California Department of Pesticide Regulation
Environmental Hazards Assessment Branch
1020 N Street
Sacramento CA 95814

SOP Number: QAQC001.00
Previous SOP: None
Page 1 of 10

STANDARD OPERATING PROCEDURE
Chemistry Laboratory Quality Control

KEY WORDS
QC; method detection limit; MDL; reporting limit; RL; confirmation; verification;
AB2021; method development; method validation; storage stability; split; spike;
blank; laboratory specifications.

APPROVALS
APPROVED BY:

APPROVED BY:

APPROVED BY:

PREPARED BY:

Original SOP signed by the following
7/31/95
_________________________________ DATE: __________
John Sanders Ph.D.
Environmental Monitoring Branch Management
7/31/95
_________________________________ DATE: __________
Heinz L. Biermann Ph.D.
Environmental Monitoring Branch Senior Scientist
7/28/95
_________________________________ DATE: __________
Randy Segawa
Environmental Monitoring Branch Quality Assurance Officer
7/28/95
_________________________________ DATE: __________
Randy Segawa
Environmental Monitoring Branch Senior Scientist,
Supervisor

Environmental Monitoring Branch organization and personnel, such as
management, senior scientist, quality assurance officer, project leader, etc., are
defined and discussed in SOP ADMN002.

California Department of Pesticide Regulation
Environmental Hazards Assessment Program
1020 N Street
Sacramento, CA 95814

SOP Number: QAQC001 .OO
Previous SOP: none
Page2of10

STANDARD OPERATING PROCEDURE
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1.0 INTRODUCTION
1.1Purpose
This Standard Operating Procedure (SOP) discusses the chemistry laboratory
quality control (QC). These guidelines describe method development as well as
continuing quality control procedures that should be followed for all Environmental
Hazards Assessment Program (EHAP) studies.
1.2 Definitions
1.2.1 AB 2021 Confirmation refers to the detection of a pesticide in at least
two discrete well samples.
1.2.2 AB 2021 Verification refers to analysis “by a second analytical method
or a second analytical laboratory approved by the department.” Confirmation
and verification are defined and discussed at length (particularly in the AB
2021 context) in the memorandum from Randy Segawa to Kean Goh, dated
11/22/93.
1.2.3 Analytical Confirmation refers to an analyte that has been
unequivocally identified. For an analytical method that is nonspecific (e.g.,
gas chromatography with a flame photometric detector) analytical
confirmation requires a second analysis that has a change in both the
separation and detection principle. Except for AB 2021 projects, an analytical
method that is specific (e.g., massspectrometry) meets the analytical
confirmation criterion and a second analysis is not required. AB 2021
requires a second analysis even if the primary method is specific.
1.2.4 Blank refers to a sample with no detectable amount of pesticide.
Blanks are used to check for contamination or to prepare QC samples (e.g.,
blank-matrix, reagent. blank, and field blank samples).
1.2.5 Blind Spike refers to a blank-matrix sample which has been spiked
and submitted to the lab disguised as a field sample.
1.2.6 Extract refers to the final solvent which contains the pesticide residue.
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1.2.7 Extraction Set refers to a single group of samples extracted and
processed at the same time.
1.2.8 Instrument Detection Limit (IDL) is 1 - 5 times the signal-to-noise
ratio depending on the analytical method.
1.2.9 Method Detection Limit (MDL) refers to the USEPA definition (40
CFR, Part 136, Appendix B). “The MDL is defined as the minimum
concentration of a substance that can be measured and reported with 99%
confidence that the analyte concentration is greater than zero and is
determined from analysis of a sample in a given matrix....”
1.2.10 Reporting Limit (RL) is 1 - 5 times the MDL depending on the
analytical method and matrix. The MDL can vary from sample to sample
because of matrix effects. Ideally, the RL will not change, will be set high
enough to account for matrix effects, yet low enough to be useful.
1.2.11 Spike refers to a known amount of pesticide added. These QC
samples are used to check the precision and accuracy of a method.
1.2.12 Split refers to one homogeneous sample divided into several aliquots,
with the different aliquots analyzed by different laboratories. These QC
samples are used to check the specificity and precision of a method.
1.2.13 Standard refers to the laboratory analytical standard.
2.0 GENERAL PROCEDURES
These guidelines are meant to be a starting point; a specific study may require more
or less QC than is given here. The procedures outlined here are the QC measures
which should be reported. Performing other QC procedures such as frequency of
standard injections and calibrations are left to the chemist’s discretion.
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2.1 General Method Development
Many times the method development will be a negotiation between the project
leader and the laboratory. The project leader can suggest some method
perfomance goals (e.g., specificity, reporting limit, etc.), but the goals need to be
balanced with laboratory cost and time constraints. The, method performance
should be consistent with the study objectives.

2.1.2 Method Detection Limit Determination - The MDL is determined by the
USEPA method (40 CFR, Part 136, Appendix B). The complete procedure is
given in Appendix 1. Briefly, the MDL is determined by analyzing at least 7
low-level matrix spikes (generally 1 - 5 times the IDL) and performing the
following calculation:
MDL=txS
where:
t = Student’s t value for 99% confidence level (l-tailed) and n-l
degrees of freedom
S = standard deviation
2.1.3 Reporting Limit Determination - The RL is determined by the chemist
and set at 1 - 5 times the MDL depending on the matrix and instrument.
2.1.4 Method Validation - At the onset of a study, an acceptable range of
spike recoveries will be established. This range will be established by
analyzing blank-matrix spike samples. Two to five replicate analyses at two
to five different spike levels will be used to determine the mean percent
recovery and standard deviation. Number of replicates and spike levels will
be chosen by the project leader. Warning limits will be established at the
mean percent recovery plus/minus 1 - 2 times the standard deviation.
Control limits will be established at the mean percent recovery plus/minus 2 -
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3 times the standard deviation. Any subsequent spiked samples outside the
control limits may require the set of samples associated with that spike to be
reanalyzed.
2.1.5 Storage Stability - Storage stability needs to be evaluated on a caseby-case basis, so no specific test design is specified. However, in general
the test should be run for the longest anticipated holding period, with at least
four sampling intervals and two replicate samples at each sampling interval.
Other factors may also need to be incorporated into the storage stability tests,
such as pH, temperature, and container type. The project leader is
responsible for specifying the design of the storage stability test.
2.2 General Continuing QC - These analyses are to be done by the main lab on a
continuing basis. Each extraction set should consist of 5-20 actual samples. Exact
frequency of QC analyses and spike levels are chosen by the project leader.
2.2.1 Reagent Blanks - 1 - 2 per extraction set
2.2.2 Blank-Matrix Spikes - 1 - 3 per extraction set
2.2.3 Analytical Confirmation - 0 to 100% (normally 10%) of positive samples
confirmed
2.2.4 Split Matrix Samples - 0 to 100% (normally 10%) of the actual samples
should be split into two aliquots, one aliquot analyzed by the main lab, and
one by the QC lab. For studies that cannot have actual samples split or for
which only a few positives are anticipated, blind spike samples may be used.
2.2.5 Blind Spikes - 0 to 100% (normally 10%) of the actual samples should
be accompanied by laboratory-spiked samples disguised as real samples.
These should be done only for matrices that can be accurately spiked.
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2.3 Optional Continuing QC - The following analyses should be considered but
may not be routinely performed unless specified by the project leader.
2.3.1 Internal Standard - a chemical not expected in the samples can be
spiked into all samples or extracts. This is particularly useful for quantifying
mass spectrometry data.
2.3.2 Replicate Sample Analyses - analyzing multiple aliquots of a single
sample will give a better estimate of the method precision.
2.3.3 Replicate Extract Analyses - multiple analyses of a single extract will
give a separate estimate of the precision of the extraction and analysis
processes.
2.3.4 Split Extract Analyses - analyzing a single extract with more than one
lab is useful for checking discrepancies between laboratories.
2.3.5 Reference Material - a stable sample that contains the analyte(s) of
interest and has been analyzed many times so that the concentration(s) are
known. Analysis of this material may give a better estimate of the method’s
accuracy than spiked samples. Also useful for method development.
2.3.6 Standards Exchange - exchanging analytical standards between the
primary and QC lab is useful for checking discrepancies in split samples.
3.0 WELL WATER STUDY QC PROCEDURES
3.1 Well Water Study Method Development - The general method development
procedures should be used.
3.2 Well Water Study Continuing QC - The following specific continuing QC
should be used in place of the general continuing QC:
3.2.1 Reagent Blanks - 1 to 2 per extraction set
3.2.2 Blank-Matrix Spikes - 1 to 3 per extraction set
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3.2.3 AB 2021 confirmation and verification - at least one additional sample’
from the same well must be analyzed by a second lab or a second method for
each positive sample. AB 2021 confirmation requires positive detection in at
least 2 discrete samples and verification with a second lab or a second
method:
3.2.4 Blind Spikes - 1 blind spike should be submitted for every 3 - 50 well
samples.
3.2.5 Field Blanks - 1 field blank should be collected at each well, but
analyzed only if the well sample is positive.

4.0 AIR STUDY QC PROCEDURES
4.1 Air Study Method Validation (trapping efficiency) - In addition to the general
procedures, the trapping efficiency should be determined. This normally involves
collecting a series of 2-stage air samples. The top stage sampling tube contains
glass-wool and is spiked. The bottom stage consists of the normal sampling tube.
The 2-stage sample is placed on an air sampler and run for the appropriate amount
of time. Both stages are then analyzed to determine the proportion of the spike
trapped in the bottom stage. The test should consist of two to five replicate
analyses at two to five spike levels. Samplers should run for various lengths of time,
if necessary. To determine the precision of the spiking technique, five sample tubes
with glass wool should be spiked and analyzed. Oxidation products should also be
analyzed to determine the rate of conversion. Exact test specifications are chosen
by the project leader.
4.2 Air Study Continuing QC - In addition to the general procedures, one reagent
spike should be analyzed with each extraction set. The air sampling matrix will
occasionally give an enhanced detector response.
In general, it is not possible to split air samples, so split matrix analyses are not
usually done.
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5.0 CALCULATIONS
5.1 Calculating the Method Detection Limit - The MDL is determined by
performing the following calculation:
MDL=txS
where:
t = Students t value for 99% confidence level (l-tailed) and n-l degrees of
freedom
S = standard deviation
5.2 Calculating Warning and Control Limits - The method validation data are
used to set warning and control limits. Warning limits will be established at the
mean percent recovery plus/minus 1 - 2 times the standard deviation. Control limits
will be established at the mean percent recovery plus/minus 2 - 3 times the standard
deviation. Any subsequent spiked samples outside the control limits may require
the set of samples associated with that spike to be reanalyzed.
6.0 REPORTING REQUIREMENTS
These reporting requirements pertain only to the QC data. There may be other
reporting requirements specified in the EHAP Analytical Laboratory Specifications
Form (Appendix 2).
6.1 Reporting Method Development Results - The following should be reported
by the lab to the EHAP QA officer prior to the start of any field sample analyses: the
spike level and concentration detected for each sample of the MDL determination,
the method validation, and the storage stability. The EHAP QA officer will review,
summarize and submit the data to the project leader.
6.2 Reporting Continuing QC Results - The following QC results should be
reported by the lab to the EHAP QA officer on a continuous basis: the concentration
of all blanks, the concentration detected for all spikes, the amount added for all
spikes. Any spiked samples outside the control limits mav require the set of
samples associated with that spike to be reanalyzed. The EHAP QA officer will
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review, summarize and submit the data to the project leader. In addition, the project
leader may request to be notified if any problems arise during the course of
chemical analysis.
6.3 Reporting Sample Results - The laboratory should not use any spike or blank
data to adjust the field sample results, unless specified by the project leader. Any
adjustments should be made by EHAP personnel.

7.0 STUDY-SPECIFIC DECISIONS
The project leader is responsible for the following specific decisions for each
individual study. These decisions must be made for both the primary lab and the
QC lab, if one is used. All decisions should be given to the EHAP QA officer who
will document the decisions and transmit them to the lab using the EHAP Analytical
Laboratory Specifications Form.
7.1 Method performance goals - reporting limit, specificity, precision, accuracy,
sample size, time to complete analysis, etc.
7.2 Number of MDL spike samples
7.3 Method validation spike levels and number of replicates
7.4 Warning and control limit criteria (1 - 3X standard deviation)
7.5 Storage stability test design
7.6 Number or frequency of continuous QC spike analyses
7.7 Concentration of continuous QC spike samples
7.8 Number or frequency of analytical confirmation
7.9 Number or frequency of split analyses
7.10 Use, selection and concentration of an internal standard
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7.11 Number or frequency of replicate sample analyses
7.12 Number or frequency of blind spike analyses
7.13 Concentration of blind spike samples (also select analyte(s) if multi-residue
method)
7.14 Number or frequency of replicate extract analyses
7.15 Number or frequency of split extract analyses
7.16 Number or frequency of standard reference material analyses
7.17 Method of AB 2021 verification - 2nd lab or 2nd method
7.18 Trapping efficiency test design
7.19 Number or frequency of reagent spike analyses

8.0 REFERENCES
California Department of Pesticide Regulation. 1988. Chemistry Laboratory Quality
Control Guidelines. Environmental Hazards Assessment Program.
Segawa, R. 1993. AB 2021 Confirmation and Verification Policy. Memorandum to
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CALIFORNIA DEPARTMENT OF PESTICIDE REGULATION
ENVIRONMENTAL HAZARDS ASSESSMENT PROGRAM
ANALYTICAL LABORATORY SPECIFICATIONS

Project No.

Lab

Lab Project Manager

Phone

Project Chemist

Phone

EHAP Project Manager

Phone

EHAP Lab Liaison/ QA Officer

Phone

Type of Analysis:

Analysis For

Sample Type

Methods Development:

Reporting Limit

Number of
Samples

See attachment

Sample Storage:
Sample Storage:
Sample Extraction:
Analytical Standard Source:
Instrumentation:
Confirmation Method:
Continuing QC:

See attachment

Sample Disposition:
Extract Disposition:
Reporting/Turnaround:
Cost of Analysis:

See attachment
See attachment

Other Specifications:

Approved by:
CDPR Representative

Lab Representative

Date

CALIFORNIA DEPARTMENT OF PESTICIDE REGULATION
ENVIRONMENTAL HAZARDS ASSESSMENT PROGRAM
ANALYTICAL LABORATORY SPECIFICATIONS
METHODS DEVELOPMENT
Specifications
Method #
Sample Matrix:
Analyzed For:
Reporting Limit:
Other Specifications:

Method #
Sample Matrix:
Analyzed For:
Reporting Limit:
Other Specifications:

Method #
Sample Matrix:
Analyzed For:
Reporting Limit:
Other Specifications:

Validation*

Sample Type

Spike Level

# Reps

Sample Type

Spike Level

# Reps

Sample Type

Spike Level

# Reps

1
2
3
4
5

1
2
3
4
5

1
2
3
4
5

* Each laboratory shall determine a method detection limit (MDL), instrument detection limit (IDL), and a reporting
limit (RL) for each analyte. Each laboratory shall also document their terms, definitions, and procedures for determining
MDL, IDL, and RL in their approved analytical method. Each laboratory shall provide a copy of their approved analytical
method before analyzing any field samples. The results from the method validation study will be used to establish
recovery control limits for the field study.

ENVIRONMENTAL HAZARDS ASSESSMENT PROGRAM
ANALYTICAL LABORATORY SPECIFICATIONS
CONTINUING QUALITY CONTROL

Reagent or Solvent Blanks
Reagent or Solvent Spikes
Blank-Matrix Spikes
Matrix
Matrix
Matrix
Matrix
Actual Matrix Spikes
Replicate Matrix Analyses
Replicate Extract Injections
Confirmation Analyses

For Well Samples:
Primary Samples
Backup Samples
Field Blank Samples

Storage Dissipation Study

Spike
Spike
Spike
Spike

Level
Level
Level
Level

CALIFORNIA DEPARTMENT OF PESTICIDE REGULATION
ENVIRONMENTAL HAZARDS ASSESSMENT PROGRAM
ANALYTICAL LABORATORY SPECIFICATIONS
REPORTING PROCEDURES

Completing the Chain of Custody Record:
1. Sign and date the box marked “Received for Lab by:“.
2. Write in the Lab I.D. number in the appropriate space.
3. Results should be reported as follows:

4. For those samples which contain no detectable amount write “none detected” and indicate the reporting limit.
5. The chemist who analyzed the sample should sign and date in the appropriate space.
6. Write in the date of extraction and analysis in the appropriate space.
See attached Chain of Custody for an example.
Turnaround Time:

Additional Specifications:

CALIFORNIA DEPARTMENT OF PESTICIDE REGULATION
ENVIRONMENTAL HAZARDS ASSESSMENT PROGRAM
ANALYTICAL LABORATORY SPECIFICATIONS
BUDGET

Contract #:

Analysis

Number of Analyses

Total Cost =

Please send all reports and invoices to:
Attn:
California Department of Pesticide Regulation
1020 N Street, Rm. # 161
Sacramento, California 95814-5604

Cost per Analysis

cost

