleaning of equipment used for sample

collection and storage.

3.4. It is important that the sample HCl concentration be between 0.2% and 0.6% (v/v) for effective distillation of

the CH3HgCl. If the acid concentration present in the sample is too high, HCl will co-distill, resulting in an

interference with the ethylation procedure.

3.5. No HNO3 or other oxidizing agents (i.e., Cl2, BrCl, CrO4
2-, etc.) can be present in the sample, or CH

3
Hg may

be destroyed. Particular care must be taken to eliminate the chlorine present in the municipal water that feeds

the deionized water system by passing it through an activated carbon bed.

4.0 SAFETY

4.1. The toxicity or carcinogenicity of reagents used in this method has not been fully established. Each chemical

should be regarded as a potential health hazard and exposure to these compounds should be as low as is

reasonably achievable. Chemists should refer to the MSDS for each chemical they are working with.

4.2. Personnel will don appropriate laboratory attire according to the Chemical Hygiene Plan. This includes, but

is not limited to, laboratory coat, safety goggles, and latex gloves under clean gloves.

4.3. All personnel handling environmental samples known to contain or to have been in contact with human

waste should be immunized against known disease-causative agents. Frontier will reimburse the expense of

Hepatitis A and B immunizations for any laboratory staff member who desires this protection.

5.0 EQUIPMENT

5.1. Teflon¤  Still: The still is constructed of 60-mL heavy wall Teflon¤  vials (Savillex). The vial is fitted with a

special cap, allowing insertion of 1/8" Teflon¤  tubing. Each vial should be engraved with a line at the 40.0-

mL mark, determined by weighing 40.0 g of deionized water into the vial. One length of tubing goes from the

purged nitrogen source into the distillation vessel (or sample vessel), so that it reaches the bottom of the vial.

The second length of tubing goes from the headspace of the sample vial into the bottom of the receiving vial.

The sample vial is heated in a temperature-controlled aluminum block to approximately 120 °C, while the

receiving vial is maintained in an ice/water bath. The exact block temperature and gas flow rate is adjusted in

order to obtain a distillation rate ≤ 10 mL per hour.

5.2. Sampling Bottles: It is imperative for accurate sub-ng/L MMHg measurements that appropriately cleaned

Teflon¤  bottles or glass bottles with tight-fitting lids be used for all steps contacting the aqueous sample.

These bottles are washed according to Frontier SOP FGS-007.



6.0 REAGENTS

6.1. Reagent Water:  18-MΩ ultra-pure deionized water starting from a pre-purified

(distilled, R.O., etc.) source is used. Milli-Q  water is an example of such water ,

and is the type that is most commonly used during the distillation process. As a

final mercury and organic removal step, the activated carbon cartridge on the

reagent water system is placed between the final ion exchange bed and the 0.2-

µM filter. Reagent water should be routinely monitored for Hg, especially after

ion exchange beds are changed. Water should typically contain less than 0.2 ng/L

total Hg and remedial action should be taken if the total Hg exceeds 1 ng/L.

Methyl Hg should be undetectable in reagent water.

6.2. Hydrochloric Acid: Trace-metal metal purified reagent-grade HCl is purchased

and pre-analyzed for Hg before use. It is possible to obtain acid containing less

than 5 ng/L Hg. When a lot number meeting this specification is found, several

cases are purchased, and stored in a low Hg atmosphere. Generally, lower values

can be obtained in this manner, rather than by re-distilling acid in the laboratory.

So called ultra-purified  acids are often the most irreproducibly Hg-contami-

nated grade of acid commercially available and should be avoided.

6.3. 1% APDC Solution: To 100 mL of deionized water, add 1.0 g of reagent-grade

ammonium pyrrolidine dithiocarbamate (APDC), and shake to dissolve. Add 10

mL of methylene chloride, and shake for two minutes. Let stand for 15 minutes,

then pour off the top layer into the APDC bottle. The solution is then stored in

refrigerator F in the mercury lab.

6.4. Nitrogen: Grade 4.5 (standard laboratory grade) nitrogen that has been further

purified by using a gold-coated sand trap to remove any residual Hg.

6.5. 0.5% Hydrochloric Acid: In designated bottle, add 995 mL reagent water and 5

mL of clean room HCl. Shake solution before use.

7.0 PROCEDURES

7.1. Samples are collected and handled according to Frontier SOP FGS-008.2.

7.2. Obtain pairs of clean distillation sample and receiving vials. Empty the contents

of the vials into a large beaker with sodium bicarbonate. Rinse each vial three

times with reagent water, making sure to rinse the lids and tubes thoroughly.



7.3. Tape the receiving vials, marked with colored bands around the caps, so that the bottom of the tape is just

touching the top of the 40.0-mL engraved mark. Pipette 5 mL of reagent water into each of the receiving

vials, so that the bottom of the tubing is covered.

7.4. Retrieve the samples from refrigerator. Organize the samples in the same order as they are list on the chain of

custody (COC), or in a different order as specified by the project manager (such as numerical order), and

make sure that all samples are accounted for. Record the sample numbers and aliquot size in a sample prepa-

ration lab book, along with the spiking levels. Spiking levels are project specific and can be found by looking

on the project sheet or by talking to the designated project manager.

7.5. Each sample vial is placed on the balance and tarred before adding 45.0 ± 0.2 g of sample.

Note:  For samples that are suspected to have densities that are not 1.00 ± 0.02 g/mL, the
density must be determined and the aliquot size must be adjusted to accommodate this differ-
ence between mass and volume.

7.6. Prepare three blanks and one blank spike, using 0.5% HCl as the diluent.

7.7. To each sample, 200 µL of 1% APDC is added before capping the vial. The sample vial is then placed next to

its corresponding receiving vial in a holding rack.

7.8. The sample aliquots, preserved to 0.4% (v/v) with HCl, are poured into a clean distillation vessel. If the

sample was not preserved, 0.2 mL of concentrated HCl is added at this time. A smaller aliquot volume may be

used if samples are suspected to be high in MMHg, or if there is a limited amount of sample available. These

smaller aliquots are diluted to 45 mL with the 0.5% HCl solution. After all samples are prepared, spike

standard into the designated matrix spike samples.

7.9. Turn on the heating blocks in the distillation room after checking to make sure that they are set at 120 °C. Fill

the water/ice bathtubs with ice after about half of the water has been poured out of the container. Turn on the

purged nitrogen gas tanks, making sure that the tanks are registering at least 500 psi. The flow on the tanks

should be adjusted so a gentle, steady flow of bubbles is obtained.

7.10. Place the receiving vessel into the ice/water bath and its sample vial counterpart into the corresponding

heating block hole. The tubing from the receiving vial is placed into the hole in the cap of the sample vial, and

the tubing from the distillate vial is plugged into the airflow bank. Any loose connections should be made

tight by using Teflon¤  tape. After all vials are on a block, the steel blocks are placed over the sample vials.

7.11. Distillation should be maintained at a rate of 10-15 mL per hour, until a total volume of 40 ± 1 mL is achieved

in a receiving vial. The distillation is complete when the water line in the receiving vial reaches the bottom of

the tape. The receiving vial is then disconnected from the sample vial. The distillation for a water sample of

40 mL should take approximately 3-4 hours.



7.12. The pH of each distillate is measured by using litmus paper. If the pH is less than pH 4, this is noted on the

tape of the vial.

7.13. The sample may then be analyzed using aqueous phase ethylation, GC separation, and CVAFS detection.

For water samples, the entire sample will usually be analyzed. Calculation of MMHg content is based

upon the actual volume of sample distilled corrected by the empirically determined distillation recovery

factor of 90.6% (see Horvat, et. al, 1993). For samples determined to be possibly high in MMHg, a

fraction of the total distillate may be analyzed.

8.0 QUALITY CONTROL

8.1. Maximum Sample Batch Size:  25 samples for standard level QC, 20 samples for high level QC.

8.2. Preparation Blanks: 3 per batch, standard deviation used to determine estimated MDL for each batch.

8.3. Blank Spike: 1 per batch, control limits = 75-125% recovery.

8.4. MD: 1 per batch, control limit for RPD = 25%.

8.5. MS/MSD: 1 per batch, control limits = 75-125% recovery, control limit for RPD = 25%.

9.0 CORRECTIVE ACTIONS

9.1. Most appropriate corrective actions will be noted in the Frontier SOP for methyl mercury analysis

(FGS-070).

9.2. If a matrix spike sample does not show recovery within the control limits, it is possible that the sample

was not spiked properly. The chemist preparing the samples should review the spiking level for

appropriateness. Also, proper pipetting techniques should be reviewed.

9.3. If samples render strange results, several other variables should be checked to discover the source of

error. The Sr. Analyst should be consulted to discuss possible areas for trouble-shooting.

9.3.1. Check for a loose connection or air leak in the tubing connecting the vials, or that a vial cap was

not screwed on tightly during the distillation process.

9.3.2. The temperature of the heating blocks should be checked and adjusted within the range of 120 °C

and 125 °C.

9.3.3. Airflow should also be checked to ensure that it is functioning within proper parameters.

9.4. If contamination is suspected to be a problem, the vials may need to be deep cleaned using BrCl.

Additionally, reagents should be checked for contamination or remade in clean bottles.



9.5. If the distillation process is determined to be the cause of the problems with the samples, then the samples

will be re-distilled.
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Oxidation of Aqueous Samples for Total Mercury Analysis
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Frontier Geosciences Inc.

414 Pontius Avenue North

Seattle, WA 98109

Originated by: Nicolas S Bloom and Efronsini Tsalkitizis

Revised by: Paul Laskowski

January 3, 2000

On June 06, 2000, this procedure was reviewed and validated by Michelle L. Gauthier, Laboratory
Manager and Beverly H. van Buuren, Quality Assurance Program Director. Signatures are on file.

1.0 SCOPE AND APPLICATION

1.1. This method of sample preparation is based on EPA method 1631 and is for the determination of total mer-

cury (Hg) in aqueous media (i.e., natural waters, precipitation, pore water, industrial and municipal effluents)

at concentrations less than 1 ng/L. With the analysis of smaller aliquots, contaminated water samples up to

10,000 ng/L can be directly measured.

1.2. Total mercury as defined by this method means all bromine monochloride- (BrCl) oxidizable mercury forms

and species found in aqueous solutions. This includes, but is not limited to, Hg(II), Hgo, strongly organo-

complexed Hg(II) compounds, adsorbed particulate Hg, and several tested covalently bound organomercurials

(i.e., CH3HgCl, (CH3)2Hg, and C6H5HgOOCCH3). The recovery of Hg bound within microbial cells may

require the additional step of UV photo-oxidation.

2.0 SUMMARY OF METHOD

2.1. Samples are collected using ultra-clean sample handling protocols (Frontier SOP FGS-007 EPA Method

1669) into glass or rigorously cleaned Teflon¤ bottles. Samples are typically oxidized with 0.2N BrCl at a

level of 1% of its volume (higher levels of BrCl may be necessary depending on the amount of turbidity and

particulate matter in the samples). All samples are allowed to react/digest for at least 12 hours at room

temperature.

3.0 INTERFERENCES

3.1. Under no circumstances should ordinary plastic (i.e, polyethylene, polypropylene, polycarbonate, or vinyl)

containers be used, as they are very diffusive to Hgo gas from the air. Containers should be made of hot-acid

cleaned Teflon¤ or borosilicate (or quartz) glass bottles with Teflon caps. It is critical that the bottles have

very tightly sealing caps to avoid diffusion of atmospheric Hg through the threads.



3.2. The low detection limit of this method depends on the stringent cleaning of equipment used for sample

collection and storage. The procedure for this is indicated below in section 6 ( sampling and oxidation

bottles ). This procedure supersedes the FDEP standard protocols for sample containers and cleaning (for

trace metals including mercury).

4.0 SAFETY

4.1. The toxicity or carcinogenicity of each chemical used in this method has not been precisely determined.

However, each compound should be treated as a potential health hazard. Exposure to these compounds

should be reduced to the lowest possible level. Chemists should refer to the MSDS for each chemical they are

working with.

4.1.1. Use particular caution when preparing and using BrCl, as it releases extremely irritating, corrosive

fumes similar in effect to free chlorine. Always handle this reagent in an approved fume hood.

4.2 Personnel will don appropriate laboratory attire according to the Chemical Hygiene Plan. This includes, but is

not limited to, laboratory coat, safety goggles, and latex gloves under clean gloves.

4.3 All personnel handling environmental samples known to contain or to have been in contact with human waste

should be immunized against known disease-causative agents. Frontier will reimburse the expense of Hepati-

tis A and B immunizations for any laboratory staff member who desires this protection.

5.0 EQUIPMENT

5.1. Sampling and Oxidation Bottles:

5.1.1. It is imperative for accurate low-level mercury measurements that appropriately cleaned Teflon¤  bottles

with tight-fitting lids are used for all steps contacting the aqueous sample. It is good practice to use

1000-mL or 500-mL bottles to collect the samples in, and to fill bottles as full as possible to eliminate

air space within the bottle. New and used Teflon¤  bottles are cleaned according to Frontier SOP FGS-

007.

5.1.2. For samples with expected concentrations greater than 100 ng/L, glass bottles may be used for sample

collection. No special pre-cleaning is necessary before using glass bottles as long as the bottles are from

a lot that has been tested and is confirmed to be contamination-free. Testing procedures are described in

Frontier SOP FGS-007.

6.0 REAGENTS

6.1. Reagent Water: 18 MΩ ultra-pure deionized water starting from a pre-purified (distilled, R.O., etc.) source.

As a final mercury and organic removal step, the activated carbon cartridge on the 18-MΩ system is placed

between the final ion exchange bed and the 0.2-µm filter. Water should be routinely monitored for Hg,



especially after ion exchange beds are changed. Water should typically contain less than 0.2 ng/L total Hg

and remedial action should be taken if the total Hg exceeds 1 ng/L.

6.2. Hydrochloric Acid: Trace metal purified reagent-grade HCl is purchased and pre-analyzed for Hg before use.

It is possible to obtain acid containing less than 5 ng/L Hg. When a lot number meeting this specification is

found, several cases are purchased, and stored in a low Hg atmosphere. Generally, lower values can be

obtained in this manner, rather than by re-distilling acid in the laboratory. So called ultra-purified  acids are

often the most irreproducibly Hg-contaminated grade of acid commercially available and should be avoided.

6.3. Potassium Bromide (KBr), neat: This reagent should be pre-analyzed and have tested low for Hg.

6.4. Potassium Bromate (KBrO
3
), neat: This reagent should be pre-analyzed and have tested low for Hg.

6.5. 0.2N Bromine Monochloride (BrCl):

6.5.1. 37.5 g of KBr is added to a 2.5-L bottle of concentrated HCl that has been analyzed and found to be low

in Hg (<5 ng/L). A clean magnetic stir bar is placed in the bottle, and stirred for 1 hour (or longer if time

permits), in a fume hood.

6.5.2. 27.5 g of KBrO3 is slowly added to the acid while stirring. Although this procedure does not adhere to

the proper stoichiometric ratio for preparing BrCl, it results in a strong orange color. This dark orange

is easier to see in an oxidized sample, thus preventing cloudier samples from being oxidized twice.

When all of the KBrO3 has been added, the solution should have gone from yellow to red to orange.

6.5.3. Loosely cap the bottle, and allow to stir for at least another hour before tightening the lid. CAUTION:

This process generates copious quantities of free halogens (Cl2, Br2, BrCl) which are released from the

bottle. Add the KBrO3 SLOWLY and in a well operating fume hood!

7.0 PROCEDURES

7.1. After sample receipt, the sample set is checked against the COC and the project sheet for sample ID, count,

preservation request, and analysis request.

7.2. For THg preservation/oxidation, sample volume within the bottle is determined and a percentage (typically 1

%) of the volume is calculated. This is the amount of 0.2N BrCl that is added to the sample bottle as a

preservative/oxidizer. This percentage is recorded on the COC for each sample.

7.3. The samples are logged into the sample storage cupboard and are left to react/digest for at least 12 hours

before analysis is performed.



8.0 QUALITY ASSURANCE

8.1. Freshly made BrCl is to be tested on an analyzer for low Hg content.

8.1.1. For each new bottle, the analyst performs analysis on a 1-mL aliquot of the

concentrated form. In the analysis spreadsheet a volume of 100 mL is as-

signed, based on 1 mL of concentrated BrCl in a 100-mL sample aliquot

preserved at 1%-BrCl.

8.1.2. Based on the volumes above, if the concentration is less than 0.25 ng/L,

then the BrCl is approved for use. The analyst marks the BrCl bottle T ested

Low  with the date and their initials. The dataset ID and date the BrCl was

made is also recorded in the Reagent Testing Logbook. Any bottle of BrCl

without these markings should never to be used for sample preservation.

8.1.3. Should a bottle of BrCl test higher than the 0.25 ng/L, it is re-tested. If it still

fails the above criteria, it is labeled For Bottle Cleaning Only  with date

and initials, and it is removed from the analytical laboratory. The informa-

tion should also be recorded in the Reagent Testing Logbook.

8.2. Each month, BrCl is tested at the most common preservation levels of 1%, 2%

and 5%. Using the assigned volume of 100 mL as in section 8.1.1, the mercury

content must be below 0.25 ng/L, 0.50 ng/L, and 1.25 ng/L respectively. This data

is given to the QA Office for tracking purposes, and is recorded in the Reagent

Testing Logbook.

9.0 CORRECTIVE ACTIONS

9.1. If BrCl is determined to be above the action limits, an incident report should be

filled out and submitted to the QA Office. In addition, there should be some in-

vestigation into the probable causes such as reagent contamination, or prepara-

tion technique.

10.0REFERENCES

10.1  EPA Method 1631, Revision B: Mercury in Water by Oxidation, Purge and

Trap, and Cold Vapor Atomic Fluorescence Spectrometry, May 1999.
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Preparation of Sediments by Acidic KBr Extraction
Into Methylene Chloride for Determination of Methyl Mercury

FGS-045.2

Frontier Geosciences Inc.

414 Pontius Avenue North

Seattle, WA 98109

Originated by: Nicolas S Bloom

Revised by: Paul Laskowski

January 3, 2000

On June 06, 2000, this procedure was reviewed and validated by Michelle L. Gauthier, Laboratory
Manager and Beverly H. van Buuren, Quality Assurance Program Director. Signatures are on file.

1.0 SCOPE AND APPLICATION

1.1. This method is for the determination of monomethyl mercury (MMHg) in sediments and soils at concentra-

tions of 0.01-10 ng/g. Through the use of smaller aliquot sizes, contaminated sediments of up to 1,000 ng/g

can be directly measured. This method creates a negligible positive bias due to the interaction of ambient

inorganic Hg with organic matter (Bloom, et. al, 1996); therefore, it is recommended over other procedures

in cases where the ratio MMHg to total Hg is expected to be low (<0.1% MMHg).

1.2. Methyl mercury, as defined by this method, includes all MMHg forms and species found in soils and sedi-

ments, which are amenable to complexation and extraction as the bromide. This includes, but is not limited

to, CH3Hg+, CH3HgCl, CH3HgOH, and CH3HgS-R.

2.0 METHOD SUMMARY

2.1. Samples are collected using clean sample handling protocols (Frontier SOP FGS-008) into glass or rigor-

ously cleaned Teflon¤ bottles. Samples may be stored cold (1-4 °C) and in the dark for up to one week, or

frozen for one year prior to analysis.

2.2. Before analysis, the MMHg in an aliquot of the sample (typically 0.5-1.0 g) is extracted from an acidic

bromide slurry into CH
2
Cl

2
, and then back into pure water. The water samples are then analyzed for MMHg

by aqueous phase ethylation with GC separation and CVAFS detection.

3.0 INTERFERENCES

3.1. No HNO3 or other oxidizing agents (i.e., Cl2, BrCl, CrO4
2-, etc.) may be present in the sample, or CH

3
Hg may

be destroyed. Particular care must be taken to eliminate the chlorine presence in municipal water, which

feeds the deionized water system, by passing it through an activated carbon bed.



4.0 SAFETY

4.1. The toxicity or carcinogenicity of each chemical used in this method has not been precisely determined. Each

compound should be treated as a potential health hazard and exposure to these compounds reduced to the

lowest possible level. Chemists should refer to the MSDS for each chemical they are working with.

4.2. Exhibit particular caution in the preparation and use of sodium tetraethyl borate, as organo-boron com-

pounds are known nerve toxins. Further, the solid material may spontaneously combust on exposure to air.

Always handle this reagent in an approved fume hood. See the Frontier Chemical Hygiene Plan for further

chemical and safety information.

4.3. Personnel will don appropriate laboratory attire according to the Chemical Hygiene Plan. This includes, but

is not limited to, laboratory coat, safety goggles, and latex gloves under clean gloves.

5.0 EQUIPMENT

5.1. Teflon¤ Centrifuge Tubes, 35-mL: Oak-Ridge type all-Teflon¤  centrifuge tubes (35-mL size) are used to

separate the organic/aqueous emulsion.

5.2. Low Speed Centrifuge: Any centrifuge with rotor head capable of holding 35-mL Oak-Ridge type tubes, and

spinning at least 3000 RPM.

5.3. Top Loading Balance (0.1-g sensitivity): A general-purpose balance is used to weigh the filled centrifuge

tubes to within 0.1 g during mass equalization, prior to centrifugation.

5.4. Solvent Evaporator System: Samples are purged of methylene chloride by heating in an aluminum block

under N
2
 flow in 60-mL Teflon¤  distillation tubes. (Savillex, Inc.)

5.5. Distillation vials, 60-mL: These vials should be engraved with a line at the 57.6-mL mark.

5.6. Glass syringe, 10-mL

6.0 REAGENTS

6.1. Reagent Water: 18-MΩ ultra-pure deionized water starting from a pre-purified (distilled, R.O., etc.) source.

As a final mercury and organic removal step, the activated carbon cartridge on the reagent water system is

placed between the final ion exchange bed and the 0.2-µM filter. Water should be routinely monitored for

Hg, especially after ion exchange beds are changed. Reagent water should typically contain less than 0.2 ng/

L total Hg, and remedial action should be taken if the total Hg exceeds 1 ng/L. MMHg should be undetect-

able in reagent water.

6.2. Potassium Bromide (KBr): Reagent-grade, neat.



6.3. Sulfuric Acid (H
2
SO

4
): Concentrated, reagent-grade.

6.4. Hydroxylamine Hydrochloride (NH
2
OH¥HCl): Reagent-grade, neat. This reagent acts as a redox preserva-

tive.

6.5. Potassium Bromide Extraction Solution: This solution is made by dissolving 180 grams of KBr and 50 mL of

concentrated H
2
SO

4
 in reagent water, and diluting to 1 L. To this solution is added 0.2 g of NH

2
OH¥HCl. This

solution must be kept refrigerated and out of the light in order to avoid oxidation of bromide to free Br
2
. This

solution should be replaced monthly or if it begins to develop a yellowish color.

6.6. 1 M CuSO
4
 Solution: 25 g of CuSO

4
¥5H

2
O is dissolved in reagent water and diluted to 100 mL. This solution

has an indefinite storage time at room temperature.

6.7.  Methylene Chloride (CH
2
Cl

2
 , MeCl): HPLC-grade CH

2
Cl

2
 is utilized. New lots of solvent should be blank

checked, as they are sometimes contaminated with low levels of MMHg. The use of a repipettor on a bottle

of methylene chloride is useful.

6.7.1. Caution:  Methylene chloride is a suspected carcinogen!!

6.8. Nitrogen: Grade 4.5 (standard laboratory grade) nitrogen that has been further purified by the removal of Hg

using a gold-coated sand trap.

7.0 PROCEDURES

7.1. Obtain the samples from the freezer or refrigerator in which they are being stored. If frozen, allow samples to

thaw completely before homogenizing them and beginning the extraction process.

7.2. Obtain the appropriate number of 30-mL centrifuge tubes. Properly dispose of the acidified water in them

and rinse them three times with reagent water.

7.3. Weigh between 0.5-1.0 g (to the nearest milligram) of sample directly into a clean, 30-mL centrifuge tube.

Tubes are labeled with the appropriate sample ID and corresponding sample mass. This information is also

logged into a sample prep logbook and a copy of this information will follow the samples throughout the

procedure.

7.4. Spike the designated blank spike or matrix spike samples at the proper levels indicated by the project man-

ager. After spiking the appropriate samples, add 5.0 mL of the acid bromide solution, 1.0 mL of the 1M

CuSO
4
 solution, and 10.0 mL of CH

2
Cl

2 
to each tube.

7.5. The centrifuge tubes, with their caps, are then balanced in pairs (to within 0.1 gram total mass) by the

addition of acid bromide solution to the lower mass tube of the pair.



7.6. Caps are tightly replaced, and all centrifuge tubes are kept together in matched pairs. The tubes are allowed

to sit at room temperature for one hour, and then vigorously shaken at room temperature for one additional

hour.

7.7. After shaking, the tubes are centrifuged at room temperature for 20 minutes at 3000 RPM, to separate the

emulsion.

7.8. The acidic aqueous (top) layer is removed and discarded from the centrifuge tubes with a 5-mL disposable

pipette. If there are time constraints, it is possible to stop after this step and continue the process the next day.

Simply recap all vials tightly and place in a dark closet.

7.9. Obtain the proper number of 60-mL distillation vials. Properly dispose of the acidified water in them and

rinse them three times with reagent water. Fill each vial about _ to _ full with reagent water. Place tape

around each vial.

7.10. Obtain a 10-mL glass syringe. Rinse it three times with clean CH
2
Cl

2
. Withdraw a 2.00-mL aliquot of the

CH
2
Cl

2
 (bottom) layer and transfer into a clean 60-mL Teflon¤  distillation vial. Care must be taken to pipette

only clean, clear CH
2
Cl

2
, making sure to avoid any leftover drops of the aqueous layer.

7.11. Once all of the samples have been similarly aliquoted, they are placed into a heating block held at 45 °C. The

samples are then purged with N
2
 until all CH

2
Cl

2
 has been volatilized out of the samples. This may be

detected both visually, by inspecting for the CH
2
Cl

2 
droplet on the bottom of the distillation tube, or by smell.

Thirty minutes of purging at 45 °C is usually sufficient to volatilize all of the solvent.  NOTE:  All of the

solvent must be purged, including the liquid droplet and the solvent dissolved in the aqueous solution, or

low recoveries will result!

7.12. After the CH
2
Cl

2
 has been purged, the samples are diluted to the 57.6-mL line, which is engraved into the

Teflon¤  vials, with reagent water by the analyst. They are then capped until analysis by aqueous phase

ethylation.  Aqueous samples may be stored in the dark at room temperature for up to 48 hours prior to

analysis.

7.13. The sample may then be treated as an ordinary aqueous standard for analysis, using aqueous phase ethylation,

GC separation, and CVAFS detection. Normally for sediment samples, a 1.0-10.0 mL aliquot of the extract

will be analyzed, although for blanks and very low level samples all of the aqueous extract may be used.

Since this analytical procedure is quantitative, no recovery correction is applied to the results.

8.0 QUALITY ASSURANCE

8.1. Tools should be cleaned with 2 baths of ~10% HCl between samples and great care should be taken to avoid

cross-contamination. Clean gloves should be replaced if they are soiled or suspected to not be ultra-clean at

any point in the digestion procedure.



8.2. The methylene chloride repipettor should be flushed three times before dispensing into the sample vials, and

care should be taken to ensure that the repipettor tip stays clean of debris.

8.3. Maximum Sample Batch Size: 25 samples for standard level QC, 20 samples for high level QC.

8.4. Preparation Blanks: 3 per batch, standard deviation used to determine estimated MDL for each batch.

8.5. Blank Spike: 1 per batch if requested, control limits = 75-125% recovery.

8.6. MD: 1 per batch, control limit for RPD = 25%.

8.7. MS/MSD: 1 per batch, control limits = 75-125% recovery, control limit for RPD = 25%.

9.0 CORRECTIVE ACTIONS

9.1. Most appropriate corrective actions will be noted in the Frontier SOP for methyl mercury analysis (FGS-

070).

9.2. If any quality assurance parameter related to the extraction of the samples is outside of the established control

limits, another aliquot of the sample should be purged and given to the analyst. If this does not remedy the

problem, the set should be re-extracted for reanalysis.

10.0REFERENCES

10.1. Bloom, N.S, Colman, J.A., and Barber, L. (1997) Artifact Formation of Methyl Mercury During Extraction

of Environmental Samples by Distillation, Fres. Anal. Chem. 358:371-377.

10.2. Bloom, N.S. (1995) Ultra-Clean Sample Handling.  Environmental Lab, March/April: 20.

10.3. Bloom, N.S. (1989) Determination of Picogram Levels of Methyl Mercury by Aqueous Phase Ethylation,

Followed by Cryogenic Gas Chromatography with Cold Vapour Atomic Fluorescence Detection,  Can. J.

Fish. Aq. Sci. 46: 1131.

10.4. Bloom, N.S., M. Horvat, and C.J. Watras (1995) Results of the International Mercury Speciation

Intercomparison Exercise,  Wat. Air Soil Pollut. 80:1257.

10.5. Bloom, N.S and Crecelius, E.A. (1983) Determination of Mercury in Seawater at Subnanogram per Litre

Levels . Mar. Chem. 14: 49.



10.6. Bloom, N.S and Fitzgerald, W.F. (1988) Determination of Volatile Mercury Species at the Picogram Level

by Low-Temperature Gas Chromatography with Cold-Vapor Atomic Fluorescence Detection . Anal. Chem.
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Deep Sea Res. 32: 287.

10.8. Liang, L., Bloom, N.S., and Horvat, M. (1994) Simultaneous Determination of  Mercury Speciation in Bio-
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Digestion of Tissues for Total Mercury Using
Nitric and Sulfuric Acids (70:30)

FGS-011.2

Frontier Geosciences Inc.

414 Pontius Avenue North

Seattle, WA 98109

Originated by: Nicolas S Bloom and Efrosini Tsalkitzis

Revised by: Paul Laskowski

January 3, 2000

On June 06, 2000, this procedure was reviewed and validated by Michelle L. Gauthier, Laboratory
Manager and Beverly H. van Buuren, Quality Assurance Program Director. Signatures are on file.

1.0 SCOPE AND APPLICATION

1.1. This method is for the determination of total mercury in a wide range of biological matrices at concentrations

of less than 1 ng/g. Through the use of smaller aliquot sizes of the digestate, contaminated tissues of up to

10,000 ng/g can be directly measured. In general, using clean handling and reagents, the typical detection

limit for the method is less than 0.001 µg/g.

1.2. Total mercury, as defined by this method, is all HNO3/H2SO4/BrCl-oxidizable mercury forms and species

found in tissue matrices. This includes, but is not limited to, Hg(II), Hgo, HgS, strongly organocomplexed

Hg(II) compounds, adsorbed particulate Hg, and several tested covalently bound organomercurials (i.e.,

CH3HgCl, (CH3)2Hg, and C6H5HgOOCCH3).

2.0 SUMMARY OF METHOD

2.1 Samples are collected using clean sample handling protocols into acid-cleaned Teflon¤  vials, plastic bags, or

borosilicate glass. A subsample of the homogenized sample is digested with 10 mL of 70:30 HNO3/H2SO4.

The digested sample is diluted up to 40 mL with 5% BrCl.

3.0 INTERFERENCES

3.1. Due to the high levels of halogens (i.e. iodine) in the digests, it is recommended that aliquots of no more then

1.0 mL of the digestates be analyzed. Otherwise, soda-lime traps may be overloaded and the sample analysis

gold traps may lose the ability to retain mercury.

3.2. Due to high acidity and halogens in the digests, not changing bubbler water after every 10 mL of digestate



analyzed can lead to low recoveries that would be reflected in the analysis of QC

samples.

4.0 SAFETY

4.1. Personnel will don appropriate laboratory attire according to the Chemical Hy-

giene Plan. This includes, but is not limited to, laboratory coat, safety goggles,

and latex gloves under clean gloves.

4.2. The toxicity or carcinogenicity of reagents used in this method has not been fully

established. Each chemical should be regarded as a potential health hazard and

exposure to these compounds should be as low as is reasonably achievable. Chem-

ists should refer to the MSDS for each chemical they are working with.

4.3. All personnel handling environmental samples known to contain or to have been

in contact with human waste should be immunized against known disease-caus-

ative agents. Frontier will reimburse the expense of Hepatitis A and B immuniza-

tions for any laboratory staff member who desires this protection.

5.0 EQUIPMENT

5.1. 40-mL or 20-mL I-Chem Glass Vials: Borosilicate glass, series 300 vials with

Teflon-lined septum in lid. The size depends on the amount of sample that is

available. The vials are volumetrically accurate to ± 0.5 mL when filled such that

the meniscus is just to the bottom of the vial neck. The person performing the

preparation should verify this.

5.2. Hot Plate: Any hot plate, which has the ability to achieve and maintain a tempera-

ture of 125 °C.

6.0 REAGENTS

6.1. Reagent Water: 18-MΩ ultra-pure deionized water starting from a pre purified

(distilled, R.O., etc.) source. As a final mercury and organic removal step, the

activated carbon cartridge on the reagent water system is placed between the final

ion exchange bed and the 0.2-µM filter. Reagent water should be routinely moni-

tored for Hg, especially after ion exchange beds are changed. Water should typi-

cally contain less than 0.2 ng/L total Hg, and remedial action should be taken if

the total Hg exceeds 1 ng/L.

6.2. 70:30 (v/v) Nitric/Sulfuric (HNO
3
/H

2
SO

4
) Acid: Carefully add 300 mL of pre-



analyzed (<10 ng/L Hg) concentrated sulfuric acid to 700 mL pre-analyzed, low

mercury concentrated nitric acid, in a Teflon¤  bottle, with constant stirring. CAU-

TION: This mixture becomes exothermic and emits caustic fumes.

6.3. Potassium Bromide (KBr), neat: This reagent should be pre-analyzed and have

tested low for Hg.

6.4. Potassium Bromate (KBrO
3
), neat: This reagent should be pre-analyzed and have

tested low for Hg.

6.5. 0.2N Bromine Monochloride (BrCl):

6.5.1. 37.5 g of KBr is added to a 2.5-L bottle of concentrated HCl that has been

analyzed and found to be low in Hg (<5 ng/L). A clean magnetic stir bar is

placed in the bottle, and stirred for 1 hour (or longer if time permits), in a

fume hood.

6.5.2. 27.5 g of KBrO3 is slowly added to the acid while stirring. Although this

procedure does not adhere to the proper stoichiometric ratio for preparing

BrCl, it results in a strong orange color. This dark orange is easier to see in

an oxidized sample, thus preventing cloudier samples from being oxidized

twice. When all of the KBrO3 has been added, the solution should have gone

from  yellow to red to orange.

6.5.3. Loosely cap the bottle, and allow to stir for at least another hour before

tightening the lid. CAUTION: This process generates copious quantities of

free halogens (Cl2, Br2, BrCl) which are released from the bottle. Add the

KBrO3 SLOWLY and in a well operating fume hood!

6.6. 5% 0.2N BrCl Solution: Add 50 mL of 0.2N BrCl to 950 mL of reagent water and

mix well.

7.0 PROCEDURE

7.1. Approximately 0.5-1.0 g of the homogenized tissue sample is accurately weighed

into a 40-mL I-Chem“ glass vial. If limited sample is available, then use 20-mL

glass vials.

7.2. Appropriate levels of standard solution are added to the blank spike and matrix

spike samples.

7.3. 10.0 mL of 70:30 (v/v) HNO3/H2SO4 solution is pipetted in, and the sample is

swirled.



7.4. The vial is placed on a hot plate with a Teflon  reflux cap in the place of the

vial s lid.

7.5. The samples are heated to 125 °C for 2 hours after the onset of refluxing or until

all organic matter is dissolved.

7.6. The samples are allowed to cool and are diluted to 40 mL with a 5% (v/v) solution

of 0.2N, capped with their respective lids, and are thoroughly shaken before analy-

sis.

8.0 QUALITY ASSURANCE

8.1. Maximum Sample Batch Size: 25 samples for standard level QC, 20 samples

for high level QC.

8.2. Preparation Blanks: 3 per batch, standard deviation used to determine estimated

MDL for each batch.

8.3. Blank Spike: 1 per batch, control limits = 75-125% recovery.

8.4. MD: 1 per batch, control limit for RPD ≤25%.

8.5. MS/MSD: 1 per batch, control limits = 75-125% recovery, control limit for

RPD ≤ 25%.

9.0 CORRECTIVE ACTIONS

9.1. Limiting the sources of contamination/error in the preparatory stage can

decrease QC problems during analysis. Limiting such contamination/error

sources may include, but are not limited to; cleaning all digestion tools in a

10% HCl solution, ensuring all samples are thoroughly homogenized, changing

clean gloves whenever appropriate, flushing repipettors at least three times

before dispensing reagents into vials, and in general, following all ultra-clean

procedures.

9.2. If proper procedures are followed and the analysis QC is still out of range, re-

digestion may be required.
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Sample Receipt, Chain of Custody and Tracking
FGS-005.2

Frontier Geosciences Inc.

414 Pontius Avenue North
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January 3, 2000

On July 06, 2000, this procedure was reviewed and validated by Michelle L. Gauthier, Laboratory

Manager and Beverly H. van Buuren, Quality Assurance Program Director. Signatures are on file.

1.0 SCOPE AND APPLICATION

1.1. This method uses specific procedures to receive, unpack, identify, record, store, track, and dispose of most

samples delivered to Frontier Geosciences, Inc. for chemical analysis. This SOP does not apply to the receipt

of samples that are radioactive or ones that contain very high levels of trace metals.

2.0 SUMMARY OF METHOD

2.1. Prior to receiving samples for analysis, they must be handled according to the specific procedures discussed

in this method.

2.2. Samples are delivered to the laboratory sample receiving area by private or public mail carrier, courier, or

project personnel. Any staff employee may sign the mail carrier sample receipt form. The sample custodian

breaks the custody seal (if present), opens the container, and takes the temperature. The chain-of-custody

(COC) is located and the contents are unpacked. The general condition of the samples is noted (i.e. broken or

leaking containers), and the samples are compared to the COC for any discrepancies. Once verified by the

sample custodian and any discrepancies noted on the COC, the COC is signed, sufficient copies are made and

samples are transferred to the appropriate lab for surface cleaning. The laboratory manager and project man-

ager are notified of their presence and, lastly, sample information is entered into the Sample Receiving

Logbook.

2.3.  Before opening the shipping container, the sample custodian is required to notify the laboratory manager if

there is a shipment that may have samples with very high trace metals levels from a contaminated site. It is

the responsibility of the shipper to notify the laboratory if the samples being sent are potentially very high in

trace metals. If the sample shipment is identified as potentially very high in trace metals, a screening proce-

dure is implemented to determine whether the shipment can be safely stored in the laboratory (FGS-006 or

equivalent for trace metals other than mercury).



2.4. Before opening the shipping container, the sample custodian is required to notify the laboratory manager if

there is a shipment that may contain potentially radioactive samples from a contaminated site. It is the

responsibility of the shipper to notify the laboratory if the samples being sent are potentially radioactive. If

the sample shipment is identified as one possibly containing radioactive samples, a screening procedure is

implemented to determine whether the shipment can be received and safely stored within the  Frontier Geo-

sciences laboratory (FGS-030). This screening includes the use of a hand-held radiation monitor and specific

procedures for recording sample radiation levels according to Washington State Statutes.

3.0 INTERFERENCES

3.1. It is the client s responsibility to provide a COC form with submitted samples. If no COC is provided the

laboratory manager and the project manager will be notified, and the Sample Custodian will attempt to notify

the client. If applicable, a faxed copy of the COC from the client may serve as an original COC form for

receipt, tracking, storing, and disposal purposes during which time Frontier Geosciences will assume re-

sponsibility of samples. If client is reached but is unable to fax a copy of the COC, or if no COC has been

generated, an internal COC may be generated by the Sample Custodian under the direction of the laboratory

manager and the project manager, and with the clients  complicity.  If the Sample Custodian is unable to

reach the client the laboratory manager and the project manager will decide whether to assume responsibility

for sample shipment.

3.2. If the COC contains numerous discrepancies, does not list requested analyses, or is in any way unclear and

the client cannot be reached, it will be the decision of the laboratory manager and the project manager how

best to proceed with sample receipt.

3.3. It is the client s responsibility to ensure that samples are shipped with consideration to preservation, either by

chemically preserving samples with analysis-appropriate acid or cold-preserving them (< 4.0 °C); as well as

time-sensitivity. In the event that samples arrive at Frontier Geosciences without preservative or outside of

pre-established time parameters, it will be the decision of the laboratory manager and the project manager,

working in conjunction with the client, how best to proceed with sample receipt.

3.4. It is the client s responsibility to ensure that proper sample containers are used when collecting samples. In

the event that inappropriate sample containers are used for sample collection it will be the decision of the

laboratory manager and the project manager, working in conjunction with the client, how best to proceed

with sample receipt.

3.5. It is the client s responsibility to ensure that proper attention is given to the packing materials used in the

shipment of samples submitted to Frontier Geosciences for analysis. Vermiculite should never be used, as

the dust from this material presents a contamination risk. In the event that inappropriate packing material is

used in the shipment of samples to Frontier Geosciences it will be the decision of the laboratory manager and

the project manager, working in conjunction with the client, how best to proceed with sample receipt.

3.6. It is the client s responsibility to ensure that proper attention is given to packing and shipment of sample

containers. In the event that sample containers break or leak during transport to Frontier Geosciences it will



be the decision of the laboratory manager and the project manager, working in conjunction with the client,

how best to proceed with sample receipt.

3.7. The organization at Frontier Geosciences Inc. is to assign a specific project to a specific project manager

(PM) or principal investigator (PI). The PM/PI for a specific project is ultimately responsible for sample

receipt, chain of custody, tracking, integrity, preservation, transport, storage, analysis, data validation and

disposal. If the PM/PI is, at any point from samples  arrival to samples  disposal, unavailable for decision-

making, the lab manager and the senior analyst will be notified, and will claim responsibility until which

time the PM/PI is available to resume responsibility for the samples.

4.0 SAFETY

4.1. Personnel will don appropriate laboratory attire according to the Chemical Hygiene Plan. This includes, but

is not limited to, laboratory coat, safety goggles, and latex/nitrile gloves under clean gloves.

4.2. The toxicity or carcinogenic factor of reagents used in this method has not been fully established. Each

chemical should be regarded as a potential health hazard and exposure to these compounds should be as

limited as reasonably achievable. All lab personnel should refer to the Material Safety Data Sheet (MSDS)

for each chemical they are working with.

4.3. All personnel handling environmental samples known to contain or to have been in contact with human

waste should be immunized against known disease-causative agents. Frontier will reimburse the expense of

Hepatitis A and B immunizations for any laboratory staff member who desires this protection.

5.0 EQUIPMENT

5.1. Envirco  class-100 clean air station: for reception of samples that do not contain high levels of trace metals

and/or potentially containing hazardous materials.

5.2. Fisher Scientific Traceable  Digital Thermometer: with a range of —40.0 to 300.0 Degrees Fahrenheit, and —

40.0 to 150.0 Degrees Celsius.

5.3. Digital Thermometer: with a range of —58 to 500.0 Degrees F, and —50.0 to 260.0 °C.

6.0 REAGENTS

6.1. Water:  Reagent water for rinsing off samples.

7.0 PROCEDURES

7.1. Delivery by Private or Public Mail Carrier or Courier.  Samples are delivered by private or public mail carrier

or courier to Frontier Geosciences. The mail carrier can only be let into the building via an intercom system.

The staff member who opens the door will direct the mail carrier into the sample receiving area. If a staff



member other than the sample custodian opens the door for the mail carrier, the staff member can either sign

for the delivery directly or, ideally, locate the sample custodian who will sign for the delivery. If a staff

member other than the sample custodian signs for the delivery, s/he must then notify the sample custodian

immediately of sample arrival.

7.2. Sample Receipt Logbooks There are two active, in-use sample receipt logbooks (sample receipt logbook A,

and sample receipt logbook B) kept at the sample receiving desk. In the event of a high-volume of incoming

samples on any given day, two sample custodians will be utilized, alternately using the class-100 clean air

station for sample receipt. The logbooks are used to record the client who sent the samples for analysis, each

sample sent for analysis, date received, time received, sample matrix, custody seal condition, cooler tem-

perature estimate, condition of samples, and any unusual observations. In addition to the sample receipt

logbooks there is also a sample location logbook stored in the same area, which is filled in chronologically by

both sample custodians. The sample location logbook provides a summary of sample sets arriving daily. The

client is listed, the Frontier Geosciences PM/PI, the date/time of reception, where samples were deposited at

the time custody was transferred, and which logbook was used to record sample receipt information.

7.3. Inspection of Package(s)  The sample custodian observes the package(s) to inspect for visible signs of dam-

age before opening. If the package is damaged, this will be noted on the COC and, ultimately, in the sample

receipt logbook. For packages whose source is Lockheed Martin Energy Systems (LMES), the sample custo-

dian will follow protocol of SOP FGS-030.2. Any sample custodian who has been trained in the receipt of

packages from LMES may receive these packages. For packages that are suspected to be very high in trace

metals, the sample custodian will notify the PM before opening the package. If the PM is not available, the

laboratory manager, should be notified  (Note: All samples known or suspected to be very high trace

metals (or any other hazardous constituents) must be so identified by the client.  Failure to do so may

result in additional charges and the return of the samples, as well as liability for damages or injuries

that result.)

7.4. Prioritizing Reception In the event of a high volume of incoming samples and in order to minimize the risk of

compromising the integrity of time-sensitive samples, all sample containers may be opened at the time of

arrival at Frontier GeoSciences.  By examining the provided COC forms, the sample custodian is able to

receive those samples requiring more labor-intensive and/or immediate attention (i.e. time-lapse filtering)

first, before moving on to receive samples which require very little in the way of preparation (i.e. straight

preservation through oxidization).

7.5. Custody Seal If a custody seal is present on the package, it is broken by the Sample Custodian and the time

noted by Sample Custodian. This and all other observances will be recorded on the COC and, ultimately, in

the sample receipt logbook.

7.6. Open Package(s)  After the custody seal has been broken by the sample custodian, the package is opened and

the COC form located. In the event that the package contents are determined to be unacceptable due to safety

concerns, no further sample handling will be done. Instead, the package(s) will be re-sealed, placed in a

secure outside storage area, and the client will be notified. If the samples are found to be acceptable, they are

removed from the package(s). Samples are usually shipped within two polyethylene (Ziplock -type) bags.



These bags are a sufficient integrity barrier to allow handling and logging of samples outside of the clean

room or a clean bench. At this time, the bags are removed under a class-100 clean bench using ultra-clean

handling technique and each individual sample is checked for integrity, identity, and verified against the

client provided COC. Any discrepancies between samples and COC are noted on the original COC. Each

sample must have a unique lab sample identification number. In general, the client identification number/ID

or the engraved bottle number (if a FGS provided bottle) are suitable. In order to ensure unique and traceable

lab identification it may be necessary to use a combination of both the client ID and the engraved bottle

number. The samples are then labeled with lab tape to include client name, date received, and its individual

ID along with any other notation requested by the PM/PI.

7.7. COC Form Once the samples are properly identified, any and all discrepancies, along with the time, date,

PM/PI, temperature, custody seal information (if applicable), and lab are noted on the original COC form.

When all information has been recorded on the COC the sample custodian signs it and the sample set is ready

to be relinquished to the lab(s).  Copies of the COC are made to accompany the sample set allowing for the

possibility that the sample set may be divided between the mercury laboratory and the laboratory for all other

trace metals.  If this is the case, a complete copy of the COC will accompany both sets of samples. (Specific

clients may request an internal tracking COC form. This additional COC is also filled out at this time with the

necessary information specific to its client and will go with the sample set(s) along with the copied COC.

Some clients may have specific requirements related to notification of sample receipt). A copy is presented to

the laboratory manager, as well; with a copy retained for the receiving files and the original Chain of Custody

form is given to the PM/PI. In the event that the PM/PI is not available the lab manager and the senior analyst

will be notified, and will assume responsibility until which time the PM/PI is available to claim responsibil-

ity for the samples.

7.8. Sample Transfer to Laboratory The samples and the copy of the COC (and internal tracking form if re-

quested) are transferred by the sample custodian to the laboratory. The sample containers are individually

rinsed off with deionized water to remove any possible contamination on the outside, and then they are dried.

7.9. Relinquishing Custody Once sample containers have been rinsed and dried by sample custodian, they are

placed in the designated incoming sample  area.  The lab staff is made aware of their presence and the

project manager is notified of their move into the lab. This constitutes relinquishing custody of samples or,

rather, transferring custody to the lab staff.  After relinquishing custody of samples, the sample custodian will

return to the sample receiving area to enter sample reception information into the sample receiving logbook

and the sample location logbook. The sample receipt process for a particular sample set is completed with

filing the sample receiving copy of the COC in the sample receiving area, before resuming sample receipt of

subsequent sample shipment.

7.10. Project Sheets  The PM/PI initiates the production of a Project Sheet when s/he is notified of samples  arrival

to the lab.  Once printed, the project sheet is placed on the designated project clipboard, located on the island

in the Trace Metals area. The Project Sheets list sequentially all of the necessary actions that a set of samples

requires.  Other information included is the number of samples in the batch, receipt and due date, QC require-

ments, client and PM information, as well as specific handling information. All laboratory personnel are

required to refer to the project sheet before performing any task on a given sample. As each action is per-



formed, the person responsible for that task indicates completion by dating and initialing the scheduled

procedure. When all actions are complete the data and folder are given to the PM.

7.11. Custody  A sample is considered to be in custody  if it meets specific criteria.  The criteria is as follows: (a)

it is actually in the PM/PI s, analyst s or lab assistant s possession, (b) it remains in the PM/PI s or analyst s

visual range once possession of the sample has been assumed, or (c) the sample has been stored in a secure

area. To satisfy custody provisions, the laboratory implements several procedures as follows:  (I) samples are

stored in a secure area, (II) laboratory doors are locked at all times, (III) visitors are always accompanied by

a member of the laboratory staff, and (IV) samples remain in the secure area until acceptance of the final

report by the client or until the PM/PI has given permission for the disposal of the sample.

7.11.1. Sample Tracking The system for tracking samples from preparation and through analysis consists of

all COC (including internal tracking COC when applicable) records, sample receipt logbook, labora-

tory bench-sheets, laboratory notebooks, instrument printouts (raw data), and final analytical reports.

Samples are stored in secure refrigerators only if they are awaiting speciation analysis, or at the request

of the client. Because the laboratory is small and secured, the PM/PIs, lab assistants, analysts, and

sample custodians are in constant communication. Upon completion of use of samples, they are taken

to the sample storage container to be disposed of after designated holding time has passed.

7.11.2. Internal Chain-of-Custody Sample Tracking For projects that require specific tracking information

once the sample is in custody  of Frontier Geosciences, an additional internal COC form is used. The

internal COC form tracks sample location from receipt and through all processes that occur at Frontier

(i.e., preservation, digestion, storage, analysis, etc.). This form identifies the client, date(s) of receipt,

case or sample delivery group (SDG) number, samples tracked, each of the storage locations used, and

the initials of the individual performing the listed processes on the samples. If splits are made of any

samples requiring an internal COC, a separate internal COC form is prepared and used to track the split

samples, as well.  Once the samples are disposed of or returned to the client, the internal COC is

returned to the Project Manager. Please note that the internal COC form is used only for specific projects

that require this level of tracking information.

7.11.3. Specific Sample Tracking Notes for the Aquatic Mercury Group For aqueous samples to be analyzed

for both total mercury and methyl mercury, the samples are stored in a secure refrigerator. Following

the distillation of the samples for methyl mercury, a small sticker or piece of tape with the date of that

distillation is placed on the lid of the bottle. Once the methyl mercury data has been cleared, the samples

are transferred to the sample receipt counter in the Aquatic Laboratory and are marked for total mercury

preservation. After preservation, aquatic samples are placed into either the Standard  or High  cup-

board reflecting their QC requirements and the sample information is added to the cupboard inventory

list. All solid samples are logged into an appropriate freezer. After analysis, aqueous samples not requir-

ing refrigeration are placed on shelves in the Aquatics laboratory. As time allows, samples are then

logged into the secure sample storage container for long term storage. Solid samples and aqueous

samples requiring refrigeration are returned to their original locations until the time of their disposal.



7.11.4. Specific Sample Tracking Notes for the Trace Metals Group  After samples are preserved they are

stored in the trace metals lab at room temperature. Samples for speciation are checked for pH and stored

in a secure refrigerator. Water samples awaiting a digestion, extraction, or other preparative step remain

in the Sample Preparation Laboratory. Solid samples awaiting a digestion, extraction, or other prepara-

tive step are logged into a secure freezer. Once samples are in a suitable state for analysis, they are

stored in the ICP-MS laboratory or the AFS/GF laboratory, as determined by method of analysis. If all

analyses are complete, the samples are stored in a cupboard or the secure sample storage container until

permission for disposal is given. Samples for speciation are checked for pH and stored in a secure

refrigerator.

7.12. Sample Transport, Preservation, Storage and Holding Time Special consideration is given to the procure-

ment, storage, and transportation of samples to be analyzed (FGS-007 and FGS-008). These procedures

enhance the probability that any analyte originally present in the sample matrix has not degraded or altered in

concentration, and also ensures that any contaminants that might interfere with accurate analysis have not

been added.

7.13. Mercury Specific Sample Handling For low-level (ambient) mercury analyses, only rigorously acid-cleaned

Teflon containers (or borosilicate glass or quartz containers with Teflon -lined lids) may be used for water

samples. Tissues, sediments, and contaminated water samples should be stored in acid-cleaned glass contain-

ers with Teflon -lined lids. The client is responsible for potential sample contamination resulting from the

use of polyethylene, polypropylene, or other plastics not approved for mercury work. Samples may not be

sent packed in vermiculite, as the dust from this material represents a contamination risk. The client should

use bubble wrap or foam as packing materials.

7.14. Trace Metals Group Specific Sample Handling For low-level (ambient) trace metals analysis, only rigor-

ously acid-cleaned, high-density polyethylene, polycarbonate, Teflon  or glass containers (with Teflon _lined

lids) may be used.  Low-density polyethylene bottles may be used only if the samples will not be digested

using the oven method (SOP FGS-O65). If the client submits samples in containers other than FGS cleaned

bottles, bottle blanks should also be submitted. Samples may not be sent in vermiculite, as the dust from this

material presents a contamination risk. The client should use bubble wrap, foam, or Styrofoam peanuts as

packing materials.

7.15. For both Mercury and Trace Metals Analysis Aqueous samples are sent cold-preserved by overnight courier,

while freezing in the field preserves solid samples, unless specifically requested otherwise. Each sample

container may be sealed inside a Ziplock  bag and labeled with a unique sample number. After the sample

custodian has relinquished custody to the PM/PI, the samples are transported to the refrigerator, freezer, or

shelf space designed and allocated for sample storage. All company employees have access to the sample

storage area, which is within the secure analytical laboratory. Upon completion of use of samples, they are

taken to the sample storage container to be held for a designated holding time before disposal.

7.16. Sample and Waste Disposal  Frontier Geosciences, Inc. currently operates in a manner which produces al-

most zero toxic waste (acids are neutralized prior to discharge to the sewer). Thus samples from toxic sites



are the only hazardous waste products in our possession. Samples must eventually be disposed of to preserve

laboratory storage space. Timely and proper disposal is emphasized for the sake of efficiency and, in the case

of hazardous substances, safety. Frontier Geosciences will not accept hazardous samples without prior

agreement that the client is responsible for sample handling and disposal after the analytical report is

provided.  Water, sediment, and tissue samples are stored for 60 days following submission of the final

report unless the client requests otherwise.  If the client wishes to retain water samples for longer than

90 days, special provisions must be made to purchase enough sample containers prior to the start of

the project.  Frontier Geosciences reserves the right to reject any samples that may pose a reasonable

threat to the health or safety of personnel (for example, human biological tissue which has not been

sterilized, radioactive materials, unknown industrial wastes, etc.).

8.0 QUALITY ASSURANCE

8.1. The air in the shipping/receiving area is monitored on a regularly scheduled monthly basis, and samples are

received within a class-100 clean air station.

8.2. Bench-sheet liners are changed at least after every sample set in order to avoid cross-contamination between

sample sets, and more often as deemed necessary.

8.3. Clean gloves are worn throughout the sample receipt process, and are changed whenever a new step in the

sample receipt procedure is begun. This means after unpacking samples from cooler or shipping container,

after removing polyethylene Ziplock   bags, after drying and taping bottles, after transporting bottles to the

lab(s), and after rinsing bottles with deionized water. Gloves are also changed between the reception of

different sample sets, and at any other time deemed appropriate.

8.4. In order to promote clarity, the sample custodian creates a visual distinction between different sample sets by

consciously using and alternating the use of a variety of colored labeling tapes.

8.5. All labs monitor deionized water systems on a weekly basis in order to minimize the risk of sample contami-

nation by Frontier Geosciences  water supply.

8.6. Random bottle testing is performed monthly to monitor cleanliness of bottles ready for shipment.

9.0 CORRECTIVE ACTIONS

9.1. In the event that the sample custodian neglects to note pertinent information on the COC form such as

discrepancies between the sample ID and the samples, engraved bottle ID discrepancies, sample condition

which may pose a risk to sample integrity (i.e. broken bottles, etc.), and/or any other anomalous findings

which may compromise analysis/generated data; an initialed and dated amendment will be made by the

sample custodian on the COC in reference to the oversight. In cases where a follow up investigation and/or

traceable documentation is necessary, a corrective action form will be generated, as opposed to an incident

report.



9.2. In the event that the sample custodian neglects to note pertinent information in regards to the date/time of

reception, the temperature of the cooler/sample container, the PM/PI at Frontier Geosciences, the presence of

a COC seal, and/or sign a COC form; an initialed and dated amendment will be made on the COC in refer-

ence to the oversight by the sample custodian, and an incident report will be generated.

9.3. In the event that sample integrity is compromised due to a delay in receipt and/or a disregard to established

sample handling protocol (i.e. ambient storage of frozen sediments or neglecting to document location of

samples within the laboratory space), an initialed and dated amendment will be made by the sample custo-

dian on the COC and all other related documentation in reference to the oversight. In cases where a follow up

investigation and/or traceable documentation is necessary, a corrective action form will be generated, as

opposed to an incident report.
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1.0 SCOPE AND APPLICATION

1.1. This method is for the determination of mono-methyl Hg in solid substrates of samples that are expected to

contain high  levels of methyl Hg. Such samples include tissues from all fish and animals from higher

trophic levels and also contaminated sediments and soils. The analysis of tissues is performed on samples

that have been made completely soluble, whereas in the case of sediments and soils, an alkaline leachate is

used. Samples that are digested with KOH/Methanol are analyzed using aqueous phase ethylation coupled

with GC — CVAFS as described in FGS-070.

1.2. Methyl mercury as defined by this method means all methyl mercury forms and species found in the digestate.

This includes but is not limited to CH3Hg+, CH3HgCl, CH3HgOH, and CH3HgS-R.

2.0 SUMMARY OF METHOD

2.1 Samples are collected using clean sample handling protocols into acid-cleaned Teflon¤  bottles, or commer-

cially available pre-cleaned glass containers with Teflon¤  caps (ie. I-Chem“ ). Freezing preserves samples

until sample preparation is performed. Prior to analysis, samples are digested or leached in 25% KOH/Metha-

nol until solublized.

3.0 INTERFERENCES

3.1. The tissue digestate itself is an interference with the ethylation reaction during analysis. The use of uniform

sample weights, the method of standard additions, and the use of the smallest sample aliquot necessary for

accurate quantification can overcome this. For samples with greater than 0.1µg/g as methyl mercury, the

sample and aliquot size can be sufficiently small so that no peak inhibition compared to deionized water is

observed.



3.2. No HNO3 or other oxidizing agents (Cl2, BrCl, CrO4
=, etc.) should be present in the sample, or CH3Hg may

be destroyed.  Also, chlorine present in dilution or reagent water destroys both methyl mercury and the

reagent, rendering the method useless. As a precaution, the carbon column is placed on the output side of the

18 megohm water purification system to remove any traces of chlorine and deionizing resins.

4.0 SAFETY

4.1. Personnel will don appropriate laboratory attire according to the Chemical Hygiene Plan. This includes, but

is not limited to, laboratory coat, safety goggles, and latex gloves under clean gloves.

4.2. The toxicity or carcinogenicity of reagents used in this method has not been fully established. Each chemical

should be regarded as a potential health hazard and exposure to these compounds should be as low as reason-

ably achievable. All laboratory employees should refer to the MSDS for each chemical they are working

with.

4.3. All personnel handling environmental samples known to contain or to have been in contact with human

waste should be immunized against known disease-causative agents. Frontier will reimburse the expense of

Hepatitis A and B immunizations for any laboratory staff member who desires this protection.

5.0 EQUIPMENT

5.1. 40-mL or 20-mL I-Chem“  Vials: Borosilicate glass, series 300 vials with Teflon¤ -lined septum in lid. The

size used depends on the amount of sample available. The vials are volumetrically accurate to ±0.5 mL when

filled such that the meniscus is just to the bottom of the vial neck. The person performing the preparation

should verify this.

6.0 REAGENTS

6.1. Water:  18 megohm ultra-pure deionized water starting from a pre purified (distilled, R.O., etc.) source. As a

final mercury and organic removal step, the activated carbon cartridge on the 18 megohm system is placed

between the final ion exchange bed and the 0.2 µM filter. Water should be routinely monitored for Hg

especially after ion exchange beds are changed. Water should typically contain less than 0.2 ng/L total Hg

and remedial action should be taken if the total Hg exceeds 1 ng/L. Methyl Hg should be undetectable in

reagent water.

6.2. 25% Potassium Hydroxide/Methanol: 250 g of reagent grade KOH is dissolved in methanol to make a final

volume of 1.0 L. This solution has an indefinite lifetime when stored in a Teflon“ bottle at room tempera-

ture. CAUTION: THIS MIXTURE BECOMES VERY HOT-POTENTIALLY BRINGING THE

METHANOL TO THE BOILING POINT.



7.0 PROCEDURE

7.1. The sample is dissected and homogenized with acid-washed stainless steel tools.

7.2. Approximately 1.0 g of the homogenate is transferred to a 40-mL I-Chem“ vial.  All samples should be in

the range of 0.8-1.2 grams wet weight (weighed to the nearest milligram).

7.3. Unused homogenate is returned to the freezer.

7.4. 10 mL of the 25% KOH/methanol reagent is added to each sample.

7.5. The sample is then capped, shaken and placed on a hot plate at 90 °C for 2-4 hours or until all soft tissue is

visibly made soluble.

7.6. The samples are allowed to cool and then diluted up to the 40-mL line on the vial with methanol.  After

dilution, samples are capped and agitated again.

7.7. Samples with undissolved solids, such as sediments, are allowed to settle thoroughly prior to analysis.

8.0 QUALITY CONTROL

8.1. Maximum Sample Batch Size: 25 samples for standard level QC; 20 samples for high level QC.

8.2. Preparation Blanks: Three per batch, standard deviation used to determine estimated MDL for each batch.

8.3. SRM:  One per batch, 70-130% recovery limit.

8.4. MD:  One per batch, 25 RPD limit.

8.5. MS/MSD: One per batch, 70-130% recovery limit, 25 RPD limit.

9.0 CORRECTIVE ACTIONS

9.1. If MD is above 25 RPD, reanalyze to verify results. Consult with project manager. If re-digestion is

needed, ensure that all samples are homogenized extremely well.

9.2. If MS/MSD is not within 70-130%, or has an RPD higher than 25, reanalyze to verify result, consult

project manager. May attempt to reanalyze at a smaller aliquot or perform analytical spike and analytical

spike duplicate to determine if matrix interference is an issue. Under most circumstances, re-digestion will

be needed.

9.3. If SRM is not within 70-130%, reanalyze to verify results. If SRM is still out, consult project manager.

Under most circumstance, re-digest will occur.
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