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Hazardous Waste Permits Program
Hazardous Waste Bureau
New Mexico Environment Department
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Subject: Contract Laboratory Standard Operating Procedures
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1.

TEST METHOD

1.1

Standard methods for the examination of water and wastewater,
2510 B; 120.1.

1.2

Conductivity meter manual, ysi13400.

2.

MATRIX

2.1

This method is used for waters.

3.

SUMMARY

3.1

Conductivity is a numerical expression of the ability of an aqueous solution to carry an electric
current. This ability depends on the presence of ions, their total concentration, mobility, valence and
relative concentrations, and on the temperature of measurement. Solutions of inorganic acids,
bases and salts are relatively good conductors. Conversely, molecules of organic compounds that
do not dissociate in aqueous solution conduct a current very poorly, if at all.

3.2

The physical measurement made in a laboratory determination of conductivity is usually resistance,
measured in Ohms or megohms. The reciprocal of resistance is conductivity and is customarily
expressed in micromhos per centimeter (µmhos/cm) or microsiemens per centimeter (µSiem) in
water.

4.

DEFINITIONS

-tgti:l_20

- - - - - 4 _ 1 - - ICV: Initial calibration verification---4.2

CCV: Continuing calibration verification

4.3

RPO: Relative percent deviation

4.4

MSDS: Material safety data sheet

5.

SAFETY

5.1

Standard laboratory protective clothing and eye covering is required.

6.

EQUIPMENT AND SUPPLIES

6.1

Conductivity meter, Model 3100 YSI

6.2

Temperature probe (on the pH meter)

6.3

Large glass jars.

6.4

Stir plate and stir bars.

th
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7.

SAMPLE COLLECTION

7.1

Representative samples should be taken in scrupulously clean containers. Both plastic and glass
are acceptable.

8.

SAMPLE PRESERVATION AND HOLDING TIME

8.1

No preservatives are required. The sample should be refrigerated. The holding time is 28 days.

9.

REAGENTS

9.1

Standard Conductivity Solution. Prepare 0.01 M KCI by dissolving 0. 7456 grams of KCI in DI water.
Bring to 1 L final volume in a volumetric flask. Transfer to a 1 L plastic bottle for storage. This
solution will have a conductance of 1412 µSiem. Note: Two conductivity solutions need to be made
using two different KCI brands. One standard is used for the CCV and one standard is used for the
ICV (second source).

9.2

Standards can be ordered from Fisher or YSI.

10.

INSTRUMENT PREPARATION

10.1

With the instrument on, press and release the [Down Arrow] and [Mode] keys at the same time. The
CAL symbol will appear at the bottom left of the display, and the large portion of the display will be
1.91% (or a value set previously). Using the [Up Arrow] and [Down Arrow] keys to adjust the number
to 1. 91 %. Press and release [Mode] twice. The large portion of the display will show 1. 00 (or a
value set previously). Adjust this number to 1.00 using the [Up Arrow] and [Down Arrow] keys.
Press [Enter]. The word "save" will flash on the display for a second to indicate your change has
been accepted. The 3100 will return to normal operating mode.

10.2

Determination of cell constant (performed once a week): Rinse conductivity cell with at least three
portions of 0.01N KCI solution. Adjust temperature of a forth portion to 25.0 ± 0.1°C. Measure
resistance of this portion and note temperature. Compute cell constant, C:
C = (0.001413)(RKc1) 1 + 0.0191 (T-25)
Where: RKc1 = measured resistance, ohms
T = observed temperature, °C

11.

QUALITY CONTROL

11.1

An ICV is run at the beginning. A CCV and duplicate are run for every 10 samples.

12.

METHOD CALIBRATION

12.1

Standardizing: Before making sample measurements, the
instrument/probe using the standard conductivity solution (9.1 ).

operator

must

calibrate

the
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CCV: Shake the standard and pour into a glass jar. Place the probe into the jar and
record the conductivity and the temperature. If the reading is not within 10% of the
nominal value (1412 µSiem), discontinue the run and perform troubleshooting per
the owner's manual.

12.1.1

12.1.2

!CV: The same procedure as above (12.1.1) is done for the second source solution.

13.

PROCEDURE

13.1

Samples should be warmed to room temperature prior to analysis if possible.

13.2

Shake the sample thoroughly and pour it into a glass jar.

13.3

Immerse the conductivity probe and the temperature probe in the sample, being certain that vent
holes are covered and that all air has been expelled from the probe. Record the conductivity and
the temperature.

13.4

Rinse the probe with DI water and read the other samples.

14.

CALCULATION

14.1

Refer to the table of temperature factors to determine the correction factor for the conductivity at the
temperature measured.

14.2

Multiply the f, for each reading at each temperature.
µmhos/cm.

15.

METHOD PERFORMANCE
QC

16.

This gives the specific conductance in

Acceptable Criteria

!CV/CCV

.:!: 10%

Duplicate RPO

.:::20*

CORRECTIVE ACTION
QC

Corrective Action

ICV/CCVout

Reanalyze. Remake and reanalyze.

Duplicate RPO out

Reanalyze. If still out, remark on report.

* until control limits are determined

17.
17 .1

POLLUTION PREVENTION
MSDS sheets are available in the library or in the folder in wetchem.
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18.

DATA ASSESSMENT

18.1

A method blank must be analyzed with each analytical batch.

18.2

An ICV second source is analyzed at the beginning. Recovery must be 90 to 110%.

18.3

A CCV must be analyzed for every 10 samples. Recovery must be 90 to 110%.

18.4

A sample duplicate must be run for every 10 samples. Recovery for the duplicate RPO must be set
up by calculated control limits at+ 3 times the standard deviation of at least 20 sample duplicates.
Use a default limit of~ 20%.

19.

MAITENANCE

19.1

The single most important requirement for accurate and reproducible results in conductivity
measurement is a clean cell. A dirty cell will change the conductivity of a solution by contaminating it.

19.1.1 To clean a conductivity cell:
Dip or fill the cell with cleaning solution and agitate for
two to three minutes. Any one of the foaming acid tile cleaners, such as Dow Chemical
Bathroom Cleaner, will clean the cell adequately. When a stronger cleaning preparation
is required, use a solution of 1: 1 isopropyl alcohol and 1ON HCL or sulfuric acid, ethanol
or methanol.
CAUTION: Cells should not be cleaned in aqua regia or in any solution known to etch platinum or gold.
Remove the cell from the cleaning solution and rinse in several changes of distilled or deionized
water. Inspect the platinum black to see if replatinizing is required.
19.1.2 Storage:
Short term: Store conductivity cells in deionized or distilled water.
frequently to prevent any growth that may cause electrode fouling.

Change the water

Long term: Rinse thoroughly with deionized or distilled water and store dry. Any cell that has
been stored dry should be soaked in distilled water until the electrodes appear black before
use.
19.2

Repatinization of Cell: The cell should be inspected periodically. If the coating appears to be
thin or if it is flaking off, the electrodes should be cleaned, as noted above, and replatinized.
Properly maintained conductivity cells will perform for years without replatinizing. See the
3100 operations manual for replatinizing instructions.

20.

CONTINGENCIES FOR HANDLING OUT-OF-CONTROL DATA

20.1

All flags must be written on a non-conformance/corrective action report(CAR).

•
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21.

WASTE MANAGEMENT

21.1

Refer to the Waste Management SOP if there are any questions about disposal.

22.

REFERENCES

22.1

Standard Methods for the Examination of Water and Wastewater, 4ml=l-20th Edition, 4-9-92:199.§,
Method 2510 B.

22.2

EPA Methods for Chemical Analysis of Water and Wastes, March 1983, Method 120.1.

22.3

Current Quality Assurance Manual, TraceAnalysis, Inc.

22.4

YSI Model 3100 Operations Manual.

23.

TABLES, DIAGRAMS, FLOW CHARTS AND VALIDATION DATA

23.1

N/A

24.

PREVENTATIVE MAINTENANCE

24.1

Make sure that all glassware is clean and not cracked.
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STANDARD OPERATING PROCEDURE
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1.

TEST METHOD
1.1

2.

MATRIX
2.1

3.

5.

This method is used for waters and soils.

DETECTION LIMIT
3.1

4.

Method for the Determination of Inorganic Substances in Environment Samples. August
1993, Method 300.0, Revision 2.1.

The detection limits are determined by MDL's which are performed once a year.

SCOPE & APPLICATION
4.1

A small volume of sample, typically 5 mls, is introduced into an ion chromatograph. The
anions of interest are separated and measured, using a system comprised of a guard
column, analytical column, suppressor device, and conductivity detector.

4.2

An extraction procedure must be performed to use this method for solids (see Sample
Preparation section 15.1 ).

SUMMARY
5.1

This method covers the determination of the following inorganic anions:
Bromide
Chloride

5.2

Fluoride
Nitrate

Nitrite
Phosphate

Sulfate

The matrices applicable are shown below:
Drinking water, surface water, mixed domestic and industrial wastewaters, groundwater,
reagent waters, solids (after extraction 15.1 ), leachates (when no acetic acid is used).

6.

DEFINITIONS
6.1

7.

ICV: initial calibration verification; CCV: continuing calibration verification; RPO: relative
percent deviation; MSDS: material safety data sheet; MDL: method detection limit.

INTERFERENCES
7.1

Interferences can be caused by substances with retention times that are similar to and
overlap those of the anion of interest. Large amounts of an anion can interfere with the peak
resolution of an adjacent anion. Sample dilution and/or fortification can be used to solve
most interference problems associated with retention times.

7.2

The water dip or negative peak that elutes near, and can interfere with, the fluoride peak. If
it interferes, it can usually be eliminated by the addition of the equivalent of 1 ml of
concentrated eluent to 100 ml of each standard and sample.

7.3

8.

7.4

Samples that contain particles larger than 0.45 microns and reagent solutions that contain
particles larger than 0.20 microns require filtration to prevent damage to instrument columns
and flow systems.

7.5

Any anion that is not retained by the column or only slightly retained will elute in the area of
fluoride and interfere. Known coelution is caused by carbonate and other small organic
anions. At concentrations of fluoride above 1.5 mg/L, this interference may not be
significant, however, it is the responsibility of the user to generate precision and accuracy
information in each sample matrix.

7.6

The acetate anion elutes early during the chromatographic run. The retention times of the
anions also seem to differ when large amounts of acetate are present. Therefore, this
method is not recommended for leachates of solid samples when acetic acid is used for pH
adjustment.

7.7

The quantitation of unretained peaks should be avoided, such as low molecular weight
organic acids (formate, acetate, propionate etc.) which are conductive and coelute with or
near fluoride and would bias the fluoride quantitation in some drinking and most waste
waters.

7.8

Any residual chlorine dioxide present in the sample will result in the formation of additional
chlorite prior to analysis. If any concentration of chlorine dioxide is suspected in the sample,
purge the sample with an inert gas (argon or nitrogen) for about five minutes or until no
chlorine dioxide remains.

SAFETY
8.1

9.
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Method interferences may be caused by contaminants in the reagent water, reagents,
glassware, and other sample processing apparatus that lead to discrete artifacts or elevated
baseline in ion chromatograms.

Standard laboratory protective clothing and eye covering is required.

EQUIPMENT AND SUPPLIES
9.1

Balance: Analytical, capable of accurately weighing to the nearest 0.0001 g.

9.2

Ion chromatograph: Dionex ion chromatograph analytical system complete with ion
chromatograph and all required accessories including syringes, analytical columns,
compressed gasses and detectors.
9.2.1

Dionex CD20 conductivity detector.

9.2.2

Dionex GP40 gradient pump.

9.2.3

Dionex ASRS-11 self-regenerating suppressor-II.

9.2.4

Dionex AG14 guard column.

9.2.5

Dionex AS14 analytical column.
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9.2.6

10.

Dionex AS40 automated sampler.

9.3

Vials - 5 ML.

9.4

Filter caps.

9.5

Miscellaneous sizes of volumetric flasks and pipets.

9.6

Magnetic stirring plate.

REAGENTS
10.1

Reagent water: Distilled or deionized water, free of the anions of interest. Water should
contain particles no larger than 0.2 microns.

10.2

Eluent concentrate: 3.5 mM sodium carbonate, 1.0 mM sodium bicarbonate. Dissolve 0. 7419
g Na2 CO3 and 0.1680 g NaHCO 3 in reagent water and dilute to 2 l with distilled water. Filter
the eluent with 0.2 µm nylon membrane filter.

10.3

Stock standard solutions: Stock standard solutions may be purchased as certified solutions.

10.4

10.3.1

Bromide at 1000 mg/l; available from CertiPrep.

10.3.2

Chloride at 1000 mg/l; available from labChem.

10.3.3

Fluoride at 1000 mg/l; available from labChem.

10.3.4

Nitrate (as Nitrogen) at 1000 mg/l; available from labChem.

10.3.5

Nitrite at 100 mg/l (Nitrite as Nitrogen= 30 mg/l); available from Acculon.

10.3.6

Phosphate at 1000mg/l; available from labChem.

10.3.7

Sulfate at 1000 mg/l; available from labChem.

Anion mix: Dilute stock standards (10.3) to generate the anion mix for calibration curve, ICV,
CCV, matrix spikes, and blank spikes:

•
•
•
•
•
•
•

2 ml 1000 ppm Fluoride (10 ppm)
10 ml 1000 ppm Chloride (50 ppm)
2 ml 1000 ppm Bromide (10 ppm)
66 ml 100 ppm Nitrite (10 ppm)*
2 ml 1000 ppm Nitrate (20 ppm)
10 ml 1000 ppm Phosphate (50 ppm)*
10 ml 1000 ppm Sulfate (50 ppm)

All added to 200 ml volumetric flask and brought up to volume with distilled water. Caution:
anion mix is good for 1 month.
*Nitrite and Phosphate are usually ran by hand so you can leave them out of the curve, but
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they are included in the SOP if needed.
10.5

Stock second source solution: Anion mixes are commercially available. Usually the
bromide, chloride, fluoride, nitrate, phosphate, and sulfate are in one solution (1 0.SA) and
nitrite is in a separate solution (10.SB).

10.6

Working second source solution: Dilute 5 ml of both second source solutions (10.5A) and
(10.SB)* in 100 ml of distilled water. Caution: second source solution is good for 1
month.
*If the Nitrite is included in the anion mix (10.4).
Fluoride= 5 ppm; Chloride= 5 ppm; Bromide= 5 ppm; Nitrate= 1.15 ppm; Nitrite= 1.15
ppm; Phosphate= 5 ppm; Sulfate = 5 ppm.

11.

SAMPLE PRESERVATION AND HOLDING TIME
11.1

Sample preservation and holding times for the anions that can be determined by this method
are as follows:
ANALYTE

11.2

12.

HOLDING TIME

Bromide

None required

28 days

Chloride

None required

28 days

Fluoride

Cool, 4°C

28 days

Nitrate

Cool, 4°C

48 hours

Nitrite

Cool, 4°C

48 hours

Phosphate

Cool, 4°C

48 hours

Sulfate

Cool to 4°C

28 days

The method of preservation and the holding time for samples analyzed by this method are
determined by the anions of interest. In a given sample, the anion that requires the most
preservation treatment and the shortest holding time will determine the preservation
treatment.

QUALITY CONTROL
12.1

13.

PRESERVATION

An ICV is run at the beginning. A blank, a matrix spike and duplicate spike, a blank spike
and duplicate spike, and a CCV are ran for every 10 samples. One second source is ran for
the day.

CALIBRATION AND STANDARDIZATION
13.1

Calibration curve: using anion mix (10.4)
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•
•
•
•
•

CAL 1 CAL 2 CAL 3 CAL 4 CAL 5 -

anion
anion
anion
anion
anion

mix *16 ( 12-,-a ml CAL J..~in W-_1§_ ml distilled water)
mix *8 (~1 ml CAL J..~in ~~ ml distilled water)
mix *4 (50 ml mix in 200 ml distilled water)
mix *2 (50 ml mix in 100 ml distilled water)
mix

Several CAL 3 - anion mix can be made up. Note: Be sure that the ratio is correct when
making dilutions from CAL 5 and CAL 4 for CAL 3.
Fluoride: 0.625, 1.25, 2.5, 5.0, and 10.0 mg/L
Chloride: 3.125, 6.25, 12.5, 25.0, 50.0 mg/L
Bromide: 0.625, 1.25, 2.5, 5.0, and 10.0 mg/L
Nitrite: 0.625, 1.25, 2.5, 5.0, and 10.0 mg/L
Nitrate: 0.625, 1.25, 2.5, 5.0, 10.0 mg/L
Phosphate: 3.125, 6.25, 12.5, 25.0, 50.0 mg/L
Sulfate: 3.125, 6.25, 12.5, 25.0, 50.0 mg/L
13.2

The calibration curve must be verified on each working day, or whenever the anion eluent is
changed, and after every 10 samples. If the response for any analyte varies from the
expected values by more than ± 10%, the test must be repeated, using fresh calibration
standards. If the results are still more than± 10%, a new calibration curve must be prepared
for that analyte.

13.3

An ICV and CCV are taken from CAL 3.

13.4

A matrix spike and duplicate matrix spike are prepared with 2.5 ml sample and 2.5 ml CAL

3.
13.5
14.

A blank spike and duplicate blank spike are taken from CAL 3.

INSTRUMENT PREPARATION
14.1

Detector Settings:
SRS = 100 mA
Range= 10 µS

14.2

Pump Settings:
Flow = 1.2 mUmin.
Pressure Limit = between 10 and 4000 psi.

14.3

Automated Sampler:
Vial type = 5 ml
Injection/vial = 1

14.4

Priming the pump:
14.4.1

Turn the knob on the pressure transducer housing counterclockwise
approximately two turns. This opens the pressure transducer waste valve.
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15.

14.4.2

Connect a 10 ml syringe to the priming valve luer adaptor.

14.4.3

Click on the prime button on the computer.

14.4.4

Open the internal valve and collect about 10 ml and slowly push it through the
pump. Close the valve. Repeat this for several collections. Note: If there are
still bubbles in the pump line, push about 3 ml of isopropyl alcohol through the
internal valve.

14.4.5

Press the prime button.

14.4.6

Turn the knob on the pressure transducer housing clockwise to close the waste
valve. Caution: Overtightening may damage the pressure transducer
housing or the valve seal.

14.4.7

Let the IC stabilize. This may take 30 minutes or so. Once the conductivity
reading on the conductivity detector has stabilized around 0.000, the IC is
ready for sample analysis.

SAMPLE PREPARATION

15.1

Soils:
15.1.1

Prepare the samples at a 1:1 dilution using distilled water.

15.1.2

Stir the sample for 10 minutes on a magnetic stirring plate or tumble the samples
for 30 minutesTumble the samples for 30 minutes and then centrifuge for 10
minutes.

15.1.3

Decant the water and filter with a 0.45 µm membrane filter.

15.1.4

Screen the water for conductivity. If the conductivity reads <3,000, dilute the
samples *5, *10, *50; 3,000 - 10,000, add *100 dilution; 10,000 - 20,000, add
*500 dilution; > 20,000, add *1,000 and *5,000 dilutions. Note: Variations may
be used, but the area of each peak must be in the calibration curve in order for
the data to be acceptable.

15.1.5
15.2

Water:
15.2.1

16.

Follow the procedure in sections 16 and 17. Report results in mg/Kg.

Screen for conductivity as shown for soil samples (15.1.4).

PROCEDURE

16.1

Put 5 ml of sample or dilution in a vial and put a filter cap on.

16.2

Verify calibration daily with ICV and CCV's. l~Sequired, recalibrate.

16.3

Put the blank, ICV, samples, matrix spikes, blank spikes, and CCV in order in the
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autosampler and press "run." Note: Somewhere in the run for the day, a second source
must be run (usually this is done at the beginning).

17.

18.

16.4

On the computer, type in the schedule of the samples in the schedule menu.

16.5

Load the proper method and schedule in the run menu.

16.6

Press the start button.

DATA ANALYSIS AND CALCULATION
17 .1

Prepare a calibration curve for each analyte by plotting instrument response against
standard concentration. Compute sample concentration by comparing sample response
with the standard curve. Multiply answer by appropriate dilution factor.

17.2

Report only those values that fall between the lowest and the highest calibration standards.
Samples exceeding the highest standard should be diluted and reanalyzed.

17.3

Report results in mg/L for water/liquid samples, mg/Kg for soil/solid samples.

17.4

Report: N0 2 as N
N0 3 as N

17.5

Dilute samples as necessary so they fall within the calibration range. If it appears that the
peaks have shifted due to matrix interference, spike the sample to verify the peak
identification.

17.6

If the resulting chromatogram fails to produce adequate resolution, or if identification of
specific anions is questionable, fortify the sample with an appropriate amount of standard
and reanalyze.

17.7

Should more complete resolution be needed between peaks the eluent can be diluted. This
will spread out the run but will also cause the later eluting anions to be retained longer. The
analyst must determine to what extent the eluent is diluted. This dilution should not be
considered a deviation from the method.

METHOD PERFORMANCE
QC

Accept. Criteria

!CV/CCV

:10%

Matrix spikes

:20% *

Blank spikes

: 10%

Duplicate RPO

::20

-- * until control limits are determined
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19.

POLLUTION PREVENTION
19.1

20.

MSDS sheets are available in the library or in the folder in wet chem.

DATA ASSESSMENT
20.1

A method blank must be analyzed at the beginning and after every 10 samples.

20.2

An ICV is analyzed at the beginning. Recovery must be 90 to 110%.

20.3

A CCV must be analyzed for every 10 samples. Recovery must be 90 to 110%.

20.4

A second source is analyzed somewhere in the run for the day (usually at the beginning).
Recovery must be 90 to 110%.

20.5

A matrix spike and duplicate matrix spike must be analyzed for every 10 samples. Recovery
for the spike must be set up by calculated control limits at ± 3 times the standard deviation of
at least 20 matrix spikes. Use a default limit of 80 to 120% until limits are determined. RPO
for the duplicate spike must be~ 20.

20.6

A blank spike and duplicate blank spike must be analyzed for every 10 samples. Recovery
for the spike must be 90 to 110%. RPO for the duplicate spike must be~ 20.

20.7

INITIAL DEMONSTRATION OF PERFORMANCE
20. 7.1

The initial demonstration of performance is used to characterize instrument
performance (IDCs) and laboratory performance (determination of MDLs) prior to
performing analyses by this method.

20.7.2

Method Detection Limit (MDL) - MDLs must be established for all analytes, using
reagent water (blank) fortified at a concentration of two to three times the estimated
instrument detection limit. Use the Method provided in 40 CFR Part 136 Appendix

B.
21.

22.

CORRECTIVE ACTION
QC

Corrective Action

ICV/CCVout

Reanalyze; Remake and reanalyze.

Matrix spikes out

Reanalyze; If still out, remark on report and use blank spikes.

Blank spikes out

Reanalyze; Remake and reanalyze.

Matrix spikes RPO out

Reanalyze; If still out, remark on report and use blank spikes.

CONTINGENCIES FOR HANDLING OUT-OF-CONTROL DATA
22.1

All flags must be written on a non-conformance/corrective action report (CAR).

•
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23.

WASTE MANAGEMENT
23.1

24.

25.

REFERENCES
24.1

Method for the Determination of Inorganic Substances in Environment Samples. August
1993, Method 300.0, Revision 2.1.

24.2

Current Quality Manual with Quality Management Plan of TraceAnalysis, Inc.

24.3

Dionex Ion Chromatograph Operations Manual.

TABLES, DIAGRAMS, FLOW CHARTS AND VALIDATION DATA
25.1

26.

Refer to the Sample Disposal SOP if there are any questions about disposal.

N/A

PREVENTATIVE MAINTENANCE
26.1

Make sure that all glassware is clean.
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STANDARD OPERATING PROCEDURE

Density/Specific Gravity

TraceAnalysis, Inc.
6701 Aberdeen Ave., Suite 9
Lubbock, TX 79424

Date Issued:

12-15-99

Date Revised: 3-21-03

Managing Director

Quality Assurance

Analyst

Analyst
Controlled Copy No.J..&SO
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1.

TEST METHODSCOPE AND APPLICATION
1.1

2.

MATRIXHEALTH AND SAFETY WARNINGS
2.1

3.

5.

7.

<1.1

Balance, capable of reading 0.0001 g.

<1.2

5 ml volumetrics

<1.3

Pasteur pipettes

SAFETY
Standard laboratory protective clothing and eye covering is required.

EQUIPMENT AND SUPPLIES

6.1

Balance, capable of reading 0.0001 g.

6.2

5 ml volumetrics

6.3

Pasteur pipettes

SAMPLE COLLECTION
el_.1

6~.

The technician should be trained at least one 'Neek in the method before initiating
the procedure alone.

DEFINITONSAPPARATUS AND MATERIALS

5.1

6.

Standard laboratory protective clothing and eye covering is required.

SUMMARYPERSONNEL QUALIFICATIONS
3.1

4.

This test method covers the determination of the density of water and brine free of
separable oil.

Representative samples should be taken in scrupulously clean containers.
plastic and glass are acceptable.

Both

SAMPLE PRESERVATION AND HOLDING TIME
e§.1

No preservatives are required and g§amples are-i-s stored at 4° C. The holding
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time is 28 days.

9.

710.

QUALITY CONTROL
9.1

A method blank should be run for every 10 samples.

9.2

A duplicate sample is also run for every 1O samples.

PROCEDURE
-710.1

Tare out a 5 ml volumetric on the balance.

-710.2 Fill the volumetric to the line with the sample.
-710.3 Record the weight of the sample (in g/5ml)

811.

DATA ANALYSIS AND CALCULATION
8_11.1

12.

13.

METHOD PERFORMANCE
QC

Acceptable Criteria

Duplicate RPO out

<20%

POLLUTION PREVENTION
13.1

14.

Divide the weight by 5 to get g/ml.

MSDS sheets are available in the library or in the folder in wet chem.

DATA ASSESSMENT
14.1

A method blank must be analyzed with each analytical batch.

14.2

A sample duplicate must be run for every ten samples. Recovery for the duplicate
RPO must be set up by calculated control limits at +3 times the standarc deviation
of at least twenty sample duplicates. lf calculated control limits have not been
established, use a default limit of <20%.
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9.

DATA MANAGEMENT AND RECORDS MANAGEMENT

9.1

10.

14.§.

All laboratory records must be maintained in the bound record book designated for
the method.

QUALITY ASSURANCE

10.1

A method blank must be analyzed 1,•,iith each analytical batch.

10.2

A sample duplicate must be analyzed for every 1O samples. RPO must be set up
by calculated control limits at *3 times the standard deviation of at least 20
duplicates. Use a default limit of ~20% until limits are determined. See control
limits SOP.

CORRECTIVE ACTION

Duplicate RPO out

* until control
16.

::20 *

Remake and analyze;
If still out, remark on
report.

limits are determined

All flags must be written on a non-conformance/corrective action report(CAR).

WASTE MANAGEMENT

17.1
12~.

Corrective Action

CONTINGENCIES FOR HANDLING OUT-OF-CONTROL DATA

16.1
17.

Accept. Criteria

Refer to the Waste Management SOP if there are any questions about disposal.

REFERENCES

12.1
Quality Assurance Manual, TraceAnalysis, Inc., October, 1999.Current Quality
Plan with Quality Assurance Management Plan, TraceAnalysis, Inc.
18.

TABLES, DIAGRAMS, FLOW CHARTS AND VALIDATION DATA

18.1
19.

N/A

PREVENTATIVE MAINTENANCE

19.1

Make sure that all glassware is clean and not cracked.

.

'
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INDUCTIVELY COUPLED PLASMAATOMIC EMISSION SPECTROSCOPY
(METHOD 6010B, 200.7)
TraceAnalysis, Inc.
6701 Aberdeen Ave., Suite 9
Lubbock, TX 79424

STANDARD OPERATING PROCEDURE

ANAL YTE/PROCESS:
Al, Sb, As, Ba, Be, Cd, Ca,
Cr, Co, Cu, Fe, Pb, Li, Mg,
Mn, Mo, Ni, P, K, Se, Ag,
Na, Sr, Tl, V, Zn

MATRIX:
Groundwater, Aqueous
TCLP Extracts,
Industrial and Organic
Wastes, Soils, Sludges,
Sediments, and other
Solid Wastes

Date issued: 8/23/95

Date Revised: 1/29.02

Analyst
Analyst
Controlled Copy No. \ (;Lf8'
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1.0
1.1

Method Reference
Methods for Analysis, Method 601 OB, Method 200.7, Revision 4.4, May
1994.

2.0
2.1

Applicable Matrices
All matrices, Including ground water, aqueous samples, TCLP extracts,
industrial and organic wastes, soils, sludges, sediments, and other solid
wastes, require digestion prior to analysis.

3.0
3.1

Scope and Application
Inductively coupled plasma-atomic emIssIon spectroscopy (ICP)
determines trace elements, including metals in solution. The method is
applicable to all of the elements listed on over page.

3.2

Elements for which Method 601 OB is applicable are:
Element
Wavelength
Aluminum
308.215
Antimony
206.833
Arsenic
193.696
Barium
455.403
Beryllium
313.042
Boron
249.773
Cadmium
226.502
Calcium
317.933
Chromium
267.716
Cobalt
228.616
Copper
324.754
Iron
259.940
Lead
220.353
Lithium
670.784
Magnesium
279.079
Manganese
257.610
Molybdenum
202.030
Nickel
231.604
Phosphorus
213.618
Potassium
766.491
Selenium
196.026
Silver
328.068
Sodium
588.995
Strontium
407. 771
Thallium
190.864
Vanadium
292.402
Zinc
213. 856
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3.3

The method of standard addition shall be used for the analysis of all
extracts and sample digests unless either serial dilution or matrix spike
addition demonstrates that it is not required.

4.0
4.1

Detection Limits

5.0
5.1

Summary of Method
Prior to analysis, samples must be solubllized or digested using
appropriate sample preparation methods. When analyzing for dissolved
constituents, acid digestion is not necessary if the samples are filtered and
acid preserved prior to analysis.

5.2

Method 6010 describes the sequential, multi-elemental determination of
elements by ICP. The method measures element-emitted light by optical
spectrometry. Samples are nebulized and the resulting aerosol is
transported to the plasma torch. Element-specific atomic-line emission
spectra are produced by a radio-frequency inductively coupled plasma.
The spectra are dispersed by a grating spectrometer and the intensities of
the lines are monitored by photomultiplier tubes. Background correction is
required for trace element determination. Background must be measured
adjacent to analyte lines on samples during analysis. The position
selected for the background-intensity measurement, on either both sides
of the analytical line, will be determined by the complexity of the spectrum
adjacent to the analyte line. The position used must be free of spectral
interference and reflect the same change in background Intensity as
occurs at the analyte wavelength measured. Background correction is not
required in cases of line broadening where a background correction
measurement would actually degrade the analytical result.

6.0
6.1

Definitions
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7 .0
7.1

7.2

Interferences
Spectral interferences are caused by: (1) overlap of a spectral line from
another element; (2) unresolved overlap of spectra; (3) background
contribution from continuous or recombination phenomena; and (4) stray
light from the line emission of high-concentration elements. Spectral
overlap can be compensated for by computer-correcting the raw data after
monitoring and measuring the interfering element. Unresolved overlap
requires selection of an alternate wavelength. Background contribution
and stray light can usually be compensated for by a background correction
adjacent to the analyte line.
Physical Interferences are effects associated with the samplenebullzation
and transport processes. Changes in viscosity and surface tension can
cause significant inaccuracies, especially in samples containing high
dissolved solids or high acid concentrations. If physical interferences are
present, they must be reduced by diluting the sample or by using a
peristalic pump. Another problem that can occur with high dissolved solids
is salt buildup at the tip of the nebulizer, which affects aerosol flow rate
and causes instrumental drift. The problem can be controlled by wetting
the argon prior to nebulization, using a tip washer, or diluting the sample.
Also it has been reported that better control of the argon flow rate
improves instrument performance; this is accomplished with the use of
mass flow controllers.

7 .3

Chemical interferences include rrolecular compound formation, ionization
effects, and solute vaporization effects. Normally, these effects are not
significant with the ICP technique. If observed they can be minimized by
careful selection of operating conditions (incident power, observation
position, and so forth), by buffering of the sample, by matrix matching, and
by standard addition procedures. Chemical Interferences are highly
dependent on matrix type and the specific analyte element.

8.0
8.1

Safety

9.0
9.1

Apparatus/Equipment
Inductively coupled argon plasma emIssIon spectrometer: Models
currently in use include Leeman DRE-ICP and Perkin-Elmer Optima 3000
XL.

9.1.1
9.1.2
9.1.3

Computer-controlled emission spectrometer with background
correction.
Radio frequency generator compliant with FCC regulations.
Argon gas supply - Welding grade or better.
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9.2

Operating conditions - The analyst should follow the instructions provided
by the instrument manufacturer. For operation with organic solvents, use
of the auxiliary argon inlet is recommended as are solvent-resistant tubing,
increased plasma (coolant) argon flow, decreased nebulizer flow, and
increased RF power to obtain stable operation and precise
measurements. Sensitivity, instrumental detection limit, precision, linear
dynamic range, and interference effects must be established for each
individual analyte line on that particular Instrument. All measurements
must be within the instrument linear range where coordination factors are
valid. The analyst must (1) verify that the instrument configuration and
operating conditions satisfy the analytical requirements and (2) maintain
quality control data confirming instrument performance and analytical
results.

9.3

Class A volumetric flasks

9.4

Class A volumetric pipettes

10.0

Reagents
Reagent grade chemicals shall be used in all tests. Unless otherwise
indicated, it is intended that all reagents shall conform to the specifications
of the Committee on Analytical Reagents of the American Chemical
society, where such specifications are available. Other grades may be
used, provided it is first ascertained that the reagent is of sufficiently high
purity to permit its use without lessening the accuracy of the
determination. If the purity of a reagent is in question analyze for
contamination. If the concentration is less than the MDL then the reagent
is acceptable.

10.1

10.1.1 Hydrochloric acid (cone.), HCI.
10.1.2 Hydrochloric acid (1:1), HCI. Add 500 ml concentrated HCI
to 400 ml water and dilute to 1 liter in an appropriate beaker.
10.1.3 Nitric acid (cone), HNO3.
10.1.4 Nitric acid (1:1), HN~,- Add 500 ml concentrated HN03, to
400 ml water and dilute to 1 liter in an appropriate beaker.
10.2

Reagent Water. All references to water in the method refer to reagent
water unless otherwise specified. Reagent water will be interference free.
(Class 11 Water)
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10.3

Standard stock solutions may be purchased from SPEX, Ultra, Inorganic
Ventures, Perkin-Elmer, or Aldrich chemical Companies.

10.4 Mixed calibration standard solutbns Prepare mixed calibration standard
solutions by combining appropriate volumes of the stock solutions in
volumetric flasks. Add 20 ml (1:1) HNOJ, and 100 ml of (1:1) HCI and
dilute to 1000 ml with water. Care should be taken when preparing to
ensure that the elements are compatible and stable together. Transfer the
mixed standard solutions to FEP fluorocarbon or previously unused
polyethylene or polypropylene bottles for storage. Fresh mixed standards
should be prepared, as needed, with the realization that concentration can
change on aging. Calibration standards must be Initially verified using a
quality control sample and monitored weekly for stability.
NOTE: If the addition of silver to the recommended acid combination
results in an initial precipitation add 150 ml of water and warm the flask
until the solution clears. Cool and dilute to 1000 ml with water. For this
acid combination, the silver concentration should be limited to 2 mg/L.
Silver under these conditions is stable in a tap-water matrix for 30 days.
Higher concentrations of silver require additional HCI.

10.5

Two types of blanks are required for the analysis. The calibration blank is
used in establishing the analytical curve, and the reagent blank is used to
correct for possible contamination resulting from varying amounts of the
acids used in the sample processing.
10.5.1 The calibration blank is prepared by acidifying reagent water to the
same concentrations of the acids found in the standards and
samples. Prepare a sufficient quantity to flush the system between
standards and samples.
10.5.2 The reagent blank must contain all the reagents and in the same
volumes as used in the processing of the samples. The reagent
blank must be carried through the complete procedure and contain
the same acid concentration in the final solution as the sample
solution used for analysis.

10.6

The Instrument check standard is prepared by the analyst by combining
compatible elements at concentrations equivalent to the midpoint of their
respective calibration curves.

10. 7

The interference check solution is prepared to contain known
concentrations of interfering elements that will provide an adequate test of
the correction factors. Spike the sample with the elements of Interest at
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approximate concentrations of 10 times the instrumental detection limits.
In the absence of measurable analyte, overcorrection could go undetected
because a negative value could be reported as zero. If the particular
instrument will display overcorrection as a negative number, this spiking
procedure will not be necessary. Interference check is ran at a frequency
of twice every eight hours or at the beginning and end of each sequence
as long as two are ran every eight hours.
10.8

The quality control sample should be prepaed in the same acid matrix as
the calibration standards at 10 times the instrumental detection limits and
In accordance with the instructions provided by the supplier. The quality
control sample should be accompanied by a calibration blank.

11.0
11.1

Sample Preservation and Holding Times
A representative sample is collected in a plastic or glass container that
has been rinsed with (1 +1) HN0:3.

11.2

Dissolved metals are filtered immediately.

11.3

Samples are brought to a pH<2 with HN03.

11.4

Holding time is six months.

12.0
12.1

Quality Control
All quality control data should be maintained and available for easy
reference or inspection. All quality control measures described in Chapter
One should be followed.

12.2

Dilute and reanalyze samples that are more concentrated than the linear
calibration limit or use an alternate, less sensitive line for which quality
control data is already established.

12.3

Employ a minimum of one reagent blank per sample batch to determine if
contamination or any memory effects are occurring. A reagent blank is a
volume of reagent water acidified with the same amounts of acids as was
the standards and samples.

12.4

Analyze replicate samples at the frequency described in Chapter One. A
replicate sample is a sample brought through the whole sample
preparation and analytical process in duplicate.

12.5

It is recommended that whenever a new or unusual sample matrix is
encountered, a series of tests be performed prior to reporting
concentration data for analyte elements. These tests, as outlined in Steps
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12.5.1 and 12.5.2, will ensure the analyst that neither positive nor negative
interferences are operating on any of the analyte elements to distort the
accuracy of the reported values.
12.5.1 Serial dilution: If the analyte concentration is sufficiently high
(minimally, a factor of 10 above the instrumental detection limit after
dilution), an analysis of a 1:4 dilution should agree within±10% of
the original determination. If not, a chemical or physical interference
effect should be suspected.
12.5.2 Matrix spike addition: An analyte spike added to a portion of a
prepared sample, or its dilution, should be recovered to within 75%
to 125% of the known value. The spike addition should produce a
minimum level of 10 times and a maximum of 100 times the
instrumental detection limit. If the spike is not recovered within the
specified limits, a matrix effect should be suspected.

CAUTION:

12.6

If spectral overlap is suspected, use of computerized
compensation, an alternate wavelength, or
comparison with an alternate method is
recommended.

Check the instrument standardization by analyzing appropriate check
standards as follows.
12.6.1 Verify calibration every 10 samples and at the end of the analytical
run, and a check, using a calibration blank and a check standard.
12.6.1.1 The results of the check standard are to agree within 10%
of the expected value; if not, terminate the analysis, correct
the problem, and recalibrate the instrument.
12.6.1.2 The results of the calibration blank are to agree within
three standard deviations of the mean blank value. If not,repeat
the analysis two more times and average the results. If the
average is not within three standard deviations of the
background mean, terminate the analysis, correct the problem,
recalibrate, and reanalyze the previous 10 samples.
12.6.2 Verify the lnterelement and background correction factors at
the beginning and end of an analytical run or twice during every 8hour work shift, whichever Is more frequent. Do this by analyzing
the interference check sample. Results must be within± 20% of
the true value obtained in Step 10.6.1.1.
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12.6.3 Spiked replicate samples are to be analyzed every 10 samples.
12.6.3.1 The relative percent difference between replicate
determinations is to be calculated as follows:

RPO=

X 100

where:
RPO = relative percent difference.
01
= first sample value.
02 = second sample value (replicate).
(A control limit of ±20% RPO shall be used for sample values greater than ten
times the instrument detection limit.)
12.6.3.2 The spiked replicate sample recovery is to be within±20% of the
actual value.
13.0
13.1

Calibration and Standardization
Igniting the torch on the ICP is as follows:
13.1.1 Turn the Argon on at VGL
13.1.2 Turn on cooling water chiller-recirculator
13.1.3 Turn on air knife
13.1.4 Press "F1" for main menu
13.1.5 Press "I" for instrument
13.1.6 Press "O" for operation
13.1. 7 Press "S" for cold autostart plasma
13.1.8 Ensure that exhaust vent is on, press "Enter"; allow 30-40 minutes
for plasma stabilization

13.2

Protocol Setup
13.2.1 Press "F1" to return to main menu
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13.2.2

Press "P" for protocol

13.2.3

Press "G" for get protocol

13.2.4

Using arrow keys, highlight desired protocol and press "G" again.
Instrument will automatically adjust to pre-set parameters such
as power, flow-rates, etc. contained in selected protocol
sequence.

13.2.5

Press "F1" to return to main menu

13.2.6

Press "E" for element selection

13.2.7

Press "O" for on/off

13.2.8

Press "Y" Press "Enter" to turn on selected element

13.2.9

Press "N "and then press "Enter" to turn off selected element

13.2.10 Press "P" for protocol
13.2.11 Press "V" for set values
13.2.12 Verify rinse time is 60 seconds. If not, Press "R" for rinse time.
Type in 60, press "Enter".
13.2.13 Verify uptake time is 40 seconds. If not, Press "U" for uptake
time. Type in 40, press "Enter"
13.2.14 Press "L" for peaking line
13.2.15 Press "R" for radial
13.2.16 Type in "Mnl", press enter. If an element has been selected that
will be viewed in the axial mode, cursor will be viewed in the axial
mode, cursor will move to window for axial peaking line entry. If
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so, type in "Pbl", press "Enter".
13.3

Calibration Standards
13.3.1

Press "F1" for main menu

13.3.2

Press "C" for calibration

13.3.3

13.4

Press "S" for standards. Table will appear displaying elements,
units, update-intercept concentration of calibration, location and
concentration of calibration standards for this protocol. If you
wish to change any of these parameters, entered desired value
in the appropriate window and press "Enter".

Auto sampler Set-up
13.4.1

Press "F1" for main menu

13.4.2

Press "A" for auto sampler

13.4.3

Press "R" for rack entry

13.4.4

Press "E" for Edit

13.4.5

Type in rack name or number, press "Enter"

13.4.6

Type in sample Ids with applicable weights and volumes for
appropriate locations in test-tube rack.

13.4.7

Press "F1" for return to main meru.

13.4.8

Press "A" for auto sampler

13.4.9

Press "S" for setup

13.4.10 Type in "1" press enter for beginning cup
13.4.11 Type in correct number for ending cup press "Enter"
13.5

Peaking the Source
13.5.1

Before calibration can be started, it is necessaiy to ensure that
the instrument is at the proper viewing height. The peaking
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routine will scan the plasma and select the best viewing height
for analysis using previously selected peaking line or lines.

13.6

13.5.2

Press "F1" for main menu

13.5.3

Press "I" for instrument

13.5.4

Press "O" for operation

13.5.5

If both radial and axial view are to be used, Press "B" for both will
instruct the instrument to peak both radial and axial modes at
pre-selected lines. If one view is to be used, Press "O" for one
peak will peak the view that is currently in use.

13.5.6

After peaking routine is selected, auto sampler will move to cup
specified as peaking cup. When peaking routine is completed:

13.5.7

Type "A" to accept new position.

13.5.8

Type "T" to move auto sampler back to rinse.

Calibration
13.6.1

Ensure that standards including blank and at least three
standards are in appropriate locations in standards rack.

13.6.2

F6 for standard. The next entries will tell the instrument how
many standards and replicates are to be analyzed.

13.6.3

Type in "1" (for standards S1)

13.6.4

Type in "4" (for standard S4)

13.6.5

Type in "1" (for replicate 1)

13.6.6

Type in "3" (for replicate 3). After this entry the auto sampler will
begin the calibration sequence. The sequence will consist of the
analysis of standards 1 through 4, with three replicates each.
The calibration curve will use the mean of each of the three
replicates. After calibration sequence is complete:

13.6.7

Press "F1" for main menu

13.6.8

Press "C" for calibration
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13.6.9

Press "L" for line calibration,

13.6.10 With "Pg Up" and "Pg On" keys, examine the calibration data.
Acceptable correlation coefficient is 0.999.
13.6.11 Press "E" to accept all curves at one time.
13.6.12 Press "Y" in response to accept calibrations query.
13.6.13 Press "A" will accept only the curve that is currently on the
screen.
13.7

13.8

Sample Analysis
13. 7.1

Press "F8" for sample. Software will go to the auto sampler
setup page. Since the appropriate entries were made in section
9.4, no additional changes should be required. However, if
necessary changes can be made at this point.

13. 7 .2

Press "F8" for sample. Analysis can be made at this point.

Ultrasonic Nebulizer (USN)
13.8.1

Use of an ultrasonic nebulizer will facilitate lower detection limits.
For most elements increase in sensitivity is an order of
magnitude or better.

13.8.2

Attaching USN to ICP
13.8.2.1

Disconnect argon line from spray-chamber.

13.8.2.2 Connect argon line to "argon-in" fitting on back of USN.
13.8.2.3 Disconnect spray-chamber from torch, drain-line, and
sample-uptake line.
13.8.2.4 Remove spray-chamber from ICP housing.
13.8.2.5 Connect "sample-out" line on back of USN directly to
ball-joint on ICP torch.
13.2.8.6 Connect sample up-take tubing from peristaltic pump to
sample introduction line on front of USN.

'

..
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13.8.3

Operation of USN
13.8.3.1 With all lines properly connected to ICP and USN
plugged in to power-strip, turn on main power switch at
back of unit.
13.8.3.2 Push "operate" button on front of USN. Heater and
cooler temperatures should be displayed.
13.8.3.3 Allow 45 min to 1 hr for conditions in USN to stabilize
Temperature of cooler should be 5°C (+ or-1 °C)
Temperature of heater should be 140 ° C (+ or -5 ° C).
13.8.3.4 Proceed with normal opertion.

13.9.0 lstrument Prepartation-Optima 3000 XL
13.9.1 Igniting the torch on the ICP is as follows:
13.9.1.1 Turn on the Argon at the VGL
13.9.1.2 Check to see that chiller-recirculator is running
13.9.1.3 Check to see that air-compressor is on
13.9.1.4 Click "Plasma" icon on tool-bar at top of computer screen
this opens the window for plasma control. Programmed
values for gas floes, RF power, and flow-rate for peristaltic
pumps are displayed. These settings should be: Plasma15, Auxilliary-0.5, Nebulizer-0.70, RF power-1450, flowrate-1.50 for routine analysis. Click Virtual switch to "ON"
position and automated ignition sequence will begin.
13.9.1.5 After plasma lights, allow at least 1 hour for plasma
stabilization before beginning analysis.
13.9.2 Setting-up the Autosampler
13. 9.2.1 Click "Samlfo" icon on tool-bar. This opens the sample
Information Editor window.
13.9.2.2 Type in the appropriate information in the boxes displayed.
Batch ID (prep batch number), units, autosampler
locations, and sample ID's of calibration standards

•
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traceable to standards log and ultimately to commercially
prepared stock solutions.
13.9.2.3 Click "File", "Save-As". "Sample-Info". Type file name in
this format 00091301A (Year, month, day, sequence
number this date, tag).
13.9.2.4 Print sample information file. Use this print-out as a guide
for loading sample aliquots in tray onautosampler.
13.9.3 Analyzing Samples
13.9.3.1

Select "Analysis" from top of tool-bar. Drop down menu
appears.

13.9.3.2 "Select Enable/Disable Elements" from dropdown menu.
Select elements you wish to include in analytical
sequence.
13.9.3.3 Select "Auto" icon from tool-bar. Automated Analysis
Control window opens.
13.9.3.4 Select "Set-up" tab at bottom of window. Confirm that
appropriate method and sample info files are opened.
Click on "open" beside "results data set name". Type in
new results data set name. Use same format as sample
info file (see 98.2.3) with the letter "B" as tag rather than
"A".
13.9.3.5 Select "Analyze" ttab at bottom fo Automated Analysis
Control window. Choices here are "Analysis All";
"Calibrate"; "Analyze Samples". Generally "Analyze All"
will be chosen. This will generate new calibration curves
for analytes selected and proceed with analysis of
samples listed in sample info file. Results will be
displayed in results display window and stored under
results data set name assigned on set-up page.
14.0
14.1

Procedure
Preliminary treatment of most matrices is necessary because of the
complexity and variability of sample matrices. Water samples, which have
been preflltered and acidified, will not need acid digestion. Solubilizatlon
and digestion procedures are presented in Sample Preparation Methods

'

'

>
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14.2

Set up the instrument with proper operating parameters established In
Step 6.2. The instrument must be allowed to become thermally stable
before beginning (usually requiring at least 30 minutes of operation prior to
calibration).

14.3

Profile and calibrate the instrument according to the instrument
manufacturer's recommended procedures, using the typical mixed
calibration standard solutions. Flush the system with the calibration blank
between each standard or as the manufacturer recommends. (Use the
average Intensity of multiple exposures for both standardization and
sample analysis to reduce random error.) The calibration curve should
consist of a blank and three standards.

14.4

Before beginning the sample run, reanalyze the highest mixed caibration
standard as if it were a sample. Concentration values obtained should not
deviate from the actual values by more than 5%.

14.5

Flush the system with the calibration blank solution for at least 1 minute
before the analysis of each sample. Analyze the instrument check
standard and the calibration blank after each 10 samples.

15.0
15.1

Calculations
If dilutions were performed, the appropriate factors must be applied to
sample values. All results should be reported in mg/L with up to three
significant figures.

15.2

For SAR samples, use the following calculation:

I

SAR=

y_

Na(ppm)
[Ca(ppm)/20 + Mg(ppm)/12.21
2

16.0
16.1

Method Performance
For all analyses, use the tighter limits of method 200. 7 unless it is known
and approved by management that the wider limits of method 601 OB can
be used.

16.2

Method 6010B200.7
QC
ICV

Acceptance Criteria
±5%

CCV

±10%
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LCS/LCSD

±15%*

Matrix Spikes

±25%

Post-digestion spike

±25%

1:5 dilution

±10%

RPO

~20%

*until tighter laboratory control charts are established
17.0
18.0
19.0

Corrective Action

20.0
20.1

Contingencies for Handling Out-of-Control Data
All flags must be written on a non-conformance/corrective action report
(CAR).

21.0
21.1

Waste Management
Refer to the Sample Disposal SOP if there are any questions regarding
sample disposal.

22.0

References

23.0

Tables, Diagrams, Flow Charts and Validation Data

24.0

Maintenance
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STANDARD OPERATING PROCEDURE

Metals Sample Preparation Procedure
(EPA Method 3010A)

Trace Analysis, Inc.
6701 Aberdeen Avenue, Suite 9
Lubbock, TX 79424

Analyte: Metals Digest/Hot Plate

Matrix: Water

Date Issued: 06/2 7/00

Date Revised:

REVIEW

Quality Assurance

Analyst

Analyst

09/24/02
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1.

METHOD REFERENCE
1.1
Test Methods for Evaluating Solid Waste, USEPA, SW-846, Method 3010A, Revision 1, July
1992.
1.2

2.

Quality Assurance Manual, TraceAnalysis, Inc., Current edition.

SUMMARY
2.1

This digestion procedure is used for the preparation of aqueous samples and mobility-procedure
extracts, and wastes that contain suspended solids for analysis by AA for the metals listed
below. This procedure is used in the determination of total metals.
Aluminum
Lead
Barium
Magnesium
Beryllium
Manganese
Cadmium
Nickel
Calcium
Potassium
Chromium
Sodium
Cobalt
Thallium
Copper
Zinc
Iron

2.2

A mixture ofHNO3 and the material to be analyzed is refluxed in a covered beaker. This step is
repeated with additional portion of HNO3 until the digestate is light in color or the color has
stabilized. After the digestate has been reduced to a low volume, it is refluxed with HCl and
brought up to volume. If the sample should go dry, low recoveries will result. Should this
occur, discard the sample and re-prepare.

3. INTERFERENCE
3.1
Some elements ionize in a nitrous-oxide/acetylene flame. Use of ionization suppressor (1,000
µg/ml K as KC!) will eliminate this interference for following elements: Al, Ba.

4.

3.2

Nonspecific absorption and light scattering can be significant at the analytical wavelength. Thus
background correction is required for following elements: Cd, Ni.

3.3

Elements forming stable oxyions (P, B. Si, Cr, S, V, Al, etc.) will complex and interfere.
Addition of Lanthanum will eliminate this interference in following elements: Ca, Mg, K, Na,
Sr.

3 .4

Excesses of other transition metals may slightly depress the response of cobalt.
Matrix matching or the method of additions is recommended.

SAMPLE PRESERVATION AND HOLD TIME
4.1
Each sample should be preserved by acidification with nitric acid to a pH of 2 or lower
immediately at the time of collection and refrigerated prior to analysis.
4.2

5.

Samples should be analyzed within six months from the time of sampling.

EOUJPMENT
5.1
Hot plate adjustable to a temperature of90-95°C.
5 .2

Graduated cylinders, glass beakers, funnels, filter papers, and other Class A laboratory
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glassware.

6.

7.

Reagents
6.1

Stock Standard Solution: Commercially available.

6.2

Working Intermediate Solution: Make dilution of the stock solutions to obtain a working
intermediate standard for calibrations.

6.3

Nitric Acid, Cone. - Reagent grade.

6 .4

1: 1 Hydrochloric Acid - Reagent grade.

STANDARD PREPARATION
7.1
QC Intermediate Standards (Second source from calibration standards.):
7.1.1
To prepare intermediate QC spiking solution mix, add 10 ml HN03, 50 ml HCl, the
appropriate amount of stock solution, and enough H 20 to obtain the following final
concentrations in the QC spiking solution at a final volume of lL:
Element
Final Concentration (µg/ml)
10
Al, Ba
Fe
5
Co, Mn, Ni, V, Zn2.5
Cu, Ag
1.25
Cr
0.25
Be
As, Pb, Se, Tl
5
Cd
2.5
Sb
2.5
Mo
5
Si
5
Sn
3
B
0.5
Sr
0.5
Li
0.5
p
5
5
u

Use the following calculation to determine the volume of stock solution needed to
make the QC spiking solution:
Final Concentration x 10O0mls = volume of stock solution needed
Concentration of stock solution
7.1.2

7.2

For Ca, Mg, Kand Na, spike the laboratory control samples and matrix spike samples
with the appropriate amount of stock solution to give a final concentration of 100
µg/ml.

Curve Working Standard:
Prepare appropriate curve standards by making dilutions of stock.
7.2 .1

SOP-3010A
Revision #5
24SEP02
Page 4 of6

8.

INSTRUMENT PREPARATION
8.1
Instrument is assembled in accordance with manufacturer's recommended setup

9.

SAMPLE PREPARATION
9.1
Aqueous samples
9.1.1
Shake the sample until well mixed. Transfer a 50ml (Note: TCLP extracts are
digested at a 5 fold dilution) aliquot into a labeled digestion beaker. NOTE: If there
is less than 50 mL of the sample available, use 25 mL of sample and be sure to use a
proportionally smaller volume of acids below.
9.1.2

Spike, in duplicate, the chosen samples (MS/MSD) and the QC samples (LCS/LCSD)
by adding the appropriate amounts of metals intermediate standard. Add all of the
metals involved in the entire run to the digest QC sample. Do not spike any of these
samples for mercury.

9 .1.3

Under a fume hood add 1.5 mL of cone. HN0 3 to each beaker including the blanks
and QC samples. Cover the beakers with a ribbed watch glass or equivalent.

9.1.4

Place the beakers on a hotplate and evaporate cautiously to a low volume (5-lOml),
making certain that the samples do not boil, and that no portion of the bottom of the
beaker is allowed to go dry. Remove from the hot plate and allow to cool.

9.1.5

Under fume hood, add another 1.5 mL of concentrated HN03 to each beaker,
including blanks and QC. Cover the beakers with a non-ribbed watch glass.

9.1.6

Cover the beakers and place on a hotplate. Increase the temperature (90°-95°C) of the
hot plate so that a gentle reflux action occurs.

9 .1. 7

Continue heating, adding additional acid as necessary, until the digestion is complete.
Digestion is complete when the digestate is light in color, or the color does not change
in appearance with continued refluxing.

9.1.8

Again, uncover the beakers and allow to evaporate to a low volume (3 mL), not
allowing any portion of the beaker bottom to go dry. Remove from the hot plate and
allow to cool.

9.1.9

Add a small quantity (5 mL) of 1:1 HCl, cover with a non-ribbed watch glass and
warm the beaker for an additional 15 minutes to dissolve any precipitate or residue
resulting from the evaporation.

9.1.10

Wash down the beaker walls and watch glass with deionized water. When necessary,
filter or centrifuge the sample to remove silicates or other insoluble material. Filtering
should only be done if there is a concern that insoluble materials may clog the
nebulizer.

9 .1.11

Pour the sample into the funnel. Remove the funnel, bring the digestate to final
volume of 50 mLs with reagent water and the final acid concentration to 10%. Label
the bottle as follows:
Sample name: Sample Number, MB (Method Blank), TC (TCLP), DUP, SPK, LCS,
LCSD, MS(+), MSD(+D), PDS, 1:4 (Diluted Sample)
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Date of cligest
QC prep batch #
3010A (SOP#)
Initial Vohnne!Final Volume

10.0

11.

12.

13.

PROCEDURE
10.1
Add modifier to representative aliquot of sample and standards.
10.2

Aspirate standards to construct curve at a specific wavelength of each element.

10.3

Proceed with samples.

10.4

Dilute over-range samples and reanalyze.

CALCULATION
11.1
Instrument calibration using the prepared standards, in 7.1, a method blank and curve check
sample shall be analyzed prior to sample analysis.
11.2

The correlation coefficient must be 2: 0.995, using linear regression, to be acceptable.

11.3

Samples that suffer from matrix interferences could be analyzed by the method of standard
additions.

11.4

Calculate metal concentrations (1) by the method of standard additions, or (2) from a calibration
curve. All dilution or concentration factors must be taken into account. Concentrations
reported for multiphased or wet samples must be appropriately qualified (e.g. 5mglg dry
weight).

QUALITY ASSURANCE
12. l
A calibration curve must be prepared each day of analysis with a minimum of calibration
blank and three standards. After the calibration, the curve must be varified by the use of
calibration of blank and a QC standard (second source) within 10% of it's true value for the
curve to be considered valid.
12.2

If more than 10 samples are analyzed per day, the curve must be varified after each 10 samples
by the measurement of a mid-range standard within 10% of the true value.

12.3

Matrix spike and matrix spike duplicate shall be analyzed at a frequency of 5% based on the
number of samples and matrices.

12.4

A method blank shall be included in each analytical batch at a 5% frequency.

12.5

A cligested LCS/LCSD is prepared and analyzed with each batch at a 5% frequency.

12.6

After digestion, a post-digestion spike (PDS) is prepared by spiking the digested sample as in 7.1.1
and 7.1.2.

PREVENTATIVE MAJNTENANCE
FREQUENCY
TASK
Daily
Check gasses
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14.

Change tubing
Every 2 weeks or as needed
CONTINGENCIES FOR HANDLING OUT OF CONTROL DATA
CRlTERlA

ACTION

Calibration Blank

<1/2 low std.

Reanalyze, reprepare.

Calibration Curve

Corr. Coeff. < 0.995

Recalibrate, reprepare.

Method Blank

<1/2 low std.

Reanalyze, re-prepare.

Initial Calibration
Verification

11

10 % True Value

Reanalyze, recalibrate,
re-prepare.

QC (second source)

11

10 % True Value

Reanalyze, recalibrate,

Continuing Cal.

11

10 % True Value
Calib. Source

Reanalyze prior samples

MS/MSD

PR± 15%, <20% RPD

If LCS/LCSD are ok, comment on
matrix effect. Reprep and rerun.

LCS/LCSD

PR 15%, <20% RPD

11

If one LCS and MS/MSD are ok,
comment on coversheet about
LCSD. Reprep entire batch.

15.

WASTE MANAGEMENT
15 .1
See Sample Disposal SOP for questions regarding sample disposal.

16.

DATA MANAGEMENT AND RECORDS MANAGEMENT
16.1
All laboratory records must be maintained in the bound record book designed for the method.

17.

NOTES
17.1
Record all calculations and run activities on the print out from the instrument. Archive by run date/
QCID.
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STANDARD OPERATING PROCEDURE

Volatile Organics: Gas Chromatography/Mass Spectrometry
(8260B)

TraceAnalysis, Inc.
6701 Aberdeen Ave., Suite 9
Lubbock, TX 79424

Date Issued: 8/18/95

Date Revised: 9/18/03
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1.
1.1

Method Reference
Test Methods for Evaluating Solid Waste, PhysicaVChernical Methods, SW-846, USEPA, Third
Edition, September, 1994. Method 8260B.

2.
2.1

Scope and Application
This method can be used to quantitate volatile organic compounds in a variety of waste matrices.
It is limited to volatile compounds with boiling points less than 200°C. These compounds include
low molecular weight halogenated hydrocarbons, aromatics, ketones, nitriles, acetates, acrylates,
ethers, and sulfides. The following compounds may be reported by this method:
Ethylene oxide
Chloromethane
Dichlorodifluoromethane
Bromomethane
Vinyl chloride
Acetonitrile
Chloroethane
Methyl iodide
Methylene chloride
Carbon disulfide
Trichlorofluoromethane
Propionitrile
1, 1-Dichloroethene
Ally! chloride
Bromochloromethane(IS)
Ally! alcohol
trans-1,2-Dichloroethene
1,2-Dichloroethane
Propargyl alcohol
Chloroform
l,2-Dichloroethane-d4(Surr)
2-Butanone
Methacrylonitrile
Dibromomethane
2-Chloroethanol
b-Propiolactone
Epichlorohydrin
1, 1, I-Trichloroethane
Carbon tetrachloride
1,4-Dioxane
Isobutyl alcohol
Bromodichloromethane
Chloroprene
1,2,3,4-Diepoxybutane
1,2-Dichloropropane
Chloral hydrate
cis-1,3-Dichloropropene
Bromoacetone
Trichloroethene
Benzene
trans-1,3-Dichloropropene
1, 1,2-Trichloroethane
3-Chloropropionitrile
1,2-Dibromoethane
Pyridine
2-Chloroethyl vinyl ether
2-Hydroxypropionitrile
1,4-Difluorobenzene(IS)
Malononitrile
Methyl methacrylate
Bromoform
I, I, 1,2-Tetrachloroethane
1,3-Dichloro-2-propanol
1, 1,2,2-Tetrachloroethane
Tetrachloroethene
1,2,3-Trichloropropane
1,4-Dichloro-2-butene
n-Propylamine
2-Picoline
Toluene
Ethyl methacrylate
Chlorobenzene
Pentachloroethane
Ethylbenzene
1,2-Dibromo-3-chloropropane
4-Bromofluorobenzene(Surr)
Benzyl chloride
Styrene
bis-(2-Chloroethyl) sulfide Acetone
Acrolein
Acrylonitrile
Chlorobenzene-d5(IS)
Chlorodibromomethane
I, 1-Dichloroethane
Ethanol
Iodomethane
2-Hexanone
4-Methyl-2-pentanone
Toluene-dg(Surr)
Vinyl acetate
Xylenes(Total)
sec-Butylbenzene
n-Butylbenzene
tert-Buty lbenzene
Chloroacetonitrile
1-Chlorobutane
2-Chlorotoluene
4-Chlorotoluene
Dibromochloromethane
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1,2-Dichlorobenzene
1,3-Dichlorobenzene
cis-1,4-Dichloro-2-butene
cis-1,2-Dichloroethene
2,2-Dichloropropane
trans-1,3-Dichloropropene
Ethyl acetate
Hexachloroethane
p-Isopropyltoluene
Methyl-t-butyl ether
Nitro benzene
1,2,3-Trichlorobenzene
1,2,4-Trimethylbenzene

l ,2-Dichlorobenzene-d4
1,4-Dichlorobenzene
trans-1,4-Dichloro-2-butene
1,3-Dichloropropane
I, 1-Dichloropropene
Diethyl ether
Hexachlorobutadiene
Isopropylbenzene
Methyl acrylate
Naphthalene
2-Nitropropane
1,2,4-Trichlorobenzene
1,3,5-Trimethylbenzene

3.
3.1

Method Summary
The sample or a dilution of the sample is placed in a culture tube on the autosampler. The volatile
compounds are introduced into the GC via purge and trap. Compounds are separated and
detection is achieved by a mass spectrometer. General reporting limits are 1 - 100 µg/L in water,
25 - 2500 mg/Kg in soil and 1 - 100 mg/cc in air.

4.
4.1

Sample Preservation and Holding Time
Soil samples are collected in 4 oz. Glass jars with Teflon liners. Soil samples are stored at 4°C
until analysis. Water samples are collected in 40 ml VOA with Teflon liners and no head space.
Water samples are acidified to pH< 2 and all samples are held at 4°C until analysis. VOAs need
to be stored in a separate refrigerator from other samples and standards. The refrigerator in the
foyer is designated for VOA samples. Blanks from refrigerators should be ran every two weeks to
ensure that cross contamination does not occur and recorded in a logbook.

4.2

There is a 14 day holding time from collection to time of analysis for soils and waters.

5.
5.1

Safety
Personal protective equipment (lab coat, gloves, goggles) are required to be worn at all times when
handling samples.

6.
6.1

Waste Management
Refer to the Sample Disposal SOP ifthere are any questions about disposal.

7.0
7.1

Apparatus/Equipment
Sample Introduction - The purge and trap system used is an OI 4560 sample concentrator with a
DPM16 discreet sparging autosampler, and a Varian Archon Autosampler. Trap used is either
VOCARB 3000 or trap #10 from O.I Analytical

7.2

Gas Chromatograph - The model used is a Hewlett Packard 5890 series II and a Hewlett Packard
6890 Series

7.3

The column used is a 60 meter DB-624 with a film thickness of 1.4 microns and 0.25 mm LD.

7.4

A mass spectrometer capable of scanning from 35 to 260 atomic mass units every 3 seconds or
less, using 70 volts (nominal) electron energy in the electron impact ionization mode. It must meet
all of the following criteria when 50 ng of 4-Bromofluorobenzene is injected. The mass
spectrometers used are a Hewlett Packard 5971 and Hewlett Packard 5973 mass selective
detectors.
Mass
Ion Abundance Criteria
15 to 40% of mass 95
50
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75
95
96
173
174
175
176
177

30 to 60% of mass 95
base peak, 100% relative abundance
5 to 9% of mass 95
less than 2% of mass 17 4
greater than 50% of mass 95
5 to 9% of mass 17 4
greater than 9 5% but less than IO 1% of mass 174
5 to 9% of mass 17 6

7 .5

A computer system allowing continuous acquisition and storage of machine readable media of all
mass spectra is interfaced to the MS. The software used to control the GC/MS and acquire and
analyze data is Hewlett Packard MS Chemstation, Enviroquant Target Compound software and
NIST/NIH/EPA 75K Mass Spectral Database.

8.
8.1

Reagents
Organic-free water

8.2

Methanol - Purge and trap grade.

8.3

Standard solutions

9.
9.1

Standards
A stock standard is purchased from Absolute standards which contains 78 compounds at 200 µg/rnl
in MeOH. Standards should be stored at -1 o0 c. In addition, a standard is purchased from
Absolute standards containing six gas compounds at a concentration of200 µg/rnl in MeOH.

9.2

Internal standard stock solution is purchased from Ultra Scientific (STM-341), 2,000 µg/rnl of
Pentafluorobenzene, Chlorobenzene-d5, l,4-Dichlorobenzene-d4, and 1,4-Difluorobenzene in
MeOH. This should be stored at -1 o0 c.

9.3

Surrogate standard stock is purchased from Ultra Scientific (STM-330), 2,000 µg/ml of
Dibromofluoromethane, Toluene-d3, and 4-Bromofluorobenzene in MeOH.

9.4-

A 50 ug'ml working solution of internal standard and surrogate is prepared i:1:1 MeOH in al ml
,·olumetric flask. Addition of25 uL 1S and 25 ub surrogate solutions to 950ul of MeOH yields
this oonce1:1tratio1:1. 5 uL of this solutio1:1 is epiked into each 5 ml of sample, standard, or blank. For
Archon Autosampler. Prepare a 250 ue:/ml solution bv adding 625 uL of Internal standard to 5 mL

volwnetric and fill to volume with MeOH. Repeat procedure for preparation of surrogate solution.
9.5

A GC/MS tuning standard of 4-BFB is purchased from Ultra Scientific (STS-110) at 2,000 µg/ml
in MeOH. Addition of25µ1 from 4-BFB stock standard to 975µ1 ofMeOH yields a working
standard of 50µg/rnl. For BFB tune direct inject 1µl into GC.

9.6

Matrix spiking solution stock solution is purchased from Ultra Scientific (CLP-100) containing
1,000 µg/rnl of 1, 1-Dichloroethene, Benzene, Trichloroethene, Toluene, and Chlorobenzene in
MeOH. A working standard of 100 µg/rnl is prepared in a 1 ml volumetric flask. 5 uL of the
spiking :.olution is added to 5 ml of sample fur the MS/l'-,1SD.40 ul of working standard is added to
approximatelv 40 ml of sample for MS/MSD.

9.7

Calibration standards at &-I.concentrations (l,5,10,50,100,150,200 µg/L) are prepared by dilution
of the stock standard into water. A calibration check standard is prepared and analyzed daily to
verify the initial calibration (CCV). The lowest point on initial calibration curve should be near or
at the reporting limit used to conduct analysis.
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10.
10.1

Calibration
The GC/MS system must be tuned to meet the criteria previously stated for a 50 ng injection of 4BFB. However if the tune should fail the analyst has a few options to attempt:
( 1) Run the tuning standard again
(2) Perform injector maintenance
(3) Target tune, the operation is done as follows:
5971
5973
Set GC oven temp at 200
Set GC oven temp at 200
Tune file
Manual tune
Manual tune
Load Tune values
Target tune
Set Tune Targets (if needed)
Load Tune Values
Save Tune Targets
Set tune targets (if needed)
BFB.U (MS will begin tuning)
Save tune values
Save BFB.U
BFB.U (MS will begin tuning)
Save BFB.U

10.2

Initial calibration curve
The followmg procedures e~;_plain the preparation of the mitial calibration CUF,'e for both instruments.
For 5890/5971 GC/MS with DPM 16 autosampler:
1 PPB: Prepare 20ppb solution by injecting 5ul of gas standard(200ug/ml) and 5ul of VOC
standard(200ug/ml) into 50ml volumetric flask containing 50ml of reagent free h2o. From this solution
extract 250ul and inject into 5ml S)THlge containing 5ml reagent free h2o.Next inject 5ul of internal
standard/surrogate standard into S)Tinge and load onto autosampler.
5 PPB: inject 1 .5ul of gas standard and 2.5ul of voe standard into 100ml of reagent free h2o in
volumetric. Transfer this solution to 5ml syrmge, inject 5ul of internal standard/surrogate standard into
S)Tinge and load onto autosampler.
10 PPB: inject Sul of gas standard and 5ul of Yoe standard into 100ml of reagent free h2o in
:volumetric. Transfer this solution to 5ml S)Tmge, inject Sul of intemaLtsurrogate standard mto S)Tinge and
load onto autosampler.
50 PPB: inject 5ul of gas standard and 5ul of voe standard into '10ml of reagent free h2o m YOlumtric.
Transfer this solution to 5ml syringe. inject 5ul of internal/surrogate standard into S)Tinge and load onto
auto sampler.
100 PPB: inject Sul of gas standard and Sul of voe standard into 10ml of reagent free h2o in volumtric.
Transfer this solution to 5ml syringe, inject 5ul of intemaL1surrogate standard into S)Tmge and load onto
auto sampler.
150 PPB: inject 15ul of gas standard and 15ul of voe standard into 20ml reagent free h2o in volumetric.
Transfer to 5ml S)Tinge. inject 5ul of internal/surrogate standard into S)Tinge and load onto autosampler.
'100 PPB: inject Sul of gas standard and 5ul of voe standard into 5ml of reagent free h2o in Yolumetric.
Transfer to s5ml syring, inject Sul of internal/surrogate standard into S::,Tinge and load onto autosampler.
For 6890.15973 GCMS with Archon autosampler: Prep procedure for initial calibration curve
6890/5973 GCMS and 5890/5971 GCMS:
1 PPB: Prepare 100ppb ?00 ppb stock solution by injection J-Ou.l-40btl of gas standard and ~40 µl
ofvoc standard into VOA containing approximately 40ml H 20. From this solution extract
40-0-200 µl and transfer to another VOA then bring to volume. Internal standards and surrogates
are injected by the autosampler.
PPB: inject 1µI of gas standard and 1µl ofvoc standard into VOA containing 40mls ofreagent
free H 2 0.
10 PPB: inject 2µ1 of gas standard and 2µ1 ofvoc standard into VOA containing 40mls ofreagent
free H 20.
50 PPB: inject 10µ1 of gas standard and 10µ1 ofvoc standard into VOA containing 40mls of
reagent free H 2 0.
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100 PPB: inject 20µ1 of gas standard and 20µ1 of voe standard into VOA containing 40mls of
reagent free H 20.
150 PPB: inject 30µ1 of gas standard and 30µ1 of voe standard into VOA containing 40mls of
reagent free H 2 0.
200 PPB: inject 40µ1 of gas standard and 40µ1 of voe standard into VOA containing 40mls of
reagent free H 2 0.
10.2.2

Response factors are calculated for each compound relative to an internal standard associated with
the compound.

10.2.3

The percent relative standard deviation (¾RSD) for each compound should be< 15%, if this is not
the case then the analyst can refer to Method 8000 for circumstances when ¾RSD is > 15% for
target analytes.

10.2.4

The RSD for each individual Calibration Check Compound (CCC) must be< 30%. The CCCs are
Vinyl chloride, 1,1-Dichloroethene, Chloroform, 1,2-Dichloropropane, Toluene, Chlorobenzene,
and Ethylbenzene.

10.2.5

The relative response criteria for each System Performance Check Compound (SPCC) are as
follows:
Cloromethane
1, 1-Dichloroethane
Bromoform
Chlorobenzene
1, 1,2,2-Tetrachloroethane

0.10
0.10
> 0.10
0.30
0.30

11.
11.1

Daily Calibration
Prior to analysis of samples, the tuning criteria for 4-BFB must be met. This must be done every
12 hours of operation.

11.2

Once every 12 hours of operation the initial calibration curve is verified by running a calibration
check standard at 100 µg/L. If running a TCLP then all the compounds must meet the 20% drift
from the initial calibration curve. This checks the CCC'c and SPCC's. After checking the
Calibration Verification (CV), a daily continuing calibration report must be generated under the
"ConCal" menu. Go to ConCal and select evaluate data as continuing calibration to printer. This
checks CCC's and SPCC's relative to the initial calibration.

11.2.1

SPCCs - The criteria are the same as for the initial calibration.

11.2.2

CCCs - If the percent difference between the average response factor from the initial calibration
and the current response factor for any CCC is < 20%, analysis of samples may proceed. If the
difference is > 20%, then corrective action must be taken and a CCC passed prior to sample
analysis.

11.2.3

The internal standard response and retention times are checked. If the retention times change by
more than 30 seconds from the last check or if the EICP area for any internal standard varies by a
factor of 2, the system must be checked and corrective action taken prior to sample analysis.

12.
12.1

Sample Preparation
Prior to sample analysis a method blank must be analyzed. This is done after the BFB check and
the SPCC/CCC calibration check. If any of the analytes that are being tested for are above the
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reporting limits, the method blank has to be run again until the analytes being tested for are below
reporting limits.
12.2

3.Yater samples. For DPM 16 autosampler: The method blank is 5 ml of reagent free water spiked
with 5 ub IS/Surrogate standard. Sample are prepared as follov,·s: pH of the sample is tested to
make sure it is <2 (if it is not then a con-ective action report needs to be filled out),pour 5 ml of
sample into a 5 ml glass syringe, and adjust to the 5 ml volume. lfa dilution is necessary, dilute the
sample into 5 ml of water. Add 5 uL of IS,'Sun-ogate standard and load the sample into a purge
tube on the autosampler. Screen the samples first either by FID or with the H Nu to establish
appropriate dilution. A matrix spil.e and a duplicate spike (MS/MSD) must be analyzed every 20
samples. To do this, take 5 ml of sample and prepare as above. Additionally, spike both the MS
and MSD with 5 uL of the 100 ug 1ml spiking solution. W11en running samples on Dpm 16, ahrnys
rotate ports for initial startup and record on sequence page. This ensures that the autosampler is
free from contan1ination or if there is a contamination it will because of the port it will appear on
that port again regardless of the sample or blank there. Be sure to check the ports from the
pn:P,ious run to detennine any port contamination.
For Archon autosampler: Sample is loaded directly onto autosampler without opening VOA. To
screen the samples use the extra VOA sample to determine appropriate dilutons and pH. LCS and
LCSD are prepared by injecting 40µ1 of l00µg/ml spiking soluton into a VOA containing
approximately 40mls of reagent free H 2 0. For matrix spikes, screen for cleanest sample and
directly inject 40µ1 of spiking solution through septa of VOA if enough sample is available. In the
case that not enough sample is sent, report labarotory control spikes and write up a corrective
action report stating the deficiency. Use Litmus paper to detemine pH of sample onlv after sample
has been analyzed. Record pH either in pH l02:book or on sequence page of raw data.

12.3-

Soil samples. DPM 16 Sample prep inYDIYes weighing out l0grams of sample to l0mls of
methanol. Spike each sample with 6.25µ1 of stock surrogate. E)(tract 200µ1 and inject into 5ml
syringe containing 5mls of reagent free water fol!O"wed by 5µ! of internal standard (50ug/ml)
solution and load onto autosarnpler. Same prep for archon autosampler, however 1600uls are
injected into 10mls of reagent free. For matrix spikes and laboratory control spikes use 10grams of
sample.1sand and l0mls of methanol. Inject 25ul of 11olatiles spike solution (l000ug/ml) directly
into the sand. DPM 16: extract 200ul into 5ml syringe containing 5mls of reagent free water.
Archon autosampler: extract 1600uls and inject into 40mls into VOA containing 40mls of reagent
free water Sample prep involves weighing out 10 grams of sample in scintillation vial. Add 10 ml
MeOH to sample. Add 25 ul of surro2:ate intermediate standard (200 ue.iml). Shake for ten
seconds and let settle. Take 4 mls of soil/methanol extract and transfer to VOA. Fill to volume
with reagent free H,O. Analysis oflow level concentration soils by Method 5035 is not currently
being conducted. Refer to Method 5035 for conditions prior to analysis of low level soil samples.

13.
13.l

Instrument Preparation/Analysis
5971
On the computer used to operate HP GC/MS 5890/5971 systems select the Enviroquant icon. In
order to do GC/MS operations select ENVTOP and under this heading select SEQUENCE and
select EDIT SEQUENCE to see the list of samples to be analyzed. The first should be a 50 ng
BFB check followed by a calibration check and method blank. Then the samples are listed. Use
method 8260. Then save the sequence. If one is just starting the sequence then select RUN under
SEQUENCE to start the sequence on line 1, otherwise, select SEQUENCE and the heading
POSITION AND RUN to select which line to start on. On the next screen you must type the
correct date for the data files which are stored in the directory C:\HPCHEM\1\DATA\(CURRENT
DATE)\. The methods are contained in the method files 8260,TCLP, 8240, AND BFB624 these
method files are located in C:\HPCHEM\l\METHODS\. Sequence files are located in
C:\HPCHEM\1 \SEQUENCE\. See HP hardware and software manuals for further operating and
maintenance instructions.

..,.
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13.2

5973
On the computer used to operate HP GC/MS 6890/5973 systems select the Start icon. Then select
Programs under which one will select the GC/MS instrument icon. Afterwards select the GC/MS
instrument option, then select SEQUENCE then EDIT. The first line should be a 50 ng BFB
check followed by a calibration check and method blank. Then the samples should follow. For the
method you should use 8260. Then under the SEQUENCE heading select RUN to start the
sequence on line 1. If you want to start on a different line then select POSITION AND RUN
under the SEQUENCE heading. On the next screen you must type the correct date for the data
files which are stored in the directory C:\HPCHEM\l\DATA\(CURRENT DATE)\. The methods
are stored in the method files 8260 and BFB which are located in C:\HPCHEM\l\METHODS\.
The sequence files are located in C:\HPCHEM\l \SEQUENCE\. See HP hardware and software
manuals for further operating and maintenance instructions.

13.3

Analyze the samples on the autosampler by setting the following conditions on the sample
concentrator:
Purge time
11 minutes
Dry purge
2 minutes
Desorb temp
+&240° C
G-:3-i minutes
Desorb time
+&Oe--260° C
Bake temp
+-0-1i_minutes
Bake time

13.4

Gas chromatography conditions 5890 HP GC
Initial temp
Initial rate
Final temp
Injector temp
Detector temp
6890 HP GC
Initial temp
Initial rate
Final temp
Injector temp
Detector temp

35°C, hold 2 minutes
10°c
200°C, hold 8 minutes
150°C
280°C

35°C, hold 2 minutes
10°C
0
•
200 C, hold 5 mmutes
150°C
280°C

13.5

An analyte is identified by comparison of the sample mass spectrum with that of a standard. To
identify a suspected compound, the relative retention time of the sample component should be
within ±0.06 minutes of the RRT of the standard compound. Also, the relative intensities of the
ions must agree within 30% of the relative intensities of these ions in the reference spectra.

13.6

For samples containing components not associated with the calibration standards, a library search
can be performed for tentative identification. Guidelines for tentative identification are:

1.

Relative intensities of major ions in the reference spectrum should be present in the
sample spectrum.

2.

The relative intensities of the major ions should agree ±20%.

3.

Molecular ions present in the reference spectrum must be present in the sample spectrum.

4.

5.
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Ions present in the sample spectrum but not in the reference spectrum should be reviewed
as possible background contamination or possible coeluting compounds.
Ions present in the reference spectrum but not in the sample spectrum should be reviewed
for possible subtraction from the sample spectrum because of background contamination
or coeluting peaks.

13. 7

Quantitation is by internal standardization based on the area of the characteristic ion for each
compound compared to the average response of the compound in the standard curve relative to the
internal standard associated with the compound.

14.
14.1

Quality Control
Every 12 hours of operation the criteria for 4-BFB, the SPCCs, and the CCCs must be met.

14.2

A method blank must be analyzed with each batch and if any of the analytes being tested for are
above reporting limit then the method blank has to be run again until reported analytes are below
reporting limits.

14.3

If a trip blank is ran with the sample run and takes a hit on a volatile compound the Lab director
needs to be notified so further corrective actions can take place

14.4

The pH of all water samples has to be taken to ensure that the sample was properly preserved. The
pH must be <2, if this is not the case then a corrective action report has to be filled out and turned
in with that sample's data. Test the pH of each sample after it has been ran (to avoid volatile loss)
and record in run log next to sample number.

14.5

A calibration curve with a minimum of 5 points with a RSD of< 30 % for CCCs and RRFs as
noted in section 8.2.5 for SPCCs must be achieved.

14.6

A matrix spike and spike duplicate for every 20 samples is required. Recovery and precision
should be within QA acceptance criteria.

14.7

For each sample, calculate the percent recovery of each surrogate and compare to laboratory QC
criteria.

15
15.1

Method Performance
The reporting limit for 8260B is ppm for soil and ppm for water. The ICV and CCV must be
within ±20% to be acceptable. The LCS and MS must be within control limits established by the
laboratory. The RPD must be less than 20%.

16.
16.1

Contingencies for Handling Out of Control Data
If the ICV is out of acceptance criteria, re-run. If it is still out, check the instrument and correct
any problems. Then re-run the ICV.

16.2

If the CCV is out, all samples from the last acceptable CCV must be re-run.

16.3

If the LCS is out, the sample batch must be re-run.

16.4

If the MS is out and the LCS is acceptable, flag the data and report.

16.5

If the RPD is out for either the LCS or MS, re-run the sample if sample is available. If sample is
not available, flag the data and report.
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1.

TEST METHOD
1 .1
Standard Methods for the Examination of Water and Wastewater, ..:J--g20th
Edition,~ 1998, Method 5220 D.

2.

MATRIX
2. 1
This method is used for waters

3.

DETECTION LIMIT
3.1
The colorimetric procedure is sensitive to about 0.10 mg/L.

4.

SCOPE & APPLICATION
4. 1
N03- is reduced almost quantitatively to nitrite (N02·) in the presence of
cadmium (Cd). This method uses commercially available Cd granules treated
with copper sulfate (CuS04) and packed in a glass column.

5.

SUMMARY
5.1
The N02· produced thus is determined by diazotizing with sulfanilamide and
coupling with N-( 1-naphthyl)-ethylenediamine dihydrochloride to form a highly
colored azo dye that is measured colorimetrically. A correction may be made
for any N02· present in the sample by analyzing without the reduction step

6.

DEFINITIONS
6.1
ICV: initial calibration verification; CCV: continuing calibration verification;
RPO: relative percent deviation; MSDS: material safety data sheet.

7.

INTERFERENCES
7. 1
Suspended matter in the column will restrict sample flow.

8.

7 .2

For turbid samples, filter the sample through a glass microfibre filer.

7 .3

Concentrations of iron, copper, or other metals above several milligrams per
liter lower reduction efficiency.
Add EDT A to samples to eliminate this
interference.

7.4

Oil and grease will coat the Cd surface.
organic solvent.

7 .5

Residual chlorine can interfere by oxidizing the Cd column, reducing its
efficiency. Check samples for residual chlorine. Remove residual chlorine by
adding sodium thiosulfate solution.

7 .6

Sample color that absorbs at about 540 nm interferes.

Remove by pre-extraction with an

SAFETY
8.1
Standard laboratory protective clothing and eye covering is required.
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8.2

9.

Use caution when working with hydrochloric acid.

EQUIPMENT AND SUPPLIES
Spectrophotometer: For use at 543 nm, providing a light path of 1 cm or
9.1
longer.
9.2

Reduction column: A glass tube has been bent to use for the column.
9.2.1

COLUMN PREPARATION
Insert a glass wool plug into bottom of reduction column and fill
with water. Add sufficient Cu-Cd granules ( 10.1) to produce a
column 18.5 cm long. Maintain water level above Cu-Cd granules
to prevent entrapment of air. Wash column with 200 ml dilute
NH4CI-EDTA solution ( 10.4). Activate column by passing through it,
at 7 to 10 ml / min., at least 100 ml of solution composed of 25 %
1.0 mg No3· -N / L standard (10.8) and 75% NH4CI-EDTA solution
(10.3). Store column in dilute NH4CI-EDTA solution. Before using
column, let at least 200 ml of dilute NH4CI-EDT A solution pass
through it before pouring samples through.

10.

9.3

pH meter: For adjusting the sample pH.

9.4

Test tubes: 20 X 150.

9.5

Parafilm.

9.6

Glass microfibre filters and filter apparatus.

9. 7

25 ml graduated cylinder.

REAGENTS
1 0. 1 Copper-cadmium granules: Wash 25 g new or used ~20 to W-1 00 mesh
Cd granules with 6N HCI ( 10.5) and rinse with water. Swirl Cd with 100 mL
2% CuS04 (10.6) solution for 5 minutes or until blue color partially fades.
Decant and repeat with fresh CuS04 until a brown colloidal precipitate begins
to develop. Gently flush with water to remove all precipitated Cu.
10.2

Color reagent: To 80 ml distilled water, add 10 ml 85% phosphoric acid and
1.0 g sulfanilamide. After dissolving sulfanilamide completely, add 0.1 g N( 1-naphthyl)-ethylenediamine dihydrochloride. Mix to dissolve. Dilute to 100
ml with distilled water. Solution is stable for about a month when stored in a
dark bottle in the refrigerator.
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10.3

Ammonium chloride - EDTA solution:
Dissolve 13 g NH4CI and 1. 7 g
disodium ethylenediamine tetraacetate (EDTA) in 900 ml distilled water.
Adjust the pH to 8.5 with concentrated ammonium hydroxide (NH4QH) and
dilute to 1 l with distilled water.

10.4

Dilute ammonium chloride - EDT A solution:
solution ( 10.3) to 500 ml distilled water.

10.5

6N hydrochloric acid (HCI): 500 ml of concentrated HCI and dilute to 1 l
with distilled water. Use caution when diluting. Add the acid to water and
mix in an ice bath to help cool.

10.6

Copper sulfate solution (2%): Dissolve 20 g CuSO4 • 5H2O in 500 ml distilled
water and dilute to 1 l.

10. 7

Stock nitrate solution: Dilute 5 ml commercially available 1000 ppm nitrate
(nitrogen) standard (from labChem) into 50 ml distilled water ( 1 00 ppm
nitrate).

10.8

Working nitrate standard: Dilute 1 ml stock nitrate solution ( 10. 7) into 100
ml distilled water ( 1 ppm nitrate as nitrogen). Note: This is for the curve,
CCV, and spikes.

10.9

Second source working nitrate solution: Dilute 2.2 ml commercially available
100 ppm nitrate (23 ppm nitrate as nitrogen) standard (from CPI) into 50 ml
distilled water ( 1 ppm nitrate as nitrogen). Note: This is for the ICV.

Dilute 300 ml NH4CI-EDTA

10.10 Working nitrite solution: Dilute 1. 7 ml commercially available 100 ppm
nitrite (30 ppm nitrite as nitrogen) standard (from Acculon) into 50 ml
distilled water ( 1 ppm nitrite as nitrogen). Note: This is for the column
check.
11.

SAMPLE PRESERVATION AND
11.1 Analysis must be made
for more than 24 hours,
Note:
When sample
determined as individual

HOLDING TIME
as soon as possible. When samples must be stored
they should be preserved with H2SO4 to a pH of < 2.
is preserved with acid, NO3. and NO2· cannot be
species.

12.

QUALITY CONTROL
12.1 An ICV is ran at the beginning. A matrix spike and duplicate spike, a blank
spike and duplicate spike, and a CCV are ran for every 1 0 samples. A column
check is performed once during the day.
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13.

CALIBRATION AND STANDARDIZATION
13. 1 Prepare the curve with 1 ppm nitrate standard ( 10.8) as follows:
ml of std.
0.0
2.0
4.0
8.0

14.

ml of water
25.0
23.0
21.0
17.0

Concentration
0.00 ppm
0.08 ppm
0.16 ppm
0.32 ppm

13.2

An ICV and CCV are prepared like the midpoint on the curve· (0.16 ppm
concentration). Note: The ICV is made from the second source f 10.9):

13.3

A matrix spike and duplicate matrix spike are prepared like the midpoint on the
curve (0. 1 6 ppm concentration) except using 21 ml of sample instead of
water.

13.4

A blank spike and duplicate blank spike are made like the CCV.

13.5

Compare at least one N02- standard (column check) to a N03- standard at the
same concentration to verify reduction efficiency. Prepare the N0 2- column
check like the midpoint on the curve (0.16 ppm concentration) using the 1
ppm working nitrite standard (10.10). Note: Reactivate Cu-Cd granules as
described in 10.1 when the efficiency of reduction falls below 75%.

PROCEDURE
14.1 Adjust the pH of sample to between 7 and 9, as necessary, using dilute HCI
or NaOH. This insures a pH of 8.5 after adding NH4CI-EDTA solution.
14.2

Measure 25 ml of sample in a glass jar. Prepare the curve, spikes, ICV,
CCV, and column check directly in the glass jars.

14.3

Add 75 ml of the NH4CI-EDT A solution ( 10.3) and mix.

14.4

Pour mixed sample into column and collect at a rate of 7 to 10 ml / min.
Discard first 25 ml. Collect 25 ml of sample into a graduate cylinder.
Collect more if a dilution is required. There is no need to wash column
between samples, but if columns are not to be reused for several hours or
longer, pour 50 ml dilute NH4CI-EDTA solution ( 10.4) on to the top and let it
pass through the system.

14.6

As soon as possible, and not more than 15 minutes after reduction, add 1 ml
color reagent ( 10.2), cover with parafilm, and mix.

14. 7

After 10 minutes, measure the absorbance on the spectrophotometer at 543
nm.
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Note: If N03- concentration exceeds the standard curve range, use remainder
of reduced sample to make an appropriate dilution and analyze again.
15.

CALCULATION
15.1 Determine the concentration of each sample from the calibration curve. A
linear regression feature is available on most scientific calculators to determine
concentrations by computing the slope and intercept values of plotting the
absorbencies vs. the concentrations of the standard curve. Apply all dilution
factors.

16.

METHOD PERFORMANCE
QC

Accept. Criteria

ICV/CCV

-.!.15%

Matrix spikes

__!_ 20%

Blank spikes

__!_ 15%

Duplicate RPO

220

*

*

until control limits are determined

17.

POLLUTION PREVENTION
1 7. 1 MSDS sheets are available in the library or in the folder in wet chem.

18.

DATA ASSESSMENT
18.1 A method blank must be analyzed at the beginning and after every 20
samples.
18.2

An ICV second source is analyzed at the beginning. Recovery must be 85 to
115%.

18.3

A CCV must be analyzed for every 10 samples.
115%.

18.4

A matrix spike and duplicate matrix spike must be analyzed for every 10
samples. Recovery for the spike must be set up by calculated control limits at
± 3 times the standard deviation of at least 20 matrix spikes. Use a default
limit of 80 to 120% until limits are determined. RPO for the duplicate spike
must be 2 20.

Recovery must be 85 to

.

,

SOP 4500-N03- E
Revision #7
220CT02
Page 7 of 7
18.5

19.

A blank spike and duplicate blank spike must be analyzed for every 10
samples. Recovery for the spike must be 85 to 115 % . RPD for the duplicate
spike must be..:: 20.

CORRECTIVE ACTION
QC

Corrective Action

ICV/CCV out

Reanalyze; Remake and reanalyze.

Matrix spikes out

Reanalyze; If still out, remark on report and use blank
spikes.

Blank spikes out

Reanalyze; Remake and reanalyze.

Matrix spikes RPO out

Reanalyze; If still out, remark on report and use blank
spikes.

20.

CONTINGENCIES FOR HANDLING OUT-OF-CONTROL DATA
20.1 All flags must be written on a non-conformance/corrective action report
(CAR).

21.

WASTE MANAGEMENT
21. 1 Refer to the Sample Disposal SOP if there are any questions about disposal.

22.

REFERENCES
th
th
22.1
Standard Method for the Determination of Water and Wastewater, +& -20
2
Edition, ~1998, Method 4500-S - C, D.
-22.2

Current Quality Manual with Quality Management Plan of TraceAnalysis, Inc.

23.

TABLES, DIAGRAMS, FLOW CHARTS AND VALIDATION DATA
23.1 N/A

24.

PREVENTATIVE MAINTENANCE
24.1 Make sure that all glassware is clean.
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