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exceeding 1 NTU will be scheduled for digestion and analysis, results less than 1 
NTU will be scheduled for direct analysis. 

9.2 Sample Preparation

9.2.1 Obtain and label digestion tubes in the order for which samples will be poured out. 

9.2.2 Transfer a well-mixed 25 mL acid preserved aliquot of the sample to a labeled digest 
cup. Document the initial volume used.

9.2.2.1 Create a method blank (MB) and laboratory control sample (LCS) using DI water.
9.2.2.2 If the samples are filtered in the lab for dissolved metals, an associated filter blank 

must be performed and be digested with the batch of samples filtered.  The filter blank 
is not in substitution of the MB, but in addition to.

9.2.3 Spike the LCS (if applicable, LCSD) and matrix spike/matrix spike duplicate (MS/MSD) 
samples with 0.025 mL of the appropriate spiking standards.

9.2.4 Add 0.5 mL concentrated HNO3 and 0.25 mL concentrated HCl to each sample.
9.2.5 Cover each digest cup with a ribbed plastic watch glass.
9.2.6 Place samples in a hot block at 95°C +/- 2°C in the hot block. Document temperature of the 

hot block. 
9.2.7 Gently reflux samples down to approximately 5 mL volume.  Do not allow the samples to 

boil or to go to dryness. 
9.2.8 Remove from hot block. Document the temperature of the hot block.

9.2.9 Allow the digest to cool.  Bring up to a final volume of 25 mL with DI water, cap and mix.

Note: Filter the samples if needed – filtration is to be done only if there is concern that 
insoluble materials may clog the nebulizer.  If any sample is filtered, the MB and LCS must 
also be filtered. Use the filter mates to plunge-filter the sample in the existing cup.  

9.3 Documentation

9.3.1 Digestion Records
Record the necessary information in the electronic prep log using template version F-MN-I-
328 (or equivalent replacement). Information includes batch and sample ID, initial and final 
volumes, initial and final time, prep date, prep analyst, supporting equipment, and lot 
numbers of solutions used.  Also include any additional comments if needed.

10.0 DATA ANALYSIS AND CALCULATIONS

10.1 Calculations

Refer to associated analytical SOP for equations and common calculations.

11.0 QUALITY CONTROL AND METHOD PERFORMANCE

11.1 Quality Control

The following QC samples are prepared and analyzed with each batch of samples.  Refer to 
associated analytical SOP for acceptance criteria and required corrective action.  
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QC Item Frequency
Method Blank (MB) 1 per batch of 20 or fewer samples.
Laboratory Control Sample (LCS) 1 per batch of 20 or fewer samples.  
Laboratory Control Sample 
Duplicate (LCSD)1,2

As needed when insufficient native sample volume exists

Matrix Spike (MS) Prepared with each batch of samples.  Client specific requirements 
may result in a greater number of MS or MS/MSD sets in a batch

Matrix Spike Duplicate (MSD) 1 per batch of 20 or fewer samples.
Sample Duplicate Performed at client request.
Filter Blank (FB) If applicable
¹WIDNR requires the use of a lab created matrix solution from unused samples.
²In the event that only samples identified as Equipment Blanks and/or Field Blanks are available, and 
LCS/LCSD will be prepared in place of MS/MSD.

11.2 Method Performance

11.2.1 Method Validation
11.2.1.1 Detection Limits

Detection limits (DL) and limits of quantitation (LOQ) are established at initial 
method setup and verified on an on-going basis thereafter.   Refer to Pace ENV 
corporate SOP ENV-SOP-CORQ-0011 Method Validation and Instrument 
Verification and to the laboratory’s SOP ENV-SOP-MIN4-0163 Determination of 
LOD and LOQ for these procedures.  

11.3 Analyst Qualifications and Training

Employees that perform any step of this procedure must have a completed Read and 
Acknowledgment Statement for this version of the SOP in their training record. In addition, prior 
to unsupervised (independent) work on any client sample, analysts that prepare or analyze 
samples must have successful initial demonstration of capability (IDOC) and must successfully 
demonstrate on-going proficiency on an annual basis.  Successful means the initial and on-going 
DOC met criteria, documentation of the DOC is complete, and the DOC record is in the employee’s 
training file.  Refer to laboratory SOP ENV-SOP-MIN4-0165 Orientation and Training Procedures
(or equivalent replacement) for more information.   

12.0 DATA REVIEW AND CORRECTIVE ACTION

12.1 Data Review

Pace’s data review process includes a series of checks performed at different stages of the 
analytical process by different people to ensure that SOPs were followed, the analytical record is 
complete and properly documented, proper corrective actions were taken for QC failure and other 
nonconformance(s), and that test results are reported with proper qualification.  

The review steps and checks that occur as employee’s complete tasks and review their own work 
is called primary review. 

All data and results are also reviewed by an experienced peer or supervisor.  Secondary review 
is performed to verify SOPs were followed, that calibration, instrument performance, and QC 
criteria were met and/or proper corrective actions were taken, qualitative ID and quantitative 
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measurement is accurate, all manual integrations are justified and documented in accordance with 
the Pace ENV’s SOP for manual integration, calculations are correct, the analytical record is 
complete and traceable, and that results are properly qualified. 

A third-level review, called a completeness check, is performed by reporting or project 
management staff to verify the data report is not missing information and project specifications 
were met. 

Refer to laboratory SOP ENV-SOP-MIN4-0092 Data Review Process for specific instructions and 
requirements for each step of the data review process.

12.2 Corrective Action

Corrective action is expected any time QC or sample results are not within acceptance criteria.  If 
corrective action is not taken or was not successful, the decision/outcome must be documented 
in the analytical record. The primary analyst has primary responsibility for taking corrective action 
when QA/QC criteria are not met.  Secondary data reviewers must verify that appropriate action 
was taken and/or that results reported with QC failure are properly qualified.  

Corrective action is also required when carryover is suspected and when results are over range. 

Samples analyzed after a high concentration sample must be checked for carryover and 
reanalyzed if carryover is suspected.  Carryover is usually indicated by low concentration detects 
of the analyte in successive samples analyzed after the high concentration sample. 

Sample results at concentrations above the upper limit of quantitation must be diluted and 
reanalyzed.  The result in the diluted samples should be within the upper half of the calibration 
range. Results less than the mid-range of the calibration indicate the sample was over diluted and 
analysis should be repeated with a lower level of dilution. If dilution is not performed, any result 
reported above the upper range is considered a qualitative measurement and must be qualified 
as an estimated value.   

Refer to the associated analytical SOP for a complete summary of QC, acceptance criteria, and 
recommended corrective actions for QC associated with this test method.  

13.0 POLLUTION PREVENTION AND WASTE MANAGEMENT

Pace proactively seeks ways to minimize waste generated during our work processes.  Some 
examples of pollution prevention include but are not limited to: reduced solvent extraction, solvent 
capture, use of reusable containers for solvent management, and real-time purchasing.

The EPA requires that laboratory waste management practice to be conducted consistent with all 
applicable federal and state laws and regulations.  Excess reagents, samples and method process 
wastes must be characterized and disposed of in an acceptable manner in accordance with Pace’s 
Chemical Hygiene Plan / Safety Manual.     

14.0 MODIFICATIONS 

A modification is a change to a reference test method made by the laboratory. For example, changes 
in stoichiometry, technology, quantitation ions, reagent or solvent volumes, reducing digestion or 
extraction times, instrument runtimes, etc. are all examples of modifications.  Refer to Pace ENV 
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corporate SOP ENV-SOP-CORQ-0011 Method Validation and Instrument Verification for the 
conditions under which the procedures in test method SOPs may be modified and for the procedure 
and document requirements.  

14.1. The scope of the method for 3020A has been expanded to include additional metals that 
require HCl for best solubility and stability at the levels of analysis required by ICPMS.  Due to 
this requirement method 3020A has been modified to include the addition of HCl to the 
digestion.  

14.2. Our procedure uses a final concentration of HNO3 at 2% and a final HCl concentration of 1%. 
This is consistent with the digestion prescribed in EPA Method 200.8, however the final HNO3
concentration differs from that prescribed in method 3020A.

14.3. Method 3020A has been modified to follow EPA 200.8 given the scope of metals in 200.8 are 
similar to the scope of metals in 6020A.

14.4. Our procedure uses 25 mL initial and final volumes using the hot block digestion system rather 
than glassware and 100 mL sample volume. 

15.0 RESPONSIBILITIES

Pace ENV employees that perform any part this procedure in their work activities must have a signed 
Read and Acknowledgement Statement in their training file for this version of the SOP.  The employee 
is responsible for following the procedures in this SOP and handling temporary departures from this 
SOP in accordance with Pace’s policy for temporary departure.  

Pace supervisors/managers are responsible for training employees on the procedures in this SOP and 
monitoring the implementation of this SOP in their work area.  

16.0 ATTACHMENTS

Appendix A – Stock Standard Summary

Appendix B – Turbidity Barcodes

17.0 REFERENCES

Pace Quality Assurance Manual- most current version.

TNI Standard, Management and Technical Requirements for Laboratories Performing Environmental 
Analyses, EL-V1-2009.

TNI Standard, Management and Technical Requirements for Laboratories Performing Environmental 
Analyses, EL-VI-2016-Rev.2.1.

Test Methods for Evaluating Solid Waste Physical/Chemical Methods, SW-846, Third Edition.  Method 
3020A, 1992.

Test Methods for Evaluating Solid Waste Physical/Chemical Methods, SW-846, Third Edition.  Method 
3005A.
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U.S. Environmental Protection Agency.  Method 200.8, Determination of Trace Elements in Waters 
and Wastes by Inductively Coupled Plasma – Mass Spectrometer, Revision 5.4, EMMC Version, May 
1994.

40 CFR Appendix B to Part 136, Definition and Procedure for the Determination of the Method 
Detection Limit - Rev 2, August 28, 2017.

18.0 REVISION HISTORY

This Version: 
Section Description of Change
7.2/8.2 Updated tables with new standards, spike information and remove resin pellets (N/A)
9.1.3.3 Updated CCRDL to CRDL.
App A New standards, table updated accordingly.

This document supersedes the following document(s):
Document Number Title Version
ENV-SOP-MIN4-0044 Preparation of Aqueous Samples for ICP-MS by 200.8 and 

3020A
05

ENV-SOP-MIN4-0044, Rev 06

47 of 140



12 of 13

TEST METHOD STANDARD OPERATING PROCEDURE
TITLE: Preparation of Aqueous Samples for ICP-MS Analysis
TEST METHOD EPA 200.8 and 3020A
ISSUER: Pace ENV – Minneapolis– MIN4

COPYRIGHT © 2021 Pace Analytical Services, LLC

Any printed copy of this SOP and all copies of this SOP outside of Pace are uncontrolled copies.  
Uncontrolled copies are not tracked or replaced when new versions are released or the SOP is made obsolete.

Users of the SOP should verify the copy in possession is the current version of the SOP before use.  

Appendix A: Metals Standard Reference

Stock standards used for aqueous sample preparation

ZPACEMN-105 ZPACEMN-106
Element (ug/mL) Element (ug/mL)

Ca 2000 Si 500
Fe 2000 Sb 100
Mg 2000 Mo 100
K 2000 Sn 100

Na 2000 Ti 100
Al 2000 S 2000
Ba 100 As 100
Be 100 Se 100
Bi 100 Pd 20
B 100 Pt 20

Cd 100
Th 100
Cr 100
Co 100
Cu 100
Li 100
P 100

Mn 100
Pb 100
Ni 100
Ag 50
Sr 100
Tl 100
V 100
Zn 100
U 100

ENV-SOP-MIN4-0044, Rev 06

48 of 140



13 of 13

TEST METHOD STANDARD OPERATING PROCEDURE
TITLE: Preparation of Aqueous Samples for ICP-MS Analysis
TEST METHOD EPA 200.8 and 3020A
ISSUER: Pace ENV – Minneapolis– MIN4

COPYRIGHT © 2021 Pace Analytical Services, LLC

Any printed copy of this SOP and all copies of this SOP outside of Pace are uncontrolled copies.  
Uncontrolled copies are not tracked or replaced when new versions are released or the SOP is made obsolete.

Users of the SOP should verify the copy in possession is the current version of the SOP before use.  

Appendix B: Turbidity Barcodes
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1.0 SCOPE AND APPLICATION

This standard operating procedure (SOP) describes the laboratory procedure for the determination of 
dissolved and total recoverable metals by Inductively Coupled Plasma – Optical Emission 
Spectrometry (ICP-OES).

1.1 Target Analyte List and Limits of Quantitation (LOQ)

The target analytes and the normal LOQ that can be achieved with this procedure are provided 
in Table 1, Appendix A.  

LOQ are established in accordance with Pace policy and SOPs for method validation and for the 
determination of detection limits (DL) and quantitation limits (LOQ).  DL and LOQ are routinely 
verified and updated when needed.  The current LOQ for each target analyte that can be 
determined by this SOP as of the effective date of this SOP is provided in Table 1, Appendix A.  

The reporting limit (RL) is the value to which analytes are reported as detected or not detected 
in the final report.  When the RL is less than the lower limit of quantitation (LLOQ), all detects and 
non-detects at the RL are qualitative.  The LLOQ is verified daily by running a QC solution (CRDL) 
at the LOQ and evaluating against method specific limits.  

DL, LOQ, and RL are always adjusted to account for actual amounts used and for dilution.

1.2 Applicable Matrices

This SOP is applicable to air filters, drinking water, ground water, aqueous samples, liquid 
samples, leachates, industrial wastes, soils, sludges, sediments, and other solid wastes.

2.0 SUMMARY OF METHOD

Prior to analysis, samples are solubilized or digested using appropriate sample preparation methods. 
This method describes the determination of elements by ICP-OES.  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 a charge coupled device detector (CCD).  All data is collected by 
simultaneous measurement.  Software is used to measure and apply corrections due to background 
or inter-element interferences using a variety of techniques. Alternate wavelengths are also monitored 
for confirmation or to use in correction equations.

3.0 INTERFERENCES

3.1 Spectral Interferences are caused by background emission from continuous or recombination 
phenomena, stray light from the line emission of high concentration elements, overlap of a 
spectral line from another element, or unresolved overlap of molecular band spectra.

3.2 Spectral overlap can be compensated by computer-correcting the raw data after monitoring and 
measuring the interfering element.  Unresolved overlap requires selection of an alternate 
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wavelength.  Background contribution and stray light can usually be compensated for by a 
background correction adjacent to the analyte line.  

3.3 Physical Interferences are effects associated with the sample nebulization and transport 
processes.  Changes in viscosity and surface tension can cause significant inaccuracies, 
especially in samples containing high dissolved solids or high acid concentrations. A high solids 
nebulizer is used on all instruments.  Internal standards are also used to monitor and correct for 
physical effects. 

3.4 Chemical interferences include molecular compound formation, ionization effects and solute 
vaporization effects.  Normally, these effects are not significant with the ICP technique, but if 
observed, can be minimized by careful selection of operating conditions, use of an ionization 
buffer, or by matrix matching of standards and samples.

3.5 Memory interferences result when analytes in a previous sample contribute to the signals 
measured in the new sample.  Memory effects can result from sample deposition on the uptake 
tubing to the nebulizer and from buildup of sample material in the plasma torch and spray 
chamber. Regular maintenance and awareness of samples with high concentrations minimize 
these interferences.

4.0 DEFINITIONS

Refer to the Laboratory Quality Manual for a glossary of common lab terms and definitions.

5.0 HEALTH AND SAFETY

The toxicity or carcinogenicity of each chemical material used in the laboratory has not been fully 
established. Each chemical should be regarded as a potential health hazard and exposure to these 
compounds should be as low as reasonably achievable. 

The laboratory maintains documentation of hazard assessments and OSHA regulations regarding the 
safe handling of the chemicals specified in each method. Safety data sheets for all hazardous 
chemicals are available to all personnel. Employees must abide by the health, safety and 
environmental (HSE) policies and procedures specified in this SOP and in the Pace Chemical Hygiene 
/ Safety Manual. 

Personal protective equipment (PPE) such as safety glasses, gloves, and a laboratory coat must be 
worn in designated areas and while handling samples and chemical materials to protect against 
physical contact with samples that contain potentially hazardous chemicals and exposure to chemical 
materials used in the procedure. 

Concentrated corrosives present additional hazards and are damaging to skin and mucus membranes. 
Use these acids in a fume hood whenever possible with additional PPE designed for handing these 
materials. If eye or skin contact occurs, flush with large volumes of water. When working with acids, 
always add acid to water to prevent violent reactions. Any processes that emit large volumes of 
solvents (evaporation/concentration processes) must be in a hood or apparatus that prevents 
employee exposure. 

Contact your supervisor or local HSE coordinator with questions or concerns regarding safety protocol 
or safe handling procedures for this procedure.
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6.0 SAMPLE COLLECTION, PRESERVATION, HOLDING TIME, AND STORAGE

Samples should be collected in accordance with a sampling plan and procedures appropriate to 
achieve the regulatory, scientific, and data quality objectives for the project.  

The laboratory does not perform sample collection or field measurements for this test method. To 
assure sample collection and field checks and treatment are performed in accordance with applicable 
regulations Pace project managers will inform the client of these requirements at the time of request 
for analytical services when the request for testing is received prior to sample collection.  If samples 
were already collected, the laboratory will record any nonconformance to these requirements in the 
laboratory’s sample receipt record when sufficient information about sample collection is provided with 
the samples.  

General Requirements
Matrix Routine Container Minimum Sample Amount1 Preservation Holding Time

Aqueous 250 mL Plastic 25 mL Acidified2 with nitric acid to 
pH<2, stored ambient Must be analyzed within 

180 days of collection.
Solid 8 oz glass jar 1 gram <6°C, but above freezing

1Minimum amount needed for each discrete analysis.  
2 Samples must equilibrate for a minimum of 24 hours if acidification is performed in the lab.

Thermal preservation is checked and recorded on receipt in the laboratory in accordance with 
laboratory ENV-SOP-MIN4-0008 Sample Management (current or equivalent replacement).  Chemical 
preservation is checked and recorded at time of receipt or prior to sample preparation.

After receipt, samples are stored either at ambient or 6°C until sample preparation.  Prepared sample 
digestates are stored at ambient temperatures until sample analysis.   

After analysis, unless otherwise specified in the analytical services contract, samples are retained for 
21 days from date of final report and then disposed of in accordance with Federal, State, and Local 
regulations.

7.0 EQUIPMENT AND SUPPLIES

7.1 Equipment

Equipment Description
ICPOES (Inductively Coupled Plasma Optical 
Emiison Spectrometer)

Agilent 5100 or5110 ICP instrumentation equipped with an CCD 
Detector, full wavelength region. Each instrument has an
associated auto-sampler and recirculating chiller.

Centrifuge Thermo Sorvall Legend XT
Analytical Balance Sartoriius or equivalent, capable of weighing to 0.01g
Mechanical pipettors Eppendorf, Fisher brand or equivalent replacement, various sizes
Glassware Class A or B volumetric flasks and graduated cylinders of various 

sizes

7.2 Supplies
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Supply Description
Argon gas Praxair or equivalent, High purity grade, 99.99%
Filters Filtermate filters, 2 um PTFE, Environmental Express, SC0408
Auto-sampler tubes Moldpro or equivalent, 15 mL metals free auto-sampler tubes
Digestion cups Moldpro or equivalent, 50 mL disposable digestion cups
Data-Uploading Software Pace internal software used to transfer data from the instrument 

to the LIMS

8.0 REAGENTS AND STANDARDS

8.1 Reagents

Reagent Description
Reagent water ASTM Type I – 18 megaohm
Nitric Acid (HNO3), trace metals grade Fisher Scientific, A-509-P212 or equivalent

Hydrochloric acid (HCl),trace metals grade Fisher Scientific, A-508-P212 or equivalent

4% (v/v) Nitric Acid/5% (v/v) Hydrochloric Acid 
Solution

400 mL nitric acid (above) + 500 mL hydrochloric acid (above) to 
10 liters with ASTM Type I water (18 megaohm).
Used for all blanks and rinsing and preparation of standards.

8.2 Standards

Reagent Description
Calibration Stock Standards Custom blend of elements. See Appendix D for the standard 

information
Initial Calibration Verification (ICV) Stock 
Standard solutions

Custom blend.  Must be separate stock from the calibration 
standards. Spex Certiprep or equivalent. See Appendix D for 
the standard information

Wavelength Cal Solution Various analytes, prepared in the lab
Internal Standards Yttrium, Agilent or equivalent

9.0 PROCEDURE

9.1 Equipment Preparation

9.1.1 Pre-Start Checks: Turn on the computer and load the software. Initiate appropriate 
operating configuration of the instrument’s computer according to the instrument 
manufacturer’s instructions. Check the following:

9.1.1.1 Verify the level of nebulizer waste and rinse waste, if more than half full, empty 
it into the acid waste stream

9.1.1.2 Ar/O pressure - The argon supply pressure should be set at about 80-100psi. 
If the supply argon pressure falls below about 80psi, a safety interlock 
automatically shuts off the torch.

9.1.1.3 Wash solution level - The wash solution supply is maintained in a 4-liter 
carboy. Ensure that there is sufficient volume present for the analytical 
sequence.
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9.1.1.4 Peristaltic pump tubing - Change the sample and internal standard tubing, 
spray chamber drain tubing and the rinse station tubing as needed. Signs of 
degradation include flattened sections and hazy appearance. Allow at least 30 
minutes for break-in period

Adjust the pump-tubing in such a way to ensure proper flow prior 
to igniting the plasma. Decrease flow to where flow of bubble 
actually stops or barely moves. Turn knob 2 full turns.

9.1.1.5 Ignite plasma while tubing is in a rinse solution, allow plasma to warm up at 
least 30 minutes and preferably 60-90 minutes.

9.1.1.6 Use the warm up time to create the sequence and pour samples. Use Horizon 
Uploader to copy labels into the sequence.

9.1.2 Support Equipment
Chiller temperature, pressure and water level - The temperature should be regulated at 
20 ± 2ºC. Check the current temperature on the chiller to ensure it is within this range. 
Check the inlet cooling water pressure that must be between 45 and 55psi. Check to 
ensure that chiller water level is full. If it is not, fill with Polyclear 30. 

9.1.3 Instrument 
9.1.3.1 Routine Instrument Operating Conditions

Instrument operating conditions vary by method and by instrument.  All 
conditions are documented with each worksheet and cannot be modified after 
data has been generated.  Instrument conditions are stored within a worksheet 
template.  The analyst selects the appropriate Template for analysis.  The 
analyst does not change operating conditions.  Conditions are only changed 
during method development.

9.2 Initial Calibration 

9.2.1 Calibration Design
9.2.1.1 A calibration curve consists of a single point standard and a calibration blank.

9.2.1.2 Additional calibration procedures (where applicable) can be found in ENV-
POL-CORQ-0005 Acceptable Calibration Practices for Instrument Testing 
(current or equivalent replacement).

9.2.2 Calibration Sequence
Example Analytical Sequence

CAL0
CAL1
ICV
ICB

CRDLA
ICSA
ICAB
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Fe 2000 SIC
Ca 2000 SIC/LDR
Al 1000 SIC/LDR
Mg 1000 SIC/LDR

Cu 50 SICLDR
Mn 100 SIC

Ba 20 SIC/LDR
Cr 50 SIC/LDR
Co 50 SIC/LDR

CCV
CCB

V 20 SIC/LDR
Ni 50 SIC/LDR
Ti 20 SIC/LDR

Mo 10 SIC/LDR
Zr 20 SIC
Ce 10 SIC
U 20 SIC

Cd 20 SIC
Sn 20 SIC
La 20 SIC

CCV
CCB

LDR A
LDR B
LDR C
CCV
CCB

CLIENT SAMPLES
CCV
CCB

9.2.3 ICAL Evaluation
9.2.3.1 Curve Fit

With a single point calibration model, a linear regression curve is established 
using a calibration blank and one non-zero standard with internal standard 
correction referencing Yttrium. 

9.2.3.2 Relative Standard Error (RSE)
With a single point calibration model using a calibration blank and one non-
zero standard, relative standard error evaluation is not applicable. 

9.2.3.3 Initial Calibration Verification
In addition to meeting the linearity requirement, any new calibration curve must 
be assessed for accuracy in the values generated. To assess the accuracy, a 
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single standard from a secondary source must be analyzed and the results 
obtained must be compared to the known value of the standard. This step is 
referred to as Initial Calibration Verification. The ICV, followed by an ICB, is 
analyzed immediately following an initial calibration curve.

9.2.4 Continuing Calibration Verification
A CCV followed immediately by a CCB must be analyzed after every 10 samples and 
at the end of the analytical batch to verify the system is still calibrated. 

9.3 Sample Preparation

9.3.1 Label all sample tubes so that each sample can be uniquely identified on the rack.

9.3.2 If any samples in a batch need to be filtered because of suspended material, use an 
Environmental Express Filtermate.  The Method Blank and LCS must also be filtered if 
any samples are.  Record the ID of the Filtermates used.

9.3.3 Centrifuge soil samples to minimize need for filtering.

9.3.4 Aqueous samples are poured without initial dilution unless historical data demonstrates 
otherwise.

9.3.5 Use Horizon Uploader to copy labels into the sequence.

10.0 DATA ANALYSIS AND CALCULATIONS

10.1 Quantitative Identification

10.1.1 Monitor all initial QC checks.  One re-analysis of QC checks is allowed.  If initial QC fails 
twice, make instrument modifications and recalibrate using a new worksheet from 
template.

10.1.2 During the sample analysis or after the analysis is completed, transfer valid data into 
LIMS system using LIMS LINK.

10.1.2.1 Export data from instrument to CSV file.

10.1.2.2 Open LIMSLINK

10.1.2.3 Click open instrument, select CSV file from list, data will import

10.1.2.4 Highlight QC + samples, select “Get LIMS Info”

10.1.2.5 Run QC will prompt for Q-Batch # plus standard selection

10.1.2.6 Sample data will prompt for SD/PDS source sample.

10.1.2.7 Right click on samples to select/de-select elements

10.1.2.8 Highlight samples to upload and select “Export Run to Epic Pro”.
Note: Be sure to make the appropriate selections in LIMSLNK rather than post-editing in EPIC.  
This provides for a much smoother experience and minimizes chance for error.  If edits must be 
done in EPIC be sure to make edits prior to uploading new data from LIMSLINK, as this, again 
minimizes error due to confusion.
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10.1.3 When Complete, select “excel bench sheet”.  Save the Excel Bench sheet to the 
instrument folder marked “LIMSLINK RAW DATA” Use convention of run date (e.g. 
032917ICP5).  Note discrepancies in the notes section of the run log (including dilutions, 
QC issues, re-runs, etc.).

10.1.4 In LIMS system make final adjustments and add any required footnotes. Complete 
checklist and turn data in for validation.

10.1.5 Documentation is a mix of electronic and paper files. Key data must be stored 
electronically so that data review may be performed from any location.  Some documents 
are stored in the physical daily folder and archived for easy reference.

10.1.6 Label a physical file with the date. Record the file name, Q-Batch, and all prep batches 
on the folder for each run that day (example: 032917ICP5 and 032917ICP5B.

10.1.7 Store printed copies of batch worklist reports, the original checklist, a printed copy of the 
IEC Form 10-IN generated from Gandolf, and a printed copy of the run log from 
LIMSLINK file in this folder. If the data reviewer requests additional printed information 
they may print it themselves.  Note, if data is validated remotely print a copy of the 
validation verification e-mail and include with each checklist.

10.1.8 Generate a copy of the raw data and print to the X:Drive.

10.2 Calculations

See the laboratory SOP ENV-SOP-MIN4-0171 Laboratory Calculations (current or equivalent 
replacement) for equations for common calculations.

10.2.1 Inter-element Correction Factor (IEC) = Concentration of apparent concentration 
(observed) in mg/L / Concentration of Interferent in mg/L.

10.2.2 The percent recovery of the spike is calculated from the following equation:

10.2.3 The relative percent difference between the MS/MSD can be calculated as follows

Where: RPD = Relative Percent Difference
S = Original Spiked Sample Value, ug/L or mg/kg dry
D = Second Spiked Sample Value, ug/L or mg/kg dry

% Recovery = (SSR-SR) X  100
ST

Where: SSR = Spiked Sample Result, ug/L or mg/kg dry
SR = Sample Result, ug/L or mg/kg dry
ST = Spike Target, ug/L or mg/kg dry

RPD = │(S-D) │   X    (100)
(S+D)/2
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10.2.4 The corrected dry weight concentration can be calculated using the following:
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Where, c = concentration on instrument, μg/L
vf = final volume, L
wti = initial weight, g

x100%
WeightWetSample
WeightDrySampleweightDry (

11.0 QUALITY CONTROL AND METHOD PERFORMANCE

11.1 Quality Control

The following QC samples are prepared and analyzed with each batch of samples.  Refer to 
Appendix B for acceptance criteria and required corrective action.  

QC Item Frequency
Method Blank (MB) 1 per batch of 20 or fewer samples.
Laboratory Control Sample (LCS) 1 per batch of 20 or fewer samples.  
Laboratory Control Sample Duplicate (LCSD) As needed
Matrix Spike (MS) 1 per batch of 20 or fewer samples for 6010B/C/D. 1 per batch of 

10 or fewer samples for 200.7
Matrix Spike Duplicate (MSD) 1 per batch of 20 or fewer samples.
Sample Duplicate Performed at client request.
Serial Dilution 1 per batch of 20 or fewer samples for 6010B/C/D.
Post Digestion Spike 1 per batch of 20 or fewer samples for method 6010B/C/D.  

11.2 Instrument QC

The following Instrument QC checks are performed.  Refer to Appendix B for acceptance criteria 
and required corrective action.

QC Item Frequency
Initial Calibration Daily
Initial Calibration Verification (ICV) Immediately after each initial calibration.
Spectral Interference Check Solutions (SIC) Immediately after initial ICSA / ICSAB
Initial Calibration Blank Immediately after each ICV.
Continuing Calibration Verification (CCV) Prior to the analysis of any samples and after every 10 injections 

thereafter.  Samples must be bracketed with a closing CCV 
standard.

Continuing Calibration Blank Following every CCV injection
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CRDL / LLCCV verification At the beginning of each run for 6010B/C/D/200.7 and at a 
minimum of once at the end of each run for 6010C.

ICSA verification At the beginning of each sample run sequence after the CRDL. 
ICSAB verification This is analyzed following the ICSA when requested. This is 

required by certain clients. It is not a method requirement and need 
be analyzed only for clients specifying this in the QAPP.

Internal Standard An appropriate internal standard is required.

11.3 Method Performance

11.3.1 Method Validation
11.3.1.1 Detection Limits

Detection limits (DL) and limits of quantitation (LOQ) are established at initial 
method setup and verified on an on-going basis thereafter.   Refer to Pace 
ENV corporate SOP ENV-SOP-CORQ-0011 Method Validation and 
Instrument Verification (current or equivalent replacement) and to the 
laboratory’s SOP ENV-SOP-MIN4-0163 Determination of LOD and LOQ
(current or equivalent replacement) for these procedures.  

11.3.2 Linear Dynamic Range (LDR)
Method 6010D requires that a LDR check sample be analyzed daily. Because of this 
requirement for 6010D, the LDR is established daily for all methods.  For some 
elements a single element standard is used to establish the LDR while in other cases a 
mixed standard is used to establish the LDR. If an LDR standard is not analyzed for a 
particular analyte then the LDR defaults to the highest calibration point in the calibration 
curve. Data is reported up to 90% of the LDR. When evaluating interferences use 
values up to the full LDR for the interferent. The LDR may be established at higher or 
lower levels on a daily basis based on expected levels of samples being tested that 
day.  The LDR may vary daily depending on slight changes in instrument performance 
(things like pump tubing wear, etc.). Refer to Appendix C : Linear Range Reference 
Table for default ranges and the typical standards used to establish them.

11.3.3 Wavelength Calibration 
The recommended minimum frequency is once per month. To ensure this, a 
wavelength calibration and detector calibration are both performed each time the torch 
is changed. For the 5100 and 5110 this is every 2-3 weeks. This is documented in the 
respective daily maintenance logs. We make the tuning solution and document in the 
Standards log in the LIMS. The number is also recorded in LIMSLINK. Making the 
tuning solution from single stocks is a significant cost savings over purchasing the 
tuning solution from Agilent.

11.3.3.1 Agilent 5100 and 5110:
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Ensure the polyboost has been on for at least 30 minutes.
Go to the Instrument Page. Select Calibration.
With the Plasma off, click detector calibration. This will complete 
and update the date / time. It is automatically stored.
Ignite the plasma and allow for 30 minute warmup. Ensure snout 
purge is on; this is the default in the ignition sequence.
Introduce the tuning solution. Click Calibrate.
There will be a list of analytes with red indicating failing and green 
indicating passing.
If any fail, repeat 2 more times until all are green. Wait another 
30 minutes if the polyboost was just turned on 30 minutes ago, 
before the final attempt.
If after 3 attempts all are red, then a service call is required.
Click the axial box and repeat steps 4-7.
If there are failures in either radial or axial mode only then this 
indicates the source of the problem.

11.4 Analyst Qualifications and Training

Employees that perform any step of this procedure must have a completed Read and 
Acknowledgment Statement for this version of the SOP in their training record. In addition, prior 
to unsupervised (independent) work on any client sample, analysts that prepare or analyze 
samples must have successful initial demonstration of capability (IDOC) and must successfully 
demonstrate on-going proficiency on an annual basis.  Successful means the initial and on-going 
DOC met criteria, documentation of the DOC is complete, and the DOC record is in the 
employee’s training file.  Refer to laboratory SOP ENV-SOP-MIN4-0165 Orientation and Training 
Procedures (current or equivalent replacement) for more information.

12.0 DATA REVIEW AND CORRECTIVE ACTION

12.1 Data Review

Pace’s data review process includes a series of checks performed at different stages of the 
analytical process by different people to ensure that SOPs were followed, the analytical record is 
complete and properly documented, proper corrective actions were taken for QC failure and other 
nonconformance(s), and that test results are reported with proper qualification.  

The review steps and checks that occur as employee’s complete tasks and review their own work 
is called primary review. 

All data and results are also reviewed by an experienced peer or supervisor.  Secondary review 
is performed to verify SOPs were followed, that calibration, instrument performance, and QC 
criteria were met and/or proper corrective actions were taken, qualitative ID and quantitative 
measurement is accurate, all manual integrations are justified and documented in accordance 
with the Pace ENV’s SOP for manual integration, calculations are correct, the analytical record 
is complete and traceable, and that results are properly qualified. 
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A third-level review, called a completeness check, is performed by reporting or project 
management staff to verify the data report is not missing information and project specifications 
were met. 

Refer to laboratory SOP ENV-SOP-MIN4-0092 Data Review Process (or equivalent 
replacement) for specific instructions and requirements for each step of the data review process.

12.2 Corrective Action

Corrective action is expected any time QC or sample results are not within acceptance criteria.  
If corrective action is not taken or was not successful, the decision/outcome must be documented 
in the analytical record. The primary analyst has primary responsibility for taking corrective action 
when QA/QC criteria are not met.  Secondary data reviewers must verify that appropriate action 
was taken and/or that results reported with QC failure are properly qualified.  

Corrective action is also required when carryover is suspected and when results are over range. 

Samples analyzed after a high concentration sample must be checked for carryover and 
reanalyzed if carryover is suspected.  Carryover is usually indicated by low concentration detects 
of the analyte in successive samples analyzed after the high concentration sample. 

Sample results at concentrations above the upper limit of quantitation must be diluted and 
reanalyzed.  The result in the diluted samples should be within the upper half of the calibration 
range. Results less than the mid-range of the calibration indicate the sample was over diluted 
and analysis should be repeated with a lower level of dilution. If dilution is not performed, any 
result reported above the upper range is considered a qualitative measurement and must be 
qualified as an estimated value.   

Refer to Appendix B for a complete summary of QC, acceptance criteria, and recommended 
corrective actions for QC associated with this test method.  

13.0 POLLUTION PREVENTION AND WASTE MANAGEMENT

Pace proactively seeks ways to minimize waste generated during our work processes.  Some 
examples of pollution prevention include but are not limited to: reduced solvent extraction, solvent 
capture, use of reusable containers for solvent management, and real-time purchasing.

The EPA requires that laboratory waste management practice to be conducted consistent with all 
applicable federal and state laws and regulations.  Excess reagents, samples and method process 
wastes must be characterized and disposed of in an acceptable manner in accordance with Pace’s 
Chemical Hygiene Plan / Safety Manual.     

14.0 MODIFICATIONS 

A modification is a change to a reference test method made by the laboratory. For example, changes 
in stoichiometry, technology, quantitation ions, reagent or solvent volumes, reducing digestion or 
extraction times, instrument runtimes, etc. are all examples of modifications.  Refer to Pace ENV 
corporate SOP ENV-SOP-CORQ-0011 Method Validation and Instrument Verification (current or 
equivalent replacement) for the conditions under which the procedures in test method SOPs may be 
modified and for the procedure and document requirements.  
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15.0 RESPONSIBILITIES

Pace ENV employees that perform any part this procedure in their work activities must have a signed 
Read and Acknowledgement Statement in their training file for this version of the SOP.  The employee 
is responsible for following the procedures in this SOP and handling temporary departures from this 
SOP in accordance with Pace’s policy for temporary departure.  

Pace supervisors/managers are responsible for training employees on the procedures in this SOP and 
monitoring the implementation of this SOP in their work area.  

16.0 ATTACHMENTS

Appendix A – Target Analyte List and Routine LOQ

Appendix B – QC Summary

Appendix C – Linear Range Reference Table

Appendix D – Standard Reference Table

Appendix E – Interference Check Standard Reference Table

17.0 REFERENCES

Pace Quality Assurance Manual- most current version.

TNI Standard, Management and Technical Requirements for Laboratories Performing Environmental 
Analyses, EL-V1-2009.

TNI Standard, Management and Technical Requirements for Laboratories Performing Environmental 
Analyses, EL-VI-2016-Rev.2.1.

Test Methods for Evaluating Water and Solid Waste, SW-846 3rd Edition, Final Update III, Revision 2, 
December 1996. Method 6010B.

Test Methods for Evaluating Water and Solid Waste, SW-846, Update IV, Feb. 2007. Method 6010C.

Test Methods for Evaluating Water and Solid Waste, SW-846, Update V, July 2018. Method 6010D.

Method 200.7 Revision 4.4, Determination of Metals and Trace Elements in Water and Wastes by 
Inductively Coupled Plasma-Atomic Emission Spectrometry, 1994.

US EPA Contract Laboratory Program Statement of Work ILM05.3, March 2004.

40 CFR Appendix B to Part 136, Definition and Procedure for the Determination of the Method 
Detection Limit – Rev 2, August 28, 2017.
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7.1 Removed reference to Agilent 720 and added reference to 5100 
8.2 Removed Agilent references from table
9.1.2 Updated temperature and water pressure requirements
9.2.2 Updated calibration sequence to current sequence
11.2 Updated Spectral Interference Check Solutions (SIC) frequency information to 

ICSA/ICSAB
11.3.3 Added references to 5100
11.3.3.2 Removed Agilent 700Series information
Appendix 
A

Updated Iron, Manganese, and Zinc Soil PRL limits

Appendix 
C

Updated title, Ba wavelength, Cu type to SIC.LDR, Si LDR to 50, standard to LDRC, Ti 
Standard to Ti 20 SIC/LDR and type to SIC/LDR.

Appendix 
D

Updated title, updated all aliquots and final volume and stock concentrations and final 
concentrations as needed

Appendix 
E

Updated title, Aliquot volumes in Al, Ca, Fe, and Mg to 10

This document supersedes the following document(s):
Document Number Title Version
ENV-SOP-MIN4-0052 Metals Analysis by ICP – Method 6010 and 200.7 06
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Appendix A: Target Analyte List and Routine LOQ

Table 1: Routine Analyte List and Limits of Quantitation (LOQ)1

Element Water PRL (ug/L) Soil PRL (mg/kg)
Aluminum 200 10
Antimony 20 1.0
Arsenic 20 1.0
Barium 10 0.50

Beryllium 5.0 0.25
Boron 150 7.5

Cadmium 3.0 0.15
Calcium 500 25

Chromium 10 0.50
Cobalt 10 0.50
Copper 10 0.50

Iron 50 5
Lead 10 0.5

Magnesium 500 25
Manganese 5.0 0.5
Molybdenum 15 0.75

Nickel 20 1.0
Phosphorus 20 5
Potassium 2500 125
Selenium 20 1.0

Silicon 50 5
Silver 10 0.50

Sodium 1000 50
Strontium 5.0 0.5

Sulfur 500 25
Thallium 20 1.0

Tin 75 3.75
Titanium 25 1.25
Uranium 50 2.5

Vanadium 15 0.75
Zinc 20 2.0

Hardness 3300 N/A

1 Values in place as of effective date of this SOP.  LOQ are subject to change. For the most up to date LOQ, refer to the LIMS or 
contact the laboratory.
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Appendix B: QC Summary

QC Item Frequency Acceptance Criteria Corrective Action Qualification
ICAL Daily A calibration curve must consist 

of a blank and at least one 
calibration standard.

Identify and correct source of 
problem, repeat.

None.  Do not 
proceed with 
analysis.

ICV After Each ICAL ± 10% for method 6010B, 6010C 
and 6010D or ± 5% for method 
200.7

The RSD of the standards must 
be below 5% for 6010B, 6010C 
and 6010D and below 3% for 
200.7.

Identify source of problem, re-
analyze.  If repeat failure, repeat 
ICAL. Analysis may proceed if it 
can be demonstrated that the 
ICV exceedance has no impact 
on analytical measurements. 

For example, the ICV %R is 
high, CCV is within criteria, and 
the analyte is not detected in 
sample(s).

Qualify 
analytes with 
ICV out of 
criteria.  

ICB Immediately after the 
initial calibration 
verification

All elements of interest must be 
evaluated to a criteria of +/- ½ of 
the RL for method 6010D. 

All elements of interest must be 
evaluated to +/- the RL for 
method 6010B,6010C and 200.7.

Criteria to be evaluated to 
method criteria unless otherwise 
specified by client.

Identify source of problem, re-
analyze. Analysis may proceed if 
it can be demonstrated that the 
ICB exceedance has no impact 
on analytical measurements. 

For example, the ICB has 
detections and the analyte is not 
detected in sample(s).

Qualify 
analytes with 
ICB out of 
criteria.  

CRDLA / 
LLCCV

The CRDLA must be 
analyzed at the 
beginning of each run 
for every analyte of 
interest.  The CRDLA 
is analyzed at or 
below the RL.

Additionally, the 
CRDLA must be 
analyzed after 
samples to bracket
method 6010C 
samples. 

± 40% (or specified by the client)

For method 6010C, must be 
within ± 30% .

For method 6010D, must be 
within.± 20%.

Identify source of problem, re-
analyze. Analysis may proceed if 
it can be demonstrated that the 
CRDL exceedance has no 
impact on analytical 
measurements.  

For example, the CRDL %R is 
high and the analyte is not 
detected in sample(s).

For example, the CRDL %R is 
high and the analyte detections 
exceed the continuing 
calibrations verification level 
(midpoint of the curve).

If the CRDL is biased low, no 
data can be reported for the 
target elements failing criteria.

Qualify 
outages and 
explain in case 
narrative.

CCV Daily, before sample 
analysis, after every 
10, and at end of 
analytical window.

For method 6010B, 6010C, 
6010D and 200.7, the CCV must 
be within ± 10% of the true value.

The RSD of the CCV must be 
below 5% for 6010B.

Identify source of problem, re-
analyze. Analysis may proceed if 
it can be demonstrated that the 
CCV exceedance has no impact 
on analytical measurements.  

Qualify 
analytes with 
CCV out of 
criteria.
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QC Item Frequency Acceptance Criteria Corrective Action Qualification
For example, the CCV %R is 
high, and the analyte is not 
detected in sample(s).

CCB Daily, before sample 
analysis, after every 
10, and at end of 
analytical window

All elements of interest must be 
evaluated to a criteria of +/- the 
RL for 200.7, 6010B, 6010C and 
6010D. 

Depending on the data quality 
objective of individual clients 
different criteria may apply.  

Identify source of problem, re-
analyze. Analysis may proceed if 
it can be demonstrated that the 
CCB exceedance has no impact 
on analytical measurements. 

For example, the CCB has 
detections and the analyte is not 
detected in sample(s).

Qualify 
analytes with 
CCB out of 
criteria.  

Internal 
Standards

Every field sample, 
standard and QC 
sample

70-125% of its true concentration Troubleshoot instrument 
performance. Reanalyze 
samples and dilute if needed.

Qualify 
outages and 
explain in case 
narrative.

Interference 
check 
solution
( ICSA)

A mixed solution 
containing 
concentrations of Al, 
Ca, and Mg at 500 
PPM and Fe at 200 
PPM is analyzed at 
the beginning of each 
sample run sequence.

In some specific client 
requirements the 
ICSA must bracket 
the run or the 
analytical batch.

Acceptance criteria for the spiked 
analytes are 80-120%.  

Unspiked analytes must have an 
absolute value less than the RL.

Identify and correct source of 
problem, repeat performance 
verification(s).

Note: The ICSA can be re-
processed after appropriate SIC 
solutions are analyzed and the 
IECs are recalculated. If ICSA 
passes, continue.

None.  Do not 
proceed with 
analysis for 
elements that 
cannot be 
verified. 

Interference 
check 
solution 
(ICSAB)

A solution containing 
concentrations of Al, 
Ca, and Mg at 500 
PPM and Fe at 200 
PPM with low to mid-
range concentrations 
of target analytes as 
outlined in ILM5.3.

This is analyzed 
following the ICSA 
when requested.
This is required by 
certain clients. It is 
not a method 
requirement and need 
be analyzed only for 
clients specifying this 
in the QAPP

The acceptance criteria are 80-
120% for all spiked analytes.

Identify and correct source of 
problem, repeat performance 
verification(s).

Note:  The ICSAB can be re-
processed after appropriate SIC 
solutions are analyzed and the 
IECs are recalculated. If ICSAB 
passes, continue. 

None.  Do not 
proceed with 
analysis for 
elements that 
cannot be 
verified. 

Spectral 
Interference 
Check 
Solutions
(SIC)

SIC solutions are 
single-element 
solutions used to 
evaluate and correct 
IEC factors. Specific 
elements evaluated 

Unspiked analytes must have an 
absolute value less than the RL.

If SIC fails, re-calculate IEC and 
re-process data.

If a sample level exceeds an SIC
level and the interfering element 
affects target analytes, then: a) 

None.  Do not 
proceed with 
analysis for 
elements that 
cannot be 
verified.
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QC Item Frequency Acceptance Criteria Corrective Action Qualification
are listed in specific 
instrument methods.

run a higher SIC or b) dilute the 
sample.

Method 
Blank

One per 20 samples Method 200.7: The method blank 
is considered to be acceptable if 
it does not contain the target 
analytes that exceed 1/2 LLOQ or 
project-specific DQOs.
Method 6010B, 6010C and 
6010D: The method blank is 
considered to be acceptable if it 
does not contain the target 
analytes that exceed the LLOQ or 
project-specific DQOs.
WIDNR and West Virginia require 
samples to be reported to the 
MDL.  The blanks must be clean 
to the data quality objectives.

Identify source of problem, re-
analyze. If reanalysis of the MB 
fails, all samples affected by the 
failing MB elements need to be 
re-digested and re-analyzed.   

If the method blank exceeds the 
criteria, but the associated 
samples are either below the 
reporting level or other DQOs, or 
detections in the sample are 
>10x MB detections then the 
sample data may be reported.

J-flag qualification will be applied 
for blank detections between the 
LOQ and LOD when DQOs 
require evaluation to the MDL. 

Qualify 
outages and 
explain in case 
narrative.

LCS One per 20 samples 80-120% for 6010B,6010C and 
6010D

85-115% for 200.7

Identify source of problem, re-
analyze. If reanalysis of the LCS 
fails, all samples affected by the 
failing LCS elements need to be 
re-digested and re-analyzed.  

If LCS recovery is > QC limits 
and these compounds are non-
detect in the associated samples

Qualify 
analytes with 
LCS out of 
criteria.

LCSD An LCSD must be 
substituted in the 
event of insufficient 
sample volume for a 
matrix spike duplicate 
sample.

80-120% for 6010B,6010C and 
6010D

85-115% for 200.7

%Diff ≤ 20%

Identify source of problem, re-
analyze. If reanalysis of the LCS 
fails, all samples affected by the 
failing LCS elements need to be 
re-digested and re-analyzed.  

If LCS recovery is > QC limits 
and these compounds are non-
detect in the associated samples

Qualify 
analytes with 
LCS out of 
criteria.

MS/MSD One per 20 samples 
for 6010 / 6010C / 
6010D

One per 10 samples 
for 200.7

75-125% for 6010B, 6010C, and 
6010D

70-130% for 200.7

% RPD: 20%

Perform a SD and PDS on any 
elements that fail to meet criteria 
for method 6010(C)(D).

Qualify 
analytes with 
MS out of 
criteria.

Sample 
Duplicate

Per client request %Diff ≤ 20% Qualify outages Qualify 
outages.

Serial 
Dilution

One SD per batch. 

Method suggestion / 
Pace Policy, if
reporting by 6010B, 
6010C, or 6010D.

6010B/C: 1:5 dilution of sample, 
SD RPD should agree within +/-
10% of the original result when 
the original sample is greater 
than 10x the RL.  

Data is qualified. Qualify 
outages.

ENV-SOP-MIN4-0052, Rev 07

69 of 140



21 of 24

TEST METHOD STANDARD OPERATING PROCEDURE
TITLE: Metals Analysis by ICP-OES
TEST METHOD 6010B, 6010C, 6010D, and 200.7
ISSUER: Pace ENV – Minneapolis – MIN4

COPYRIGHT © 2021 Pace Analytical Services, LLC

Any printed copy of this SOP and all copies of this SOP outside of Pace are uncontrolled copies.  
Uncontrolled copies are not tracked or replaced when new versions are released or the SOP is made obsolete.

Users of the SOP should verify the copy in possession is the current version of the SOP before use.  

QC Item Frequency Acceptance Criteria Corrective Action Qualification
6010D: 1:5 Dilution of sample or 
MS, for concentrations 25x > 
LLOQ in parent sample, resultant 
RPD should agree within +/-
20%.

Post 
Digestion 
Spike

Method suggestion / 
Pace policy if 
reporting by 6010B, 
6010C, 6010D and 
MS/MSD fail outside 
75-125%

80-120% for 6010C

75-125% for 6010B and 6010D.

Data is qualified. Qualify 
outages.

Laboratory 
Filter Blank 
(FB)

Analyzed only with 
batches of lab filtered 
dissolved metals, one 
per batch of 20 or 
less.

All elements of interest must be 
evaluated to a criteria of +/- ½ the 
RL for method 6010D.

All elements of interest must be 
evaluated to a criteria of +/- the 
RL for method 6010B,6010C and 
200.7.

If the FB does not contain target 
analytes at a level that interferes 
with project-specific DQOs, then 
the FB would be considered 
acceptable. 

Identify source of problem, re-
analyze. If reanalysis of the MB 
fails, all samples affected by the 
failing MB elements need to be 
re-digested and re-analyzed.   

If sample(s) non-detect, report 
the data.

If sample result >10x MB 
detections, report the data.

Qualify 
outages and 
explain in case 
narrative.

Linear 
Dynamic 
Range

If a SIC/LDR standard
is not analyzed for 
any specific element, 
the highest standard 
in the calibration 
becomes the linear 
range. 

See Appendix C.

The standard must recover within 
10% of the true value, and if 
successful, establishes the linear 
range.

In each scenario, the data 
reporting range is established 
using 90% of the highest 
calibration level or LDR sample.

The linear range of the 
instrument must be adjusted 
until 90% recovery of the 
reference standard can be 
achieved.

N/A

Note: In the absence of method specified recovery limits, results will be evaluated based on specifications 
outlined by the MPCA guidelines for Inorganic Analysis.
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Appendix C: Linear Range Reference Table

Wavelength LDR (PPM) Standard Type
Ag 328 2 CAL1 LDR
Al 237 1000 Al 1000 SIC/LDR SIC/LDR
As 188 20 LDR B LDR
B 249 20 LDR A LDR
Ba 233 20 Ba 20 SIC/LDR SIC/LDR
Be 234 4 CAL1 LDR
Ca 370 2000 Ca 2000 SIC/LDR SIC/LDR
Cd 214 20 LDR B LDR
Co 228 50 Co 50 SIC/LDR SIC/LDR
Cr 267 50 Cr SIC/LDR 50
Cu 327 50 Cu 50 SIC/LDR SIC/LDR
Fe 261 200 LDR C LDR
Fe 273* 2000 Fe 2000 SIC SIC

K 766**** 200 LDR C LDR
Li 670 4 CAL1 LDR

Mg 383 1000 Mg 1000 SIC/LDR SIC/LDR
Mn 257 20 LDR B LDR
Mn 293* 100 Mn 100 SIC SIC
Mo 204 10 Mo 10 SIC/LDR SIC/LDR

Na 589*** 200 LDR C LDR
Ni 231 50 Ni 50 SICLDR SIC/LDR
P 213 20 LDR B LDR
Pb 220 100 LDR A LDR
S 181 200 LDR C LDR
Sb 206 20 LDR A LDR
Se 196 20 LDR B LDR
Si 251 50 LDR C LDR
Sn 189 20 LDR A LDR
Sr 421 4 CAL1 LDR
Ti 334 20 Ti 20 SIC/LDR SIC/LDR
Tl 190 20 LDR B LDR

U 4 CAL1 LDR
V 292 20 V 20 SIC/LDR SIC/LDR
Zn 206 50 LDR A LDR

*Used for Interference Correction Only
** ICP4 Only
*** ICP5 Only
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Appendix D: Standard Reference Tables

ICP Working Calibration Standard ICP Calibration Verification Standard

Element Stock Conc. 
(mg/L) Aliquot (mL)

Final 
Volume 

(mL)

Cal STD 
Final Conc. 

(mg/L)

Stock 
Conc. 
(mg/L)

Aliquot in 
(mL)

Final 
Volume 

(mL)

Final Conc. 
(mg/L)

Ag 100

2.0 100

2 100

1.0 100

1
Al 1000 20 1000 10
As 200 4 200 2
Ba 200 4 200 2
Be 200 4 200 2
Ca 1000 20 1000 10
Cd 200 4 200 2
Co 200 4 200 2
Cr 200 4 200 2
Cu 200 4 200 2
Fe 500 10 500 5
K 1000 20 1000 10

Mg 1000 20 1000 10
Mn 200 4 200 2
Na 1000 20 1000 10
Ni 200 4 200 2
Pb 200 4 200 2
S 1000 20 1000 10

Sb 200 4 200 2
Se 200 4 200 2
Tl 200 2 100 1
V 200 4 200 2
Zn 200 4 200 2
Mo 200 4 200 2
B 200 4 200 2

Sn 200 4 200 2
Ti 100 4 200 2
Si 500 20 500 5
Li 200 4 200 2
P 500 4 500 5
Sr 200 4 200 2
U 200 4 200 2
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Appendix E: Interference Check Standard Reference Tables

ICSA

Element Stock Conc. 
(mg/L)

Aliquot in 
(mL)

Final 
Volume 

(mL)

Final Conc. 
(ug/L)

Al 5000 10 100 500000
Ca 5000 10 100 500000
Fe 2000 10 100 200000
Mg 5000 10 100 500000

ICSAB

Element Stock Conc. 
(mg/L)

Aliquot in 
(mL)

Final 
Volume 

(mL)

Final Conc. 
(ug/L)

Ag 20 1.0 100 200
Al 5000 10 100 500000
As 10 1.0 100 100
Ba 50 1.0 100 500
Be 50 1.0 100 500
Ca 5000 10 100 500000
Cd 100 1.0 100 1000
Co 50 1.0 100 500
Cr 50 1.0 100 500
Cu 50 1.0 100 500
Fe 2000 10 100 200000
Mg 5000 10 100 500000
Mn 50 1.0 100 500
Ni 100 1.0 100 1000
Pb 5 1.0 100 50
Sb 60 1.0 100 600
Se 5 1.0 100 50
Tl 10 1.0 100 100
V 50 1.0 100 500
Zn 100 1.0 100 1000
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1.0 SCOPE AND APPLICATION

This standard operating procedure (SOP) describes the laboratory procedure for the determination of 
dissolved and total recoverable metals by Inductively Coupled Plasma – Mass Spectrometry (ICP-
MS).

Target Analyte List and Limits of Quantitation (LOQ)

The target analytes and the normal LOQ that can be achieved with this procedure are provided 
in Table 1, Appendix A.  

LOQ are established in accordance with Pace policy and SOPs for method validation and for the 
determination of detection limits (DL) and quantitation limits (LOQ).  DL and LOQ are routinely 
verified and updated when needed.  The current LOQ for each target analyte that can be 
determined by this SOP as of the effective date of this SOP is provided in Table 1, Appendix A. 

The reporting limit (RL) is the value to which analytes are reported as detected or not detected 
in the final report.  When the RL is less than the lower limit of quantitation (LLOQ), all detects and 
non-detects at the RL are qualitative.  The LLOQ is the lowest point of the calibration curve used 
for each target analyte.  

Applicable Matrices

This SOP is applicable to ground, surface, drinking, and storm runoff water samples; industrial, 
domestic waste waters and solids.
Dissolved elements are determined after suitable filtration and acid preservation.  In order to reduce 
potential interferences, dissolved solids should not exceed 0.2 % (w/v).
For the determination of total recoverable analytes in aqueous samples containing particulate and 
suspended solids a digestion step is required prior to analysis.

2.0 SUMMARY OF METHOD

Prior to analysis, samples must be solubilized or digested using appropriate sample preparation 
methods. For the total recoverable determination of analytes in drinking water by 200.8 where sample 
turbidity is < 1 NTU, the sample is made ready for analysis by the appropriate addition of nitric acid, 
mixed, and allowed to equilibrate for the required time prior to analysis.

Sample solutions are introduced by pneumatic nebulization into a plasma, in which desolvation, 
atomization and ionization occurs.  Ions are extracted from the plasma through a differentially pumped 
vacuum interface and sorted on the basis of their mass-to-charge ratio.  The ions transmitted through 
the quadrupole are detected by an electron multiplier.  Ion intensities at each mass are recorded and 
compared to those obtained from external calibration standards to generate concentration values for 
the samples.  Results are corrected for instrument drift and matrix effects using internal standards.

3.0 INTERFERENCES

Isobaric Elemental Interferences – Isobaric elemental interferences result when isotopes of different 
elements have the same nominal mass-to-charge ratio and cannot be resolved with the instruments 
spectrometer. One way to solve this problem is to measure a different isotope for which there is no 
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interference. Alternatively, one can monitor another isotope of the element and subtract an appropriate 
amount from the element being analyzed, using known isotope ratio information. Corrections for most 
of the common elemental interferences are programmed into the software.

Isobaric Polyatomic Interferences – Isobaric polyatomic interferences result when ions containing 
more than one atom have the same nominal mass-to-charge ratio as an analyte of interest and cannot 
be resolved by the instrument’s spectrometer. An example includes ClO+ (mass 51), which interferes 
with V, and must be corrected by measuring ClO+ at mass 53. When possible an interference free 
isotope should be chosen for measurement.

Physical interferences are associated with the sample nebulization and transport processes as well as 
with ion-transmission efficiencies. Nebulization and transport processes can be affected if a matrix 
component causes a change in surface tension or viscosity. Changes in matrix composition can cause 
significant signal suppression or enhancement. Dissolved solids can deposit on the nebulizer tip of a 
pneumatic nebulizer and on the interface skimmers (reducing the orifice size and the instrument 
performance). Total solid levels below 0.2% (2,000 mg/L) have been currently recommended to 
minimize solid deposition. An internal standard can be used to correct for physical interferences, if it 
is carefully matched to the analyte so that the two elements are similarly affected by matrix changes.

Memory interferences can occur when there are large concentration differences between samples or 
standards, which are analyzed sequentially. Sample deposition on the sampler and skimmer cones, 
spray chamber design, and the type of nebulizer affects the extent of the memory interferences, which 
are observed. The rinse period between samples must be long enough to eliminate significant memory 
interference.

Representative Correction Equations:��(43) = (�(43) ∗ 1) − (�(86) ∗ 0.008)��(51) = (�(51) ∗ 1) + (�(52) ∗ 0.353)− (�(53) ∗ 3.127)��(111) = (�(111) ∗ 1)− (�(95) ∗ 0.00018)��(115) = (�(115) ∗ 1) − (�(118) ∗ 0.0149)��(208) = (�(208) ∗ 1) + (�(207) ∗ 1) + (�(206) ∗ 1)
4.0 DEFINITIONS

Refer to the Laboratory Quality Manual for a glossary of common lab terms and definitions.

5.0 HEALTH AND SAFETY

The toxicity or carcinogenicity of each chemical material used in the laboratory has not been fully 
established. Each chemical should be regarded as a potential health hazard and exposure to these 
compounds should be as low as reasonably achievable. 

The laboratory maintains documentation of hazard assessments and OSHA regulations regarding the 
safe handling of the chemicals specified in each method. Safety data sheets for all hazardous 
chemicals are available to all personnel. Employees must abide by the health, safety and 
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environmental (HSE) policies and procedures specified in this SOP and in the Pace Chemical Hygiene 
/ Safety Manual. 

Personal protective equipment (PPE) such as safety glasses, gloves, and a laboratory coat must be 
worn in designated areas and while handling samples and chemical materials to protect against 
physical contact with samples that contain potentially hazardous chemicals and exposure to chemical 
materials used in the procedure. 

Concentrated corrosives present additional hazards and are damaging to skin and mucus membranes. 
Use these acids in a fume hood whenever possible with additional PPE designed for handing these 
materials. If eye or skin contact occurs, flush with large volumes of water. When working with acids, 
always add acid to water to prevent violent reactions. Any processes that emit large volumes of 
solvents (evaporation/concentration processes) must be in a hood or apparatus that prevents 
employee exposure. 

Contact your supervisor or local HSE coordinator with questions or concerns regarding safety protocol 
or safe handling procedures for this procedure.

6.0 SAMPLE COLLECTION, PRESERVATION, HOLDING TIME, AND STORAGE

Samples should be collected in accordance with a sampling plan and procedures appropriate to 
achieve the regulatory, scientific, and data quality objectives for the project.  

The laboratory does not perform sample collection or field measurements for this test method. To 
assure sample collection and field checks and treatment are performed in accordance with applicable 
regulations Pace project managers will inform the client of these requirements at the time of request 
for analytical services when the request for testing is received prior to sample collection.  If samples 
were already collected, the laboratory will record any nonconformance to these requirements in the 
laboratory’s sample receipt record when sufficient information about sample collection is provided with 
the samples.  

General Requirements
Matrix Routine

Container
Minimum
Sample Amount1 Preservation Holding Time

Aqueous 250 mL Plastic 25 mL Acidified2 with nitric acid to 
pH<2, stored ambient

Must be analyzed within 180 days of 
collection.
If mercury is requested, analysis must 
occur within 28 days of sample collection.Solid 8 oz glass jar 1 gram <6°C, but above freezing

1Minimum amount needed for each discrete analysis.  
2 Samples must equilibrate for a minimum of 24 hours following acidification. Lead and Copper Rule 
Monitoring and Reporting Guidance for Public Water Systems, EPA 816-R-10-004, March 2010, 
Exhibit II-9, Samples must stand in the original container used for sampling for at least 28 hours after 
acidification.   

Thermal preservation is checked and recorded on receipt in the laboratory in accordance with 
laboratory ENV-SOP-MIN4-0008 Sample Management, or equivalent replacement.  Chemical 
preservation is checked and recorded at time of receipt or prior to sample preparation.

After receipt, samples are either stored at ambient or 6°C until sample preparation.  Prepared samples 
digestates are stored at ambient temperatures until sample analysis.   
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After analysis, unless otherwise specified in the analytical services contract, samples are retained for 
21 days from date of final report and then disposed of in accordance with Federal, State, and Local 
regulations.

7.0 EQUIPMENT AND SUPPLIES

Equipment

Equipment Description
ICPMS (Inductively Coupled 
Plasma Mass 
Spectrometer)

Agilent 7700, 7800 7900 ICPMS instrumentation equipped with interference reduction 
technology. Each instrument has an associated auto-sampler, rough pump and 
recirculating chiller.

Centrifuge Thermo Sorvall Legend XT
Analytical Balance Sartoriius or equivalent, capable of weighing to 0.01g
Mechanical pipettors Eppendorf, Fisher brand or equivalent replacement, various sizes
Glassware Class A volumetric flasks and graduated cylinders of various sizes

Supplies

Supply Description
Argon gas Praxair or equivalent, High purity grade, 99.99%
Collision Gas Praxair or equivalent, Ultra high purity He, Ultra high purity H2, 

Analytical Balance Sartoriius or equivalent, capable of weighing to 0.01g
Auto-sampler tubes Moldpro or equivalent, 15 mL metals free auto-sampler tubes
Digestion cups Moldpro or equivalent, 50 mL disposable digestion cups
Data-Uploading Software Pace internal software used to transfer data from the instrument to the LIMS

8.0 REAGENTS AND STANDARDS

Reagents

Reagent Description
Reagent water ASTM Type II
Nitric Acid (HNO3) Fisher Scientific, A-509-P212 or equivalent replacement
Hydrochloric acid (HCl) Fisher Scientific, A-508-P212 or equivalent replacement

2% (v/v) Nitric Acid/1% (v/v) 
Hydrochloric Acid Solution

Used for instrument blanks, standards and dilutions.  Prepared in 1 L increments 
utilizing a volumetric flask and transferring into a C&G narrow mouth storage bottle.  
This is measured by mixing 20 mL of HNO3 trace metals grade acid and 10 mL of HCl 
trace metals grade acid and DI H2O, and bringing to volume of 1 L.

Rinse Blank
2-5% (v/v) Nitric Acid solution for rinsing between runs. Combine76 mL of  HNO3 trace 
metals grade acid and 38 mL of HCl trace metals grade and DI H2O, and bringing to 
volume of 1 G.

Standards
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Reagent Description
Calibration Stock Standards Custom blend of elements. See Appendix D for the standard information
Agilent Tune Solution Purchased multi-element standard from a qualified vendor, 10ug/mL.
EPA Tune solution Purchased multi-element standard from a qualified vendor, 10ug/mL.
Internal Standard Stock 
Solution

Various suppliers; single element standards to be mixed prior to use with 
concentrations of 1,000 and 10,000 ug/mL

Working Standards See Appendix C

9.0 PROCEDURE

Equipment Preparation

Pre-Start Checks: Turn on the computer and load the software. Initiate appropriate operating 
configuration of the instrument’s computer according to the instrument manufacturer’s 
instructions. Check the following:

9.1.1 Support Equipment

! Vacuum pump oil - Examine the sight glasses of the vacuum pump. Oil should be no 
darker than a light brown color. If it is, change the oil in the pump according to the 
directions in the manufacturer’s guide.

! Chiller temperature, pressure and water level - The temperature should be regulated at 
17 ± 1ºC. Check the current temperature on the chiller to ensure it is within this range. 
Check the inlet cooling water pressure that must be between 55 and 60psi. Check to 
ensure that chiller water level is full. If it is not, fill with Polyclear 30. 

! Verify the level of nebulizer waste and rinse waste, if more than half full, empty it into the 
acid waste stream.

! Ar/O pressure - The argon supply pressure should be set at about 80psi. If the supply 
argon pressure falls below about 45psi, a safety interlock automatically shuts off the torch.

! Helium / Hydrogen pressure - The helium and hydrogen supply pressure should be set at 
about 15 and 9 psi respectively.

! Wash solution level - The wash solution supply is maintained in a 4-liter carboy. Ensure 
that there is sufficient volume present for the analytical sequence. 

! Peristaltic pump tubing - Change the sample and internal standard tubing, spray chamber 
drain tubing and the rinse station tubing as needed. Signs of degradation include flattened 
sections and hazy appearance. Allow at least 30 minutes for break-in period.

! Interface cones - Remove and inspect the outside of the sampling and skimmer cones 
around the orifice. Install a new set of cones if needed or clean the existing cones using 
the following procedure: Carefully polish each cone with silver polish and cotton swabs 
dampened with deionized water. Rinse cones with deionized water and blow-dry with 
house air supply, being careful not to damage the cones. After the cones are fully dry, 
replace them in the instrument. Allow for conditioning of the cones with a solution 
containing sufficient concentrations of major cations. The orifice should be circular and 
about 1mm in diameter. Examine the orifice periodically with a magnifier to determine if 
there are irregularities that may impair instrument performance. DO NOT use a cone with 
a significantly degraded tip.

9.1.2 Instrument 
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Lighting Torch and Warm-Up: After all pre-start checks pass inspection, perform the
following steps:

! Torch Ignition - Click on the Plasma icon to open the Instrument window, and then click on 
the plasma on button to light the plasma. This takes a little over a minute to complete. (See 
instrument software guide.)

! Warm-up- Instrument is allowed to warm-up 30 minutes. Instrument has a timer to let you 
know when it is ready to move on to the next step.

! Check peristaltic pump flow by monitoring bubble movement in the pump tubing.  Adjust 
tension as needed to achieve a smooth flow.

! Start-up Configuration - Once the analysis tubing is placed in the Agilent tune solution and 
stable signal is achieved, the start-up configuration can be initiated. See section 9.1.2.1 for 
Agilent tune performance monitoring and criteria.

! Create New Experiment File – Open template from the drive. Apply the proper run name 
for the day (MMDDYYICPMS#). Introduce EPA tune solution and allow signal to stabilize.
Initiate performance verification for each mode of analysis. Save each performance report 
to the network drive. See section 9.1.2.1 for EPA tune acceptance criteria.

9.1.2.1 Routine Instrument Operating Conditions
The instrument is configured to go through the manufacturer recommended startup 
tune procedure which includes; Torch Alignment, Axis/Resolution, EM settings, 
Plasma Correction, Standard Lenses tune, and standard mode performance 
verification. The measured ratios of oxides 156/140 and doubly charged 70/140
should be <3%. The measured masses of ⁷Li, 89Y, 205Tl are monitored for initial 
resolution/axis tuning. EPA Performance verification is later performed for each 
cell condition used for sample analysis. 

EPA Tune Verification - The EPA tuning standard must be analyzed in each mode 
of analysis to verify resolution and mass calibration are within the required 
specifications. The tuning standard is analyzed in each mode of analysis at least 
five times and the relative standard deviation (RSD) must be <5% for all analytes 
contained in the tuning standard. Conduct mass calibration and resolution checks 
in the mass regions of interest. If the mass calibration differs more than 0.1 amu 
from the true value, then the mass calibration must be adjusted to the correct value. 
The resolution must also be verified to be <0.9 amu full width at 5% peak height.

Pace Minneapolis maintains approval for the analysis of up to 35 elements by the 
EPA Methods 200.8, 6020, 6020A, 6020B for water and soil matrices. All target 
analytes are analyzed either in a Helium mode (Collision Cell), hydrogen 
(Collision Cell), or No gas mode on the Agilent instruments depending on the 
sample matrix type. The use of interference reduction technologies (Collision 
Cell) is not allowed for drinking water analysis. Separate calibrations are
performed for samples reporting by regulation of the SDWA.

Initial Calibration 

9.2.1 Calibration Design
The calibration curve must consist of a minimum of a calibration blank and five non-zero 
standards for each mode of analysis. Use the average of at least three integrations for 

ENV-SOP-MIN4-0043, Rev 05

81 of 140



9 of 25

TEST METHOD STANDARD OPERATING PROCEDURE
TITLE: Metals Analysis by ICP/MS
TEST METHOD 6020, 6020A, 6020B, and 200.8
ISSUER: Pace ENV – Minneapolis – MIN4

COPYRIGHT © 2021 Pace Analytical Services, LLC

Any printed copy of this SOP and all copies of this SOP outside of Pace are uncontrolled copies.  
Uncontrolled copies are not tracked or replaced when new versions are released or the SOP is made obsolete.

Users of the SOP should verify the copy in possession is the current version of the SOP before use.  

both calibration and sample analyses. Using the instrumentation software, prepare a 
standard curve for each element by plotting absorbance versus concentration. The 
working range varies with each analyte, see appendix C for summary. The calibration is a 
linear regression using equation; y = mx+ b The analyst may employ a regression 
equation that does not pass through the origin, however forcing through zero is not 
allowed. Additional calibration specifications may be referenced in ENV-POL-CORQ-
0005 Acceptable Calibration Practices for Instrument Testing, or equivalent replacement.  

9.2.2 Calibration Sequence
Calibration Blank (CAL0)

CAL1
CAL2
CAL3
CAL4
CAL5

CAL6 (optional)
CAL7 (optional)

ICV
ICB

CRDL 
ICSA

ICSAB
CCV
CCB

Client samples
CCV
CCB

CRDL (Optional)

9.2.3 ICAL Evaluation
9.2.3.1 Curve Fit
With a multi-point calibration, the regression calculation will generate a correlation 
coefficient (r) that is the measure of the “goodness of fit” of the regression line to 
the data. In order to be used for quantitative purposes, the correlation coefficient 
must be > 0.998.

9.2.3.2 Relative Standard Error (RSE)
%RE is measured at the lowest calibration level and at a point near the mid-level 
of the calibration (the continuing calibration verification level is recommended). In 
order for a standard curve to be acceptable, the correlation coefficient/coefficient 
of determination criterion specified in the method must be met and both the low-
level and mid-level %RE measures must meet the acceptance criteria. The low-
level %RE acceptance criteria is 60%-140% and the mid-level is 90-110%.

9.2.3.3 Initial Calibration Verification
In addition to meeting the linearity requirement, any new calibration curve must 
be assessed for accuracy in the values generated. To assess the accuracy, a 
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single standard from a secondary source must be analyzed and the results 
obtained must be compared to the known value of the standard. This step is 
referred to as Initial Calibration Verification. The ICV is analyzed immediately 
following an initial calibration curve.

9.2.4 Continuing Calibration Verification
A CCV followed immediately by a CCB must be analyzed after every 10 samples and at 
the end of the analytical batch to verify the system is still calibrated. 

Digestate Preparation

9.3.1 Homogenization and Subsampling 
All solid matrices are subject to centrifuge at a rate of 1000 rpm for 15 minutes or allowed 
to settle overnight prior to analysis. Once samples have been centrifuged or allowed to 
settle, an initial dilution of 20 fold is performed on each sample. This is completed by taking 
4.75mL of 2% HNO3 / 1% HCL diluent and mixing with a 0.25mL aliquot of sample by means 
of vortex. 

Aqueous samples are inverted multiple times and poured without initial dilution unless 
historical data demonstrates otherwise. 

Analysis

The instrument performs sample analysis by executing 100 mass sweeps per replicate. Three 
replicates are utilized for an average result which must fall within a 20% RSD for the replicate 
values. If any sample or QC is found to have a concentration of >5x the RL and >20% RSD it 
must be evaluated for interference. If a matrix interferent is determined to be the cause, dilute 
the sample by 5x and re-analyze. Perform further dilutions if necessary.

The instrument(s) have been setup and configured in conjunction with manufacturer 
specifications. Masses were carefully selected to avoid and/or minimize interferences. Internal 
standard selection was based on performance for the appropriate mass range. Internal 
standard association must remain within 50 amu of targeted analyte.   

The total recoverable sample digestion procedure is suitable for the determination of silver in 
aqueous samples containing concentrations up to 0.1 mg/L.  For the analysis of wastewater 
samples containing higher concentrations of silver, succeeding smaller volumes of well mixed 
sample aliquots must be prepared until the analysis solution contains < 0.1 mg/L silver.

10.0 DATA ANALYSIS AND CALCULATIONS

See the laboratory SOP ENV-SOP-MIN4-0171 Laboratory Calculations, or equivalent replacement,
for equations for common calculations.

Hardness as CaCO3 in mg/L = 2.497 * [Ca in mg/L ] + 4.118 * [Mg in mg/L]

Concentration of lead = summation of signals at 206, 207, and 208 m/z.

Silica (SiO2) (μg/L) = Silicon (Si) (μg/L) * DF * 60.09 amu (SiO2 molecular weight) / 28.09 amu (Si 
atomic weight) 
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Where: DF is the sample Dilution Factor

The corrected dry weight concentration can be calculated using the following:
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Where, c = concentration on instrument, μg/L
vf = final volume, L
wti = initial weight, g
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Calculate the Relative Percent Difference (RPD) between the matrix spike and matrix spike 
duplicate using Equation 1:

Equation 1
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Where, S = Sample result, mg/L or mg/kg 

      D = Duplicate sample result, mg/L or mg/kg

11.0 QUALITY CONTROL AND METHOD PERFORMANCE

Quality Control

The following QC samples are prepared and analyzed with each batch of samples.  Refer to 
Appendix B for acceptance criteria and required corrective action.  

QC Item Frequency
Method Blank (MB) 1 per batch of 20 or fewer samples.
Laboratory Control Sample (LCS) 1 per batch of 20 or fewer samples.  
Laboratory Control Sample Duplicate (LCSD) As needed
Matrix Spike (MS) 1 per batch of 20 or fewer samples for 6020 (A)(B). 1 per 

batch of 10 or fewer samples for 200.8
Matrix Spike Duplicate (MSD) 1 per batch of 20 or fewer samples.
Sample Duplicate Performed at client request.
Serial Dilution 1 per batch of 20 or fewer samples.
Post Digestion Spike 1 per batch of 20 or fewer samples for method 

6020(A)(B).  
Internal Standard An appropriate internal standard is required for each 

analyte and sample determined by ICP-MS.
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Instrument QC

1Alternate isotopes may be collected and evaluated for interference monitoring purposes only. 

The following Instrument QC checks are performed.  Refer to Appendix B for acceptance criteria 
and required corrective action.

QC Item Frequency
Tune Daily prior to any calibration
Initial Calibration Daily
Initial Calibration Verification Immediately after each initial calibration
Initial Calibration Blank Immediately after each initial calibration
Continuing Calibration 
Verification

Prior to the analysis of any samples and after every 10 injections 
thereafter.  Samples must be bracketed with a closing CCV standard.

Continuing Calibration Blank Following every CCV injection
CRDL / LLCCV verification At the beginning of each run for 6020/6020B/200.8 and must be analyzed 

at the beginning of each run, and once at the end of each analytical batch 
for 6020A.

ICSA verification At the beginning of each sample run sequence after the CRDL. 6020A and 
6020B requires the ICSA/AB be analyzed every 12 hours thereafter.

ICSAB verification At the beginning of each sample run sequence after the ICSA. 6020A and 
6020B requires the ICSA/AB be analyzed every 12 hours thereafter.

Method Performance

11.3.1 Method Validation
11.3.1.1 Detection Limits
Detection limits (DL) and limits of quantitation (LOQ) are established at initial 
method setup and verified on an on-going basis thereafter.   Refer to Pace ENV 
corporate SOP ENV-SOP-CORQ-0011 Method Validation and Instrument 
Verification and to the laboratory’s SOP ENV-SOP-MIN4-0163 Determination of 
LOD and LOQ (or equivalent replacement) for these procedures.  

Analyst Qualifications and Training

Employees that perform any step of this procedure must have a completed Read and 
Acknowledgment Statement for this version of the SOP in their training record. In addition, prior 
to unsupervised (independent) work on any client sample, analysts that prepare or analyze 

Internal Standard Associated isotope1

Scandium 45 Li-7, Be-9, B-11, Na-23, Mg-24, Al-27, Si-28, K-39, Ca-
43, Ti-47, V-51, Cr-52, Mn-55, Fe-56, Se-78

Germanium 72 Co-59, Ni-60, Cu-63, Zn-66, As-75, Sr-88

Indium 115 Mo-95, Pd-105, Ag-107, Cd-111, Sn-118, Sb-121

Terbium 159 Ba-138, Pt-195, Hg-202, Tl-205, Pb-208, Bi-209

Iridium 193 U-238 Th-232
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samples must have successful initial demonstration of capability (IDOC) and must successfully 
demonstrate on-going proficiency on an annual basis.  Successful means the initial and on-going 
DOC met criteria, documentation of the DOC is complete, and the DOC record is in the employee’s 
training file.  Refer to laboratory SOP ENV-SOP-MIN4-0165 Orientation and Training Procedures
(or equivalent replacement) for more information.   

12.0 DATA REVIEW AND CORRECTIVE ACTION

Data Review

Pace’s data review process includes a series of checks performed at different stages of the 
analytical process by different people to ensure that SOPs were followed, the analytical record is 
complete and properly documented, proper corrective actions were taken for QC failure and other 
nonconformance(s), and that test results are reported with proper qualification.  

The review steps and checks that occur as employee’s complete tasks and review their own work 
is called primary review. 

All data and results are also reviewed by an experienced peer or supervisor.  Secondary review 
is performed to verify SOPs were followed, that calibration, instrument performance, and QC 
criteria were met and/or proper corrective actions were taken, qualitative ID and quantitative 
measurement is accurate, all manual integrations are justified and documented in accordance with 
the Pace ENV’s SOP for manual integration, calculations are correct, the analytical record is 
complete and traceable, and that results are properly qualified. 

A third-level review, called a completeness check, is performed by reporting or project 
management staff to verify the data report is not missing information and project specifications 
were met. 

Refer to laboratory SOP ENV-SOP-MIN4-0092 Data Review Process (or equivalent replacement) 
for specific instructions and requirements for each step of the data review process.

Corrective Action

Corrective action is expected any time QC or sample results are not within acceptance criteria.  If 
corrective action is not taken or was not successful, the decision/outcome must be documented 
in the analytical record. The primary analyst has primary responsibility for taking corrective action 
when QA/QC criteria are not met.  Secondary data reviewers must verify that appropriate action 
was taken and/or that results reported with QC failure are properly qualified.  

Corrective action is also required when carryover is suspected and when results are over range. 

Samples analyzed after a high concentration sample must be checked for carryover and 
reanalyzed if carryover is suspected.  Carryover is usually indicated by low concentration detects 
of the analyte in successive samples analyzed after the high concentration sample. 

Sample results at concentrations above the upper limit of quantitation must be diluted and 
reanalyzed.  The result in the diluted samples should be near the midpoint of the calibration range. 
If dilution is not performed, any result reported above the upper range is considered a qualitative 
measurement and must be qualified as an estimated value.   
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Refer to Appendix B for a complete summary of QC, acceptance criteria, and recommended 
corrective actions for QC associated with this test method.  

13.0 POLLUTION PREVENTION AND WASTE MANAGEMENT

Pace proactively seeks ways to minimize waste generated during our work processes.  Some 
examples of pollution prevention include but are not limited to: reduced solvent extraction, solvent 
capture, use of reusable containers for solvent management, and real-time purchasing.

The EPA requires that laboratory waste management practice to be conducted consistent with all 
applicable federal and state laws and regulations.  Excess reagents, samples and method process 
wastes must be characterized and disposed of in an acceptable manner in accordance with Pace’s 
Chemical Hygiene Plan / Safety Manual.     

14.0 MODIFICATIONS 

A modification is a change to a reference test method made by the laboratory. For example, changes 
in stoichiometry, technology, quantitation ions, reagent or solvent volumes, reducing digestion or 
extraction times, instrument runtimes, etc. are all examples of modifications.  Refer to Pace ENV 
corporate SOP ENV-SOP-CORQ-0011 Method Validation and Instrument Verification for the 
conditions under which the procedures in test method SOPs may be modified and for the procedure 
and document requirements.

Tuning criteria observed is more stringent than required by the SW846 methods so that the same 
criteria can be used for both methods 6020 and 200.8.

The following elements are not listed in the method 6020A recommended analyte list; bismuth, boron, 
lithium, molybdenum, palladium, platinum, silica, silicon, strontium, tin, titanium, thorium, and 
uranium. The accuracy and precision for the analysis of these analytes have been demonstrated 
in the matrices of interest, at the concentration of interest, and in the same manner as the 
elements recommended in the method.

The following elements are not listed in the method 200.8 recommended analyte list: bismuth, boron, 
calcium, iron, lithium, magnesium, palladium, platinum, potassium, silica, silicon, sodium, 
strontium, tin, and titanium. The accuracy and precision for the analysis of these analytes have 
been demonstrated in the matrices of interest, at the concentration of interest, and in the same 
manner as the elements recommended in the method.

The following elements are not listed in the method 6020B recommended analyte list: bismuth, boron, 
lithium, molybdenum, palladium, platinum, silica, silicon, strontium, tin, titanium and uranium. 
The accuracy and precision for the analysis of these analytes have been demonstrated in the 
matrices of interest, at the concentration of interest, and in the same manner as the elements 
recommended in the method.

15.0 RESPONSIBILITIES

Pace ENV employees that perform any part this procedure in their work activities must have a signed 
Read and Acknowledgement Statement in their training file for this version of the SOP.  The employee 
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is responsible for following the procedures in this SOP and handling temporary departures from this 
SOP in accordance with Pace’s policy for temporary departure.  

Pace supervisors/managers are responsible for training employees on the procedures in this SOP and 
monitoring the implementation of this SOP in their work area.  

16.0 ATTACHMENTS

Appendix A – Target Analyte List and Routine LOQ

Appendix B – QC Summary

Appendix C – Working Standard Summary

Appendix D – Stock Standard Summary

17.0 REFERENCES

Pace Quality Assurance Manual- most current version.

TNI Standard, Management and Technical Requirements for Laboratories Performing Environmental 
Analyses, EL-V1-2009.

TNI Standard, Management and Technical Requirements for Laboratories Performing Environmental 
Analyses, EL-VI-2016-Rev.2.1.

U.S. Environmental Protection Agency.  Method 200.8, Determination of Trace Elements in Waters 
and Wastes by Inductively Coupled Plasma – Mass Spectrometer, Revision 5.4, EMMC Version, May 
1994.

U.S. Environmental Protection Agency.  SW846 Method 6020, Inductively Coupled Plasma – Mass 
Spectrometry, Revision 0, 9/94.

U.S. Environmental Protection Agency.  SW846 Method 6020A, Inductively Coupled Plasma – Mass 
Spectrometry, Revision 1, 02/2007.

U.S. Environmental Protection Agency.  SW846 Method 6020B, Inductively Coupled Plasma – Mass 
Spectrometry, Revision 2, 7/2014.

Test Methods for Evaluating Solid Waste Physical/Chemical Methods, SW-846, Third Edition.  Method 
3020A.

Test Methods for Evaluating Solid Waste Physical/Chemical Methods, SW-846, Third Edition.  Method 
3050B.

40 CFR Appendix B to Part 136, Definition and Procedure for the Determination of the Method 
Detection Limit - Rev 2, August 28, 2017.

18.0 REVISION HISTORY

This Version: 
Section Description of Change
3.1 Added routine correction equations
11.0 Added atomic numbers to the isotope references in the QC table
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11.0 Added “1Alternate isotopes may be collected and evaluated for interference monitoring purposes 
only. “ under instrument QC

Various Removed reference to West Virginia

This document supersedes the following document(s):
Document Number Title Version
ENV-SOP-MIN4-0043 Metals Analysis by ICP/MS – Method 6020 and 200.8 04

Appendix A: Target Analyte List and Routine LOQ1

Analyte Non-Potable Water
(ug/L)

Potable Water
(ug/L)

Soil
(mg/kg)

Aluminum 20.00 20.0 20.00
Antimony 0.50 0.50 0.50
Arsenic 0.50 0.50 0.50
Barium 0.30 0.30 0.30
Beryllium 0.20 0.20 0.20
Bismuth 0.50 - 0.50
Boron 10.00 - 10.00

Cadmium 0.08 0.08 0.08
Calcium 40.00 - 40.00

Chromium 0.50 0.50 0.50
Cobalt 0.50 - 0.50
Copper 1.00 1.00 1.00
Iron 50.00 - 50.00
Lead 0.10 0.10 0.20

Lithium 0.50 - 0.50
Magnesium 10.00 - 10.00
Manganese 0.50 0.50 0.50
Mercury - - 0.20

Molybdenum 0.50 - 0.50
Nickel 0.50 0.50 0.50

Palladium 0.50 - -
Platinum 0.50 - -
Potassium 100.00 - 100.00
Selenium 0.50 0.50 0.50
Silica 214.00 - 214.0
Silicon 100.00 - 100.00
Silver 0.50 0.50 0.50
Sodium 50.00 - 50.00
Strontium 0.50 - 0.50
Thallium 0.10 0.10 0.10
Thorium 0.50 - 0.50
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Tin 0.50 - 2.000
Titanium 1.00 - 1.00
Vanadium 1.00 1.00 1.00

Uranium-238 0.50 0.50 0.50
Zinc 5.00 5.00 5.00

1 Values in place as of effective date of this SOP.  LOQ are subject to change. For the most up to date LOQ, refer to the LIMS or 
contact the laboratory.
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Appendix B: QC Summary

QC Item Frequency Acceptance Criteria Corrective Action Qualification
Tune Daily prior to any 

calibration
Adjust spectrometer resolution to 
produce a peak width of 
approximately 0.75 amu at 5% 
peak height. This must be 
completed using 5 replicates with 
a resulting RSD of <5%.

Adjust mass calibration if it has 
shifted by more than 0.1 amu 
from unit mass.

Identify and correct source of 
problem, repeat performance 
verification(s).

None.  Do not 
proceed with 
analysis.

ICAL Daily r ≥ 0.998

a Midlevel (recommended near 
ICV/CCV concentrations) %RE
90-110%

Low-Level (Cal1) %RE
60-140%

Identify and correct source of 
problem, repeat.

None.  Do not 
proceed with 
analysis.

ICV After Each ICAL All analytes must be within ± 10% 
of the true value.  (%R)

Identify source of problem, re-
analyze.  If repeat failure, repeat 
ICAL. Analysis may proceed if it 
can be demonstrated that the 
ICV exceedance has no impact 
on analytical measurements. 

For example, the ICV %R is 
high, CCV is within criteria, and 
the analyte is not detected in 
sample(s).

Qualify 
analytes with 
ICV out of 
criteria.  

ICB Immediately after the 
initial calibration 
verification

All elements of interest must be 
evaluated to a criterion of +/- ½ of 
the RL for method 6020 (A)(B) 
and samples originating from NC.

All elements of interest must be 
evaluated to +/- the RL for 
method 200.8, and 6020.

WIDNR require samples to be 
reported to the MDL.  The blanks 
must be clean to the data quality 
objectives.

Identify source of problem, re-
analyze. Analysis may proceed if 
it can be demonstrated that the 
ICB exceedance has no impact 
on analytical measurements. 

For example, the ICB has 
detections and the analyte is not 
detected in sample(s).

Qualify 
analytes with 
ICB out of 
criteria.  

CRDL / 
LLCCV

At the beginning of 
each run for 
6020/6020B/200.8 
and must be analyzed 
at the beginning of
each run, and once at 
the end of each 
analytical batch for 
6020A.

For 6020/200.8:  The acceptance 
criteria are ± 40% (or specified by 
the client). 

For 6020A:  The acceptance 
criteria are ± 30% (or specified by 
the client).

6020B:  The acceptance criteria 
is ± 20% (or specified by the 
client).

Identify source of problem, re-
analyze. Analysis may proceed if 
it can be demonstrated that the 
CRDL exceedance has no 
impact on analytical 
measurements.  

For example, the CRDL %R is 
high and the analyte is not 
detected in sample(s).

For example, the CRDL %R is 
high and the analyte detections 
exceed the continuing 
calibrations verification level 
(midpoint of the curve).

Qualify 
outages and 
explain in case 
narrative.

ENV-SOP-MIN4-0043, Rev 05

91 of 140



19 of 25

TEST METHOD STANDARD OPERATING PROCEDURE
TITLE: Metals Analysis by ICP/MS
TEST METHOD 6020, 6020A, 6020B, and 200.8
ISSUER: Pace ENV – Minneapolis – MIN4

COPYRIGHT © 2021 Pace Analytical Services, LLC

Any printed copy of this SOP and all copies of this SOP outside of Pace are uncontrolled copies.  
Uncontrolled copies are not tracked or replaced when new versions are released or the SOP is made obsolete.

Users of the SOP should verify the copy in possession is the current version of the SOP before use.  

If the CRDL is biased low, no 
data can be reported for the 
target elements failing criteria.

CCV Daily, before sample 
analysis, after every 
10, and at end of 
analytical window.

All analytes must be within ± 10% 
of the true value.  (%R): 

%RSD between multiple 
integrations must be ≤ 5%

Identify source of problem, re-
analyze. Analysis may proceed if 
it can be demonstrated that the 
CCV exceedance has no impact 
on analytical measurements.  

For example, the CCV %R is 
high, and the analyte is not 
detected in sample(s).

Qualify 
analytes with
CCV out of 
criteria.

CCB Daily, before sample 
analysis, after every 
10, and at end of 
analytical window

All elements of interest must be 
evaluated to a criterion of +/- ½ of 
the RL for method 6020 (A) and 
samples originating from NC.

All elements of interest must be 
evaluated to +/- the RL for 
method 200.8, and 6020 (B).

WIDNR require samples to be 
reported to the MDL.  The blanks 
must be clean to the data quality 
objectives.

Identify source of problem, re-
analyze. Analysis may proceed if 
it can be demonstrated that the 
CCB exceedance has no impact 
on analytical measurements. 

For example, the CCB has 
detections and the analyte is not 
detected in sample(s).

Qualify 
analytes with 
CCB out of 
criteria.  

Internal 
Standards

Every field sample, 
standard and QC 
sample

For method 6020, the intensity of 
internal standard in the ICB/CCB 
and ICS (ICSA/AB) standards 
must not deviate more than 80-
120% from its original intensity in 
the associated calibration blank.
The intensity of internal standard 
in the samples and remaining QC 
must not deviate more than 30-
120%. 

For method 6020A/B, the 
intensity of the internal standard 
must not fall below 70% and not 
exceed 130% from its original 
intensity in the associated 
calibration blank.

  For Method 200.8 the intensity 
of internal standard in the 
samples and QC must not 
deviate more than 60-125% from 
its original intensity in the 
associated calibration blank.  

Troubleshoot instrument 
performance. Reanalyze 
samples and dilute if needed.

Qualify 
outages and 
explain in case 
narrative.

Interference 
check 
solutions

ICSA containing high 
concentrations of C, 
Cl, Al, Ca, Fe, K, Mg, 
Mo, Na, P, S and Ti is 
analyzed at the 
beginning of each 
sample run sequence 
after the CRDL.

ICSAB containing 
high concentrations of 

ICSA all spiked elements are to 
be within 20% of the expected 
true value.  The non-spiked 
elements are to be below the RL.

ICSAB all spiked elements are to 
be within 20% of the expected 
true value.

Identify and correct source of 
problem, repeat performance 
verification(s).

None.  Do not 
proceed with 
analysis for 
elements that 
cannot be 
verified. 
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C, Cl, Al, Ca, Fe, K, 
Mg, Mo, Na, P, S and 
Ti and mid-range 
concentrations of the 
remaining elements is 
analyzed at the 
beginning of each 
sample run sequence 
following the ICSA.

6020A and 6020B 
requires the ICSA/AB 
be analyzed every 12 
hours thereafter.

Method 
Blank (MB)

One per 20 samples Method 200.8: The method blank 
is considered to be acceptable if 
it does not contain the target 
analytes that exceed 1/2 LLOQ or 
project-specific DQOs.

Method 6020, 6020A and 6020B: 
The method blank is considered 
to be acceptable if it does not 
contain the target analytes that 
exceed the LLOQ or project-
specific DQOs.

Identify source of problem, re-
analyze. If reanalysis of the MB 
fails, all samples affected by the 
failing MB elements need to be 
re-digested and re-analyzed.   

If the method blank exceeds the 
criteria, but the associated 
samples are either below the 
reporting level or other DQOs, or 
detections in the sample are 
>10x MB detections then the 
sample data may be reported.

J-flag qualification will be applied 
for blank detections between the 
LOQ and LOD when DQOs 
require evaluation to the MDL. 

Qualify 
outages and 
explain in case 
narrative.

LCS One per 20 samples 6020/6020A/6020B: 80-120%

200.8: 85-115%

Identify source of problem, re-
analyze. If reanalysis of the LCS 
fails, all samples affected by the 
failing LCS elements need to be 
re-digested and re-analyzed.  

If LCS recovery is > QC limits 
and these compounds are non-
detect in the associated samples

Qualify 
analytes with 
LCS out of 
criteria.

LCSD An LCSD must be 
substituted in the 
event of insufficient 
sample volume for a 
matrix spike duplicate 
sample.

6020/6020A/6020B: 80-120%

200.8: 85-115%

%Diff ≤ 20%

Identify source of problem, re-
analyze. If reanalysis of the LCS 
fails, all samples affected by the 
failing LCS elements need to be 
re-digested and re-analyzed.  

If LCS recovery is > QC limits 
and these compounds are non-
detect in the associated samples

Qualify 
analytes with 
LCS out of 
criteria.

MS/MSD One per 20 samples 
for 6020 / 6020A / 
6020B

One per 10 samples 
for 200.8

6020/6020A/6020B: 75-125%

200.8: 70-130%

Perform a SD and PDS on any 
elements that fail to meet criteria 
for method 6020(A)(B).

Qualify 
analytes with 
MS out of 
criteria.

Sample 
Duplicate

Per client request %Diff ≤ 20% Qualify outages Qualify 
outages.

Serial 
Dilution1

One per batch of 20 
samples or less

If criteria is not met, original 
sample and dilution shall be 

Qualify 
outages.
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6020/6020A fivefold dilution must 
agree within ± 10% of the original 
determination if analyte 
concentration is >50x MDL. 

6020B 1:5 dilution of sample 25x 
> LLOQ or 1:5 dilution of MS 
since reasonable concentrations 
are present, results to agree to ± 
20%.

reanalyzed. If reanalysis fails, it 
is determined to be matrix 
interference.

Post 
Digestion 
Spike2

One per batch if there 
is a MS failure.

6020/ 6020A 80-120%

6020B applicable to elements 
failing MS, results to agree to +/-
25%. 

Recommended if high 
concentration sample not 
available for dilution test.

If the element fails to meet the 
recovery criteria, reanalyze. If 
reanalysis fails, it is determined 
to be matrix interference.

Qualify 
outages.

Laboratory 
Filter Blank 
(FB)

Analyzed only with 
batches of lab filtered 
dissolved metals, one 
per batch of 20 or 
less.

Target analytes must be less 
than reporting limit.

NC samples are required to be < 
½ RL for target analytes.

WIDNR require samples to be 
reported to the MDL.  The blanks 
must be clean to the data quality 
objectives.

Identify source of problem, re-
analyze. If reanalysis of the MB 
fails, all samples affected by the 
failing MB elements need to be 
re-digested and re-analyzed.   

If sample(s) non-detect, report 
the data.

If sample result >10x MB 
detections, report the data.

Qualify 
outages and 
explain in case 
narrative.

Linear 
Dynamic 
Range
(LDR)

For method 6020B: 
Following calibration, 
the laboratory may
choose to analyze a 
standard at a higher 
concentration than 
the high standard in 
the calibration.

If a linear range 
standard is not 
analyzed for any 
specific element, the 
highest standard in 
the calibration 
becomes the linear 
range. 

The standard must recover within 
10% of the true value, and if 
successful, establishes the linear 
range.

In each scenario, the linear range 
is established using 90% of the 
highest calibration level or LDR 
sample.

The linear range of the 
instrument must be adjusted 
until 90% recovery of the 
reference standard can be 
achieved as well as maintaining 
the minimum number of 
calibration standard 
requirements. 

N/A

1To prepare a 5-fold dilution: take a 1 mL aliquot from the sample and add to 4 mL of diluent.  Note: 
this is a typical process for 200.8 and 6020W.  It can be replicated for the preparation of highly 
concentrated samples by starting with a diluted “parent” sample and then performing the stepwise 
dilution process.
2To Prepare a Post Digestion Spike: An aliquot of the parent sample used for the MS, prepared at the 
same dilution as the parent sample. The spike addition should produce a minimum level of 10 times 
the lower limit of quantitation; routine spike volume is 0.020 mL of 20/250 mg/L and 1mg/L mercury 
stock concentration(s).
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Appendix C: Working Standard Summary

Standard Standard(s) 
Used

Standard(s) 
Amount 

(mL)
Diluent

Diluent 
Volume 

(mL)

Final Total 
Volume1

(mL)
Final Concentration 

(ug/L)

Internal Standard

6020-Ge 1

See table 
8.1

495 500 2000

6020-Sc 1

6020-Tb 1

6020-In 1

6020-Ir 1

Bi/Th primary 
(Intermediate)

6020-Th 0.5
49.5 50 1,000

6020-Bi 0.5

Bi/Th secondary 
(Intermediate)

6020-Th 0.5
49.5 50 1,000

6020-Bi 0.5
Hg 10ppb 
(intermediate) HG-LL Stock 0.05 49.95 50 10

6020 Hg-SPK MERC-STK1 0.05 49.95 50 1000

Hg (Intermediate) C MERC-STK2 0.25 249.75 250 1000

6020-SPK 
(intermediate)

Bi-STK 0.2

4.6 10 20,000 / 250,000 / 500,000Th-STK 0.2

HP7375 5

6020-SPK2 
(intermediate) HP7376 1 9 10 20,000

6020-SPK3
(intermediate) HP7379 1 9 10 20,000 / 10,000

CAL-SPK1 
(intermediate)

HP7375 0.25

9.5 10 25000/12500/1000/500/10

HP7379 0.05

HP7376 0.05

6020Hg-SPK 0.1

Bi/Th Intermediate 0.05

Cal 0 N/A N/A 50 50 0

Cal 1

ZPACEMN103 0.1

9.7 10
Varied

ZPACEMN104 0.1
Hg 10ppb 

(intermediate) 0.1 0.1

Cal 2 CAL-SPK1 0.1 9.9 10 250/125/10/5/0.1

Cal 3 CA:L-SPK1 0.5 9.5 10 1250/625/50/25/0.5

Cal 4 CAL-SPK1 1 9 10 2500/1250/100/50/1
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Cal 5 CAL-SPK1 2.5 7.5 10 6250/3120/250/125/2.5

Cal 6 CAL-SPK1 
(intermediate) 5 - 5 25000/12500/1000/500/10

CRDL

ZPACEMN-103 0.1

9.6 10
varied

ZPACEMN-104 0.1

6020 Hg-SPK 0.2 0.2

ICS-A ICS-ICPMS 0.25 9.75 10 25000/500

ICS-AB

ICS-ICPMS 0.25

9.56 10 27500/26200/1250/600/100/50/4

6020-SPK 0.05

6020-SPK2 0.05

6020-SPK3 0.05

6020Hg-SPK 0.04

ICV / CCV add Hg

XPACEMN-75 0.05

49.31 50 4/80/1000

XPACEMN-76 0.02

Bi/Th Intermediate 0.4

XPACEMN-77 0.02

Hg Intermediate C 0.2
1Alternate final volumes may be prepared at the discretion of the scientist, so long as the concentrations specified above are
maintained. 
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Appendix D: Stock Standard Summary

Stock Standard Concentrations

HP7379 HP7376 HP7375 XPACEMN 
77

XPACEMN
76

XPACEMN 
75

ZPACEMN
103

ZPACEMN
104

ICS-
ICPMS

Agilent 
Tune

EPA 
Tune

Analyte (ug/mL) (ug/mL) (ug/mL) (ug/mL) (ug/mL) (ug/mL) (ug/mL) (ug/mL) (ug/mL) (ug/mL) (ug/mL)

Aluminum - 1000 1000 2 1,000

Antimony 200 200 0.005

Arsenic 200 200 0.05

Barium 200 200 0.03 10

Beryllium 200 200 0.02 10

Bismuth 0.05

Boron 200 200 1

Cadmium 200 200 0.008

Calcium 1000 1000 4 1,000

Chromium 200 200 0.05

Cobalt 200 200 0.05 10 10

Copper 200 200 0.1

Iron 500 500 5 1,000

Lead 200 200 0.01

Lithium 200 200 0.05 10 10

Magnesium 1000 1000 1 1,000 10

Manganese 200 200 0.05

Molybdenum 200 200 0.05 20

Nickel 200 200 0.05

Palladium 200 200 0.05

Platinum 200 200 0.05

Potassium 1000 1000 10 1,000

Selenium 200 200 0.05

Silicon 500 500 10

Silver 100 100 0.05

Sodium 1000 1000 5 1,000

Strontium 200 200 0.05

Thallium 100 0.01 10 10
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Tin 200 200 20 0.05

Titanium 200 200 20 0.1 20

Vanadium 200 200 0.1

Zinc 200 200 0.5

Uranium 200 0.05 10

Indium 10

Cesium 200 10

Cerium 10

Yttrium 10 10

Rhodium 10

Thorium 0.05

Single Element Stock Standard Concentrations

Bi-STK 
(Spex)

Bi-STK 
(Agilent)

6020-
Th 

(Spex)

6020-Th 
(Agilent)

MERC-
STK1

MERC-
STK2

HG-LL 
Stock

6020-
Ge

6020-
Sc

6020-
Tb 6020-In 6020-Ir

Analyte (ug/mL) (ug/mL) (ug/mL) (ug/mL) (ug/mL) (ug/mL) (ug/mL) (ug/mL) (ug/mL) (ug/mL) (ug/mL) (ug/mL)

Bismuth 1000

Bismuth 1000

Thorium 1000

thorium 10000

Mercury 1000

Mercury 1000

Mercury 10

Germanium 1000

Scandium 10000

Terbium 1000

Indium 1000

Iridium 1000
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1.0 SCOPE AND APPLICATION

This standard operating procedure (SOP) describes the laboratory procedure for the determination of 
mercury in mobility procedure extracts, aqueous wastes, ground waters, soils, sediments, bottom 
deposits, and sludge-type materials using cold vapor atomic absorption (CVAA).

1.1 Target Analyte List and Limits of Quantitation (LOQ)

The default reporting limit (RL) or Limit of Quantitation (LOQ) for mercury in liquid is 0.2 μg/L. The 
default reporting limit for mercury in soil is 0.02 mg/kg. Reporting limits may vary based on the 
nature of the individual sample matrix. For certain applications, a lower level method optimized for 
sensitivity in which the reporting limit is 0.010 μg/L is available. This is for aqueous samples only.

LOQ are established in accordance with Pace policy and SOPs for method validation and for the 
determination of detection limits (DL) and quantitation limits (LOQ).  DL and LOQ are routinely 
verified and updated when needed.

The reporting limit (RL) is the value to which analytes are reported as detected or not detected in 
the final report.  When the RL is less than the lower limit of quantitation (LLOQ), all detects and 
non-detects at the RL are qualitative.  The LLOQ is the lowest point of the calibration curve used 
for each target analyte.  

DL, LOQ, and RL are always adjusted to account for actual amounts used and for dilution.

1.2 Applicable Matrices

This SOP is applicable to ground, surface, drinking, and storm runoff water samples; industrial, 
domestic waste waters and solids.

2.0 SUMMARY OF METHOD

2.1 The method, a CVAA technique, is based on the absorption of radiation at the characteristic 
wavelength of 253.7 nm by mercury vapor. The mercury is reduced to the elemental state and 
aerated from solution in a closed system.  The mercury vapor passes through a cell positioned in 
the light path of an atomic absorption spectrophotometer.  Absorbance is measured as a function 
of mercury concentration.

2.2 Chemical Reactions - Organic mercury compounds are decomposed by digestion with potassium 
permanganate in acid solution. The mercuric ions are then reduced to the elemental state with 
stannous chloride and mercury vapor is produced.

3.0 INTERFERENCES

3.1 Potassium permanganate is added during digestion of samples to break down organo-mercury 
compounds which would otherwise not respond to the cold vapor technique.  A heating step is 
required for methyl mercuric chloride when present in or spiked to a natural system. Possible 
sulfide interferences are also eliminated by the addition of potassium permanganate.  EPA studies 
indicate concentrations as high as 20 mg/L of sodium sulfide do not interfere with the recovery of 
added inorganic mercury from distilled water.

ENV-SOP-MIN4-0054, Rev 06

101 of 140



4 of 21

TEST METHOD STANDARD OPERATING PROCEDURE
TITLE: Mercury Analysis by CVAA
TEST METHOD 7470A, 7471A, 7471B, and 245.1 
ISSUER: Pace ENV – Minneapolis – MIN4

COPYRIGHT © 2021 Pace Analytical Services, LLC

Any printed copy of this SOP and all copies of this SOP outside of Pace are uncontrolled copies.  
Uncontrolled copies are not tracked or replaced when new versions are released or the SOP is made obsolete.

Users of the SOP should verify the copy in possession is the current version of the SOP before use.  

3.2 Copper has also been reported to interfere; however, EPA studies indicate copper concentrations 
as high as 10 mg/L had no effect on recovery of mercury from reagent water.

3.3 Sea waters, brines and industrial effluents high in chlorides require additional permanganate.  
During the oxidation step, chlorides are converted to free chlorine which will also absorb radiation 
of 253 nm.  Care must be taken to assure that free chlorine is absent before the mercury is reduced 
and swept into the cell. The design of the dedicated mercury analyzer assures that this does not 
occur.

4.0 DEFINITIONS

Refer to the Laboratory Quality Manual for a glossary of common lab terms and definitions.

5.0 HEALTH AND SAFETY

The toxicity or carcinogenicity of each chemical material used in the laboratory has not been fully 
established. Each chemical should be regarded as a potential health hazard and exposure to these 
compounds should be as low as reasonably achievable. 

The laboratory maintains documentation of hazard assessments and OSHA regulations regarding the 
safe handling of the chemicals specified in each method. Safety data sheets for all hazardous 
chemicals are available to all personnel. Employees must abide by the health, safety and 
environmental (HSE) policies and procedures specified in this SOP and in the Pace Chemical Hygiene 
/ Safety Manual. 

Personal protective equipment (PPE) such as safety glasses, gloves, and a laboratory coat must be 
worn in designated areas and while handling samples and chemical materials to protect against 
physical contact with samples that contain potentially hazardous chemicals and exposure to chemical 
materials used in the procedure. 

Concentrated corrosives present additional hazards and are damaging to skin and mucus membranes. 
Use these acids in a fume hood whenever possible with additional PPE designed for handing these 
materials. If eye or skin contact occurs, flush with large volumes of water. When working with acids, 
always add acid to water to prevent violent reactions. Any processes that emit large volumes of 
solvents (evaporation/concentration processes) must be in a hood or apparatus that prevents 
employee exposure. 

Contact your supervisor or local HSE coordinator with questions or concerns regarding safety protocol 
or safe handling procedures for this procedure.

6.0 SAMPLE COLLECTION, PRESERVATION, HOLDING TIME, AND STORAGE

Samples should be collected in accordance with a sampling plan and procedures appropriate to 
achieve the regulatory, scientific, and data quality objectives for the project.  

The laboratory does not perform sample collection or field measurements for this test method. To 
assure sample collection and field checks and treatment are performed in accordance with applicable 
regulations Pace project managers will inform the client of these requirements at the time of request 
for analytical services when the request for testing is received prior to sample collection.  If samples 
were already collected, the laboratory will record any nonconformance to these requirements in the 
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laboratory’s sample receipt record when sufficient information about sample collection is provided with 
the samples.  

General Requirements
Matrix Routine

Container
Minimum Sample 
Amount1 Preservation Holding Time

Aqueous 250 mL Plastic 30 mL Acidified with nitric acid to pH<2, stored ambient Must be analyzed within 
28 days of collection.Solid 8 oz glass jar 0.3 gram <6°C, but above freezing

1Minimum amount needed for each discrete analysis.
  
Thermal preservation is checked and recorded on receipt in the laboratory in accordance with 
laboratory ENV-SOP-MIN4-0008 Sample Management, or equivalent replacement.  Chemical 
preservation is checked and recorded at time of receipt or prior to sample preparation.

After receipt, samples are stored either stored at ambient or 6°C until sample preparation.  Prepared 
samples digestates are stored at ambient temperatures until sample analysis.   

After analysis, unless otherwise specified in the analytical services contract, samples are retained for 
21 days from date of final report and then disposed of in accordance with Federal, State, and Local 
regulations.

7.0 EQUIPMENT AND SUPPLIES

7.1 Equipment

Equipment Description
Mercury analyzer, computer 
controlled

Cold Vapor Atomic Adsorption (CVAA), Cetac M-7600 or PE FIMS-400. Each 
instrument has an associated auto-sampler, Cetac ASX 520 or equivalent

Hot BlockTM digester 54 place block or equivalent, Environmental Express SC154 or equivalent
Analytical Balance Sartoriius or equivalent, capable of weighing to 0.01g
Mechanical pipettors Eppendorf, Fisher brand or equivalent replacement, various sizes
Glassware Class A volumetric flasks and graduated cylinders of various sizes

7.2 Supplies

Supply Description
Argon gas Praxair or equivalent, High purity grade, 99.99%
Peristaltic pump tubing Fisher Scientific or equivalent
Digestion cups Moldpro or equivalent, 50 mL disposable digestion cups
Resin Pellets Environmental Express SC400 or equivalent
Filters GE Whatman or equivalent 
Auto-sampler tubes Moldpro or equivalent, 15 mL metals free auto-sampler tubes
Digestion cups Moldpro or equivalent, 50 mL disposable digestion cups
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8.0 REAGENTS AND STANDARDS

8.1 Reagents

Reagent Description
Reagent water ASTM Type II
Nitric Acid (HNO3) Fisher Scientific, A-509-P212 or equivalent
Hydrochloric acid (HCl) Fisher Scientific, A-508-P212 or equivalent
Sulfuric acid Fisher Scientific P/N A510-P212 or equivalent
Potassium 
permanganate solution

Dissolve 100 g potassium permanganate in a minimum volume of reagent water and 
dilute to 2000 mL with reagent water. Filter reagent as needed for lower level procedures.
Store the reagent at room temperature in either a plastic or glass container.  This solution 
expires 3 months from preparation date. Fisher Scientific brand reagents or equivalent.

Sodium chloride -
Hydroxylamine 
hydrochloride solution

Dissolve 240 g sodium chloride and 240 g hydroxylamine hydrochloride in reagent water 
and dilute to 2000 mL with reagent water.
Store the standard at room temperature in either a plastic or glass container.  Solution 
expires 1 month from preparation date. Fisher Scientific brand reagents or equivalent.

Potassium persulfate 
solution (5%)

Dissolve 100 g of potassium persulfate in reagent grade water and dilute to 2000 mL.
This solution expires 3 months from the preparation date. Fisher Scientific brand reagents 
or equivalent.

Rinse solution Add 48 mL concentrated hydrochloric acid to 800 mL water, add 24 mL concentrated 
nitric acid and dilute to 1 L with reagent water.
Store in 5L Nalgene container at room temperature.  The solution expires 1 week from 
preparation date.  

Stannous Chloride Add 140 mL concentrated hydrochloric acid and 200 grams SNCl2-2H20 to 2000 mL 
reagent water. 
Different amounts may be made based on need.  Store in bottle marked “Stannous 
Chloride” at the instrument.  Fisher Scientific brand reagents or equivalent.

Aqua Regia Mix 3 parts concentrated hydrochloric acid with 1 part concentrated nitric acid.
Use fresh daily, expires within 24 hours.

8.2 Standards

Standard Description
Mercury Calibration 
Stock Solution

1000 mg/mL, NIST traceable standard.
Store at room temperature.  Expires as specified by manufacturer.  Inorganic Ventures or 
equivalent.

Intermediate Working 
Calibration Solution1

50 ug/L intermediate final concentration. Mercury Calibration Intermediate Standard to be 
prepared every 6 months or as needed. The calibration standards are prepared using the 
same type of acid and reagents, at the same concentration range as the samples to be 
analyzed.
See appendix B for composition.

ICV/CCV Mercury 
Stock Solution

1 ug/mL, NIST traceable standard.
Must be from a separate source than the mercury calibration stock source.  Spex-Certiprep 
or equivalent.

Low Level Mercury 
Calibration Stock 
Solution

10 mg/L, NIST traceable standard.
Store at room temperature.  Expires as specified by manufacturer.  Inorganic Ventures or 
equivalent.
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Low Level ICV/CCV 
Mercury Stock 
Solution

10 mg/L, NIST traceable standard.
Must be from a separate source than the mercury calibration stock source.  Inorganic 
Ventures or equivalent.

Low Level Mercury 
Calibration 
Intermediate 
Standard1

1 ug/L final concentration. Mercury Calibration Intermediate Standard to be prepared every 
6 months or as needed. The calibration standards are prepared using the same type of 
acid and reagents, at the same concentration range as the samples to be analyzed.
See appendix B for composition.

8.2.1 Mercury Calibration Intermediate Standard to be prepared every 6 months or as needed. 
The calibration standards are prepared using the same type of acid and reagents, at the 
same concentration range as the samples to be analyzed.  

8.2.2 SW-846 series methods for mercury require that calibration standards are processed like 
samples including heating while EPA 245.1 specifically prohibits the calibration standards 
from being heated. Daily calibration records are documented in the electronic Prep Log.

9.0 PROCEDURE

9.1 Water

9.1.1 Sample Preparation
9.1.1.1 Prepare a method blank (MB) by transferring 30 mL of reagent grade water to a 

new 50 mL digestion cup. Label with the LIMS batch number and sample number.

9.1.1.2 Prepare a laboratory control sample (LCS) by transferring a 0.15 mL aliquot of the 
stock mercury standard to a 50 mL cup.  For low level mercury samples, transfer 0.15 
mL aliquot of the low level mercury intermediate standard. Bring the total volume to 30 
mL with reagent water. Label with the LIMS batch number and sample number. 

9.1.1.3 Shake sample to achieve homogeneity.  Maximum sample volume is 30 mL. Use 
this or a smaller volume diluted to 30 mL.  Place the sample into the 50 mL cup labeled 
with the corresponding LIMS sample number.  Record sample volume in the Hg CVAA 
Sample Preparation Log.

9.1.1.4 Prepare an MS/MSD by transferring 0.15 mL aliquot of the stock mercury standard 
to 50 mL cups.  For low level mercury samples, transfer 0.15 mL aliquot of the low level 
mercury intermediate standard.  Bring the total volume of each to 30 mL with sample. 

9.1.1.5 To all samples (including QC) add 1.5 mL concentrated sulfuric acid and 0.75 mL 
concentrated nitric acid, mixing well after each addition.

9.1.1.6 To all samples (including QC) add 5 mL potassium permanganate, and observe 
physical changes for 15 minutes. If the purple color disappears, the sample is re-
batched and re-prepped at a lower volume. 

9.1.1.7 To all samples (including QC) add 2.5 mL of potassium persulfate solution and 
swirl to mix.

9.1.1.8 Loosely cap each cup and place into the digestion block, maintained at a 
temperature of 95!C ± 3!C and heat for two hours.  Observe the initial temperature and 
time in the block.
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9.1.1.9 After the two hour digestion, remove the samples from the block and cool.  Observe 
the time the samples were removed from the block, as well as the final temperature of 
the block.

9.1.1.10 To all samples (including QC) add 1.8 mL of hydroxylamine hydrochloride to 
reduce the excess permanganate.  The permanganate is reduced when the purple color 
dissipates.  If the purple color does not dissipate, add additional hydroxylamine 
hydrochloride until the color dissipates.  Note this on the preparation log and adjust in 
LIMS.  For example: if an additional mL is needed, then add 1 mL to the final volume.

9.1.2 Documentation – Digestion Records
Record the observations and necessary information in the electronic preplog using 
template version F-MN-I-342-Rev.02. Information includes batch and sample ID, initial and 
final times, temperatures, volumes, prep date, prep analyst, supporting equipment, and lot 
numbers of solutions used.  Also include any additional comments if needed. The initial and 
final times and temperatures will be representative of the elapsed time for the batch.

9.2 Solid/Semi-Solid 

9.2.1 Sample Preparation
9.2.1.1 Prepare a method blank (MB) by weighing 0.3 g of resin pellets in a 50 mL cup.

Label with the LIMS batch number and sample number.

9.2.1.2 Prepare a LCS by weighing 0.3 g of resin pellets in a 50 mL cup and spiking with 
a 0.15 mL aliquot of the ICV/CCV working mercury standard. Label with the LIMS batch 
number and sample number.

9.2.1.3 Weigh a representative 0.3-0.36 g portion of sample in a 50 mL labeled cup. 

9.2.1.4 Weigh two additional samples for matrix spike/matrix spike duplicate (MS/MSD) 
and spike carefully to get these samples as close to the weight of the unspiked sample 
used for QC, as possible. Spike both the MS and MSD with 0.15 mL of the mercury 
ICV/CCV working standard. 

9.2.1.5 To all samples (including QC) add 3 mL DI water.

9.2.1.6 To all samples (including QC) add 3 mL aqua regia (see 10.1 above).

9.2.1.7 Place in hot block, maintained at 95!C ± 3!C and heat for 2 minutes. Record this 
time and temperature as the initial start time.  

9.2.1.8 Remove from hot block and allow to cool.

9.2.1.9 Bring all samples (including QC) up to a volume of 30 mL with DI water.

9.2.1.10 To all samples (including QC) add 9 mL potassium permanganate and observe 
physical changes for 15 minutes. If the purple color disappears, re-prepare the sample, 
MB, and LCS with less DI and the corresponding amount of potassium permanganate 
added so that final volume does not exceed 30 mL. Additional permanganate is noted 
as a comment on the prep form.

9.2.1.11 Loosely cap each cup and return samples to hot block digester, maintained at a 
temperature of 95!C ± 3!C and heat for 30 minutes.  
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9.2.1.12 Remove the samples from the block and record the final time and the temperature.
Allow the samples to cool.

9.2.1.13 To all samples (including QC) add 3.6 mL of hydroxylamine hydrochloride to 
reduce the excess permanganate.  The permanganate is reduced when the purple color 
dissipates.  If the purple color does not dissipate, add additional hydroxylamine 
hydrochloride until the color dissipates.  Note this on the preparation log and adjust in 
LIMS.  For example: if an additional mL is needed, then add 1 mL to the final volume.

9.2.2 Documentation – Digestion Records
Record the necessary information in the electronic preplog using template version F-MN-I-
343-Rev.03. Information includes batch and sample ID, initial and final times, temperatures, 
volumes, prep date, prep analyst, supporting equipment, and lot numbers of solutions used.  
Also include any additional comments if needed. The initial and final times and 
temperatures will be representative of the elapsed time for the batch.

9.3 Equipment Preparation & Analysis

9.3.1 Turn on the computer and load the software. Turn on, or ‘wake up’ the instrument and 
allow the lamp to warm up for about 90 minutes from a cold shut down (lamp off, main 
power off and gas off) and 5 minutes from standby (lamp off, main power on and gas off). 
Check the following:

9.3.2 Prepare any necessary reagents and record the appropriate information (volumes, 
manufacturer, lot numbers, etc.) in the standard solution log.

9.3.3 Check instrument waste and empty as needed.

9.3.4 Perform any routine maintenance as needed and record in maintenance log. 

9.3.5 Check the KMnO4 trap at the back of the instrument to make sure it is filled with crystalline 
KMnO4 and not wet or spent (the brown MnO2 color approaches the open end of the trap).

9.3.6 Fill the rinse solution container with rinse solution, if needed, and move the probe down 
into the rinse well.

9.3.7 Check peristaltic pump tubing installation, make sure tension is adjusted if needed, and 
turn pump on.

9.3.8 Place the SnCl2 line in DI water.

9.3.9 Initialize the wetting of the GLS by selecting ‘wet the gas liquid separator post’ option in 
the software.  This increases the gas flow to 300-350 mL/min and ramps the pump speed 
to 100%.  Pinch the waste line tubing shut with your fingers.  Watch the bubbles and 
ensure that 1-2 bubbles completely propels to the top of the chamber, wetting the entire 
post and the top.  As soon as this happens, open the waste line tubing so the GLS can
drain.

9.3.10 Inspect the GLS to make sure it is draining completely and liquid is not pooling.

9.3.11 Attach the sample gas line to the nafion dryer cartridge.

9.3.12 Fill the stannous chloride bottle with stannous chloride.

9.3.13 Place the SnCl2 line into the SnCl2 solution bottle.
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9.3.14 Create a worksheet for analysis by selecting ‘new from’ in the file menu.  Enter the name, 
ie 20Aug15 (DDMMMYY), a, b, c etc. (if more than one run is performed that day) soil or 
water to indicate sample matrix, and instrument ID number. The program will then go to 
the Method Editor page.

9.3.14.1 In the conditions page in the Method Editor, check the instrument settings including 
the time profile (baseline correction and read time delays).  To do this, read a standard 
and move the baseline correction window and read time window accordingly if needed.

9.3.14.2 Check the Standards page to ensure the correct calibration parameters and 
standards are entered.

9.3.14.3 Check the QC tests page to make sure the correct test solutions and parameters 
are entered if the software is to calculate recoveries during analysis.

9.3.15 Create a sequence in the sequence editor tab and enter sample IDs or import them from 
LimsLink. 

9.3.16 Start analysis, monitor all initial QC checks.  If initial QC fails, make adjustments if needed 
and re-calibrate.  If checks pass criteria, continue with sample analysis.

9.3.17 After analysis, print out a report and transfer valid data into LIMS system via LimsLink.

9.3.18 After completing sample analysis for the day, shut down the instrument.

9.3.18.1 Place the SnCl2 line in 10% HNO3 and run for ~10 minutes.  After this move the 
probe up out of the rinse well and place the SnCl2 line in DI water and run for 2-5 
minutes.  Remove from DI and allow the line to run dry.  Turn off pump, disconnect the 
clamps, and loosen pump tubing.

9.3.18.2 Disconnect the sample gas line from the nafion dryer cartridge.

9.3.18.3 Turn off the gas and the lamp.

9.3.18.4 If the instrument will be used in the next day or two, leave it in the stand-by mode. 
If not, do a cold shut down and turn off the software, instrument, auto sampler and auto 
diluter.

9.4 Routine Instrument Operating Conditions

Parameter Setting
Sample Probe Depth (mm) 145
ASX Rinse Pump Speed (%) 50
Sample Uptake Time (s) 45
Rinse Time (s) 95
Gas Flow (mL/min) 100
Pump speed (%) 50
Read Delay time (s) 55.50
Replicate read time (s) 1.50
Replicates 4

9.5 Initial Calibration 

9.5.1 Calibration Design
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9.5.1.1 The calibration curve must consist of a minimum of a calibration blank and five 
non-zero standards for each mode of analysis. The calibration range for standard level 
analysis is 0.2 ug/L to 10 ug/L. The calibration range for lower level analysis is 0.010 
μg/L to 0.20 μg/L. Use the average of four integrations for both calibration and sample 
analyses. Using the instrumentation software, prepare a standard curve for each 
element by plotting absorbance versus concentration. The calibration is a linear 
regression using equation; y = mx+ b The analyst may employ a regression equation 
that does not pass through the origin, however forcing through zero is not allowed. 
Instruments must be calibrated at a minimum of once every 24 hours or prior to use.  
The instrument standardization date and time must be included in the raw data.

9.5.1.2 Additional calibration specifications may be referenced in ENV-POL-CORQ-0005 
Acceptable Calibration Practices for Instrument Testing (or equivalent replacement).

9.5.2 Calibration Sequence
Calibration Blank (CAL0)

CAL1
CAL2
CAL3
CAL4
CAL5
ICV
ICB

CRDL 
CCV
CCB

Client samples
CRDL
CCV
CCB

9.5.3 ICAL Evaluation
9.5.3.1 Curve Fit
With a multi-point calibration, the regression calculation will generate a correlation 
coefficient (r) that is the measure of the “goodness of fit” of the regression line to the data. 
In order to be used for quantitative purposes, the correlation coefficient must be > 0.995.

9.5.3.2 Relative Standard Error (RSE)
%RSE is evaluated after all calibration points have been measured. In order for a standard 
curve to be acceptable, the %RSE acceptance criteria is 80%-120% must be observed.

Note: %RSE is analogous to %RSD. 40CFR Part 136 allow %RSE to be used in place 
of correlation coefficient (R) or coefficient of determination (r2) for the acceptability 
determination of the curve.

9.5.3.3 Initial Calibration Verification
In addition to meeting the linearity requirement, any new calibration curve must be 
assessed for accuracy in the values generated. To assess the accuracy, a single standard 
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from a secondary source must be analyzed and the results obtained must be compared to 
the known value of the standard. This step is referred to as Initial Calibration Verification. 
The ICV is analyzed immediately following an initial calibration curve.

9.5.4 Continuing Calibration Verification
A CCV followed immediately by a CCB must be analyzed after every 10 samples and at 
the end of the analytical batch to verify the system is still calibrated. 

10.0 DATA ANALYSIS AND CALCULATIONS

See the laboratory SOP ENV-SOP-MIN4-0171 Laboratory Calculations, or equivalent replacement,
for equations for common calculations.

10.1 The percent recovery in the LCS is calculated using Equation 1:

Equation 1

x100covRe%
SA
SRery ∀

Where, SR = LCS result (ug/L or mg/kg) 
SA = spike added, ug/L or mg/kg 

10.2 The percent recovery of mercury in the matrix spike and matrix spike duplicate is calculated 
using Equation 2:

Equation 2
# ∃ x100covRe%

SA
SRSSRery %

∀

Where, SSR = Spiked sample result, mg/L or mg/kg 
SR = Sample result, mg/L or mg/kg 
SA = Spike added, mg/L or mg/kg 

10.3 Calculate the Relative Percent Difference (RPD) between the matrix spike and matrix spike 
duplicate using Equation 3:

Equation 3

# ∃
%RPD

S D
S D

x∀
%

& 2
100

Where, S = Sample result, mg/L or mg/kg 
D = Duplicate sample result, mg/L or mg/kg 

10.4 The corrected dry weight concentration can be calculated using the following:

wtdry
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c
concwtdrycorrected i

f
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Where, c = concentration on instrument, μg/L
vf = final volume, L
wti = initial weight, g

x100%
WeightWetSample
WeightDrySampleweightDry ∀

11.0 QUALITY CONTROL AND METHOD PERFORMANCE

11.1 Quality Control

The following QC samples are prepared and analyzed with each batch of samples.  Refer to 
Appendix A for acceptance criteria and required corrective action.  

QC Item Frequency
Method Blank (MB) 1 per batch of 20 or fewer samples.
Laboratory Control Sample (LCS) 1 per batch of 20 or fewer samples.  
Laboratory Control Sample Duplicate (LCSD) As needed
Matrix Spike (MS) 1 per batch of 20 or fewer samples for 7470/7471. 1 per 

batch of 10 or fewer samples for 245.1
Matrix Spike Duplicate (MSD) 1 per batch of 20 or fewer samples.
Sample Duplicate Performed at client request.
Serial Dilution Performed at client request.
Post Digestion Spike Performed at client request.
Filter Blank (FB) 1 per batch of 20 or fewer samples when applicable.

11.2 Instrument QC

The following Instrument QC checks are performed.  Refer to Appendix A for acceptance criteria 
and required corrective action.

QC Item Frequency
Initial Calibration Daily
Initial Calibration Verification Immediately after each initial calibration
Initial Calibration Blank Immediately after each initial calibration
Continuing Calibration Verification Prior to the analysis of any samples and after every 10 injections 

thereafter.  Samples must be bracketed with a closing CCV standard.
Continuing Calibration Blank Following every CCV injection
CRDL / LLCCV verification At the beginning of each run. May be run more frequently per state or 

client requirement.

11.3 Method Performance

11.3.1 Method Validation
11.3.1.1 Detection Limits

Detection limits (DL) and limits of quantitation (LOQ) are established at initial 
method setup and verified on an on-going basis thereafter.   Refer to Pace ENV 
corporate SOP ENV-SOP-CORQ-0011 Method Validation and Instrument 
Verification and to the laboratory’s SOP ENV-SOP-MIN4-0163 Determination of 
LOD and LOQ (or equivalent replacement) for these procedures.  
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11.4 Analyst Qualifications and Training

Employees that perform any step of this procedure must have a completed Read and 
Acknowledgment Statement for this version of the SOP in their training record. In addition, prior 
to unsupervised (independent) work on any client sample, analysts that prepare or analyze 
samples must have successful initial demonstration of capability (IDOC) and must successfully 
demonstrate on-going proficiency on an annual basis.  Successful means the initial and on-going 
DOC met criteria, documentation of the DOC is complete, and the DOC record is in the employee’s 
training file.  Refer to laboratory SOP ENV-SOP-MIN4-0165 Orientation and Training Procedures
(or equivalent replacement) for more information.   

12.0 DATA REVIEW AND CORRECTIVE ACTION

12.1 Data Review

Pace’s data review process includes a series of checks performed at different stages of the 
analytical process by different people to ensure that SOPs were followed, the analytical record is 
complete and properly documented, proper corrective actions were taken for QC failure and other 
nonconformance(s), and that test results are reported with proper qualification.  

The review steps and checks that occur as employee’s complete tasks and review their own work 
is called primary review. 

All data and results are also reviewed by an experienced peer or supervisor.  Secondary review 
is performed to verify SOPs were followed, that calibration, instrument performance, and QC 
criteria were met and/or proper corrective actions were taken, qualitative ID and quantitative 
measurement is accurate, all manual integrations are justified and documented in accordance with 
the Pace ENV’s SOP for manual integration, calculations are correct, the analytical record is 
complete and traceable, and that results are properly qualified. 

A third-level review, called a completeness check, is performed by reporting or project 
management staff to verify the data report is not missing information and project specifications 
were met. 

Refer to laboratory SOP ENV-SOP-MIN4-0092 Data Review Process (or equivalent replacement) 
for specific instructions and requirements for each step of the data review process.

12.2 Corrective Action

Corrective action is expected any time QC or sample results are not within acceptance criteria.  If 
corrective action is not taken or was not successful, the decision/outcome must be documented 
in the analytical record. The primary analyst has primary responsibility for taking corrective action 
when QA/QC criteria are not met.  Secondary data reviewers must verify that appropriate action 
was taken and/or that results reported with QC failure are properly qualified.  

Corrective action is also required when carryover is suspected and when results are over range. 

Samples analyzed after a high concentration sample must be checked for carryover and 
reanalyzed if carryover is suspected.  Carryover is usually indicated by low concentration detects 
of the analyte in successive samples analyzed after the high concentration sample. 
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Sample results at concentrations above the upper limit of quantitation must be diluted and 
reanalyzed.  The result in the diluted samples should be within the upper half of the calibration 
range. Results less than the mid-range of the calibration indicate the sample was over diluted and 
analysis should be repeated with a lower level of dilution. If dilution is not performed, any result 
reported above the upper range is considered a qualitative measurement and must be qualified 
as an estimated value.   

Refer to Appendix A for a complete summary of QC, acceptance criteria, and recommended 
corrective actions for QC associated with this test method.  

13.0 POLLUTION PREVENTION AND WASTE MANAGEMENT

Pace proactively seeks ways to minimize waste generated during our work processes.  Some 
examples of pollution prevention include but are not limited to: reduced solvent extraction, solvent 
capture, use of reusable containers for solvent management, and real-time purchasing.

The EPA requires that laboratory waste management practice to be conducted consistent with all 
applicable federal and state laws and regulations.  Excess reagents, samples and method process 
wastes must be characterized and disposed of in an acceptable manner in accordance with Pace’s 
Chemical Hygiene Plan / Safety Manual.     

14.0 MODIFICATIONS 

A modification is a change to a reference test method made by the laboratory. For example, changes 
in stoichiometry, technology, quantitation ions, reagent or solvent volumes, reducing digestion or 
extraction times, instrument runtimes, etc. are all examples of modifications.  Refer to Pace ENV 
corporate SOP ENV-SOP-CORQ-0011 Method Validation and Instrument Verification for the 
conditions under which the procedures in test method SOPs may be modified and for the procedure 
and document requirements.  

14.1 Use of Block Digestor- Heating is conducted with hot block digestion as the heating equivalent 
mentioned in SW 846 7471B (section 6.10) and SW 846 7470. This is also compliant with method 
245.1 under the Clean Water Act method flexibility in 40CFR section 136.6 (b) (4) (iii).

14.2 The lab utilizes a 30 mL final volume, all solid weights and reagent ratios are conducted based 
on the 0.3 g versus the 0.5 g initial weight accordingly.

14.3 Mercury calibration standards are prepared and digested weekly for SW-846 analysis of soils 
and waters. The stability and performance of standards prepared weekly has been evaluated and 
documented.    

15.0 RESPONSIBILITIES

Pace ENV employees that perform any part this procedure in their work activities must have a signed 
Read and Acknowledgement Statement in their training file for this version of the SOP.  The employee 
is responsible for following the procedures in this SOP and handling temporary departures from this 
SOP in accordance with Pace’s policy for temporary departure.  

Pace supervisors/managers are responsible for training employees on the procedures in this SOP and 
monitoring the implementation of this SOP in their work area.  
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16.0 ATTACHMENTS

Appendix A – QC Summary

Appendix B – Working Standard Summary

17.0 REFERENCES

Pace Quality Assurance Manual- most current version.

TNI Standard, Management and Technical Requirements for Laboratories Performing Environmental 
Analyses, EL-V1-2009.

TNI Standard, Management and Technical Requirements for Laboratories Performing Environmental 
Analyses, EL-VI-2016-Rev.2.1.

Test Methods for Evaluating Water and Solid Waste, Physical/Chemical Methods, SW-846, Method 
7470A, 1994. 

Test Methods for Evaluating Water and Solid Waste, Physical/Chemical Methods, SW-846, Method 
7471A, 1994. 

Test Methods for Evaluating Water and Solid Waste, Physical/Chemical Methods, SW-846, Method 
7000a, Revision 1, July 1992.

Test Methods for Evaluating Water and Solid Waste, Physical/Chemical Methods, SW-846, Method 
7471B, Revision 2, Feb 2011.

Methods for Chemical Analysis of Water and Wastes, Method 245.1. Rev.3.0, 1994.

40 CFR Appendix B to Part 136, Definition and Procedure for the Determination of the Method Detection 
Limit - Rev 2, August 28, 2017.

Minnesota Pollution Control Agency, Laboratory Quality Control and Data Policies, July 2011.

18.0 REVISION HISTORY

This Version: 
Section Description of Change
7.1 Updated the description of the Mercury analyzer, computer controlled from "or 

equivalent to "PE FIMS-400"
7.2 Added the filters row
8.1 update the description of the Potassium permanganate solution to include "Filter 

reagent as needed for lower level procedures
9.1.1.6 Added; ” and observe physical changes for 15 minutes.”
9.1.1.8 Update digestion temperature acceptance range from 95!C ± 2!C to 95!C ± 3!C
9.2.1.7 Update digestion temperature acceptance range from 95!C ± 2!C to 95!C ± 3!C
9.2.1.11 Update digestion temperature acceptance range from 95!C ± 2!C to 95!C ± 3!C
Append A Remove all references to West Virginia

This document supersedes the following document(s):
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Document Number Title Version
ENV-SOP-MIN4-0054 Mercury in Liquid and Solid/Semi-Solid Waste by 7470A, 7471, 

7471B, and 245.1
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Appendix A: QC Summary

QC Item Frequency Acceptance Criteria Corrective Action Qualification
ICAL Daily r ≥ 0.995

RSE < 20%

Identify and correct source of 
problem, repeat.

None.  Do not 
proceed with 
analysis.

ICV After each ICAL ± 10% for SW-846 7000 
series methods and ± 5% 
for 245.1

Identify and correct the source of 
problem, re-analyze.

None. Do not 
proceed with 
analysis..  

ICB Immediately after 
the initial 
calibration 
verification

Result must be less than 
the absolute value of the 
Reporting Limit (LOQ).

NC requires blanks to be 
clean to ½ RL.

WIDNR require samples 
to be reported to the 
MDL.

Identify source of problem, re-
analyze. Analysis may proceed if it 
can be demonstrated that the ICB 
exceedance has no impact on 
analytical measurements. 

For example, the ICB has 
detections and the analyte is not 
detected in sample(s).

Qualify analytes with 
ICB out of criteria.  

CRDL / 
LLCCV4

At the beginning of 
each run. 
Depending on data 
quality objectives it 
may be required 
that a CRDL 
bracket samples.

± 30% (or specified by the 
client)

Identify source of problem, re-
analyze. Analysis may proceed if it 
can be demonstrated that the 
CRDL exceedance has no impact 
on analytical measurements.  

For example, the CRDL %R is 
high and the analyte is not 
detected in sample(s).

For example, the CRDL %R is 
high and the analyte detections 
exceed the continuing calibrations 
verification level (midpoint of the 
curve).

If the CRDL is biased low, no data 
can be reported for the target 
elements failing criteria.

Qualify outages and 
explain in case 
narrative.

CCV5 Daily, before 
sample analysis, 
after every 10, and 
at end of analytical 
window.

All analytes must be 
within ± 10% of the true 
value.  (%R): 

Identify source of problem, re-
analyze. Analysis may proceed if it 
can be demonstrated that the CCV 
exceedance has no impact on 
analytical measurements.  

For example, the CCV %R is high, 
and the analyte is not detected in 
sample(s).

Qualify analytes with 
CCV out of criteria.

CCB Daily, before 
sample analysis, 
after every 10, and 
at end of analytical 
window

Result must be less than 
the absolute value of the 
Reporting Limit (LOQ).

NC requires blanks to be 
clean to ½ RL.

WIDNR require samples 
to be reported to the 
MDL.

Identify source of problem, re-
analyze. Analysis may proceed if it 
can be demonstrated that the CCB 
exceedance has no impact on 
analytical measurements. 

For example, the CCB has 
detections and the analyte is not 
detected in sample(s).

Qualify analytes with 
CCB out of criteria.  

Method Blank One per 20 
samples

Method 7470/7471: The 
method blank is 
considered to be 

Identify source of problem, re-
analyze. If reanalysis of the MB 
fails, all samples affected by the 

Qualify outages and 
explain in case 
narrative.
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acceptable if it does not 
contain the target 
analytes that exceed the 
LLOQ or project-specific 
DQOs.

Method 245.1: The 
method blank is 
considered to be 
acceptable if it does not 
contain the target 
analytes that exceed 1/2 
LLOQ or project-specific 
DQOs.

failing MB elements need to be re-
digested and re-analyzed.   

If the method blank exceeds the 
criteria, but the associated 
samples are either below the 
reporting level or other DQOs, or 
detections in the sample are >10x 
MB detections then the sample 
data may be reported.

J-flag qualification will be applied 
for blank detections between the 
LOQ and LOD when DQOs require 
evaluation to the MDL. 

LCS One per 20 
samples

80-120% for 7470/7470A 
and 7471/7471B.

85-115% for 245.1.

Identify source of problem, re-
analyze. If reanalysis of the LCS 
fails, all samples affected by the 
failing LCS elements need to be 
re-digested and re-analyzed.  

If LCS recovery is > QC limits and 
these compounds are non-detect 
in the associated samples

Qualify analytes with 
LCS out of criteria.

LCSD¹ An LCSD must be 
substituted in the 
event of insufficient 
sample volume for 
a matrix spike 
duplicate sample.

80-120% for 7470/7470A 
and 7471/7471B.

85-115% for 245.1

% RPD ≤ 20%

Identify source of problem, re-
analyze. If reanalysis of the LCS 
fails, all samples affected by the 
failing LCS elements need to be 
re-digested and re-analyzed.  

If LCS recovery is > QC limits and 
these compounds are non-detect 
in the associated samples

Qualify analytes with 
LCS out of criteria.

MS/MSD2,3 One per 20 
samples for 
7470/7470A and 
7471/7471B.

One per 10 
samples for 200.8

80-120% for 7470/7470A³ 
and 7471/74/1B.
245.1: 70-130%

%RPD: 20%

If the percent recovery for the MS 
and MSD fall outside the control 
limits, the results are flagged that 
they are outside acceptance criteria 
along with the parent sample.  If the 
RPD exceeds the acceptance 
criteria, the MSD sample and 
associated parent sample need to be 
flagged.

If MS or MSD fails and spike amount 
is less than 4 times the native 
concentration in the sample, remove 
M1 flag and replace with P6 flag.

If the RPD is outside the limit, 
report the data and footnote the 
samples with precision outliers.  
The footnote only applies to 
samples within the same batch 
containing the sample used for the 
MS and MSD analyses.

Qualify analytes with 
MS out of criteria.

Sample 
Duplicate

Per client request %Diff ≤ 20% Qualify outages Qualify outages.

Serial Dilution Per client request Refer to project specific 
technical specifications.

Qualify outages Qualify outages.

Post Digestion 
Spike

Per client request Refer to project specific 
technical specifications.

Qualify outages Qualify outages.
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Laboratory 
Filter Blank 
(FB)

Analyzed only with 
batches of lab 
filtered dissolved 
metals, one per 
batch of 20 or less.

Result must be less than 
the absolute value of the 
Reporting Limit (LOQ).

NC requires blanks to be 
clean to ½ RL.

Identify source of problem, re-
analyze. If reanalysis of the MB 
fails, all samples affected by the 
failing MB elements need to be re-
digested and re-analyzed.   

If sample(s) non-detect, report the 
data.

If sample result >10x FB 
detections, report the data.

Qualify outages and 
explain in case 
narrative.

¹WIDNR requires the use of a lab created matrix solution from unused samples.

²In the event that only samples identified as Equipment Blanks and/or Field Blanks are available, and 
LCS/LCSD will be prepared in place of MS/MSD.

³In the absence of method specified recovery limits, results will be evaluated based on specifications 
outlined by the MPCA guidelines for Inorganic Analysis.

4A reporting limit verification is performed by analyzing a CRDL at ± 30% while the method has no low 
end criteria.

5 ICV/CCV criteria is ± 10% while the 7000 series indicates ± 20%, the tighter criteria is applied to allow for 
instrumentation to be utilized for any mercury method throughout an analytical shift.
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Appendix B: Working Standard Summary
Standard Standard(s)

Used
Standard(s) 

Amount
(mL)

Solvent Solvent 
Volume 

(mL)

Final Total 
Volume

(mL)

Final 
Concentration 

(μg/L)

Mercury Calibration 
Intermediate. 

Mercury Stock (10 ug/mL) 5 Reagent 
water 985 1000 50

Concentrated nitric acid 10
Standard 0

Intermediate Standard 
(50 μg/L)

0 

Reagent 
water

30

30

0
Standard 1 0.12 29.88 0.2
Standard 2 0.6 29.4 1.0
Standard 3 1.8 28.2 3.0
Standard 4 3.0 27 5.0
Standard 5 6.0 24 10
CRDL 0.12 29.88 0.2

ICV/CCV Mercury Stock
1000 mg/mL 0.15 Reagent 

water 29.85 30 5.0

ICB/CCB N/A N/A Reagent 
water 30 30 0

Low Level Mercury 
Calibration Intermediate 
Standard; Prepare 
every 6 months.

Calibration Mercury Stock 
(10 mg/L) 0.100

Reagent 
water 984.9 1000 1.0Concentrated nitric acid 5.0

Concentrated hydrochloric acid 10 
Standard 0

Intermediate Standard 
(1.0 μg/L)

0

Reagent 
Water

30

30

0
Standard 1 0.30 29.7 0.010
Standard 2 0.75 29.25 0.025
Standard 3 1.5 28.5 0.050
Standard 4 3.0 27 0.100
Standard 5 6.0 24 0.200

CRDL 0.30 29.7 0.01
Low Level Mercury 

ICV/CCV 
Intermediate

Standard.  Prepare 
every 6 months

ICV/CCV Mercury Stock 
(10 mg/L) 0.4

Reagent 
water 184.6 200 20Concentrated nitric acid 5.0

Concentrated hydrochloric acid 10
Low Level Mercury 

ICV/CCV
Low Level Mercury ICV/CCV 

Intermediate (75 μg/L) 0.15 Reagent 
water 29.85 30 0.10

Lower Level Mercury 
ICB/CCB N/A N/A Reagent 

water 30 30 0
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1.0 SCOPE AND APPLICATION

This standard operating procedure describes the gravimetric determination of the percent moisture 
by measuring the solids content of soils, peats, organic clays, silts, etc.

1.1 Applicable Matrices

This SOP is applicable to most moisture bearing solids including but not limited to soils, peats, 
organic clays, and silts.

Dry weights are automatically assigned to samples having a solid matrix listed in LIMS. Certain 
determinative methods do not require moisture corrected results and this test should not be 
conducted for the following procedures; Toxicity characteristic leachate procedure, 8280 Low 
Resolution Dioxin, PH, paint filter, and flashpoint.

2.0 SUMMARY OF METHOD

A representative portion of a soil sample is dried in an oven and the solids content is determined by 
the weight loss.  The percent moisture content is calculated from the solids content.

3.0 INTERFERENCES

Not applicable to this SOP.

4.0 DEFINITIONS

Refer to the Laboratory Quality Manual for a glossary of common lab terms and definitions.

Dry Weight – The weight of a sample based on percent solids after drying in an oven at a 105°C 
±5°C.
Sample Delivery Group (SDG) – A unit within a single project that is used to identify a group of 
samples for delivery.  An SDG is a group of 20 or fewer field samples within a project, received over 
a period of up to 14 calendar days.  Data from all samples in an SDG are reported concurrently.  A 
Sample Delivery Group is generally defined by one of the following, whichever occurs first:

1) All Samples within a project; or
2) Every set of 20 field samples within a project; or
3) All samples received within a 14-day calendar period.
4) Samples may be assigned to Sample Delivery Groups by matrix (i.e., all soil samples in one 

SDG, all water samples in another), at the discretion of the laboratory.  Clients may establish 
different SDG classifications to meet project specific requirements.

5.0 HEALTH AND SAFETY

The toxicity or carcinogenicity of each chemical material used in the laboratory has not been fully 
established. Each chemical should be regarded as a potential health hazard and exposure to these 
compounds should be as low as reasonably achievable.

The laboratory maintains documentation of hazard assessments and OSHA regulations regarding the 
safe handling of the chemicals specified in each method. Safety data sheets for all hazardous 
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chemicals are available to all personnel. Employees must abide by the health, safety and 
environmental (HSE) policies and procedures specified in this SOP and in the Pace Chemical Hygiene 
/ Safety Manual. 

Personal protective equipment (PPE) such as safety glasses, gloves, and a laboratory coat must be 
worn in designated areas and while handling samples and chemical materials to protect against 
physical contact with samples that contain potentially hazardous chemicals and exposure to chemical 
materials used in the procedure. 

Concentrated corrosives present additional hazards and are damaging to skin and mucus membranes. 
Use these acids in a fume hood whenever possible with additional PPE designed for handing these 
materials. If eye or skin contact occurs, flush with large volumes of water. When working with acids, 
always add acid to water to prevent violent reactions. Any processes that emit large volumes of 
solvents (evaporation/concentration processes) must be in a hood or apparatus that prevents 
employee exposure. 

Contact your supervisor or local HSE coordinator with questions or concerns regarding safety protocol 
or safe handling procedures for this procedure.

6.0 SAMPLE COLLECTION, PRESERVATION, HOLDING TIME, AND STORAGE

Samples should be collected in accordance with a sampling plan and procedures appropriate to 
achieve the regulatory, scientific, and data quality objectives for the project.  

The laboratory does not perform sample collection or field measurements for this test method. To 
assure sample collection and field checks and treatment are performed in accordance with applicable 
regulations Pace project managers will inform the client of these requirements at the time of request 
for analytical services when the request for testing is received prior to sample collection.  If samples 
were already collected, the laboratory will record any nonconformance to these requirements in the 
laboratory’s sample receipt record when sufficient information about sample collection is provided with 
the samples.  

General Requirements
Matrix Routine Container Minimum Sample Amount1 Preservation Holding Time

Solid 8 oz glass jar 1 gram
<6°C, but 
above 
freezing

There is no specified holding time in ASTM 
2974.  The LIMS is set to 30 days from 
collection for the sake of an acode 
requirement, but data will not be qualified for 
holding time exceedances

1Minimum amount needed for each discrete analysis.  

Thermal preservation is checked and recorded on receipt in the laboratory in accordance with 
laboratory ENV-SOP-MIN4-0008 Sample Management, or equivalent replacement.  

After analysis, unless otherwise specified in the analytical services contract, samples are retained for 
45 days from date of final report and then disposed of in accordance with Federal, State, and Local 
regulations.

7.0 EQUIPMENT AND SUPPLIES

7.1 Equipment
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Equipment Description Vendor/ Item # / Description
Metal Spatula Metal spatula, knife or spoon N/A
Oven Gravity Convection Oven Fisher 650G, or equivalent
Balance Analytical with a minimum 

sensitivity of 0.01 g
SN H47315, SN 1126423468, or equivalent

Desiccator With drierite in a metal tray Fisher Scientific, or equivalent
Pace Workbench Sample Preparation Logbook and 

Data Transmission Software
See master list for most current version

LIMS Data Reporting Software See master list for most current version

7.2 Supplies

Supply Description Vendor/ Item # / Description
Weighing dish Disposable aluminum foil Fisher Scientific #08-732-101, or equivalent
Aluminum foil Novelis Foil, or equivalent Fisher Scientific 1217, or equivalent

8.0 REAGENTS AND STANDARDS

8.1 Reagents

Reagent Description Requirements/ Vendor/ Item #

Drierite Drierite will change from blue to 
pink when ineffective Fisher Scientific. P/N 23005

Anhydrous Calcium Sulfate Color indicating Fisher Scientific P/N 13005

8.2 Standards

Not applicable to this procedure.

9.0 PROCEDURE

9.1 Equipment Preparation

9.1.1 Balance calibration verification
9.1.1.1 Daily calibration verification of the balance using one high, one medium, and one 

low Class I Standard weight.

9.1.1.2 Each day verify the balance that will be used for the moisture analysis with 50.0 g, 
10.0 g and 1.0 g weights that are traceable to the National Institute of Standards. 
Record the appropriate information in a calibration logbook.

Note: All balances and weights are calibrated by an outside agency on an annual basis.

9.1.2 Temperature Monitoring

ENV-SOP-MIN4-0055, Rev 03

124 of 140



6 of 10

TEST METHOD STANDARD OPERATING PROCEDURE
TITLE: Percent Moisture Determination
TEST METHOD ASTM D2974-07
ISSUER: Pace ENV – Minneapolis – MIN4

COPYRIGHT © 2020 Pace Analytical Services, LLC

Any printed copy of this SOP and all copies of this SOP outside of Pace are uncontrolled copies.  
Uncontrolled copies are not tracked or replaced when new versions are released or the SOP is made obsolete.

Users of the SOP should verify the copy in possession is the current version of the SOP before use.  

9.1.2.1 Calibrate thermometer in oven on an annual basis.  Document calibration using 
Thermometer Calibration Benchsheet F-MN-L-218 (or equivalent replacement).

9.1.2.2 Read the temperature of the oven on a daily basis.  Document in the Oven 
Temperature logbook. The acceptable temperature is 105°C ±5°C. Initial and final 
temperatures will also be recorded for each batch of samples. 

9.1.3 Desiccator Verification
9.1.3.1 Note in comments section of logbook if the Drierite is to be replaced. This is 

determined by color. If pink, Drierite it no longer anhydrous and must be replaced 
with anhydrous blue-colored Drierite.  See ENV-SOP-MIN4-0146 Drierite 
Regeneration (or equivalent replacement), for procedure.

9.2 Sample Preparation

9.2.1 Batch Setup
9.2.1.1 Determine whether or not a specific container was collected for dry weight 

(normally a 60 mL plastic container). If not, a metals container should be utilized 
for dry weight. Moisture samples cannot be obtained from WIDRO, GRO or VOC 
sample container.

Note: In the event that only one container is sent for multiple tests that include VOA 
tests, VOA must take their sample out of the container first to keep the integrity 
of the sample. These containers will delivered to the VOA lab with a “VOA 
FIRST” sticker attached to the cap.  When VOA has taken a sub sample from 
the container they will affix a black dot sticker over the “VOA FIRST” sticker. 
This indicates that the sample can now be used by other lab areas. 

9.2.1.2 Create the electronic preplog file using template F-MN-I-348-Rev.03 “ASTM 
D2974 | Percent Moisture / Percent Total Solids” 

9.2.1.3 Arrange physical samples in the order of which they appear in the preplog batch. 
Observe the sample position number that the prep log associates with each EPIC 
PRO sample number. Use a black marker to write the EPIC Pro batch number on 
the first tray (empty tray).

9.2.1.4 Order the trays in the exact numerical order that is displayed on the prep log 
template. The tare masses MUST be obtained in this order.

9.2.2 Tare and Wet Weight Determination
9.2.2.1 Click on the Balance icon to the left of the AutoPost button on the tool bar to connect 

to the balance.

9.2.2.2 Double click under “Dish Weight” in the preplog, in the bottom, middle pane, for the 
first sample.

9.2.2.3 Place a tin on the balance, wait for the balance to stabilize and press the print 
button to send the weight to prep log. You should now see the tare mass 
displayed in the “Dish Weight” field for your sample. Tare all of the subsequent 
trays in this manner.

9.2.2.4 Place the tray on the balance. The same tare mass that is recorded on the prep log 
template should be displayed on the balance. Confirm the lab ID with the one in the 
template.
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9.2.2.5 Obtain a representative sample by stirring. Make a comment in the ‘Sample Notes’ 
field if a sample or its DUP is not homogenous. Do not remove any rocks that are 
smaller that pea size. Add 5.0-10.0g of sample to the tray. 

9.2.2.6 Place tray on the balance and close both balance doors. Double click in the “Wet 
Weight w/Dish” field for the first sample. Press the print button on the balance to 
transfer the data, You should now see the wet mass that is displayed on the balance 
also displayed in the correct cell of the prep log template. Obtain the wet mass for 
all of the subsequent samples in this manner.

9.2.3 Sample Drying
9.2.3.1 Place samples in the oven. Dry the sample overnight (minimum of 16 hours).

Record the initial time and temperature. 

Note: The correction factor of the thermometer ID associated with the oven will calculate 
and display the corrected temperature based on the observed temperature you 
recorded.

9.2.3.2 Samples should not be dried longer than 24hours.  Remove the sample from the 
oven, record the date and time the samples were removed from the oven.

9.2.3.3 Place samples in a desiccator and record the time. Allow samples to cool in the 
desiccator for at least 30 minutes.

9.2.4 Final Weight
9.2.4.1 Remove samples from desiccator and record the time.

9.2.4.2 Ensure the order of the trays are in the exact numerical order that is displayed on 
the prep log template. The dry masses MUST be obtained in this order.

9.2.4.3 Using the “Dry Weight 1” field in the prep-log, begin determining the final weight.

9.2.4.4 Tare the balance, place sample tray on the balance. Close balance doors.

9.2.4.5 Press the print button that is located next to the balance. You should now see the 
dry mass that is displayed on the balance also displayed in the correct cell of the 
prep log template.

9.2.4.6 Obtain the dry mass for all of the remaining samples in this manner.

Note: If a sample was dried for less than 16 hours, it must be documented that constant 
weight was attained. To do this, record data for a minimum of two 
weigh/dry/desiccate weigh cycles with a minimum of 1 hour drying time in each 
cycle.  Constant weight is defined as a loss in weight of <0.01 g between the start 
weight and final weight of the last cycle.

9.2.4.7 The TS Posted (%) and the Percent Moisture data will auto-populate based on the 
dry weight entered.

9.2.5 Documentation
9.2.5.1 Record the necessary information in the electronic preplog using template version 

F-MN-I-348-Rev.03 (or equivalent replacement). Information will include batch and 
sample ID, tin weight, initial and final weight, drying cycle time and temp, desiccator 
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cycle time, prep date, prep analyst, and supporting equipment. Also include any 
additional comments if needed.

10.0 DATA ANALYSIS AND CALCULATIONS

10.1 Percent Solid Calculation

This calculation will be performed and reported in EPIC via the Workbench.  This value will be 
used for calculating analytical concentration on a dry weight basis.

% Solids = Sample Dry Weight X 100Sample Wet Weight

10.2 Relative Percent Difference Calculation (RPD)

Calculate the RPD (relative percent difference) of the duplicates for each run as follows:

%RPD = |S – D| X 100(S + D) / 2 

Where: S = Sample result, (%w/w)
D = Duplicate result, (%w/w)

11.0 QUALITY CONTROL AND METHOD PERFORMANCE

11.1 Quality Control

The following QC samples are prepared and analyzed with each batch of samples.

QC Sample Frequency Acceptance Criteria Corrective Action
Duplicate One sample must be prepared 

and analyzed in duplicate at a 
frequency of 1 in 10 samples or 
1 per analytical batch, whichever 
is more frequent.

The RPD should 
be ! 30%.

If the dup fails the samples 
associated with that dup 
are put into re-run status 
and they are re-analyzed.

11.2 Method Performance

Not applicable to this SOP.

11.3 Analyst Qualifications and Training

Employees that perform any step of this procedure must have a completed Read and 
Acknowledgment Statement for this version of the SOP in their training record. In addition, prior 
to unsupervised (independent) work on any client sample, analysts that prepare or analyze 
samples must have successful initial demonstration of capability (IDOC) and must successfully 
demonstrate on-going proficiency on an annual basis.  Successful means the initial and on-going 
DOC met criteria, documentation of the DOC is complete, and the DOC record is in the employee’s 
training file.  Refer to laboratory SOP ENV-SOP-NW-0025 Orientation and Training Procedures
for more information.   
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12.0 DATA REVIEW AND CORRECTIVE ACTION

12.1 Data Review

Pace’s data review process includes a series of checks performed at different stages of the 
analytical process by different people to ensure that SOPs were followed, the analytical record is 
complete and properly documented, proper corrective actions were taken for QC failure and other 
nonconformance(s), and that test results are reported with proper qualification.  

The review steps and checks that occur as employee’s complete tasks and review their own work 
is called primary review. 

All data and results are also reviewed by an experienced peer or supervisor.  Secondary review 
is performed to verify SOPs were followed, that calibration, instrument performance, and QC 
criteria were met and/or proper corrective actions were taken, qualitative ID and quantitative 
measurement is accurate, all manual integrations are justified and documented in accordance with 
the Pace ENV’s SOP for manual integration, calculations are correct, the analytical record is 
complete and traceable, and that results are properly qualified. 

A third-level review, called a completeness check, is performed by reporting or project 
management staff to verify the data report is not missing information and project specifications 
were met. 

Refer to laboratory SOP ENV-SOP-MIN4-0092 Data Review Process for specific instructions and 
requirements for each step of the data review process.

12.2 Corrective Action

Corrective action is expected any time QC or sample results are not within acceptance criteria.  If 
corrective action is not taken or was not successful, the decision/outcome must be documented 
in the analytical record. The primary analyst has primary responsibility for taking corrective action 
when QA/QC criteria are not met.  Secondary data reviewers must verify that appropriate action 
was taken and/or that results reported with QC failure are properly qualified.  

13.0 POLLUTION PREVENTION AND WASTE MANAGEMENT

Pace proactively seeks ways to minimize waste generated during our work processes.  Some 
examples of pollution prevention include but are not limited to: reduced solvent extraction, solvent 
capture, use of reusable cycletainers for solvent management, and real-time purchasing.

The EPA requires that laboratory waste management practice to be conducted consistent with all 
applicable federal and state laws and regulations.  Excess reagents, samples and method process 
wastes must be characterized and disposed of in an acceptable manner in accordance with Pace’s 
Chemical Hygiene Plan / Safety Manual.     

14.0 MODIFICATIONS 

A modification is a change to a reference test method made by the laboratory. For example, changes 
in stoichiometry, technology, quantitation ions, reagent or solvent volumes, reducing digestion or 
extraction times, instrument runtimes, etc. are all examples of modifications.  Refer to Pace ENV
corporate SOP ENV-SOP-CORQ-0011 Method Validation and Instrument Verification for the 
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conditions under which the procedures in test method SOPs may be modified and for the procedure 
and document requirements.  

14.1 The method specifies a test specimen of at least 50 g while using a porcelain evaporative 
dish with a capacity of no less than 100 mL. Pace uses well homogenized aliquot of 5-10 g 
placed in 42mL disposable aluminum tin. 

15.0 RESPONSIBILITIES

Pace ENV employees that perform any part this procedure in their work activities must have a signed 
Read and Acknowledgement Statement in their training file for this version of the SOP.  The employee 
is responsible for following the procedures in this SOP and handling temporary departures from this 
SOP in accordance with Pace’s policy for temporary departure.  

Pace supervisors/managers are responsible for training employees on the procedures in this SOP and 
monitoring the implementation of this SOP in their work area.  

16.0 ATTACHMENTS

Not applicable to this SOP.  

17.0 REFERENCES

Pace Quality Assurance Manual- most current version.
TNI Standard, Management and Technical Requirements for Laboratories Performing Environmental 
Analyses, EL-V1-2009.
TNI Standard, Management and Technical Requirements for Laboratories Performing Environmental 
Analyses, EL-VI-2016-Rev.2.1.
EPA Contract Laboratory Program SOW for Inorganic Analysis Document ILM 05.4. December 1, 
2006.
ASTM D 2974-07, Standard Test Methods for Moisture, Ash, and Organic Matter of Peat and Other 
Organic Soils.

18.0 REVISION HISTORY

This Version: 
Section Description of Change
All Converted to new SOP template.
9.0 Removed excess content from procedural section that was not applicable to method 

execution but was specific to how Pace processes samples.

This document supersedes the following document(s):
Document Number Title Version
ENV-SOP-MIN4-0055 Percent Solids (Moisture) by ASTM D2974-07 02
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1.0 SCOPE AND APPLICATION

This standard operating procedure (SOP) describes the laboratory procedure for performing multi 
increment soil sampling using the guidance given in documents: ITRC Incremental Sampling 
Methodology; State of Alaska Draft Guidance on Multi Increment Soil Sampling; State of Hawaii Multi 
Increment Sample Collection, and is applicable to soil to be analyzed for metals and/or SVOC type 
methods (8270, PCBs etc.). Additionally, this method may be used for volatiles sub sampling when 
following the appropriate procedure as outlined in the SOP.

1.1 Applicable Matrices: This SOP is applicable to soil only.

1.2 Personnel: The policies and procedures contained in this SOP are applicable to all personnel 
involved in the analytical method or non-analytical process.

2.0 SUMMARY OF METHOD

The soil is sieved, or air dried and sieved through a #10 sieve. The soil is spread on a large tray. A 
determined number of sample aliquots are taken from designated areas on the tray and combined to 
form the sample to be tested.  Samples preserved in the field for Volatile analysis will be composited 
by taking equal portions of the methanol and combining in the laboratory or compositing all methanol 
preserved field samples into an adequately sized container(s) prior to taking a sample aliquot(s) for 
analysis. The number of aliquots taken is determined by the client or project requirements.

3.0 INTERFERENCES

Metallic Devices – Samples to be analyzed for metal constituents should not be sampled using any 
metallic mixing devices or containers as it may result in contamination of the sample with a variety of 
metals. Use only glass, plastic or ceramic materials when working with these sample types. 

Plastic Devices – Samples to be analyzed for organic constituents should not be sampled using any 
plastic mixing devices or containers as it may result in both positive and negative interferences. Use 
only glass and ceramic devices when working with these sample types. Metal instruments may also 
be used if analysis for metals is not required from the same sample.

Solvents, reagents, glassware, and other sample processing hardware may yield discrete artifacts 
and/or elevated baselines causing misinterpretation of the analytical results.  All of these materials 
must be demonstrated free from interferences under the conditions of the analysis by performing 
method blanks.

4.0 DEFINITIONS

Refer to the Laboratory Quality Manual for a glossary of common lab terms and definitions.
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5.0 HEALTH AND SAFETY

The toxicity or carcinogenicity of each chemical material used in the laboratory has not been fully 
established. Each chemical should be regarded as a potential health hazard and exposure to these 
compounds should be as low as reasonably achievable. 

The laboratory maintains documentation of hazard assessments and OSHA regulations regarding the 
safe handling of the chemicals specified in each method. Safety data sheets for all hazardous 
chemicals are available to all personnel. Employees must abide by the health, safety and 
environmental (HSE) policies and procedures specified in this SOP and in the Pace Chemical Hygiene 
/ Safety Manual. 

Personal protective equipment (PPE) such as safety glasses, gloves, and a laboratory coat must be 
worn in designated areas and while handling samples and chemical materials to protect against 
physical contact with samples that contain potentially hazardous chemicals and exposure to chemical 
materials used in the procedure. 

Concentrated corrosives present additional hazards and are damaging to skin and mucus membranes. 
Use these acids in a fume hood whenever possible with additional PPE designed for handing these 
materials. If eye or skin contact occurs, flush with large volumes of water. When working with acids, 
always add acid to water to prevent violent reactions. Any processes that emit large volumes of 
solvents (evaporation/concentration processes) must be in a hood or apparatus that prevents 
employee exposure. 

Soil samples that are collected in regulated domestic areas or that are of foreign origin must be handled 
in accordance with the Pace SOP: ENV-SOP-GBAY-0121, Regulated Soil Handling (current revision 
or replacement).

Contact your supervisor or local HSE coordinator with questions or concerns regarding safety protocol 
or safe handling procedures for this procedure.

6.0 SAMPLE COLLECTION, PRESERVATION, HOLDING TIME, AND STORAGE

Requirements for container type, preservation, and field quality control (QC) for the common list of test 
methods offered by Pace are included in the laboratory’s quality manual.

Samples should be collected in accordance with a sampling plan and procedures appropriate to 
achieve the regulatory, scientific, and data quality objectives for the project.  

The laboratory does not perform sample collection or field measurements for this test method. To 
assure sample collection and field checks and treatment are performed in accordance with applicable 
regulations Pace project managers will inform the client of these requirements at the time of request 
for analytical services when the request for testing is received prior to sample collection.  If samples 
were already collected, the laboratory will record any nonconformance to these requirements in the 
laboratory’s sample receipt record when sufficient information about sample collection is provided with 
the samples.  

The laboratory will provide containers for the collection of samples upon client request for analytical 
services.  Bottle kits are prepared in accordance with laboratory SOP ENV-SOP-GBAY-0007 Bottle 
Preparation (most recent version or replacement).
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General Requirements:
Matrix Routine Container Minimum sample amount1 Preservation Holding time

Soil/Solids 4 or 8oz Amber 
Glass or plastic
(Dependent on 
analysis method 
required))

Dependent on number of 
sampling sites and 
analysis method required.

Thermal: ≤ 6°C
Chemical: None

Metals Analysis: 6 months; 
excluding Mercury
28 Days if Mercury 
requested.
Pesticide/BNA or PAH 
Analysis: 14 Days
PCB Analysis: 365 Days.

MeOH soil 
for VOA 

VOA MeOH 
preserved vial

Dependent on number of 
sampling sites and 
analysis method required.

Thermal: ≤ 6°C
Chemical: MeOH

14 days

1Minimum amount needed for each discrete analysis.

Thermal preservation is checked and recorded on receipt in the laboratory in accordance with 
laboratory SOP ENV-SOP-GBAY-0006 Sample Management (most recent revision or replacement).  
Chemical preservation is checked and recorded at time of receipt or prior to sample preparation. 
Shipments of soil samples to the laboratory require thermal preservation in the form of cubed or block 
ice. At the time of laboratory receipt, proper thermal preservation is checked by measuring the 
temperature of melt water or when provided the temperature blank. The Pace Analytical acceptable 
temperature range is 0 to 6°C. All QAPjP and regulatory authority requirements become priority over 
this requirement.

After receipt, samples are stored at ≤6°C until sample preparation.  Prepared samples (extracts, 
digestates, distillates, other) are stored at the temperature designated in the analytical method.

After analysis, unless otherwise specified in the analytical services contract, samples are retained for 
21 days from date of final report and then disposed of in accordance with Federal, State, and Local 
regulations.

7.0 EQUIPMENT AND SUPPLIES

7.1 Equipment

Equipment Vendor* Model/Version* Laboratory 
Identification

Description/Comments

Analytical Balance A&D GH200 40BALL Electronic with RS-232 output, capable of 
weighing 0.1g

Drying Rooms In-house Custom Made 40OVNK Equipped with exhaust or blower fans for air 
circulation

Sieve Shakers Various Various NA To be used for disaggregation.

Computer for 
Electronic Prep Log

NA NA NA Automated sample weight upload into LIMS

* Or Equivalent
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7.2 Supplies

Supply* Manufacturer* Vendor* Catalog#* Description
Drying trays NA Local Vendor NA Restaurant Grade
#10 sieves Gilson Gilson V8SF#10 Stainless steel or brass
Catch pans Gilson Gilson V8SFXPN
Separator pans Gilson Gilson V8SHXPE
Lids Gilson Gilson V8SFXCV
Blunt end scoop Fisher Fisher or 

Local Vendor
14-241-202 2 oz Bent Handle Scoop or;

Adjustable scoop used for 
baking

Mallet NA Local Vendor NA Rubber or Hard Plastic
Rolling pin NA Local Vendor NA Marble
Zip top plastic bags NA Local Vendor Various sizes NA
Sampling Template In-house In-house Custom Made Lab made template
Paper towels NA Local Vendor NA NA
Gastight Syringe Hamilton Fisher 50 μL – 1mL Gastight for MeOH samples
*Or Equivalent

8.0 REAGENTS AND STANDARDS

Reagent Concentration/Description Requirements/Vendor/Item# Expiration Date
Deionized 
water

Type II ASTM US Filter 18Ω NA

Methanol Pesticide Grade Burdick & Jackson / Cat: 
PP230-19

Manufacturer’s 
recommended expiration date 
or 2 years from receipt, 
whichever is sooner.

Alconox Cleaning Solution Fisher / 50-212-165 NA
*Or Equivalent

9.0 PROCEDURE

9.1 Calibration

9.1.1 Analytical Balance Calibration.

9.1.1.1 Annual Calibration - The balance must be calibrated at least annually by an outside 
agency and checked daily before each use using Class 1 or 2 weights.  Refer to Pace 
ENV-SOP-GBAY-0115, Support Equipment (current revision or replacement).

9.1.2 Daily Calibration Check.

9.1.2.1 Clean the balance and surrounding area prior to starting the daily calibration check.

9.1.2.2 Check the sight level on the balance.  If it needs adjusting, level the balance.

9.1.2.3 The weight set ID indicated in the logbook is used as the primary set.  If an 
alternate weight set ID is used, that ID must be recorded in the comment section of the 
balance calibration logbook for that day.

9.1.2.4 Tare the balance before weighing the NIST certified weights.
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9.1.2.5 Use forceps or other means to lift each weight (Do not touch the weights with 
fingertips as the residue may artificially adjust the true value of the weights).  Record 
the date of the calibration check, the true value of the weight, and the actual measured 
weight in the logbook.  Repeat this procedure for the other certified weights.  If 
calibration weights differ from the certified weights by more than specified in the balance 
calibration logbook, corrective action must be taken (see 12.2).

9.2 Procedure for Metals and SVOC Samples:

9.2.1 The project Quality and Assurance Plan (QAPP) or Sampling and Analysis Plan (SAP) 
should be consulted to determine if the sample should be dried prior to sieving. The entire 
sample submitted must be sieved or dried and sieved. Subsampling/splitting prior to sieving 
to reduce sample volume is not allowed unless addressed in the QAPP or SAP. If drying 
is not required go to 9.1.5.

9.2.2 If the client requires an equipment blank to be processed with the samples, the same 
equipment which is used to process the samples must be Deionized Water (DI) rinsed prior 
to sample processing. One equipment blank per day may be processed and must be 
completed with sufficient volume for all tests to be performed. The equipment blank must 
be logged into the LIMs system to report with the sample data. 

9.2.3 If the sample is to be dried, spread the entire sample volume out in the drying tray. Break 
up any clumps of soils to about ¼” to ½” diameter. This will speed the drying process and 
ease the disaggregation process prior to sieving. Change gloves between samples. Place 
in the drying room (≤100°F) overnight or longer until dry. Samples should be dried to 
moisture content of 15% or less for soils and 30% or less for sediments (may be determined 
by QAPP or client requirements). 

9.2.4 Once the samples have been dried, they should be removed from the drying room and the 
process of disaggregation should begin. Disaggregation is the process of loosening 
clumped soil. It is not meant to crush or reduce the natural particle size of the soil. If 
necessary, place the dried sample in zip top like plastic bag and break down the sample 
by rolling a rolling pin over the dried soil for 1 to 2 minutes. Alternatively, a mallet can be 
use also to break up the soil.   Change gloves between samples. Dispose of the sample 
drying tray and rinse equipment used in the disaggregation after each use with methanol.

9.2.5 Record the lab sample number on the catch pan. Then pour the entire sample onto the #10 
sieve. If there is too much sample to fit on one sieve, the lab will pour the sample through 
the sieve and manually shake multiple times. Alternatively, if the sample does not pass 
through the sieve easily, stack up to three sets of #10 sieves and catch pans, cover with a 
lid and place on the sieve shaker. Tighten the adjustments so that the sieves fit tightly and 
securely. Set the time for 10 minutes and begin the sieve shaking.

9.2.6 After the sample passes through the sieve, carefully separate the sieve from the catch pan. 
Pour the contents of sieved material onto a tray. If more than one set of sieves was used, 
pour all the catch pan contents onto the same tray. Pour the remaining contents retained 
on the #10 sieve into a zip top style bag. Label the bag with the lab number and the 
comment “>10 coarse fragments”. Wash and dry the catch pan and sieve, then rinse with 
methanol, between each sample. 
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9.2.7 Spread the sieved material evenly on a tray to a depth of ½” to 1”. Place the sampling 
template or determine the measuring grid with the correct number of sample aliquots 
portioned out on top of the tray and gently make an indentation into the soil sample. This 
will mark the spot where each sample aliquot will be sampled. If using the template, remove 
it.

9.2.8 Before beginning the sampling process, the total mass needed for the requested analysis 
must be determined. Obtain guidance from the lab manager or project manager. For 
instance, if 30 grams total is desired then obtain 30 1-gram portions. If 90 grams required, 
obtain 30 3-gram portions, etc. Before beginning, sample a few trial scoops to calibrate the 
amount needed for each scoop. Take the trial scoops from areas not designated as sample 
areas based on the template indentions.

9.2.8.1 If a volume required for each increment is less than 0.1g, the laboratory will sub-
sample a larger volume than necessary for the individual parameter and will subsample 
the necessary amount for the analysis.

9.2.9 Using a blunt end scoop (or adjustable scoop) transfer a portion from each of the 
designated areas to a sample jar. Be sure to sample the entire depth of the soil. Transfer 
the remaining soil from the sampling tray into a zip top style bag and store at the designated 
method temperature (≤6°C).

9.2.10 If more sample mass is required than can be obtained from one round of incremental 
sampling, re-smooth the sample on the tray and repeat the entire sampling process until a 
sufficient volume of sample is achieved. Wash and dry the trays then rinse with methanol 
between samples.

9.2.11 The QAPP or SAP may call for further particle size reduction prior to metals analysis being 
performed. If this is required, the sample may be sent to a sub-lab for pulverization.

9.3 Procedure for Methanol preserved soils:

9.3.1 The project Quality and Assurance Plan (QAPP) or Sampling and Analysis Plan (SAP) 
should be consulted to determine the number of samples collected to determine the 
number of aliquots required.

9.3.2 Equal portions of methanol will be removed from each container. If the samples do not 
have a 1:1 soil:methanol ratio, multiple containers can be combined to have a total weight 
that will exceed the volume of methanol in the container to achieve a 1:1 soil:methanol 
ratio.

10.0 DATA ANALYSIS AND CALCULATIONS

See Section 9.1.8 on the determination of total mass required for analysis.
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11.0 QUALITY CONTROL AND METHOD PERFORMANCE

11.1 Quality Control: A client requested equipment blank may be created for a sample batch. See 
Section 9.2.2.

11.2 Analyst Qualifications and Training

Employees that perform any step of this procedure must have a completed Read and 
Acknowledgment Statement for this version of the SOP in their training record. Refer to laboratory 
SOP ENV-SOP-GBAY-0094 Orientation and Training Procedures (most recent revision or 
replacement) for more information.   

12.0 DATA REVIEW AND CORRECTIVE ACTION

12.1 Data Review

Pace’s data review process includes a series of checks performed at different stages of the 
analytical process by different people to ensure that SOPs were followed, the analytical record is 
complete and properly documented, proper corrective actions were taken for QC failure and other 
nonconformance(s), and that test results are reported with proper qualification.  

The review steps and checks that occur as employees complete tasks and review their own work 
is called primary review. 

All data and results are also reviewed by an experienced peer or supervisor.  Secondary review 
is performed to verify SOPs were followed, that calibration, instrument performance, and QC 
criteria were met and/or proper corrective actions were taken, qualitative ID and quantitative 
measurement is accurate, all manual integrations are justified and documented in accordance with 
the Pace ENV’s SOP for manual integration, calculations are correct, the analytical record is 
complete and traceable, and that results are properly qualified. 

A third-level review, called a completeness check, is performed by reporting or project 
management staff to verify the data report is not missing information and project specifications 
were met. 

Draw a single-line strikethrough for any unacceptable or changed data, then DATE and INITIAL 
and provide a written explanation of the reason for the change

Refer to laboratory SOP ENV-SOP-GBAY-0120 Data Review and Final Report Processes (most 
recent revision or replacement) for specific instructions and requirements for each step of the data 
review process.

12.2 Corrective Action

Corrective action is expected any time QC or sample results are not within acceptance criteria.  If 
corrective action is not taken or was not successful, the decision/outcome must be documented 
in the analytical record. The primary analyst has primary responsibility for taking corrective action
when QA/QC criteria are not met.  Secondary data reviewers must verify that appropriate action 
was taken and/or that results reported with QC failure are properly qualified.  

Corrective action is also required when carryover is suspected and when results are over range. 
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Samples analyzed after a high concentration sample must be checked for carryover and 
reanalyzed if carryover is suspected.  Carryover is usually indicated by low concentration detects 
of the analyte in successive samples analyzed after the high concentration sample. 

Sample results at concentrations above the upper limit of quantitation must be diluted and 
reanalyzed.  The result in the diluted samples should be within the upper half of the calibration 
range. Results less than the mid-range of the calibration indicate the sample was over diluted and 
analysis should be repeated with a lower level of dilution. If dilution is not performed, any result 
reported above the upper range is considered a qualitative measurement and must be qualified 
as an estimated value.   

12.2.1 Balance Corrective Action:

12.2.1.1 Clean the balance and balance pan.  Check the sight level on the balance and 
adjust if necessary.  Re-tare and reweigh all the certified weights.

12.2.1.2 The internal calibration function (if available) of the balance may be used as a 
means of corrective action. 

12.2.1.3 Utilize the internal calibration function and diagnostics.  Refer to instrument 
manual.

12.2.1.4 Utilize the internal calibration function and diagnostics.  Refer to instrument
manual.

12.2.1.5 If the above action does not correct the problem, the balance should be taken out 
of service and appropriately labeled to avoid improper usage.  A service technician will be 
contacted by the Supervisor or Quality Assurance Department

13.0 POLLUTION PREVENTION AND WASTE MANAGEMENT

Pace proactively seeks ways to minimize waste generated during our work processes.  Some 
examples of pollution prevention include but are not limited to: reduced solvent extraction, solvent 
capture, use of reusable cycletainers for solvent management, and real-time purchasing.

The EPA requires that laboratory waste management practice to be conducted consistent with all 
applicable federal and state laws and regulations.  Excess reagents, samples and method process 
wastes must be characterized and disposed of in an acceptable manner in accordance with Pace’s 
Chemical Hygiene Plan / Safety Manual. 

14.0 MODIFICATIONS 

A modification is a change to a reference test method made by the laboratory. For example, changes 
in stoichiometry, technology, quantitation ions, reagent or solvent volumes, reducing digestion or 
extraction times, instrument runtimes, etc. are all examples of modifications.  Refer to Pace ENV 
corporate SOP ENV-SOP-CORQ-0011 Method Validation and Instrument Verification for the 
conditions under which the procedures in test method SOPs may be modified and for the procedure 
and document requirements.  
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15.0 RESPONSIBILITIES

Pace ENV employees that perform any part this procedure in their work activities must have a signed 
Read and Acknowledgement Statement in their training file for this version of the SOP.  The employee 
is responsible for following the procedures in this SOP and handling temporary departures from this 
SOP in accordance with Pace’s policy for temporary departure.  

Pace supervisors/managers are responsible for training employees on the procedures in this SOP and 
monitoring the implementation of this SOP in their work area.  

16.0 ATTACHMENTS

Not applicable to this SOP.

17.0 REFERENCES

17.1 Pace Analytical Services, LLC – Green Bay, WI Quality Assurance Manual- current version.

17.2 Standard, Management and Technical Requirements for Laboratories Performing 
Environmental Analyses, EL-VI-2016-Rev.2.1.

17.3 The Interstate Technology and Regulatory Council (ITRC) “Technical and Regulatory Guidance, 
Incremental Sampling Methodology” Feb. 2012

17.4 State of Alaska Department of Environmental Conservation “Draft Guidance on Multi Increment 
Soil Sampling” March 2009

17.5 State of Hawaii “Soil Sample Collection Approaches” Section 4.2 “Multi-Increment Sample 
Collection”

18.0 REVISION HISTORY

This Version: ENV-SOP-GBAY-0134-Rev.02
Section Description of Change
All Transferred to new format

This document supersedes the following document(s):
Document Number Title Version
ENV-SOP-GBAY-0134 Multi-Increment Soil Sampling Rev.01
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ATTACHMENT D

LEVEL A/B ASSESSMENT CHECKLIST



Level A/B Assessment Checklist 

1. General Information       
 
Site:      
Project:    
Client:    
Sample Matrix:   
 
2.  Screening Result 
 
Data are:  

1. Unusable   
2.  Level A  
3.  Level B  

 
 
I. Level A  
 

Criteria – The following must be fully documented. Yes/No Comments 
1.   Sampling date   
2.   Sampling team or leader   
3.   Physical description of sampling location   
4.   Sample depth (soils)   
5.   Sample collection technique   
6.   Field preparation technique   
7.   Sample preservation technique   
8.   Sample shipping records   

     
II.  Level B  
 

Criteria – The following must be fully documented. Yes/No Comments 
1.  Field instrumentation methods and standardization 
complete 

  

2.  Sample container preparation   
3.  Collection of field replicates (1/20 minimum)   
4.  Proper and decontaminated sampling equipment   
5.  Field custody documentation   
6.  Shipping custody documentation   
7.  Traceable sample designation number   
8.  Field notebook(s), custody records in secure repository   
9.  Completed field forms   

 



 1 of 2 

 

Corrective Action Report/ 

Corrective Action Plan 

Project ID Project Name Document ID 

   

Preparer’s Signature/Submit Date 

 

Submitted to: 

 

Description of the requirement or 

specification 

 

Reason for the Corrective Action 

 

Location, affected sample, affected 

equipment, etc. requiring corrective 

action 

 

Suggested Corrective Action 

 

Corrective Action Plan 

 

Preventative Action Plan 

 

Preventative actions completed name/date:   

Corrective actions completed name/date:  

Approval signature/date:  

EPA approval name/date:  

Approval of corrective actions required by EPA? Yes No 

(Continue on Back) 

(Continue on Back) 

(Continue on Back) 














