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0.420 7.015 6.595 6
0.581 8.812 8.231 7
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: Confidence interval 4& s.a
: Jla

3.343 = el jdll Jan gia
0.363 = bl 3 gl
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2 ke 4
Dok LS S sae

=< iti—%(df)%

0.363

J10
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Criterion of detection (CD) = tyg5 (f) Sprw 4L+ %
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=2CD
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il i paall alaill J203 Gl 3 yadl Sy

Jlall 8 daadiusd) 55 S50 Jiad) el 232 N
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¢ el da (sl
Atay)

Sw blank — 0.0122 mg/L

LOD = 2xt, 4 x0.0122 /1+%
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Accuracy gl 43y Glua
i eld JS gl i) il 48310 (W8 (S
éxlOO
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: (Trueness) iad) isa
X =T 100

e 4l X dus

faaal iedll T
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Minimum and maximum recovery

100 X bl (pe 3l 3 4

= SV g la i) ded
T

100 x il e 3e) 3 e

= 5 il pla i) Ao
TR

hgial | 4Gl sl R RTAB ALl 3,
X (X2) (Xy)
1525 155 150 1
144.0 148 140 2
157.5 155 160 3
146.5 148 145 4
158.0 156 160 5
1495 149 150 6
157.0 160 154 7
155.5 158 153 8
159.0 158 160 9
155.0 156 154 10
1535 = X 155 = ddsl ded

%1032 - 903 = gls il

%99.0 = daa

(Sp) Adlidal) cSEEN ¢y (S,) 3an) gl ALl B @) 3 gl

S, — J(s2 —s2 /7n)
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—_=
S a_
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e
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3 1.693
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o -
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Quality Control / Quality Assurance Manual for
Water Sampling and Analysis

Introduction:

Quality Control and Quality Assurance (QC/QA) are two
important, if not critical, parts of meeting Data Quality Standards (DQS).
The EEAA laboratories must detail how QC/QA (DQS) standards will be
set, data checked, standards maintained, and explain how failure of
standards will classify the affected data. Both field and lab practices
contribute in reaching these objects. The term quality assurance describes
the system of activities intended to provide evidence to the producer or
user of a product or service that it meets predefined standards of quality
with a stated level of confidence. It consists of related but independent
activities: quality control and quality assessment.

Quality control describes those activities and procedures used
internally (within a lab or in the field) to produce consistent and reliable
data. Quality assessment deals with activities to independently evaluate
data quality, after a value is produced by the analysis method used. This
section is a minimum outline of methods and procedures the EEAA must
consider in developing the site-specific DQS for both field sample
collection and lab analysis. Scientifically valid test data does not just
happen ,it results from careful work and has a considerable cost, in both
time and money.

Poor quality data could lead to placing the facility into assessment
monitoring or corrective action when it isn’t necessary. It is impossible to
provide high quality analytical data on low quality samples. It should be
your lab’s policy to give higher priority to data quality over data quantity.
However analytical data can only be as good as the samples analyzed.
Sample shortcomings can include:
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e That is not representative of the matrix (media) being assessed;

e Which is collected in insufficient amounts for the analytical method
used,; or,

e \Where samples are contaminated by sampling or handling procedures.

Data of this type cannot be made representative, increased in
quantity, or corrected for contamination by lab efforts. The lab must
assume that everything in the sample container constitutes the sample,
that the sample was collected and preserved properly, and that it does not
contain extraneous contamination. Due to the sophistication of today's
measurement techniques and their cost, considerable planning may be
necessary to assure meaningful test data. The goal is to collect an
appropriate number of high quality samples representing the
environmental entity being tested. Reduced numbers of samples require
even better planning to assure that any gaps in the data set, caused by
omissions or post-analysis data rejection, don't weaken conclusions or
preclude decision-making.
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Field Activity:

QA/QC in the field requires attention to the following:
1) Meter checks and calibration;

2) Sample point assessment;

3) Assessment of sampling equipment;

4) Duplicate samples;

5) Split samples;

6) Blanks;

7) Field sample data sheets;

8) Request for analysis forms; and,

9) Chain-of-Custody forms.

Meters Calibration. Meters used in the field to measure such
parameters as depth to water and depth to bottom, temperature, pH,
specific conductance, oxidation-reduction potential, dissolved oxygen,
and turbidity, must be checked and calibrated, according to each meter
manufacturer’s recommendations. All information pertinent to meter
checks and calibration, such as date, time, field personnel name(s),
weather, check/calibration standards, and meter problems, should be
recorded in a logbook dedicated to the meter. Details for the sampling
procedures are found in Annex (1).and in each meter manufacturer’s
operation manual. Project logbooks must contain all meter types used
for each sample event. Specific meter logbooks are considered as part
of the site operating record. The logbooks must remain with that record
when not in use. Meter specific logbooks must remain with the meter.
Copies of all meter logbook entries pertinent to the facility must be
included in the site operating record.
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Sampling Point Assessment. For water sampling, upon arrival to the
location, certain observations should be recorded on a field data sheet or
in a notebook dedicated to that site. These observations should include,
but are not limited, to the following:

e Any odors or any unusual conditions at or around the sample
site (such as standing water, nearby construction, etc.);

e Ease of access to the sampling location (the presence or
absence of any intrusive vegetation, equipment, refuse, steep
or slippery slopes, etc.);

e approximate flow rate of stream, if applicable;
e condition of the sample point or fixed sample device;
e level of water in reservoir, if applicable;

o tidal stage of estuary or coastal stream, if applicable; and,

weather conditions.

All logbooks are part of the Site Operations Record.

Sampling Equipment. The type and condition of purging and
sampling equipment should be recorded in the site logbook, including
any decontamination information that may be pertinent. Any
operational problems or peculiarities should be noted, along with any
repairs made to the equipment. A typical check list should consider the
following:

e make(s), model(s), and condition(s) of pump(s) used;
e brand and size of tubing used;

e make(s), model(s), and condition(s) of field parameter
measurement equipment (meters,
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flow-through cells, tubing, valve(s), transducer(s), generators,
power cable(s), battery (ies),etc.);

e spare batteries or power backup for each piece of equipment, as
needed;

e type and amount of liquid or powdered detergent, if used;

e type, source, and amount of rinse water used (non-potable,
potable, commercial, lab,

distilled, demonized, etc.);

e type, source, and amount of other cleansing/rinsing agents, if used
(alcohol, hexane, acid, etc.);

e cleaning tools used (brushes, sponges, towels, etc.);

e decontamination location (lab, office, field work site, motel
parking lot, etc.);

e Weather during decontamination, if performed outside;

e date, time, and field personnel present during decontamination
procedure(s); and,

e any other information deemed important.

Duplicate Samples. The best single estimate of precision for the overall
monitoring program is the comparison of blind duplicate samples (Annex
2) . The variability in the results obtained from duplicate samples is a
sum of the sampling and analytical variability, and is the most
meaningful measure of uncertainty in the individual samples obtained.
Duplicate samples are collected as independent samples, blindly labeled,
and should use the same sampling procedures (i.e. separate grab samples
with a bailer or consecutive samples). A duplicate sample shall be
collected once for every field day, or every ten samples, or once per
sampling event, whichever is more frequent. Duplicate samples may not
account for poor or improper decontamination.
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Depending on the lab’s QA procedure, and when the quantity of sample
permits, a lab replicate is analyzed every tenth sample for each type of
matrix in the analytical run (i.e. water, soil, etc.), and must fall within
control limits. These limits are based on historical data from the previous
year, if available. Replicates are used to determine the method’s
precision.

Split Samples . The same crew, or a separate crew, can collect split
samples. One or two different labs independently perform the analysis of
each sample set (Annex 1). Generally, when the lab requires a split
sample it will send out a team of their samplers to collect one or several
sample sets when the permittee’s field crew is collecting theirs. The lab
will then transport the samples to the lab, or other contract lab for
analysis. There are several methods to split a sample. At this time the lab
recommends split samples be taken from a pooled aliquot.

Field Blank Sample. A field blank is “clean” samples (i.e., containing
no analyte of concern) collected or transfer in the field. There are three
types of field blanks collected for each sampling event: equipment;
transfer; and, trip blanks (Annex 3).

e Field equipment blanks are pure water samples (RO/DI) transported to
the site then exposed to equipment that has been decontaminated in the
field and stored in the appropriate containers for analysis by the lab.
Required only if non-dedicated purge and sample equipment is used. This
blank will determine the effectiveness of decontamination procedures.

e A field transfer blank involves the transfer (pouring) of (RO/DI) water
from a clean, lab supplied container, into a complete set of sample
containers for analysis of all inorganic parameters required.. This transfer
blank shall be performed at or near one of the site sampling locations.
Contamination found in the field transfer blank indicates the presence of
contaminants:
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1. in the ambient air at the site;
2. in the blank water:; or,

3. in the “clean” sample containers.

e A field trip blank ( field or transfer blank) is for sites requiring
sampling of organics and/or pesticide analysis. The field crew transfers
organic-free RO/DI water from a clean, lab-supplied container, into the
appropriate, clean sample container(s) while at the sample location.

Field Sample Data Sheets. All activity taking place shall be recorded on
an approved field sample data sheets (FSDS). The FSDS shall be
designed such that it can accommodate information from sampling
activities at groundwater, surface water, wastewater , soil sample, and
leachate treatment and collection sites. Information to be considered for
recording on the FSDS includes, but is not limited to, the following:

e sampling location and source ;

e condition of sample site;

o meter(s) used for field parameter determination;

e depth to water and depth to bottom;

¢ well casing inside diameter and borehole diameter, if needed;

e purge volume calculations (casing or borehole volume method, as
applicable);

e purge and/or sample equipment (e.g. dedicated/disposable bailer,
bailer dimensions.

Chain of Custody and Request for Analysis Forms. The "Request for
Analysis Form" is an important element for logging coded samples into
the select laboratory. It serves as documentation linking analytical data in
the lab’s information management system with the appropriate project or
monitoring event. Certain information on the form is absolutely
necessary. Such information as the Sampling Location/Site should be
kept short but be as descriptive as possible. The Request for Analysis
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form usually contains the only information the lab has about sample
origin, possible contaminants and sources, conditions of collection, etc. It
would be helpful, when the field sampler has kept a field notebook, if
pertinent information was transcribed onto these forms. Information, such
as “suspect cyanide in samples,” “diesel spill,” “samples contain
elemental mercury,” should be noted as a safety warning to any person
that will subsequently be handling the samples. When a sampling event is
only one of several, assure the same project name is used on each
Request for Analysis for each sampling event. As each case is completed
and reported, a database is updated, linking the project name with
appropriate case numbers and reporting date. If several sampling events
related to the same project are listed using different names, it may be
impossible to connect them in the future. The following information is
recommended to be included on the Request for Analysis form:

e sampling site description;

date and time of sample collection;

sample matrix ( wastewater ,surface water, sea water ,
groundwater, drinking water, soil, sediment, etc.);

volume and number of sample bottles

e analysis requested;

e preservative(s) and amount (if applicable);

e sampler's name;

e purpose for sampling;

e description for each discrete sampling location;

e blind coded container ID number(s) (in spaces provided);
and

request analysis for a specific analyte by name or test group

Flag on the Request for Analysis samples known or suspected to contain
sewage, cyanide, toxic solvents or heavy metals, etc. This is safety
information for any person who will subsequently handle the container
and sample material. The holding time for a sample begins when the
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sample is collected, not when it arrives at the laboratory. This could lead
to problems for samples having extremely short holding times, such as
nitrate, BODS5, orthophosphate, turbidity (48 hours), and chromium+6
(24 hours). Should a sample exceed the holding time, the test will be
performed, but results will be reported as an “estimate”, and the data
flagged. Continued failure to analyze within method holding time will
require immediate re-sampling until a valid sample is analyzed.

Laboratory Activity:

Before, during, and after field sampling activity, the laboratory which
will analyze the samples must have a QC/QA procedures. These include
attention to the following:

1) QC/QA manual,

2) Standard operation procedures (SOP's);
3) Calibration ;

4) Method blank;

5) Matrix spike and matrix spike replicate;
6) Surrogate spikes ;

7) Anion/cation balances ;

8) Quiality indicators and data quality objectives;
9) Corrective action;

10)Preventive maintenance;

11) Training requirements;

12) Documents and records;

13) Quality control requirements

14) Equipment testing, inspection and maintenance. :
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QA/QC Manual. Prior to performing any laboratory analytical work, the
laboratory should prepare , maintain and implement a QC/QA Manual.
The laboratory QC/QA manual must document explicitly the approved
methods used to meet or exceed the program’s minimum analytical
criteria.

Analytical Methods (SOP's). Annex ( 3), presents quality indicators of
the analytical test methods. Further refined EPA methods can also be
used (e.g. Inductively Coupled Plasma — Mass Spectrometry for trace
metals). Every contract laboratory used for analytical purposes must
document in their QA/QC Manual the equivalent or improved methods
for permit-required analytical tests. Monitoring will be conducted in
accordance with EPA-approved or standard analytical procedures. For
usual water parameters, approved analytical methods, method detection
limits, minimum reporting limits, and accuracy and precision values
applicable are given (Annex 3) . All equipment and sampling kits used
by Water staff in the field should meet EPA- or similar standard
approved methods. For safety and to avoid contamination, the storage
will be in a lockable cabinet.

Calibration:

Though much attention is given to the generation and evaluation of
known standards, reference samples, blind standards, and matrix spikes
in ensuring analytical accuracy, perhaps the most overlooked aspect is
calibration. Analysts are provided with a wide array of options, including
instrument pre-programmed calibrations, hand-drawn calibration curves,
the use of sophisticated scientific calculators, and even computer
software. Field instruments will be calibrated according to the
manufacturer's instructions prior to using the instruments. For example,
pH meters will be calibrated according to the manufacturer’s
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specifications using pH buffers at 4.0, 10.0 and mid-range. If equipment
and/or kits require calibration immediately prior to the sampling event,
the calibration dates will be noted on the checklist. When field
instruments require only periodic calibration, the record of this
calibration will be kept with the specific instrument. Water staff in each
lab will ensure that instruments are calibrated correctly. The laboratory
will follow the calibration procedures found in the laboratory’s Standard
Operating Procedures (SOPs). The calibration process entails establishing
a relationship between instrument response and concentration of analyte.
The following “rules” should be applied to this process to ensure the
generation of accurate data.

Use an Appropriate Number of Standards. Calibrations must be
constructed using at least 3 standards and a blank. The majority of the
instruments used in the environmental laboratory relate response to
concentration linearly, or transform the primary signal to produce a linear
output. Although deviations from linearity are encountered in the
analytical range, they are more common at the extremes, where detector
saturation or insensitivity are the culprits. The simplest means to generate
a calibration curve is linear regression; the most defensible way to do this
IS to establish concentration as the x-axis and response to the y-axis.

Know When to Include a Zero. Unless you are using a calibration
algorithm that fits points exactly, you will have to decide what to do
about blank signals. A good rule of thumb to follow is: if you can adjust
your instrument to read zero in the presence of a blank, then include a
zero point in your calibration curve. Including a zero is generally
appropriate for colorimetric procedures which use a spectrophotometer to
measure response.
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Do not Force Curves Through Zero. Doing this manipulates the data
mathematically to obtain a y-intercept equal to zero. As a result, we lose
valuable information about the lower limits of the analytical signal, and a
good estimator of the limit of detection on the calibration day. Even
when it is justified to include a zero point in the calibration curve, forcing
the intercept to read zero is not.

Evaluate the Accuracy of the Calibration. Unfortunately, little advice
beyond, essentially, “plot concentration vs. response” is offered by most
analytical methods. Consequently, these types of curves are occasionally
encountered. Take note that a line “of best fit” drawn through a set of
calibration points is just that. Without a means of evaluating the resultant
line, data quality can suffer. One measure of a particular curve’s validity
Is the correlation coefficient. A correlation coefficient of at least 0.995
generally indicates acceptable characterization of the curve. If this
degree of correlation is not obtained, the reason for the lack of linearity
should be investigated, any necessary corrective action taken, and a new
calibration curve must be constructed. Many inexpensive scientific
calculators provide the correlation coefficient of a set of data with a
single keystroke. Another way of evaluating a calibration curve is to
utilize the calibration equation (e.g., slope and intercept) to convert the
response obtained for the calibration standards into concentration. This
“predicted* concentration should agree reasonably well with the known,
or “true” concentration of the standards. Opinions differ as to what
constitutes “reasonable” agreement, however, if the predicted
concentration is generally within 5-10% of the “true” concentration, the
calibration is acceptable.

Define the Calibration Range Properly. The calibration range should
be appropriate for the samples being analyzed (i.e. don't calibrate from 1
to 5 mg/L when all the samples fall between 0.05 and 0.5 mg/L). For low
level work, it is best to choose points above, but near detection limits. For
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high level work, defining the upper limit of the calibration range is more
important. The most accurate results are obtained when the signals of
unknowns (i.e., samples) are close to those found in the knowns used to
establish the calibration curve. A good calibration curve is like a well-
maintained highway: it has legible signs and evenly spaced markers. All
curves should be accompanied by the equations or coefficients that define
them and should be generated using, as much as possible, evenly
distributed points, the more (at least three), the better. Always use the full
calibration curve to quantitate samples.

Pre-programmed Calibrations. A number of commercially available
spectro-photometers and other equipment offer “pre-programmed”
calibration curves for many of the routine wastewater tests, including
chlorine residual, and phosphorus. The use of pre-programmed
calibrations is unacceptable. The laboratory must generate its own
standard curve. A manufacturer's claim that their method is approved or
acceptable does not mean that the approval extends to pre-programmed
calibrations. When the EPA extends “approval” to one of these
manufacturers that their particular technique is “equivalent” to a
referenced EPA method, the approval is granted on the basis of no
significant difference in the stoichiometry or chemistry of the procedure.

Hand-drawn Calibration Curves. Many laboratories use a calibration
curve constructed manually by plotting the concentration of on the x-axis
and absorbance on the y-axis. A straight line which best fits the data
points is then drawn, and sample concentrations are determined using the
"best fit" line to convert absorbance into concentration. The laboratory
certification and registration program discourages this practice because
there is significant variability in both how the scale of the graph is
constructed, and how any individual draws the "best fit" line through the
calibration data points. This degree of variability makes it difficult to
trace your results as they appear on the discharge monitoring report
(DMR) back to the raw data. The best fit line becomes the one you drew,
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and not necessarily the one that best represents the relationship between
concentration and instrument response. One part of the audit process will
be to verify that the absorbance for a particular sample indeed relates to
the concentration reported on the DMR. Traceability of results is a
critical requirement of laboratory record-keeping practices.

Instrument Calibration. The instruments should be calibrated each time
they are used. The degree of calibration depends on the instrument.
Commonly used is the calibration regression for spectrophotometers,
auto-analyzers, and ion chromatographs, constructed using a reagent
blank, and at least three upscale calibration standards, evenly dispersed
throughout the calibration range. Correlation coefficients from
regressions must be > 0.9950. Calibration curves are verified for
accuracy, using one or more QC standards, one of which is mid-range on
the calibration curve, and must fall within control limits. This standard is
often referred to as a Laboratory Control Standard (LCS). The origin of
the LCS is different than calibration standards. A high to mid-range
calibration standard is used for a calibration check standard (CCS), or
continuing calibration verification (CCV) standard. The CCS is analyzed
every 10 samples to assess initial calibration drift and sensitivity, and
must fall within control limits. When an analytical test is proven stable,
the calibration check standard frequency may be reduced, but one is
always run at the end of a sample batch.

Not every instrument is calibrated every time it is used. In some cases,
saved calibration routines are used, but verified by QC checks. Although
it really is better laboratory practice to create a new calibration with
every analysis, this is not always the case. Laboratories should use, at a
minimum, a calibration blank and at least two calibration standards. The
lowest calibration standard should be equal to the Method Reporting
Limit. The laboratory should only report concentrations that fall between
the lowest and highest calibration standards. The laboratory should also
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be free to include more calibration standards that can fall anywhere
within this range. A few analytical techniques may show non-linearity at
high or low concentrations (within the calibration range), so labs may
choose to cluster some standards. As a result, | would drop the statement
that the calibration standards must be evenly distributed. All calibration
(new or stored) should be checked with a LCS and CCV:

-A second source Laboratory Control Standard (LCS) should be analyzed
following every initial calibration. The acceptance standards for the LCS
should be at least £10%.

-A Continuing Calibration Verification (CCV) should be analyzed at a
minimum twice during an analytical run--once at the beginning and once
at the end. Good laboratory practice is to analyze a CCV with every 10
samples. The concentrations of the CCVs analyzed during a single
analytical run should varied within the calibration range of the
instrument. Acceptance limits for CCVs should be £10%.

Balances are routinely calibrated using NIST "Class S" weights, from
0.001 to 100.0 grams. Document results in a bound notebook.
Thermometers used in incubators, ovens, and water baths, are referenced
periodically to an NIST certified thermometer. Document the results.
Calibrate pH meters with pH 4.0, pH 7.0, and pH 10.0 buffers. Document
results in logbooks. Gas chromatographs are calibrated with each use,
using instrument blank and calibration standards. The first calibration
standard is used to check instrument response, based on the previous
calibration, and to update the initial calibration. Mid-range calibration
standards are run during, and at the end of the sequence, and must fall
within control limits. The GC/MS system is tuned daily to meet
specifications outlined in the method. Calibration standards are run to
establish response factors, with respect to the internal standards, for each
compound tested, during sample analysis. Each sample is spiked with one
to three surrogate standards, which must fall within control limits, to
verify the calibration throughout the analytical period.
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Method Blank. A method blank is “clean” samples (i.e., containing no
analyte of concern) collected or transfer in the lab. There are three types
of common lab blanks used for each sampling event: transport; transfer;
and, method blanks (Annex 4).

e A lab transport blank (trip blank) is required for all sites that collect
samples. This involves containers that should be filled with organic-free
RO/DI water. These containers are transported into the field, and then
sent back to the lab, with the rest of the site samples, for analysis. These
containers remain closed, from the time of initial filling in the lab, until
analysis in the lab. Analyzing these blank samples will indicate presence
of ambient contaminants:

(1) in the lab during the time of analysis; or,
(2) in the blank water.

The validity of this latter possibility could be determined through the
analysis of a method blank.

e A lab transfer blank may be required for other non-volatile organic
compounds (VOC), or other pesticides parameters to be analyzed. The
corresponding sample type containers that should be filled with organic-
free RO/DI water. These containers are transported into the field, and
then sent back to the lab, with the rest of the site samples, for analysis.
These containers remain closed, from the time of initial filling in the lab,
until analysis in the lab. Analyzing these blank samples will indicate a
presence of ambient contaminants:

1. in the lab during the time of analysis; or,
2. in the blank water.

e A lab method blank is composed, most often, of RO/DI water, to which
all reagents are added and analytical procedures performed. This blank
does not leave the lab. Method blanks are analyzed daily, or at a
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minimum frequency of 1 per 10 samples, to assess possible
contamination from the laboratory, so that corrective measures may be
taken, as necessary.

A method blank is required at a frequency of 1 per sample batch per
matrix type per sample extraction/preparation method. If an analyte is
identified in the method blank, the concentration should be less than 10%
of the lowest concentration identified in the samples.

Matrix Spike and Matrix Spike Replicate . A matrix spike is included
to identify any possible analytical interference (Annex 2). Generally,
matrix spike/matrix spike replicates are used on analyses where
contaminants are not routinely detected. Matrix spikes should be
included at a frequency of every 1 in 20 samples . Spike recoveries are
used to determine test method analytical accuracy. Every sample
observed to exhibit matrix interference is analyzed using “Standard
Additions” method. Sample dilution is sometimes used to minimize
interference. Some methods require the use of an interference check
standard to ensure that interferences are being corrected for. Matrix
spikes should have a recovery of = 20%. A matrix spike replicate or an
analytical replicate is done as above, but a replicate from a single sample
is carried through the entire analytical sequence. Matrix spike replicates
should be analyzed with every 20 samples. The acceptance limit for
duplicates should be +10%.

Surrogate Spikes. Surrogate spikes (Annex 2) should be included with
all organic chromatography methods. Spikes are added to each sample,
standard or blank analyzed, as a quality control measure. Percent
recovery of these surrogates must fall within a specific range for the
analysis to be considered “acceptable.” Anywhere from one to three
surrogate compounds per method, depending on the method. Problems
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can occur with surrogate recoveries on samples containing elevated
concentrations of one or more analytes. Surrogate spikes are prepared at a
concentration to function within the normal calibration range of the
analytical instrument. Observation of very high concentrations of one or
more analytes requires sample dilution to bring these elevated
concentrations within the valid concentration range. Substantial sample
dilution often results in surrogate concentration dilution to a level below
their detection limit.

Anion/Cation Balances. Anion-cation balances provide a means of
evaluating overall laboratory performance. Theoretically, samples with a
neutral charge should be composed of an equal number of positively
charged ions (cations) and negatively charged ions (anions). The
concentrations of common cations and anions in a sample (reported in
mg/L), are converted to milliequivalents per liter (meg/L), based on
atomic weight and the valence of each constituent. The relative percent
difference (RPD) between the cation and anion sums is then evaluated.
Theoretically, the cation and anion sums in a sample with a neutral ionic
charge, should be the same. Any imbalance in the charge exceeding
acceptable standards indicates the cation and/or anion concentrations may
be over or under reported. lon balance should be within £ 10% for
samples with a total dissolved solids concentration of more than 100
ppm. If there is no balance, a corrective action process should be
initiated.

e In highly turbid groundwater samples, the concentration of a given
metal, expressed as total recoverable, can be significantly different than
the concentration of the same metal, expressed as the dissolved portion of
that metal in the water sample. This situation is common at many solid
waste facilities, and often leads to cation-anion balances with relative
percent differences (RPDs ) exceeding 20%.

e In relatively clean water samples, in which the inherent total cation and
anion milli-equivalents are low, a relatively small difference in values,
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when viewed in terms of absolute magnitude, can significantly affect the
RPD. In such situations, it may be more prudent to evaluate cation-anion
balances in terms of absolute variances, rather than RPD. Using an
acceptance criteria of + 0.2 meq/L, rather than a percent difference, in
samples where the total anion milliequivalents are low (e.g., 0.0 — 2.0
meq/L), recognizes the fact that an absolute difference of 0.2 meq/L
between total cations and total anions can generate a large RPD.

Quiality Indicators and Data Quality Objectives:

Quality Indicators. Data Quality Objectives (DQOQOs) are the quantitative
and qualitative terms that water staff members use to describe how good
the data need to be in order to meet the project’s objectives. DQOs for
measurement data (also known as data quality indicators) are precision,
accuracy, representativeness, completeness, and comparability, etc. The
overall QA objective for analytical data is to ensure that data of known
and acceptable quality are provided. To achieve this goal, the water staff
must review the data obtained for quality indicators (Annex 3). These are
necessary attributes to ensure that analytical data are reliable,
scientifically sound, and defensible.

Lower Limit of Detection (LLD).  Lower limit of detection (LLD) or
limit of detection (LOD) or minimum detection limit (MDL) is the
concentration of the analyte giving a signal equal to the blank plus 3 x
the standard deviation of the blank. Because in the calculation of
analytical results the value of the blank is subtracted (or the blank is
forced to zero) the detection limit can be written as:

LLD, MDL, LOD =3 X sy,
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At this limit it is 93% certain that the signal is not due to the blank but
that the method has detected the presence of the analyte (this does not
mean that below this limit the analyte is absent). The calculated LLD,
MDL or LOD should be evaluated using several checks to determine if it
will meet all of the necessary criteria. The following five actions, which
will be collectively referred to as the "Five Point Check", are simple
ways to evaluate a calculated LOD :

1. Does the spike level exceed 10 times the LOD? If so, the spike
level is high.

2. Is the calculated LOD higher than the spike level? If so, the
spike level is too low.

3. Does the calculated LOD meet regulatory requirement (i.e.,
permit limits)?

4. Is the signal/noise (S/N) in the appropriate range?

5. Are the replicate recoveries reasonable?

Items 1, 2, and 3 are requirements for all LODs. Because even the lowest
permit limits are substantially greater than the LODs which can be
reasonably achieved for BOD, TSS, ammonia, and phosphorus, item 3
can be ignored for wastewater laboratories whose testing is limited to
these parameters. Items 4 and 5 are not required, but are useful for
evaluating the LOD data. Due to the dependence of precision on
concentration, the calculated LOD must be greater than one-tenth of the
spike level. This is the maximum concentration for an LOD study, and
concentrations below this maximum are preferable. At the other extreme,
the calculated LOD must not be higher than the spike level. Logically, if
the calculated LOD exceeds the spike level it is not statistically possible
to differentiate the spiked samples from a blank (and the precision of the
determination was very poor!). The following inequalities are useful for
evaluating a calculated LOD:

Accuracy (Recovery). Laboratory accuracy is evaluated by the percent
recovery (%R) of the target analyte in spiked samples and also by the
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recoveries of the surrogates in all samples and QC samples. Recovery is
defined as the 'fraction of the analyte determined after addition of a
known amount of the standard analyte to a wastewater sample'. In
practice, control samples are most commonly used for spiking. The
sample as well as the spikes are analyzed at least 10 times, the results
averaged and the relative standard deviation (RSD) calculated. The
recovery is calculated with:

Recovery, % = [ ( Xs— X )/ Xaqq ] X 100

Where

Xs = mean result of spiked wastewater samples
X = mean result of unspiked wastewater samples
Aqyq = amount of added standard analyze

Trueness. This is expressed by the equation:

Trueness, % = (X /) x 100

Where

X = mean of test results obtained for reference sample
U = "true" value given for reference sample

Bias. It is more commonly used than trueness, and expressed by the
equation:

Bias, % = [(X - )/ u] x 100

Precision. Precision is a measure of the degree to which data generated
from replicate or repetitive measurements differ from one another. If
calculated from duplicate measurements, relative percent difference is the
normal measure of precision.

RPD =[ (C, x C,)/ (Cy + C,)/2 ] x 100
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Where

RPD = relative percent difference

C, = larger of the two observed values
C, =smaller of the two observed values

Better results are obtained from replicate analyses performed on a
reference sample. Numerically, precision is expressed by the relative
standard deviation (RSD) or coefficient of variation (CV)

Precision, % = (S/X) x 100

Where

X = mean of test results obtained for the reference standard sample
S = standard deviation of x ,[S*= ¥ (X;-X)¥ n-1]

n = degree of freedom

Range is often used as an index of precision. For measurements such as
pH, where the absolute variation is more appropriate, precision is usually
reported as the absolute range of duplicate measurements:

D=m; - m

Where
D =absolute range
m, = first measurement

m, = second measurement

Control Charts. Control charts are used for recording internal quality
control data .The principle of control charts is that internal quality control
(1QC) data can be graphically plotted so that they can be readily
compared and interpreted. Various types of control charts can be used
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such as X-chart and R-chart. X-chart is a graph with time (or assay
batch) on the x-axis and the concentration of the variable in the reference
material on the y axis. The mean of a number of control values obtained
over a suitably long period of time is used as the central line in the chart.
Two other lines above and two below the central line are also drawn.
These are the upper and lower warning limits and the upper and lower
action limits. The limits are based on two and three times the standard
deviation of the batch means, respectively. Provided the distribution is
normal, 95 per cent of results from assays in control will fall between the
two warning lines. Action lines are normally placed at three standard
deviations to either side of the target line and 99 per cent of normally
distributed results should be between the action lines. Examples of
typical X- charts are shown below.

An R-chart is a similar control chart in which the mean range of repeated
measurement is used as the central line, the control values being the
difference between highest and lowest response value for a control
sample in one batch. R-charts are normally used only with action limits.
In the regular day-to-day use of the control charts, an aliquot from an
appropriate reference material is analyzed with every batch of samples
and the measured concentration of the variable in the aliquot is plotted on
the chart.
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0.6 chart-R

0.5

Typical X-chart and R-chart

Out-of control situation exists according to 1SO 13530 when:
(1) One control value lies outside the action limit,
(2) Two consecutive control values lie outside the warning limits,
(3) Seven consecutive values appear with raising or failing tendency,

(4) Ten out of 11 consecutive control values lie on one side of the
central line in case of X-chart,

(5) Seven consecutive values lie above the central line in R-charts.

Out-of control situation requires prompt detailed checking of the
analytical method and rejection of the assay data. Results outside the
action limits should prompt detailed checking of the analytical method
and rejection of the assay data.
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Reproducibility. This is a measure of the spread of results when a
sample is analyzed by different laboratories .This is a measure of
agreement between results obtained with the same method on
identical test or reference material under different conditions
(execution by different persons, in different laboratories, with
different equipment and at different times). The measure of
reproducibility R is the standard deviation of these results sg, and for
a not too small number of data (n < 8) R is defined by (with 95%
confidence):

R=2.8xsg

(Where 2.8 = 242 and is derived from the normal or Gaussian
distribution; 1SO 5725).

Repeatability. The measure of agreement between results obtained
with the same method on identical test or reference standard sample
under the same conditions (job done by one person, in the same
laboratory, with the same equipment, at the same time or with only a
short time interval). Thus, this is the best precision a laboratory can
obtain: the within-batch precision. The measure for the repeatability
r is the standard deviation of these results s, and for a not too small
number of data (n> 10) r is defined by (with 95% confidence):

r=28xs,

Representativeness. Representativeness is the degree to which data from
the project accurately represent a particular characteristic of the
environmental matrix that is being tested. The Water staff designs the
sampling scheme, including sampling locations and the number of
samples to ensure representativeness of samples of each matrix or
product of chemical processes being sampled. The Water staff also
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ensures representativeness of samples by adherence to standard field
sampling and analysis protocols and by using standard laboratory
protocols.

Completeness. Completeness is the percentage of valid results obtained
compared to the total number of samples taken for a parameter. Since
sampling during inspections, complaint response and technical assists are
usually grab samples and limited in number of samples, the lab expects
the number of valid results from the analyses to be equal to or better than
85%. A simple equation for completeness is defined as:

% C = (V/T) x 100

Where % C = percent completeness
V' = number of measurements judged valid

T = total number of measurements

Comparability. Comparability is a qualitative term that expresses the
measure of confidence that one data set can be compared to another and
can be combined for the decision(s) to be made. The Water staff ensures
Comparability by using standard sample collection, preparation and
handling procedures, EPA-approved analytical methods and holding
times, and by following the QA/QC protocols set by the lab.

Corrective Action:

An appropriate series of corrective actions can be taken to keep the

Quiality control, these are:
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e Review quality control limit calculations for obvious errors.

e Rest the data for outliers, exclude any that are identified as
such, and re-calculate control limits.

e Review matrix spike preparation procedures to determine if
any errors were made.

The laboratory continually monitors their results for quality control
sample determinations and takes appropriate action to correct problems.
Frequently, samples may be re-analyzed after an analytical problem is
corrected. This is also the case for location measurements with respect to
check standard results. Due to sample holding time limitations, re-
analysis is usually not possible if problems are discovered in field QC
data. Corrective courses applying to subsequent data collection are
possible . However, if data are compromised due to poor precision, the
source of the variability will determine the course of action that is
required. Possible actions include:

1) Changing the standard operating procedures or instrumentation.

2) Informing the laboratory when lab error appears to be the source (and
possibly changing analytical methods);

3) Re-evaluating the required precision, when it appears that the required
error is unattainable.

A persistent, consistent bias in the data may warrant adjusting the values,
otherwise the corrective action for bias will be to inform the lab, which
will be expected to address the problem. Significant changes in methods,
instrumentation, or methodology will be made only after it has been
documented that these changes will not bias the data. Summary of an
internal quality control program f or each parameter is:

e Analyze five standard solutions at six different known
concentrations covering the working range to develop a
calibration curve or, when a calibration curve already exists,
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analyze two standard solutions at different known
concentrations covering the working range to validate the
existing calibration curve.

e Analyze one method blank per set of 20 wastewater samples.
e Analyze one field blank per set of wastewater samples.

e Analyze one duplicate of a wastewater sample chosen at
random from each set of up to 20 samples.

e Analyze one wastewater sample that has been spiked with a
known amount of the variable as a recovery check. This sample
should have a matrix similar to those of the wastewater samples
being processed.

When data quality criteria are not met, corrective action procedures must
be put into effect. As a general guideline, if ion balances do not agree
within + 10%, then a corrective action process should be initiated. For
duplicate samples, the routine precision criterion is £ 20% Relative
Percent Difference (RPD), unless the value is less than 2.0 meg/L. If so,
then use + 0.4 meg/L. These criteria may not be achievable at very low
concentrations, and in this case precision is determined by absolute range
of duplicate analyses. Field duplicates are collected at a ten percent
frequency, and are used as a quality control check on the overall
monitoring system. The QA chemist reviews field duplicate precision,
and corrective action is initiated when poor precision is obtained. This
corrective action process may include reanalysis, when holding time and
sample quantity permit.

When an “out of control” condition is identified (e.g. either control limits
or holding time has been exceeded), the analyst is responsible for
initiating corrective action, which may consist of:
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e The analytical system is recalibrated or verified, and the analysis is
repeated, if holding time and remaining sample volume permits.

e The “out of control” condition is documented, corrective action is
taken, and the results are documented on an Incident Report Form and
should be investigated .and corrected. If time for reanalysis exceeds the
allowable holding time for the analyte, then the following procedure is
suggested:

1. The sampler is notified, and re-sampling is requested, or

2. If re-sampling is not feasible, and the particular analytical results
are not critical, then the initial analytical results are flagged and
reported as an “estimate”, indicating that all of the QC criteria have
not been met.

Preventive Maintenance:

Preventive maintenance is performed, according to the procedures and
the frequencies outlined in instrument manufacturers’ manuals. Control
charts indicating trends, or exceedance of control limits, are employed to
help identify equipment possibly requiring servicing or maintenance.
Instrument maintenance logs are kept. This log documents repair and/or
maintenance. Maintenance contracts are obtained for analytical balances,
autoclaves, and analytical instruments, to assure their performance
remains accurate and dependable.

Training Requirements:

Water staff are required to have training in analysis, instrumentation,
applied statistics, quality, sampling, sampling handling and transport,
sample documentation. Training should also includes filling out the
"Chain-of-Custody" or "Transmission Forms", field analysis, and filling
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out the "Sampling Checklist". However, training may also be obtained by
“mentoring” provided by senior staff, and by coordination with the
subcontracted laboratory or universities and institutions. Laboratories
performing analytical work for EEAA should have extensive knowledge
and skill in execution of the analytical methods being requested.
Information on laboratory staff competence is usually provided in the
Quality Management record.

Documents and Records:

The water staff fills out the "Sampling Checklist”, and a field logbook or
field data sheets with “write in the rain” ink or pencil, as appropriate.
Changes are made by crossing out errors and adding correct information.
The checklist, logbook or data sheet should not be erased. Logbooks
should be bound with numbered pages shall include:

In addition to the checklist, field logbooks, field data sheets, "Chain-of-
Custody" , "Transmission Forms" , laboratory analysis and laboratory QC
reports , documentation may include:

* Investigation summary

» Inspection checklist

* Record of sampling

* Inspection report

* Laboratory raw data,

* Discharge monitoring reports (DMRs)

* MSDS sheets, chemical labels, photographs, drawings

» Permits, certifications, authorizations,

» Workplans, monitoring plans

« Correspondence with affected/involved parties, agencies, or others.

All documents, records, data collected, final "Sampling Checklists", and
final reports shall be be stored. Pertinent data, which has been verified
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and validated, must be entered into the STORET database system, when
available. This information may be requested by the water staff. The
laboratory is responsible for verification and validation of its laboratory
analysis results prior to release. The Chain-of-Custody or Transmission
form and laboratory QC sheets will accompany all laboratory data results
back to the water staff and the laboratory will provide information to the
water staff on any qualified data results.

Data Reporting. Only data that have been validated and qualified, as
necessary, shall be entered into water analysis databases. If, for any
reason, the inspection schedules, sampling and analytical procedures
specified cannot be followed, the water staff will describe these
departures along with any QC/QA corrective actions in the "Sampling
Checklist" and relay this information to the quality manager. for
resolution. Database entries will be flagged as appropriate if they are
outside QC/QA acceptable ranges. If necessary, the final report will
discuss any QC/QA issued raised during the monitoring, as well as
QC/QA resolution of these issues.

Data Acquisition. Non-direct measurements include data from previous
studies, information gathered about the facility, maps and GPS to
determine sampling locations, etc. The water staff will determine when
and how previously collected data will be used, and will document the
data quality objectives for their use.

Data Management. For each sampling event, the “Sampling Checklist"
must be completely filled out. Field logbooks and data sheets, photos,
maps, and GPS location data as well as field sample labels and "Chain-
of-Custody" or "Transmission Forms" will be used as required to
document sampling and inspection activities. Field duplicates will be
identified as such only in the checklist, field logbook or in field data
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sheets. For laboratory analyses, field duplicates will be assigned separate
unique sample identifier numbers and will be submitted “blind” to the
analytical laboratory. If possible, laboratory data will be transferred
electronically to the lab quality manager to reduce transcription errors, to
allow for graphing information, and to allow data to be stored in the data
base. Final reports will be developed according to lab guidance
documents. All reports, including those for potential enforcement cases,
will be completed within 10 days of the sampling event date, if possible.
Validated laboratory results and interpretation (as applicable) will be
appended. Photographs and other supporting data along with the final
report will be used to determine permit, certification, authorization or
other water quality compliance. All data generated during this project
will be processed, stored, and distributed according to the lab guidance
documents.

Data Verification. The primary goal of verification is to document that
applicable method and procedural requirements were met in the field
sampling and laboratory analysis. Verification checks to see if the data
were complete, if sampling and analysis matched the requirements, and if
the "Standard Operating Procedures (SOPs)" were followed. Verification
of data compiled for a sampling event is the responsibility of the water
staff. Verification should cover at least 5% of the data generated within
the water monitoring activities each year.

Data Validation. Data validation determines whether the data sets meet
the requirements of the Quality Assurance Guidelines. That is, were the
data results of the right type, quality, and quantity to support their
intended use? Data validation also attempts to give reasons for sampling
and analysis anomalies, and the effect that these anomalies have on the
overall value of the data. All data generated will be validated in
accordance with the QC/QA requirements specified in the methods and
the technical specifications outlined in the lab manual. Raw field data
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will be maintained by the water staff who collected it. Raw laboratory
data will be maintained by the laboratory. The laboratory may archive the
analytical data into the laboratory data management system. All data will
be kept a minimum of 3 years.

The summary of all laboratory analytical results will be reported to the
water Quality manager. Data validation will be performed by the
laboratory for all analyses prior to the release of data. All data will be
validated according to the laboratory’s SOPs. The rationale for any
anomalies in the QC/QA of the laboratory data will be provided to the
water staff with the data results. Completed "Chain-of-Custody" or
"Transmission Forms "will be sent back from the laboratory to the water
quality manager. Data will be qualified as necessary. Sampling may need
to be repeated. Unacceptable data (i.e., data that do not meet the QA
measurement criteria of precision, accuracy, representativeness,
comparability and completeness, etc.) will not be used or if used, the
problems with the data will be clearly noted in the final report. Any
actions taken to correct QC/QA problems in sampling, sample handling,
and analysis will be noted. The water staff will keep the record of any
QC/QA issues and QC/QA corrective actions taken in the space provided
in the "Sampling Checklist". The water Quality manager is responsible
for reviewing field log notebooks and field data sheets for accuracy and
completeness within 48 hours of each inspection, if possible. Water staff
will calculate the Relative Percent Difference (RPD) between field
duplicate samples to determine if QC/QA objectives for field precision
have been met.

Sample results provided to the water staff by the laboratory, after these
data have been verified and validated by the laboratory Quality manager,
will become part of the permanent file for each facility or project. Water
staff will compare the sample information in the field log notebooks
and/or data field sheets with the laboratory analytical results to ensure
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that no transcription errors have occurred, and to check the Relative
Percent Difference (RFD) between duplicate samples sent “blind” to the
laboratory. Laboratories calculate and report the RPD of analytical
duplicate samples and report this information in the QC data sheets
which accompany the data results. RPD's greater than the assigned limit
will be noted. Water staff, along with Water quality manager will decide
if any QC/QA corrective action will be taken if the RPDs exceed the
criteria. If evidence of QC/QA non-compliance is observed with the data,
additional sampling and analysis may be required.

Data Reconciliation. All data and related information obtained during
the monitoring services, such as the final report, data report package or
inspection report, will be filed. Water staff will check the original
against the information obtained and determine if the data meet the
original intent. If there are discrepancies, these will be addressed before
the next sampling event.

Data Assessment/Oversight. An internal assessment of water
monitoring activities will be performed annually. An audits of field
activities and/or laboratory activities on at least 5% of the water
monitoring activities. Results of such assessments or audits will be
reported to water Quality Manager with recommendations for QC/QA
improvements.
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Quality Control Requirements:

Quality Control measures in the field include but are not limited to:

* Proper cleaning of sample containers and sampling equipment,

« Maintenance, cleaning and calibration of field equipment/ Kkits per the

manufacturer’s
and/or laboratory’s specifications,

* Use of chemical reagents and standard reference materials prior to
expiration dates,

* Proper field sample collection and analysis techniques,
* Correct sample labeling and data entry,
* Proper sample handling and shipping or transport techniques,

* One field duplicate per set of 10 samples (minimum of 1).

Quality Control in laboratories includes the following:

» Laboratory instrumentation calibrated with the analytical procedure,

* Laboratory instrumentation maintained in accordance with the

instrument manufacturer’s specifications.

» Method Blanks, Matrix spike/matrix spike duplicates, sample
duplicates, etc.

» Laboratory data verification and validation prior to sending data results.

A water staff member shall perform the field data verification and
validation, and reviews the laboratory reports. The water staff reviews
these data to ensure that the required QC/QA measurement criteria have
been met.
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Equipment Testing, Inspection and Maintenance:

Water staff in each lab will ensure that instruments and kits are in good
working order. Prior to a sampling event, all sampling instruments and
equipment will be tested and inspected in accordance with
manufacturers’ specifications. All standard reference materials and kit
chemicals will be inspected to ensure that expiration dates have not been
exceeded. For each sampling event, a water staff will document on the
Checklist that required testing, inspection and maintenance have been
performed.
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Water Sampling

Sampling Plan Checklist:

Sampling Plan Checklist is a summary of site-specific sampling and
analysis requirements of a sampling event. The QC/QA information
includes sampling methods, sample containers, holding times, and
approved analytical methods. The site-specific Sampling Plan Checklist
contains:

« Site information such as facility or project name, address, water
body, latitude/longitude, file number, permit number (if
applicable), contact person, contact person’s phone number and/or
email address,

» Sampling date/s and sampling location/s such as the effluent or
river reach,

» Name/s of the EEAA staff setting up and conducting the
monitoring activities, reviewing data and preparing reports,

* The list of parameters that will be sampled for and analyzed in
the field and those that the laboratory will perform,

* List of QC/QA measures such as duplicate samples, blind
samples, etc.,

* QC/QA problems encountered in the field and/or laboratory and
any QC/QA corrective actions taken,

» Water staff member responsible for the sampling event -
signature and date. Whenever samples are collected and/or
analyzed in the field, the water staff member fills out the site-
specific 'Sampling Checklist" for each sampling event. As much
of the Checklist as possible is filled out prior to the event. Items
that may be known prior to sampling are the facility name,
sampling dates and locations, parameters, subcontracted
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laboratory, etc. Because a sampling event involves unknowns, the
Sampling Plan Checklist is taken into the field and filled out as
necessary.

Items which are required to be completed in the field include:

* Any new sampling locations

* Any new parameters

* QC/QA problems identified in the field such as malfunctioning
equipment, broken vials, etc., as well as QC/QA corrective actions
taken,

* Any changes or departures from the QC/QA protocols described
in this manual, such as using non EPA-approved methods as well
as the rationale for these changes or departures.

In summary, the site-specific Sampling Plan Checklist must include:

» Name of the facility, project or event,

* Physical location (GPS) and address if applicable,

* Folder names, if applicable,

» Site contact person, phone number, email address, if applicable,
» Name of water staff person(s),

» Sampling date/s and sampling locations,

 Parameters to be sampled or analyzed,

* List of QC/QA measures such as duplicate samples, blind
samples, etc.,

« Field or lab QC/QA problems identified and QC/QAC corrective
actions taken,

* Name of data reviewer/s

* Dated signature of water staff member responsible for sampling
event.

Representativeness of Samples .When water samples are taken in response to
water pollution complaints, care should be taken to ensure the sampling
sites are representative of the pollution event; e.g., at the pollution site,
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and above and below it. When a sample is taken at a wastewater facility
discharge line, a volume of water equal to at least ten times the volume of
the sample discharge line will first be discharged into a bucket or similar
container, to clear the line of standing water and possible contamination.
Since many wastewater treatment facilities do not have a discharge line
faucet, it is acceptable to take the sample from the last effluent chamber,
while taking precautions to avoid sample contamination.

Grab Sample. Grab samples consist of either a single sample or
individual samples collected over a period of fifteen minutes or less. The
quantity collected is determined by the type and number of analytical
parameters. Grab sampling is useful when the waste stream is not
continuous, such as the cases of batch discharges and intermittent flows.
Grab sampling may also be appropriate when the characteristics of the
waste stream are known to be constant through time. Samples for certain
parameters are required to be collected as grab samples .Grab samples are
most often collected manually. Grab samples are generally authoritative
in nature. Sample bottles will be filled sequentially, normally being filled
to the shoulder of the bottle, leaving a small space for expansion and
mixing.

Composite Sample. Samples will be composited directly into the
sample bottles and collected sequentially. Between composite aliquots,
bottles will be kept in a cooler with ice, to reach and maintain a sample
temperature of 4 £ 2°C. The time of the initial portion of the composite,
composite intervals, and the final compositing time will be noted in the
field logbook or data sheets. The sample time listed on the "Chain-of-
Custody" or "Transmission Form™ and the sample bottle will be the time
of the final sample composite portion. . Four types of composite samples
are listed below:

1. Time Composite (TC). A sample comprised of a varying number of
discrete samples (aliquots) collected at equal time intervals during the

108



WWM-gtz aall G pall g olaall o 1) gali g Aslerall Jalladll 8350 Al g Jasa

compositing period. The TC sample is typically used to sample
wastewater or streams.

2. Flow Proportioned Composite (FPC). A sample collected
proportional to the flow during the compositing period by either a time-
varying/constant volume (TVCV) or time constant/varying volume
(TCVV) method. The TVCV methods typically used with automatic
samplers that are paced by a flow meter. The TCVV method is a manual
method that individually proportions a series of discretely collected
aliquots. The FPC is typically used when sampling wastewater.

3. Areal Composite. This is a sample composited from individual, equal
aliguots collected on an areal or horizontal cross-sectional basis. Each
aliquot is collected in an identical manner. An example is a sediment
sample composited from quarter-points of a stream.

4. Vertical Composite. It is a sample composited from individual, equal
aliquots collected from a vertical cross section. Each aliquot is collected
in an identical manner. Examples include vertical profiles in lakes and
estuaries.

Quality Control Sample. This is a collected sample during field studies
for various purposes which include the isolation of side effects (control
samples), define background conditions (background sample), or
evaluate field/laboratory variability (spikes and blanks, trip blanks,
duplicate, split samples). The definitions for specific quality control
samples are listed below.

Control Sample. It is a discrete grab sample collected to isolate a source
of contamination. Isolation of a source may require the collection of both
an upstream sample at a location where the medium being studied is
unaffected by the site being studied, and a downstream control which
could be affected by contaminants contributed from the site under study.
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Background Sample. It is a sample (usually a grab sample) collected
from an area, water body, or site similar to the one being studied, but
located in an area known or thought to be free from pollutants of concern.

Duplicate Sample. It is two or more samples collected from a common
source. The purpose of a duplicate sample is to estimate the variability of
a given characteristic or contaminant associated with a population.

Trip Blank. It is a sample which is prepared prior to the sampling event
in the actual container and is stored with the investigative samples
throughout the sampling event. They are then packaged for shipment
with the other samples and submitted for analysis. At no time after their
preparation are trip blanks to be opened before they reach the laboratory.
Trip blanks are used to determine if samples were contaminated during
storage and/or transportation back to the laboratory (a measure of sample
handling variability resulting in positive bias in contaminant
concentration). If samples are to be shipped, trip blanks are to be
provided with each shipment but not for each cooler.

Equipment Field Blank. It is a sample collected using analyte-free
water which has been run over/through sample collection equipment.
These samples are used to determine if contaminants have been
introduced by contact of the sample medium with sampling equipment.
Equipment field blanks are often associated with collecting rinse blanks
of equipment that has been field cleaned. An example is a purified water
chlorophyll a blank which is subjected to the chlorophyll filtering
process.

Field Blank. It is a sample that is prepared in the field to evaluate the
potential for contamination of a sample by site contaminants from a
source not associated with the sample collected (for example air-borne
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dust or vapors which could contaminate an organics and/or metals
sample). Purified organic-free water is taken to the field in sealed
containers or generated on-site. The water is poured into the appropriate
sample containers at pre-designated locations at the site. Field blanks
should be collected in dusty environments and/or from areas where
volatile organic contamination is present in the atmosphere and
originating from a source other than the source being sampled. Samples
will be listed as “composite” or “grab” on the "Chain-of- Custody" or
"Transmission Form™ and in field logbook or field data sheets.

Sample Containers and Equipment:

All sampling equipment and sampling containers must be certified clean
by the laboratory providing them, or cleaned according to the
manufacturer's equipment specifications or the analytical laboratory.
Bottles supplied by a laboratory are pre-cleaned and must never be
rinsed, and will be filled only once with sample. All previously used
sampling equipment must be properly decontaminated before sampling
and between sampling locations to prevent introduction of cross-
contamination. Washwater and rinsate solutions must be collected in
appropriate containers and disposed of properly in accordance with
federal, state, and local regulations. Individual sample containers will be
placed immediately into a cooler containing ice, to reach and maintain a
sample temperature of 4 + 2°C. All samples will be collected and
transported to the analytical laboratory with proper sample custody
and/or transmission documentation.
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Sampling of Water:

Because stream waters are usually well mixed vertically, subsurface
sampling at a convenient depth is adequate for collection of
representative samples at a given point. Subsurface samples are taken
within the upper meter or may be a composite of two or more strata. The
sampler should take into account thermal stratification due to discharges
or tributaries when the sampling plan is being developed.

Lakes, Ponds, Reservoirs. In shallow waters (2 to 3 m), samples shall be
collected at 0.5 to 1 m. In deeper water, samples should be collected at
regular depth intervals.

Ground Water Wells. Only grab samples may be obtained. The well
should be purged of at least three casing volumes of water before sample
collection, and the purged well should be allowed sufficient time to
equilibrate and fines to settle. If a bailer is used, it should be slowly
lowered and raised to minimize disturbances. Samples should be taken as
close as possible to the water level, unless analysis indicates that
contamination is at a different depth. An equipment blank, a portion of
rinsate, should be collected into a separate container and analyzed along
with the other groundwater samples. Bailing strings and wires and other
disposable sampling tools must be properly disposed of after use at each
well.

Wastewater Discharge. A "representative sample" is often defined as a
sample that reflects one or more characteristics of the population being
sampled. For example, the characteristic which is desired to be reflected
by the sample may be the average, minimum, or maximum concentration
of a constituent of concern. Ultimately a representative sample is defined
by the study objectives. Stratification and Heterogeneous Wastes
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Environmental media, as well as waste matrices, may be stratified, i.e.,
different portions of the population, which may be separated temporally
or spatially, may have similar characteristics or properties which are
different from adjacent portions of the population.

Sampling Procedures:

The water staff collecting samples should wear disposable gloves and
safety eyewear if needed, and observe precautions while collecting
samples, remaining aware of the potential chemical and biological
hazards present. The water staff collecting samples will take care not to
touch the insides of bottles or lids/caps during sampling.

Sample Custody Procedures:

Samples will be kept in the custody of the water staff. "Chain-of-
Custody" or "Transmission Forms" will accompany all samples to
subcontracted laboratories. Custody seals will be placed on shipping
containers if the water staff decides seals are necessary.

Shipping Requirements:

Packaging, marking, labeling, and shipping of samples will be carried
out. Staff should receive the necessary training for shipping samples.

Holding time limitations will be considered when decisions are made
regarding sampling and shipping time.
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Common Types of Quality Control Samples Used in
Water-Quality Monitoring

Type Description Purpose Alternative Comments
Multiple samples No other good ) .
Evaluate the ) Estimate sampling
are collected from . way to estimate .
. i variability in process variability,
Replicate | the environment . the L
) sampling and - by using in
samples | atthe same time _ reproducibility of C _
) analysis ) conjunction with
and place, using environmental )
processes. ) split samples
the same method. sampling.
Sample-splittin
Many other ways pIe=sp g
_ . process may not
One sample Evaluate analysis | of determining
o produce exact
collected from the | variability, if laboratory i
. . L replicates. Also,
environment is sent to the same variability or .
: o . _ splitting procedure
Split divided into two lab. Evaluate interlab bias are _
. ) ) may introduce
samples or more interlaboratory possible. This .
. L contamination, or
equivalent parts. bias if sent to method has the
) i allow loss of
May be done in different advantage of
. . ) . analyte through
field or at lab. laboratories. being matrix- L
. volatilization or
specific. )
sorption.
Measured
amounts of
analytes are
added to known Evaluate Laboratories
recovery of the usually have _
volumes of analmeé) from | recover ydata for Recovery of spikes
Spiked | sample. Analyses " _f_ i/ e | Maynot accurately
e specific normal sample
samples | are compared to | P b ices. S _pk represent recovery
those of unspiked sample matr_lx y | matrices. Spikes of native materials.
sample, the analytical are useful for
identically method. unusual matrices.
treated.
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Evaluate the

multiple analyses
by multiple
laboratories,
using multiple
methods.

analysis.

Measured
recovery of
amounts of analytes b Analyte spike
i
Surrogate- surrogate . y ) _p ) Typically used
] monitoring provides similar ) .
spiked compounds are ) with multi-analyte
recovery of a data, but requires )
samples added to known ) organic methods.
chemically to analyses.
volume of .
similar
sample.
compound.
A known _
) Unless a synthetic
concentration of .
analyte(s) is Reference marix Is created,
i
i Document the i results do not take
) added to a matrix ) samples, spiked )
Synthetic bias of a matrix effects on
(commonly samples may also o
samples laboratory’s bias into account
source water; be used to test
i analyses. ) and therefore tend
occasionally a bias. ) L
_ _ to give optimistic
synthetic matrix
results.
such as seawater).
An actual Matrix-specific
environmental Synthetic reference materials
sample in which samples, spiked | may be difficult or
the “true” samples may also impossible to
concentration of Document the be used to test | obtain. Non-matrix
Reference analytes is bias of a bias. Reference | specific reference
samples known, through laboratory’s

samples provide
an absolute
standard, not
prepared by the
user.

samples may
provide misleading
results. Reference
samples are used
sparingly because
they are expensive.
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Data Quality Objectives (Quality Indicators)

Minimum
EPA- Method ) .. i
] Reporting | Accuracy | Precision . i Holding
Parameter | Approved | Detection . Completeness | Preservation | Volume | Container i
. Limit (% Rec.) (RPD) Time
Method Limit
(mg/L)
Bacteria, i
SM9221 or | 1 FC/100 | 1FC/100 . Sterile
(total fecal NA NA 85-100% Na,S,03 100 ml i 6 Hours
. 9222 ml ml plastic
coliform)
Biological
EPA405.1
Oxygen .
Demand or 2 mg/L 2 mg/L 80-120 <30% 85-100% 4°C 1L Plastic 48 Hours
SM5210B
(BOD:s)
Chemical Lab Analyze
Oxygen EPA 410 immediately or )
Control 5 mg/L 85-115 <20% 85-100% 125 mi Plastic 28 days
Demand or SM5220 add H,SO, to
Chart
(COD) pH <2
Chlorine, | EPA330.1- )
Do in the
Total 330.50r | 0.1mg/L | 0.1 mg/L NA <30% 85-100% N/A NA NA field
residual SM4500
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Minimum
EPA- Method . . .
) Reporting | Accuracy | Precision . ) Holding
Parameter | Approved | Detection . Completeness | Preservation | Volume | Container i
. Limit (% Rec.) (RPD) Time
Method Limit
(mg/L)
Dissolved | EPA 360.2 i Do in the
0.05mg/L | 0.05mg/L | 85-115 <30% 85-100% N/A 300 ml Plastic _
Oxygen or SM4500 field
Total Analyze
Nitrogen SM 4500 immediately or Plastic o
(ammonia, | or EPA350 | 0.06 mg/L | 0.06 mg/L 70-130 <30% 85-100% add H,SO4to | 500 ml Glass 28 days
nitrate, series pH <2 Cool to
nitrite, TKN) ac
0.1 0.1 .
0.1pH 0.1 pH Do in the
pH EPA150.1 | standard standard X ) 85-100% N/A NA NA )
) ) units units field
units units
Analyze
Total EPA 365 immediately or Plastic o
Phosphate or | seriesor | 0.01 mg/L | 0.01 mg/L | 70-130% <30% 85-100% add H,SO4to | 100 ml Glass 48 hours
0-Phosphate | SM4500 pH <2 Cool to
4°C
specific | 2011 o7 |007uSfem| 85-115% | 10% 85-100% NA NIA | plastic. | Do in the
or
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Minimum
EPA- Method . . .
) Reporting | Accuracy | Precision . ) Holding
Parameter | Approved | Detection . Completeness | Preservation | Volume | Container i
. Limit (% Rec.) (RPD) Time
Method Limit
(mg/L)
Conductance | SM2510B uS/cm glass field
Cool to 4°C,
Total
_ EPA 415.1 add HCI, Amber
Organic 1 mg/L 1 mg/L 85-115% <20% 85-100% 125 ml 28 days
or SM5310 H,SO4 or Glass
Carbon
H3PO4 to <pH2
EPA180.1 Plastic or 48 h. or
Turbidity or 01.NTUs | 01.NTUs | 85-115% <20% 85-100% Cool to 4°C 100 ml Glass do in the
SM2130B field
EPA170.1
Temperature Analyze
o or 0.1°C 0.1°C 90-110% <10% 85-100% N/A N/A N/A in field
SM2550B
Total EPA 160 .
) Plastic or
Suspended seriesor | 0.2mg/L 4 mg/L 85-115% <20% 85-100% Cool 4°C 1L lass 7 days
Solids | SM2540 J
EPA 160.5 0.2 Imhoff
Total 0.2ml/L/r | 85-115% | <20% | 85-100% Cool 4°C 1L Analyze
Settleable or SM2540 ml/L/hr cone as soon
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Minimum
EPA- Method ) . )
) Reporting | Accuracy | Precision . ) Holding
Parameter | Approved | Detection . Completeness | Preservation | Volume | Container i
. Limit (% Rec.) (RPD) Time
Method Limit
(mg/L)
Solids as
possible
EPA 200 Add HNO; to
Total _ See See See
series or . . . <pH 2 except i
Recoverable specific specific specific <20% 85-100% 100 ml Plastic 28 days
SM 3100 for Hg and Cr
Metals _ metal metal metal
series Vi
Volatile _
) See See See Special 40
Organic SM 8260B . . . Na,S,03 to
specific specific specific <20% 85-100% 40 ml ml glass 14 days
Compounds or 6400 pH<2 )
VOC VOC VOC vial
(VOCs)
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Common Types of Quality Control Blank Samples
Used in Water-Quality Monitoring

Type Description Purpose Alternative Comments
Field-lab deionizers
Buy certified may be a significant
source water source of
A portion of the from the contamination, and
water that is used laboratory ora | should be monitored
Document that _ )
as the source of commercial with conductance
Source the source _ ]
all blanks, and as . supplier, and meters, using a safe
water blank ) water is free of i
the matrix for all . accept their cutoff value. The
. contamination. . _
QC samples, is analysis. Use value chosen will
analyzed. water from a depend on the
deionizer inthe | detection limit of the
field laboratory analyses being
performed.
) If contamination is
Source water in ) )
taken to the found in the analysis
samoling site and of the field blank, it
ing si : . .
p g Document that No reasonab'e glves no |nd|Cat|0n Of
as nearly as the field .
. alternative. the source, Only that it
possible sampled, sample :
_ _ Necessary for all | has occurred. Also, it
Field blank | Preserved, and handling : :
: but the roughest | is often not possible
bottIEd In the process iS not
reconnaissance to Sample the source
same way as the introducing _ v th
environmental taminati studies. water exactly the
contamination. same way as the
samples. _
environmental.
Ambient A sample Document that Test the Especially important
atmosphere container of the atmosphere | atmosphere for | for relatively “clean”
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blank source water is of the sampling analytes to be ground water samples
exposed to the site is not determined in collected in surface
atmosphere at the introducing the samples. environments that are
sampling site for | contamination. highly contaminated,
the same amount either by volatile
of time required constituents or air
to handle a borne particulates.
sample.
A source water Super-clean the
. . Separate blanks for
sample is passed equipment i
. sampler, splitter,
through the before coming to _
. ] .| pump, filter, etc., may
sampling, Document that | the field, seal it L
- : . _ be used to identify
) splitting, or the sampling in a protective o
Equipment o ) _ ) individual sources of
filtration equipment is container, and .
blank . ] ] ) contamination.
equipment, then | not introducing | use it only once
. i Analyze total
bottled and contamination. per trip, to

preserved like a
sample and sent
to the lab.

ensure that no
contamination is
introduced.

equipment blank first.
If it is blank, no
further tests needed.

Preservation
blank

A source water
sample that has
been preserved
exactly as the
environmental
samples, is
analyzed.

Document that
the
preservative,
and the act of
adding it to the
sample, is not
introducing
contamination.

Use pretested
preservative
supplied by the
lab, and assume
that the
operation of
introducing
preservative in
the field isn’t
causing
contamination.

If preservation blanks
show no
contamination, there
is no need to analyze
separate source
blanks.
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Type Description Purpose Alternative Comments
Trip blank A sample of Document that Detect Most necessary when
source water, contaminants contamination volatile analytes will be
preserved and are not during shipping, determined. Cross
contained introduced from atmospheric | contamination may occur
identically to the during or between “clean” and
samples, is shipping. container/closure “loaded” samples
shipped with sources, or from shipped together.
environmental other samples.
samples.
Laboratory | A source of water | Document that | If the blank shows | If the field blank shows
blank sample is contamination | no contamination contamination, the
prepared at the has not throughout the laboratory blank helps
laboratory, and | occurred during | entire sampling identify its source as
analyzed along lab storage, and analysis being in the field or in
with the subsampling, process, the the laboratory.
environmental and analysis absence of
samples. contamination in

both field and lab
is documented,
and separate lab
blanks are
unnecessary.

122




WWM-gtz aall G pall g olbaall o 1) guali g Aslerall Jalladll 8350 Al g Jasa

Control charts

e Control chart: IS one of the most important tools for routine
surveillance of the quality of measurement in a laboratory Control
charts are visual tool for checking that the process is in statistical
control

e Various types of control charts :Have been developed but those in
general use in measurement laboratories are called X-charts, R-charts
and the special cases the D- and r-charts.

e Control value: The value entered on the control chart of the control

sample which may be reference material or ...... (Table 1)

¢ Response value: Experimental value obtained by the measurement
process

e Control line: values of the control samples as they are produced.

e Warning limit: upper and lower limits there are 95% probability for
finding all control values. Control value +2c or +2 standard deviation.

e Action limit or control limit: Upper and lower limit within which
99.7% of control values are expected. Control value +3c.
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Control line (CL) Value of Reference material or
control sample with known
concentration
Or X*(mean of known value

Warning limit (WL) CL + 254

Action limit (AL) CL + 3sy

X-chart

Response value Values of X for each batch

(AL)

(WL)

(CL)

(WL)

(AL)

Central line (CL) Difference between the highest
and the lowest result for a
synthetic control sample or
reference material measured
within a batch
R = d,Sw or average of the
range for different control —
samples or blank samples (R)

Upper action limit (UAL Ds*R (D4 = 3.267

R-Chart| UPP (UAL) SR )

Lower action limit (LAL)

D3 = zero

Response value

Values of R for each batch

(UAL)

CL

(LAL)0.0
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Table 1 schematic presentation of types of control charts

Control chart

Control sample

Control value

—X-chart Control sample Mean of results from analysis of a
with known synthetic sample, a reference material
concentration or another control sample with known

concentration measured within a
batch.

— D-chart Standard added to Mean of the standard added to a
natural sample natural sample measured within a

batch.

R-chart Control sample Mean of results obtained from the
with known difference between the highest and the
concentration lowest result for a synthetic control

sample, reference material or another
stable control sample measured within
a batch.

r-chart Stable natural Mean of recovery for a stable natural

sample

sample measured within a batch.
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Central line (CL) Mean value of standard
added to a natural sample
or spiked value added to
natural sample

D-Chart P

Warning limit (WL) CL+2V2 S,

Action limit CL+3V2 S,

Response value Difference between spiked
& natural sample for each
batch

Central line (CL) Mean of the % of relative
range (r) result for a stable
natural sample measured
within a batch
R*100
r=

I chart x

Upper action limit Dg*r

Lower action limit D;=0

Response value r of natural sample for each
batch

The value of dy, D3, and D4 are found in [Annex A.P.76
(Analytical Quality assurance And Control)]
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Exercise

Internal quality control for CODc;, in a synthetic control
sample has run for some time giving the following 20 sets of
quality control data:

Replicate
Batch R X
x1 X2

1 491 493 2 492.0
2 497 497 0 497.0
3 498 501 3 4995
4 492 485 7 488.5
5 498 493 5 4955
6 510 508 2 509.0
7 506 512 6 509.0
8 492 487 5 489.5
9 491 488 3 489.5
10 497 503 6 500.0
11 500 494 6 497.0
12 506 511 5 508.5
13 506 501 5 503.5
14 487 497 10 492.0
15 491 491 0 491.0
16 500 499 1 4995
17 491 507 16 499.0
18 495 498 3 496.5
19 502 500 2 501.0
20 495 492 3 4935
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Produce a R-chart and a X-chart with calculation of control
limits based on the data.

Answer

Standard deviation S, can be calculated from the following
equation:

S 2= (X = X)% (n-1)

Where (n-1) is degree of freedom = (20-1) = 19

S’ =41.234

Sy =6.42 mg/LO,

X" = 497.5 mg/LO,

Upper warming limit = X* + 2S, = 497.5 + 2*6.42 = 510.39 mg/LO,
Lower warming limit = X" - 25, = 497.5 - 2*6.42 = 484.71 mg/LO,
Upper action limit = X" + 3S, =497.5 + 3*6.42 = 516.81 mg/LO,
Lower action limit = X" - 3S,=497.5 - 3*6.42 = 478.29 mg/LO,
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Quality Control / Quality Assurance Manual for Water
Sampling and Analysis

Introduction:

Quality Control and Quality Assurance (QC/QA) are two important, if not critical, parts of
meeting Data Quality Standards (DQS). The EEAA laboratories must detail how QC/QA
(DQS) standards will be set, data checked, standards maintained, and explain how failure of
standards will classify the affected data. Both field and lab practices contribute in reaching
these objects . The term quality assurance describes the system of activities intended to
provide evidence to the producer or user of a product or service that it meets predefined
standards of quality with a stated level of confidence. It consists of related but independent
activities: quality control and quality assessment. Quality control describes those activities
and procedures used internally (within a lab or in the field) to produce consistent and reliable
data. Quality assessment deals with activities to independently evaluate data quality, after a
value is produced by the analysis method used. This section is a minimum outline of methods
and procedures the EEAA must consider in developing the site-specific DQS for both field
sample collection and lab analysis. Scientifically valid test data does not just happen ,it
results from careful work and has a considerable cost, in both time and money. Poor quality
data could lead to placing the facility into assessment monitoring or corrective action when it
isn’t necessary. It is impossible to provide high quality analytical data on low quality
samples. It should be your lab’s policy to give higher priority to data quality over data
quantity. However analytical data can only be as good as the samples analyzed. Sample
shortcomings can include:

¢ That is not representative of the matrix (media) being assessed;
¢ Which is collected in insufficient amounts for the analytical method used; or,
e Where samples are contaminated by sampling or handling procedures.

Data of this type cannot be made representative, increased in quantity, or corrected for
contamination by lab efforts. The lab must assume that everything in the sample container
constitutes the sample, that the sample was collected and preserved properly, and that it does
not contain extraneous contamination. Due to the sophistication of today's measurement
techniques and their cost, considerable planning may be necessary to assure meaningful test
data. The goal is to collect an appropriate number of high quality samples representing the
environmental entity being tested. Reduced numbers of samples require even better planning
to assure that any gaps in the data set, caused by omissions or post-analysis data rejection,
don't weaken conclusions or preclude decision-making.
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Field Activity:

QA/QC in the field requires attention to the following:
1) Meter checks and calibration;

2) Sample point assessment;

3) Assessment of sampling equipment ;

4) Duplicate samples;

5) Split samples;

6) Blanks;

7) Field sample data sheets;

8) Request for analysis forms; and,

9) Chain-of-Custody forms.

Meters Calibration. Meters used in the field to measure such parameters as depth to
water and depth to bottom, temperature, pH, specific conductance, oxidation-reduction
potential, dissolved oxygen, and turbidity, must be checked and calibrated, according to each
meter manufacturer’s recommendations. All information pertinent to meter checks and
calibration, such as date, time, field personnel name(s), weather, check/calibration standards,
and meter problems, should be recorded in a logbook dedicated to the meter. Details for the
sampling procedures are found in Annex ( 1 ).and in each meter manufacturer’s operation
manual. Project logbooks must contain all meter types used for each sample event. Specific
meter logbooks are considered as part of the site operating record. The logbooks must remain
with that record when not in use. Meter specific logbooks must remain with the meter. Copies
of all meter logbook entries pertinent to the facility must be included in the site operating
record.

Sampling Point Assessment. For water sampling, upon arrival to the location, certain
observations should be recorded on a field data sheet or in a notebook dedicated to that site.
These observations should include, but are not limited, to the following:

e any odors or any unusual conditions at or around the sample site (such as standing
water, nearby construction, etc.);

e ease of access to the sampling location (the presence or absence of any intrusive

vegetation, equipment, refuse, steep or slippery slopes, etc.);

approximate flow rate of stream, if applicable;

condition of the sample point or fixed sample device;

level of water in reservoir, if applicable;

tidal stage of estuary or coastal stream, if applicable; and,

weather conditions.

All logbooks are part of the Site Operations Record.

Sampling Equipment. The type and condition of purging and sampling equipment
should be recorded in the site logbook, including any decontamination information that may
be pertinent. Any operational problems or peculiarities should be noted, along with any
repairs made to the equipment. A typical check list should consider the following:
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e make(s), model(s), and condition(s) of pump(s) used,;

e brand and size of tubing used;

e make(s), model(s), and condition(s) of field parameter measurement equipment (meters,
flow-through cells, tubing, valve(s), transducer(s), generators, power cable(s), battery
(ies),etc.);

e spare batteries or power backup for each piece of equipment, as needed;

e type and amount of liquid or powdered detergent, if used,;

e type, source, and amount of rinse water used (non-potable, potable, commercial, lab,
distilled, deionized, etc.);

e type, source, and amount of other cleansing/rinsing agents, if used (alcohol, hexane, acid,
etc.);

e cleaning tools used (brushes, sponges, towels, etc.);

e decontamination location (lab, office, field work site, motel parking lot, etc.);

e weather during decontamination, if performed outside;

e date, time, and field personnel present during decontamination procedure(s); and,

e any other information deemed important.

Duplicate Samples. The best single estimate of precision for the overall monitoring
program is the comparison of blind duplicate samples (Annex 2) . The variability in the
results obtained from duplicate samples is a sum of the sampling and analytical variability,
and is the most meaningful measure of uncertainty in the individual samples obtained.
Duplicate samples are collected as independent samples, blindly labeled, and should use the
same sampling procedures (i.e. separate grab samples with a bailer or consecutive samples).
A duplicate sample shall be collected once for every field day, or every ten samples, or once
per sampling event, whichever is more frequent. Duplicate samples may not account for poor
or improper decontamination.

Depending on the lab’s QA procedure, and when the quantity of sample permits, a lab
replicate is analyzed every tenth sample for each type of matrix in the analytical run (i.e.
water, soil, etc.), and must fall within control limits. These limits are based on historical data
from the previous year, if available. Replicates are used to determine the method’s precision.

Split Samples . The same crew, or a separate crew, can collect split samples. One or two
different labs independently perform the analysis of each sample set (Annex 1). Generally,
when the lab requires a split sample it will send out a team of their samplers to collect one or
several sample sets when the permittee’s field crew is collecting theirs. The lab will then
transport the samples to the lab, or other contract lab for analysis. There are several methods
to split a sample. At this time the lab recommends split samples be taken from a pooled
aliquot.

Field Blank Sample. A field blank is “clean” samples (i.e., containing no analyte of
concern) collected or transfer in the field. There are three types of field blanks collected for
each sampling event: equipment; transfer; and, trip blanks (Annex 3).

e Field equipment blanks are pure water samples (RO/DI) transported to the site then exposed
to equipment that has been decontaminated in the field and stored in the appropriate
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containers for analysis by the lab. Required only if non-dedicated purge and sample
equipment is used. This blank will determine the effectiveness of decontamination
procedures.

e A field transfer blank involves the transfer (pouring) of (RO/DI) water from a clean, lab
supplied container, into a complete set of sample containers for analysis of all inorganic
parameters required.. This transfer blank shall be performed at or near one of the site
sampling locations. Contamination found in the field transfer blank indicates the presence of
contaminants:

1. in the ambient air at the site;

2. in the blank water; or,

3. in the “clean” sample containers.

e A field trip blank ( field or transfer blank) is for sites requiring sampling of organics and/or
pesticide analysis. The field crew transfers organic-free RO/DI water from a clean, lab-
supplied container, into the appropriate, clean sample container(s) while at the sample
location.

Field Sample Data Sheets. All activity taking place shall be recorded on an approved
field sample data sheets (FSDS). The FSDS shall be designed such that it can accommodate
information from sampling activities at groundwater, surface water, wastewater , soil sample,
and leachate treatment and collection sites. Information to be considered for recording on the
FSDS includes, but is not limited to, the following:

e sampling location and source ;

e condition of sample site;

e meter(s) used for field parameter determination;

e depth to water and depth to bottom;

e well casing inside diameter and borehole diameter, if needed:;

e purge volume calculations (casing or borehole volume method, as applicable);

e purge and/or sample equipment (e.g. dedicated/disposable bailer, bailer dimensions.

Chain of Custody and Request for Analysis Forms. The "Request for Analysis
Form" is an important element for logging coded samples into the select laboratory. It serves
as documentation linking analytical data in the lab’s information management system with
the appropriate project or monitoring event. Certain information on the form is absolutely
necessary. Such information as the Sampling Location/Site should be kept short but be as
descriptive as possible. The Request for Analysis form usually contains the only information
the lab has about sample origin, possible contaminants and sources, conditions of collection,
etc. It would be helpful, when the field sampler has kept a field notebook, if pertinent
information was transcribed onto these forms. Information, such as “suspect cyanide in
samples,” “diesel spill,” “samples contain elemental mercury,” should be noted as a safety
warning to any person that will subsequently be handling the samples. When a sampling
event is only one of several, assure the same project name is used on each Request for
Analysis for each sampling event. As each case is completed and reported, a database is
updated, linking the project name with appropriate case numbers and reporting date. If
several sampling events related to the same project are listed using different names, it may be
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impossible to connect them in the future. The following information is recommended to be
included on the Request for Analysis form:

sampling site description;

date and time of sample collection;

sample matrix ( wastewater ,surface water, sea water , groundwater, drinking water,
soil, sediment, etc.);

e volume and number of sample bottles

analysis requested;

preservative(s) and amount (if applicable);

sampler's name;

purpose for sampling;

description for each discrete sampling location;

blind coded container ID number(s) (in spaces provided); and
request analysis for a specific analyte by name or test group

Flag on the Request for Analysis samples known or suspected to contain sewage, cyanide,
toxic solvents or heavy metals, etc. This is safety information for any person who will
subsequently handle the container and sample material. The holding time for a sample begins
when the sample is collected, not when it arrives at the laboratory. This could lead to
problems for samples having extremely short holding times, such as nitrate, BODs,
orthophosphate, turbidity (48 hours), and chromium+s (24 hours). Should a sample exceed the
holding time, the test will be performed, but results will be reported as an “estimate”, and the
data flagged. Continued failure to analyze within method holding time will require immediate
re-sampling until a valid sample is analyzed.

Laboratory Activity:

Before, during, and after field sampling activity, the laboratory which will analyze the
samples must have a QC/QA procedures. These include attention to the following:
1) QC/QA manual;

2) Standard operation procedures (SOP's);

3) Calibration ;

4) Method blank;

5) Matrix spike and matrix spike replicate;

6) Surrogate spikes ,

7) Anion/cation balances ;

8) Quiality indicators and data quality objectives;

9) Corrective action;

10)Preventive maintenance;

11) Training requirements;

12) Documents and records;

13) Quality control requirements

14) Equipment testing, inspection and maintenance. :
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QA/QC Manual. Prior to performing any laboratory analytical work, the laboratory
should prepare , maintain and implement a QC/QA Manual. The laboratory QC/QA manual
must document explicitly the approved methods used to meet or exceed the program’s
minimum analytical criteria.

Analytical Methods (SOP's). Annex ( 3), presents quality indicators of the analytical
test methods. Further refined EPA methods can also be used (e.g. Inductively Coupled
Plasma — Mass Spectrometry for trace metals). Every contract laboratory used for analytical
purposes must document in their QA/QC Manual the equivalent or improved methods for
permit-required analytical tests. Monitoring will be conducted in accordance with EPA-
approved or standard analytical procedures. For usual water parameters, approved analytical
methods, method detection limits, minimum reporting limits, and accuracy and precision
values applicable are given (Annex 3 ) . All equipment and sampling kits used by Water
staff in the field should meet EPA- or similar standard approved methods. For safety and to
avoid contamination, the storage will be in a lockable cabinet.

Calibration:

Though much attention is given to the generation and evaluation of known standards,
reference samples, blind standards, and matrix spikes in ensuring analytical accuracy, perhaps
the most overlooked aspect is calibration. Analysts are provided with a wide array of options,
including instrument pre-programmed calibrations, hand-drawn calibration curves, the use of
sophisticated scientific calculators, and even computer software. Field instruments will be
calibrated according to the manufacturer's instructions prior to using the instruments. For
example, pH meters will be calibrated according to the manufacturer’s specifications using
pH buffers at 4.0, 10.0 and mid-range. If equipment and/or Kits require calibration
immediately prior to the sampling event, the calibration dates will be noted on the checklist.
When field instruments require only periodic calibration, the record of this calibration will be
kept with the specific instrument. Water staff in each lab will ensure that instruments are
calibrated correctly. The laboratory will follow the calibration procedures found in the
laboratory’s Standard Operating Procedures (SOPs). The calibration process entails
establishing a relationship between instrument response and concentration of analyte. The
following “rules” should be applied to this process to ensure the generation of accurate data.

Use an Appropriate Number of Standards. Calibrations must be constructed using
at least 3 standards and a blank. The majority of the instruments used in the environmental
laboratory relate response to concentration linearly, or transform the primary signal to
produce a linear output. Although deviations from linearity are encountered in the analytical
range, they are more common at the extremes, where detector saturation or insensitivity are
the culprits. The simplest means to generate a calibration curve is linear regression; the most
defensible way to do this is to establish concentration as the x-axis and response to the y-axis.

Know When to Include a Zero. Unless you are using a calibration algorithm that fits
points exactly, you will have to decide what to do about blank signals. A good rule of thumb
to follow is: if you can adjust your instrument to read zero in the presence of a blank, then
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include a zero point in your calibration curve. Including a zero is generally appropriate for
colorimetric procedures which use a spectrophotometer to measure response.

Do not Force Curves Through Zero. Doing this manipulates the data mathematically
to obtain a y-intercept equal to zero. As a result, we lose valuable information about the lower
limits of the analytical signal, and a good estimator of the limit of detection on the calibration
day. Even when it is justified to include a zero point in the calibration curve, forcing the
intercept to read zero is not.

Evaluate the Accuracy of the Calibration. Unfortunately, little advice beyond,
essentially, “plot concentration vs. response” is offered by most analytical methods.
Consequently, these types of curves are occasionally encountered. Take note that a line “of
best fit” drawn through a set of calibration points is just that. Without a means of evaluating
the resultant line, data quality can suffer. One measure of a particular curve’s validity is the
correlation coefficient. A correlation coefficient of at least 0.995 generally indicates
acceptable characterization of the curve. If this degree of correlation is not obtained, the
reason for the lack of linearity should be investigated, any necessary corrective action taken,
and a new calibration curve must be constructed. Many inexpensive scientific calculators
provide the correlation coefficient of a set of data with a single keystroke. Another way of
evaluating a calibration curve is to utilize the calibration equation (e.g., slope and intercept)
to convert the response obtained for the calibration standards into concentration. This
“predicted concentration should agree reasonably well with the known, or “true”
concentration of the standards. Opinions differ as to what constitutes “reasonable” agreement,
however, if the predicted concentration is generally within 5-10% of the “true” concentration,
the calibration is acceptable.

Define the Calibration Range Properly. The calibration range should be appropriate
for the samples being analyzed (i.e. don't calibrate from 1 to 5 mg/L when all the samples fall
between 0.05 and 0.5 mg/L). For low level work, it is best to choose points above, but near
detection limits. For high level work, defining the upper limit of the calibration range is more
important. The most accurate results are obtained when the signals of unknowns (i.e.,
samples) are close to those found in the knowns used to establish the calibration curve. A
good calibration curve is like a well-maintained highway: it has legible signs and evenly
spaced markers. All curves should be accompanied by the equations or coefficients that
define them and should be generated using, as much as possible, evenly distributed points,
the more (at least three), the better. Always use the full calibration curve to quantitate
samples.

Pre-programmed Calibrations. A number of commercially available spectro-
photometers and other equipment offer “pre-programmed” calibration curves for many of the
routine wastewater tests, including chlorine residual, and phosphorus. The use of pre-
programmed calibrations is unacceptable. The laboratory must generate its own standard
curve. A manufacturer's claim that their method is approved or acceptable does not mean that
the approval extends to pre-programmed calibrations. When the EPA extends “approval” to
one of these manufacturers that their particular technique is “equivalent” to a referenced EPA
method, the approval is granted on the basis of no significant difference in the stoichiometry
or chemistry of the procedure.
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Hand-drawn Calibration Curves. Many laboratories use a calibration curve
constructed manually by plotting the concentration of on the x-axis and absorbance on the y-
axis. A straight line which best fits the data points is then drawn, and sample concentrations
are determined using the "best fit" line to convert absorbance into concentration. The
laboratory certification and registration program discourages this practice because there is
significant variability in both how the scale of the graph is constructed, and how any
individual draws the "best fit" line through the calibration data points. This degree of
variability makes it difficult to trace your results as they appear on the discharge monitoring
report (DMR) back to the raw data. The best fit line becomes the one you drew, and not
necessarily the one that best represents the relationship between concentration and instrument
response. One part of the audit process will be to verify that the absorbance for a particular
sample indeed relates to the concentration reported on the DMR. Traceability of results is a
critical requirement of laboratory record-keeping practices.

Instrument Calibration. The instruments should be calibrated each time they are used.
The degree of calibration depends on the instrument. Commonly used is the calibration
regression for spectrophotometers, auto-analyzers, and ion chromatographs, constructed
using a reagent blank, and at least three upscale calibration standards, evenly dispersed
throughout the calibration range. Correlation coefficients from regressions must be > 0.9950.
Calibration curves are verified for accuracy, using one or more QC standards, one of which is
mid-range on the calibration curve, and must fall within control limits. This standard is often
referred to as a Laboratory Control Standard (LCS). The origin of the LCS is different than
calibration standards. A high to mid-range calibration standard is used for a calibration check
standard (CCS), or continuing calibration verification (CCV) standard. The CCS is analyzed
every 10 samples to assess initial calibration drift and sensitivity, and must fall within control
limits. When an analytical test is proven stable, the calibration check standard frequency may
be reduced, but one is always run at the end of a sample batch.

Not every instrument is calibrated every time it is used. In some cases, saved calibration
routines are used, but verified by QC checks. Although it really is better laboratory practice
to create a new calibration with every analysis, this is not always the case. Laboratories
should use, at a minimum, a calibration blank and at least two calibration standards. The
lowest calibration standard should be equal to the Method Reporting Limit. The laboratory
should only report concentrations that fall between the lowest and highest calibration
standards. The laboratory should also be free to include more calibration standards that can
fall anywhere within this range. A few analytical techniques may show non-linearity at high
or low concentrations (within the calibration range), so labs may choose to cluster some
standards. As a result, | would drop the statement that the calibration standards must be
evenly distributed. All calibration (new or stored) should be checked with a LCS and CCV:
-A second source Laboratory Control Standard (LCS) should be analyzed following every
initial calibration. The acceptance standards for the LCS should be at least +10%.

-A Continuing Calibration Verification (CCV) should be analyzed at a minimum twice during
an analytical run--once at the beginning and once at the end. Good laboratory practice is to
analyze a CCV with every 10 samples. The concentrations of the CCVs analyzed during a
single analytical run should varied within the calibration range of the instrument. Acceptance
limits for CCVs should be £10%.
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Balances are routinely calibrated using NIST "Class S™ weights, from 0.001 to 100.0 grams.
Document results in a bound notebook. Thermometers used in incubators, ovens, and water
baths, are referenced periodically to an NIST certified thermometer. Document the results.
Calibrate pH meters with pH 4.0, pH 7.0, and pH 10.0 buffers. Document results in logbooks.
Gas chromatographs are calibrated with each use, using instrument blank and calibration
standards. The first calibration standard is used to check instrument response, based on the
previous calibration, and to update the initial calibration. Mid-range calibration standards are
run during, and at the end of the sequence, and must fall within control limits. The GC/MS
system is tuned daily to meet specifications outlined in the method. Calibration standards are
run to establish response factors, with respect to the internal standards, for each compound
tested, during sample analysis. Each sample is spiked with one to three surrogate standards,
which must fall within control limits, to verify the calibration throughout the analytical
period.

Method Blank. A method blank is “clean” samples (i.e., containing no analyte of concern)
collected or transfer in the lab. There are three types of common lab blanks used for each
sampling event: transport; transfer; and, method blanks (Annex 4).

e A lab transport blank (trip blank) is required for all sites that collect samples. This involves
containers that should be filled with organic-free RO/DI water. These containers are
transported into the field, and then sent back to the lab, with the rest of the site samples, for
analysis. These containers remain closed, from the time of initial filling in the lab, until
analysis in the lab. Analyzing these blank samples will indicate presence of ambient
contaminants:

(1) in the lab during the time of analysis; or,

(2) in the blank water.

The validity of this latter possibility could be determined through the analysis of a method
blank.

e A lab transfer blank may be required for other non-volatile organic compounds (VOC), or
other pesticides parameters to be analyzed. The corresponding sample type containers that
should be filled with organic-free RO/DI water. These containers are transported into the
field, and then sent back to the lab, with the rest of the site samples, for analysis. These
containers remain closed, from the time of initial filling in the lab, until analysis in the lab.
Analyzing these blank samples will indicate a presence of ambient contaminants:

1. in the lab during the time of analysis; or,

2. in the blank water.

e A lab method blank is composed, most often, of RO/DI water, to which all reagents are
added and analytical procedures performed. This blank does not leave the lab. Method blanks
are analyzed daily, or at a minimum frequency of 1 per 10 samples, to assess possible
contamination from the laboratory, so that corrective measures may be taken, as necessary.

A method blank is required at a frequency of 1 per sample batch per matrix type per sample

extraction/preparation method. If an analyte is identified in the method blank, the
concentration should be less than 10% of the lowest concentration identified in the samples.

Matrix Spike and Matrix Spike Replicate . A matrix spike is included to identify
any possible analytical interference (Annex 2). Generally, matrix spike/matrix spike
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replicates are used on analyses where contaminants are not routinely detected. Matrix spikes
should be included at a frequency of every 1 in 20 samples . Spike recoveries are used to
determine test method analytical accuracy. Every sample observed to exhibit matrix
interference is analyzed using “Standard Additions” method. Sample dilution is sometimes
used to minimize interference. Some methods require the use of an interference check
standard to ensure that interferences are being corrected for. Matrix spikes should have a
recovery of £ 20%. A matrix spike replicate or an analytical replicate is done as above, but a
replicate from a single sample is carried through the entire analytical sequence. Matrix spike
replicates should be analyzed with every 20 samples. The acceptance limit for duplicates
should be £10%.

Surrogate Spikes. Surrogate spikes (Annex 2) should be included with all organic
chromatography methods. Spikes are added to each sample, standard or blank analyzed, as a
quality control measure. Percent recovery of these surrogates must fall within a specific range
for the analysis to be considered “acceptable.” Anywhere from one to three surrogate
compounds per method, depending on the method. Problems can occur with surrogate
recoveries on samples containing elevated concentrations of one or more analytes. Surrogate
spikes are prepared at a concentration to function within the normal calibration range of the
analytical instrument. Observation of very high concentrations of one or more analytes
requires sample dilution to bring these elevated concentrations within the valid concentration
range. Substantial sample dilution often results in surrogate concentration dilution to a level
below their detection limit.

Anion/Cation Balances. Anion-cation balances provide a means of evaluating overall
laboratory performance. Theoretically, samples with a neutral charge should be composed of
an equal number of positively charged ions (cations) and negatively charged ions (anions).
The concentrations of common cations and anions in a sample (reported in mg/L), are
converted to milliequivalents per liter (meg/L), based on atomic weight and the valence of
each constituent. The relative percent difference (RPD) between the cation and anion sums is
then evaluated. Theoretically, the cation and anion sums in a sample with a neutral ionic
charge, should be the same. Any imbalance in the charge exceeding acceptable standards
indicates the cation and/or anion concentrations may be over or under reported. lon balance
should be within = 10% for samples with a total dissolved solids concentration of more than
100 ppm. If there is no balance, a corrective action process should be initiated.

e In highly turbid groundwater samples, the concentration of a given metal, expressed as total
recoverable, can be significantly different than the concentration of the same metal, expressed
as the dissolved portion of that metal in the water sample. This situation is common at many
solid waste facilities, and often leads to cation-anion balances with relative percent
differences (RPDs ) exceeding 20%.

e In relatively clean water samples, in which the inherent total cation and anion milli-
equivalents are low, a relatively small difference in values, when viewed in terms of absolute
magnitude, can significantly affect the RPD. In such situations, it may be more prudent to
evaluate cation-anion balances in terms of absolute variances, rather than RPD. Using an
acceptance criteria of £ 0.2 meg/L, rather than a percent difference, in samples where the
total anion milliequivalents are low (e.g., 0.0 — 2.0 meqg/L), recognizes the fact that an
absolute difference of 0.2 meg/L between total cations and total anions can generate a large
RPD.
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Quality Indicators and Data Quality Objectives:

Quiality Indicators. Data Quality Objectives (DQOs) are the quantitative and qualitative
terms that water staff members use to describe how good the data need to be in order to meet
the project’s objectives. DQOs for measurement data (also known as data quality indicators)
are precision, accuracy, representativeness, completeness, and comparability, etc. The overall
QA objective for analytical data is to ensure that data of known and acceptable quality are
provided. To achieve this goal, the water staff must review the data obtained for quality
indicators (Annex 3). These are necessary attributes to ensure that analytical data are reliable,
scientifically sound, and defensible.

Lower Limit of Detection (LLD).  Lower limit of detection (LLD) or limit of
detection (LOD) or minimum detection limit (MDL) is the concentration of the analyte
giving a signal equal to the blank plus 3 x the standard deviation of the blank. Because in the
calculation of analytical results the value of the blank is subtracted (or the blank is forced to
zero) the detection limit can be written as:

LLD, MDL, LOD = 3 x sy,

At this limit it is 93% certain that the signal is not due to the blank but that the method
has detected the presence of the analyte (this does not mean that below this limit the analyte
is absent). The calculated LLD, MDL or LOD should be evaluated using several checks to
determine if it will meet all of the necessary criteria. The following five actions, which will
be collectively referred to as the "Five Point Check", are simple ways to evaluate a calculated
LOD:

1. Does the spike level exceed 10 times the LOD? If so, the spike level is high.

2. Is the calculated LOD higher than the spike level? If so, the spike level is too low.
3. Does the calculated LOD meet regulatory requirement (i.e., permit limits)?

4. Is the signal/noise (S/N) in the appropriate range?

5. Are the replicate recoveries reasonable?

Items 1, 2, and 3 are requirements for all LODs. Because even the lowest permit limits are
substantially greater than the LODs which can be reasonably achieved for BOD, TSS,
ammonia, and phosphorus, item 3 can be ignored for wastewater laboratories whose testing is
limited to these parameters. Items 4 and 5 are not required, but are useful for evaluating the
LOD data. Due to the dependence of precision on concentration, the calculated LOD must be
greater than one-tenth of the spike level. This is the maximum concentration for an LOD
study, and concentrations below this maximum are preferable. At the other extreme, the
calculated LOD must not be higher than the spike level. Logically, if the calculated LOD
exceeds the spike level it is not statistically possible to differentiate the spiked samples from
a blank (and the precision of the determination was very poor!). The following inequalities
are useful for evaluating a calculated LOD:

Accuracy (Recovery). Laboratory accuracy is evaluated by the percent recovery (%R) of
the target analyte in spiked samples and also by the recoveries of the surrogates in all samples
and QC samples. Recovery is defined as the ‘fraction of the analyte determined after addition
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of a known amount of the standard analyte to a wastewater sample’. In practice, control
samples are most commonly used for spiking. The sample as well as the spikes are analyzed
at least 10 times, the results averaged and the relative standard deviation (RSD) calculated.
The recovery is calculated with:

Recovery, % = [ ( X — X )/ Xaqqa ] X 100

where

Xs = mean result of spiked wastewater samples
X = mean result of unspiked wastewater samples
Xadd = amount of added standard analyte

Trueness. This is expressed by the equation:

Trueness ,% = (X /) x 100
where
X = mean of test results obtained for reference sample
| = "true" value given for reference sample

Bias. It is more commonly used than trueness, and expressed by the equation:
Bias, % = [(X-p) /] x 100

Precision. Precision is a measure of the degree to which data generated from replicate or
repetitive measurements differ from one another. If calculated from duplicate measurements,
relative percent difference is the normal measure of precision.

RPD =[ (C, x C,)/ (Cy + C,)/2] x 100

Where RPD = relative percent difference

C; = larger of the two observed values

C, =smaller of the two observed values
Better results are obtained from replicate analyses performed on a reference sample.
Numerically, precision is expressed by the relative standard deviation (RSD) or coefficient
of variation (CV)

Precision, % = (S/X) x 100
where
X = mean of test results obtained for the reference standard sample
S = standard deviation of x ,[S°= Y (X1 - X)¥ n-1]
n = degree of freedom

Range is often used as an index of precision. For measurements such as pH, where the

absolute variation is more appropriate, precision is usually reported as the absolute range of
duplicate measurements:

144




D=m; - m

Where D = absolute range
m; = first measurement
m, = second measurement

Control Charts. Control charts are used for recording internal quality control data .The
principle of control charts is that internal quality control (IQC) data can be graphically plotted
so that they can be readily compared and interpreted. Various types of control charts can be
used such as X-chart and R-chart. X-chart is a graph with time (or assay batch) on the x-axis
and the concentration of the variable in the reference material on the y axis. The mean of a
number of control values obtained over a suitably long period of time is used as the central
line in the chart. Two other lines above and two below the central line are also drawn. These
are the upper and lower warning limits and the upper and lower action limits. The limits are
based on two and three times the standard deviation of the batch means, respectively.
Provided the distribution is normal, 95 per cent of results from assays in control will fall
between the two warning lines. Action lines are normally placed at three standard deviations
to either side of the target line and 99 per cent of normally distributed results should be
between the action lines. Examples of typical X- charts are shown below.

An R-chart is a similar control chart in which the mean range of repeated
measurement is used as the central line, the control values being the difference between
highest and lowest response value for a control sample in one batch. R-charts are normally
used only with action limits. In the regular day-to-day use of the control charts, an aliquot
from an appropriate reference material is analyzed with every batch of samples and the
measured concentration of the variable in the aliquot is plotted on the chart.
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Typical X-chart and R-chart

Out-of control situation exists according to 1ISO 13530 when:
(1) One control value lies outside the action limit,
(2) Two consecutive control values lie outside the warning limits,
(3) Seven consecutive values appear with raising or failing tendency,
(4) Ten out of 11 consecutive control values lie on one side of the central line in case of X-
chart,
(5) Seven consecutive values lie above the central line in R-charts.

Out-of control situation requires prompt detailed checking of the analytical method
and rejection of the assay data. Results outside the action limits should prompt detailed
checking of the analytical method and rejection of the assay data.

Reproducibility. This is a measure of the spread of results when a sample is analyzed
by different laboratories .This is a measure of agreement between results obtained with
the same method on identical test or reference material under different conditions
(execution by different persons, in different laboratories, with different equipment and at
different times). The measure of reproducibility R is the standard deviation of these results

Sk, and for a not too small number of data (n < 8) R is defined by (with 95% confidence):

R=2.8xsg
(where 2.8 =2 v/Z and is derived from the normal or Gaussian distribution; ISO 5725).
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Repeatability. The measure of agreement between results obtained with the same
method on identical test or reference standard sample under the same conditions (job
done by one person, in the same laboratory, with the same equipment, at the same time or
with only a short time interval). Thus, this is the best precision a laboratory can obtain: the
within-batch precision. The measure for the repeatability r is the standard deviation of
these results sy, and for a not too small number of data (n> 10) r is defined by (with 95%

confidence):

r=28xs,

Representativeness. Representativeness is the degree to which data from the project
accurately represent a particular characteristic of the environmental matrix that is being
tested. The Water staff designs the sampling scheme, including sampling locations and the
number of samples to ensure representativeness of samples of each matrix or product of
chemical processes being sampled. The Water staff also ensures representativeness of
samples by adherence to standard field sampling and analysis protocols and by using standard
laboratory protocols.

Completeness. Completeness is the percentage of valid results obtained compared to the
total number of samples taken for a parameter. Since sampling during inspections, complaint
response and technical assists are usually grab samples and limited in number of samples, the
lab expects the number of valid results from the analyses to be equal to or better than 85%. A
simple equation for completeness is defined as:

% C = (VIT)x 100

Where % C = percent completeness
V = number of measurements judged valid
T =total number of measurements

Comparability. Comparability is a qualitative term that expresses the measure of
confidence that one data set can be compared to another and can be combined for the
decision(s) to be made. The Water staff ensures Comparability by using standard sample
collection, preparation and handling procedures, EPA-approved analytical methods and
holding times, and by following the QA/QC protocols set by the lab.

Corrective Action:

An appropriate series of corrective actions can be taken to keep the
quality control, these are :
e Review quality control limit calculations for obvious errors.
e Rest the data for outliers, exclude any that are identified as such, and re-calculate
control limits.
e Review matrix spike preparation procedures to determine if any errors were made.
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The laboratory continually monitors their results for quality control sample
determinations and takes appropriate action to correct problems. Frequently, samples may be
re-analyzed after an analytical problem is corrected. This is also the case for location
measurements with respect to check standard results. Due to sample holding time limitations,
re-analysis is usually not possible if problems are discovered in field QC data. Corrective
courses applying to subsequent data collection are possible . However, if data are
compromised due to poor precision, the source of the variability will determine the course of
action that is required. Possible actions include:

1) Changing the standard operating procedures or instrumentation.

2) Informing the laboratory when lab error appears to be the source (and possibly changing
analytical methods);

3) Re-evaluating the required precision, when it appears that the required error is
unattainable.

A persistent, consistent bias in the data may warrant adjusting the values, otherwise the
corrective action for bias will be to inform the lab, which will be expected to address the
problem. Significant changes in methods, instrumentation, or methodology will be made only
after it has been documented that these changes will not bias the data. Summary of an internal
quality control program f or each parameter is:

e Analyze five standard solutions at six different known concentrations covering the
working range to develop a calibration curve or, when a calibration curve already
exists, analyze two standard solutions at different known concentrations covering
the working range to validate the existing calibration curve.

e Analyze one method blank per set of 20 wastewater samples.

e Analyze one field blank per set of wastewater samples.

e Analyze one duplicate of a wastewater sample chosen at random from each set of
up to 20 samples.

e Analyze one wastewater sample that has been spiked with a known amount of the
variable as a recovery check. This sample should have a matrix similar to those of
the wastewater samples being processed.

When data quality criteria are not met, corrective action procedures must be put into effect.
As a general guideline, if ion balances do not agree within £ 10%, then a corrective action
process should be initiated. For duplicate samples, the routine precision criterion is £ 20%
Relative Percent Difference (RPD), unless the value is less than 2.0 meg/L. If so, then use
+ 0.4 meg/L. These criteria may not be achievable at very low concentrations, and in this case
precision is determined by absolute range of duplicate analyses. Field duplicates are collected
at a ten percent frequency, and are used as a quality control check on the overall monitoring
system. The QA chemist reviews field duplicate precision, and corrective action is initiated
when poor precision is obtained. This corrective action process may include reanalysis, when
holding time and sample quantity permit.

When an “out of control” condition is identified (e.g. either control limits or holding time has

been exceeded), the analyst is responsible for initiating corrective action, which may consist
of:
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e The analytical system is recalibrated or verified, and the analysis is repeated, if holding
time and remaining sample volume permits.
e The “out of control” condition is documented, corrective action is taken, and the results are
documented on an Incident Report Form and should be investigated .and corrected. If time
for reanalysis exceeds the allowable holding time for the analyte, then the following
procedure is suggested:
e The sampler is notified, and re-sampling is requested, or
e If re-sampling is not feasible, and the particular analytical results are not critical, then
the initial analytical results are flagged and reported as an “estimate”, indicating that
all of the QC criteria have not been met.

Preventive Maintenance:

Preventive maintenance is performed, according to the procedures and the frequencies
outlined in instrument manufacturers’ manuals. Control charts indicating trends, or
exceedance of control limits, are employed to help identify equipment possibly requiring
servicing or maintenance. Instrument maintenance logs are kept. This log documents repair
and/or maintenance. Maintenance contracts are obtained for analytical balances, autoclaves,
and analytical instruments, to assure their performance remains accurate and dependable.

Training Requirements:

Water staff are required to have training in analysis, instrumentation, applied statistics,
quality, sampling, sampling handling and transport, sample documentation. Training should
also includes filling out the "Chain-of-Custody" or "Transmission Forms", field analysis, and
filling out the "Sampling Checklist". However, training may also be obtained by “mentoring”
provided by senior staff, and by coordination with the subcontracted laboratory or
universities and institutions. Laboratories performing analytical work for EEAA should have
extensive knowledge and skill in execution of the analytical methods being requested.
Information on laboratory staff competence is usually provided in the Quality Management
record.

Documents and Records:

The water staff fills out the "Sampling Checklist", and a field logbook or field data sheets
with “write in the rain” ink or pencil, as appropriate. Changes are made by crossing out errors
and adding correct information. The checklist, logbook or data sheet should not be erased.
Logbooks should be bound with numbered pages shall include:

In addition to the checklist, field logbooks, field data sheets, "Chain-of-Custody” ,
"Transmission Forms" , laboratory analysis and laboratory QC reports , documentation may
include:

* Investigation summary

* Inspection checklist

* Record of sampling

* Inspection report
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* Laboratory raw data,

* Discharge monitoring reports (DMRs)

» MSDS sheets, chemical labels, photographs, drawings

* Permits, certifications, authorizations,

» Workplans, monitoring plans

* Correspondence with affected/involved parties, agencies, or others.

All documents, records, data collected, final "Sampling Checklists”, and final reports shall
be be stored. Pertinent data, which has been verified and validated, must be entered into the
STORET database system, when available. This information may be requested by the water
staff. The laboratory is responsible for verification and validation of its laboratory analysis
results prior to release. The Chain-of-Custody or Transmission form and laboratory QC
sheets will accompany all laboratory data results back to the water staff and the laboratory
will provide information to the water staff on any qualified data results.

Data Reporting. Only data that have been validated and qualified, as necessary, shall be
entered into water analysis databases. If, for any reason, the inspection schedules, sampling
and analytical procedures specified cannot be followed, the water staff will describe these
departures along with any QC/QA corrective actions in the "Sampling Checklist” and relay
this information to the quality manager. for resolution. Database entries will be flagged as
appropriate if they are outside QC/QA acceptable ranges. If necessary, the final report will
discuss any QC/QA issued raised during the monitoring, as well as QC/QA resolution of
these issues.

Data Acquisition. Non-direct measurements include data from previous studies,
information gathered about the facility, maps and GPS to determine sampling locations, etc.
The water staff will determine when and how previously collected data will be used, and
will document the data quality objectives for their use.

Data Management. For each sampling event, the "Sampling Checklist* must be
completely filled out. Field logbooks and data sheets, photos, maps, and GPS location data
as well as field sample labels and "Chain-of-Custody" or "Transmission Forms" will be used
as required to document sampling and inspection activities. Field duplicates will be identified
as such only in the checklist, field logbook or in field data sheets. For laboratory analyses,
field duplicates will be assigned separate unique sample identifier numbers and will be
submitted “blind” to the analytical laboratory. If possible, laboratory data will be transferred
electronically to the lab quality manager to reduce transcription errors, to allow for graphing
information, and to allow data to be stored in the data base. Final reports will be developed
according to lab guidance documents. All reports, including those for potential enforcement
cases, will be completed within 10 days of the sampling event date, if possible. Validated
laboratory results and interpretation (as applicable) will be appended. Photographs and other
supporting data along with the final report will be used to determine permit, certification,
authorization or other water quality compliance. All data generated during this project will be
processed, stored, and distributed according to the lab guidance documents.
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Data Verification. The primary goal of verification is to document that applicable method
and procedural requirements were met in the field sampling and laboratory analysis.
Verification checks to see if the data were complete, if sampling and analysis matched the
requirements, and if the "Standard Operating Procedures (SOPs)" were followed. Verification
of data compiled for a sampling event is the responsibility of the water staff. Verification
should cover at least 5% of the data generated within the water monitoring activities each
year.

Data Validation. Data validation determines whether the data sets meet the requirements
of the Quality Assurance Guidelines. That is, were the data results of the right type, quality,
and quantity to support their intended use? Data validation also attempts to give reasons for
sampling and analysis anomalies, and the effect that these anomalies have on the overall
value of the data. All data generated will be validated in accordance with the QC/QA
requirements specified in the methods and the technical specifications outlined in the lab
manual. Raw field data will be maintained by the water staff who collected it. Raw
laboratory data will be maintained by the laboratory. The laboratory may archive the
analytical data into the laboratory data management system. All data will be kept a minimum
of 3 years.

The summary of all laboratory analytical results will be reported to the water Quality
manager. Data validation will be performed by the laboratory for all analyses prior to the
release of data. All data will be validated according to the laboratory’s SOPs. The rationale
for any anomalies in the QC/QA of the laboratory data will be provided to the water staff
with the data results. Completed "Chain-of-Custody™ or "Transmission Forms "will be sent
back from the laboratory to the water quality manager. Data will be qualified as necessary.
Sampling may need to be repeated. Unacceptable data (i.e., data that do not meet the QA
measurement criteria of precision, accuracy, representativeness, comparability and
completeness, etc.) will not be used or if used, the problems with the data will be clearly
noted in the final report. Any actions taken to correct QC/QA problems in sampling, sample
handling, and analysis will be noted. The water staff will keep the record of any QC/QA
issues and QC/QA corrective actions taken in the space provided in the "Sampling
Checklist”". The water Quality manager is responsible for reviewing field log notebooks and
field data sheets for accuracy and completeness within 48 hours of each inspection, if
possible. Water staff will calculate the Relative Percent Difference (RPD) between field
duplicate samples to determine if QC/QA objectives for field precision have been met.

Sample results provided to the water staff by the laboratory, after these data have been
verified and validated by the laboratory Quality manager, will become part of the permanent
file for each facility or project. Water staff will compare the sample information in the field
log notebooks and/or data field sheets with the laboratory analytical results to ensure that no
transcription errors have occurred, and to check the Relative Percent Difference (RFD)
between duplicate samples sent “blind” to the laboratory. Laboratories calculate and report
the RPD of analytical duplicate samples and report this information in the QC data sheets
which accompany the data results. RPD's greater than the assigned limit will be noted. Water
staff, along with Water quality manager will decide if any QC/QA corrective action will be
taken if the RPDs exceed the criteria. If evidence of QC/QA non-compliance is observed with
the data, additional sampling and analysis may be required.
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Data Reconciliation. All data and related information obtained during the monitoring
services, such as the final report, data report package or inspection report, will be filed. Water
staff will check the original against the information obtained and determine if the data meet
the original intent. If there are discrepancies, these will be addressed before the next sampling
event.

Data Assessment/Oversight. An internal assessment of water monitoring activities will
be performed annually. An audits of field activities and/or laboratory activities on at least 5%
of the water monitoring activities. Results of such assessments or audits will be reported to
water Quality Manager with recommendations for QC/QA improvements.

Quality Control Requirements:

Quality Control measures in the field include but are not limited to:

* Proper cleaning of sample containers and sampling equipment,

» Maintenance, cleaning and calibration of field equipment/ kits per the manufacturer’s
and/or laboratory’s specifications,

* Use of chemical reagents and standard reference materials prior to expiration dates,

* Proper field sample collection and analysis techniques,

* Correct sample labeling and data entry,

* Proper sample handling and shipping or transport techniques,

* One field duplicate per set of 10 samples (minimum of 1).

Quality Control in laboratories includes the following:

* Laboratory instrumentation calibrated with the analytical procedure,

 Laboratory instrumentation maintained in accordance with the instrument manufacturer’s
specifications.

* Method Blanks, Matrix spike/matrix spike duplicates, sample duplicates, etc.

* Laboratory data verification and validation prior to sending data results.

A water staff member shall perform the field data verification and validation, and reviews
the laboratory reports. The water staff reviews these data to ensure that the required QC/QA
measurement criteria have been met.

Equipment Testing, Inspection and Maintenance:

Water staff in each lab will ensure that instruments and kits are in good working order. Prior
to a sampling event, all sampling instruments and equipment will be tested and inspected in
accordance with manufacturers’ specifications. All standard reference materials and kit
chemicals will be inspected to ensure that expiration dates have not been exceeded. For each
sampling event, a water staff will document on the Checklist that required testing,
inspection and maintenance have been performed.
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Annex (1)
Water Sampling

Sampling Plan Checklist:

Sampling Plan Checklist is a summary of site-specific sampling and analysis requirements of
a sampling event. The QC/QA information includes sampling methods, sample containers,
holding times, and approved analytical methods. The site-specific Sampling Plan Checklist
contains:

« Site information such as facility or project name, address, water body, latitude/longitude,
file number, permit number (if applicable), contact person, contact person’s phone number
and/or email address,

» Sampling date/s and sampling location/s such as the effluent or river reach,

» Name/s of the EEAA staff setting up and conducting the monitoring activities, reviewing
data and preparing reports,

* The list of parameters that will be sampled for and analyzed in the field and those that the
laboratory will perform,

* List of QC/QA measures such as duplicate samples, blind samples, etc.,

* QC/QA problems encountered in the field and/or laboratory and any QC/QA corrective
actions taken,

» Water staff member responsible for the sampling event - signature and date. Whenever
samples are collected and/or analyzed in the field, the water staff member fills out the site-
specific 'Sampling Checklist" for each sampling event. As much of the Checklist as possible
is filled out prior to the event. Items that may be known prior to sampling are the facility
name, sampling dates and locations, parameters, subcontracted laboratory, etc. Because a
sampling event involves unknowns, the Sampling Plan Checklist is taken into the field and
filled out as necessary. Items which are required to be completed in the field include:

* Any new sampling locations

* Any new parameters

* QC/QA problems identified in the field such as malfunctioning equipment, broken vials,
etc., as well as QC/QA corrective actions taken,

* Any changes or departures from the QC/QA protocols described in this manual, such as
using non EPA-approved methods as well as the rationale for these changes or departures.

In summary, the site-specific Sampling Plan Checklist must include:

* Name of the facility, project or event,

* Physical location (GPS) and address if applicable,

* Folder names, if applicable,

* Site contact person, phone number, email address, if applicable,

» Name of water staff person(s),

 Sampling date/s and sampling locations,

* Parameters to be sampled or analyzed,

* List of QC/QA measures such as duplicate samples, blind samples, etc.,
* Field or lab QC/QA problems identified and QC/QAC corrective actions taken,
* Name of data reviewer/s
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« Dated signature of water staff member responsible for sampling event.

Representativeness of Samples .When water samples are taken in response to water
pollution complaints, care should be taken to ensure the sampling sites are representative of
the pollution event; e.g., at the pollution site, and above and below it. When a sample is
taken at a wastewater facility discharge line, a volume of water equal to at least ten times the
volume of the sample discharge line will first be discharged into a bucket or similar
container, to clear the line of standing water and possible contamination. Since many
wastewater treatment facilities do not have a discharge line faucet, it is acceptable to take the
sample from the last effluent chamber, while taking precautions to avoid sample
contamination.

Grab Sample. Grab samples consist of either a single sample or individual samples
collected over a period of fifteen minutes or less. The quantity collected is determined by the
type and number of analytical parameters. Grab sampling is useful when the waste stream is
not continuous, such as the cases of batch discharges and intermittent flows. Grab sampling
may also be appropriate when the characteristics of the waste stream are known to be
constant through time. Samples for certain parameters are required to be collected as grab
samples .Grab samples are most often collected manually. Grab samples are generally
authoritative in nature. Sample bottles will be filled sequentially, normally being filled to the
shoulder of the bottle, leaving a small space for expansion and mixing.

Composite Sample. Samples will be composited directly into the sample bottles and
collected sequentially. Between composite aliquots, bottles will be kept in a cooler with ice,
to reach and maintain a sample temperature of 4 + 2°C. The time of the initial portion of the
composite, composite intervals, and the final compositing time will be noted in the field
logbook or data sheets. The sample time listed on the "Chain-of- Custody"” or "Transmission
Form™ and the sample bottle will be the time of the final sample composite portion. . Four
types of composite samples are listed below:

1. Time Composite (TC). A sample comprised of a varying number of discrete

samples (aliquots) collected at equal time intervals during the compositing
period. The TC sample is typically used to sample wastewater or streams.

2. Flow Proportioned Composite (FPC). A sample collected proportional to the
flow during the compositing period by either a time-varying/constant volume
(TVCV) or time constant/varying volume (TCVV) method. The TVCV method

is typically used with automatic samplers that are paced by a flow meter. The
TCVV method is a manual method that individually proportions a series of
discretely collected aliquots. The FPC is typically used when sampling
wastewater.

3. Areal Composite. This is a sample composited from individual, equal aliquots
collected on an areal or horizontal cross-sectional basis. Each aliquot is collected in an
identical manner. An example is a sediment sample composited from quarter-points of a
stream.

4. Vertical Composite. It is a sample composited from individual, equal aliquots
collected from a vertical cross section. Each aliquot is collected in an identical manner.
Examples include vertical profiles in lakes and estuaries.
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Quality Control Sample. This is a collected sample during field studies for various
purposes which include the isolation of site effects (control samples), define background
conditions (background sample), or evaluate field/laboratory variability (spikes and blanks,
trip blanks, duplicate, split samples). The definitions for specific quality control samples are
listed below.

Control Sample. 1t is a discrete grab sample collected to isolate a source of
contamination. Isolation of a source may require the collection of both an upstream sample at
a location where the medium being studied is unaffected by the site being studied, and a
downstream control which could be affected by contaminants contributed from the site under
study.

Background Sample. It is a sample (usually a grab sample) collected from an area, water
body, or site similar to the one being studied, but located in an area known or thought to be
free from pollutants of concern.

Duplicate Sample. It is two or more samples collected from a common source. The
purpose of a duplicate sample is to estimate the variability of a given characteristic or
contaminant associated with a population.

Trip Blank. It is a sample which is prepared prior to the sampling event in the actual
container and is stored with the investigative samples throughout the sampling event. They
are then packaged for shipment with the other samples and submitted for analysis. At no time
after their preparation are trip blanks to be opened before they reach the laboratory. Trip
blanks are used to determine if samples were contaminated during storage and/or
transportation back to the laboratory (a measure of sample handling variability resulting in
positive bias in contaminant concentration). If samples are to be shipped, trip blanks are to be
provided with each shipment but not for each cooler.

Equipment Field Blank. It is a sample collected using analyte-free water which has
been run over/through sample collection equipment. These samples are used to determine if
contaminants have been introduced by contact of the sample medium with sampling
equipment. Equipment field blanks are often associated with collecting rinse blanks of
equipment that has been field cleaned. An example is a purified water chlorophyll a blank
which is subjected to the chlorophyll filtering process.

Field Blank. It is a sample that is prepared in the field to evaluate the potential for
contamination of a sample by site contaminants from a source not associated with the sample
collected (for example air-borne dust or vapors which could contaminate an organics and/or
metals sample). Purified organic-free water is taken to the field in sealed containers or
generated on-site. The water is poured into the appropriate sample containers at pre-
designated locations at the site. Field blanks should be collected in dusty environments and/or
from areas where volatile organic contamination is present in the atmosphere and originating
from a source other than the source being sampled. Samples will be listed as “composite” or
“grab” on the "Chain-of- Custody" or "Transmission Form™ and in field logbook or field data
sheets.
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Sample Containers and Equipment:

All sampling equipment and sampling containers must be certified clean by the laboratory
providing them, or cleaned according to the manufacturer's equipment specifications or the
analytical laboratory. Bottles supplied by a laboratory are pre-cleaned and must never be
rinsed, and will be filled only once with sample. All previously used sampling equipment
must be properly decontaminated before sampling and between sampling locations to prevent
introduction of cross-contamination. Washwater and rinsate solutions must be collected in
appropriate containers and disposed of properly in accordance with federal, state, and local
regulations. Individual sample containers will be placed immediately into a cooler containing
ice, to reach and maintain a sample temperature of 4 £ 2°C. All samples will be collected and
transported to the analytical laboratory with proper sample custody and/or transmission
documentation.

Sampling of Water:

Because stream waters are usually well mixed vertically, subsurface sampling at a convenient
depth is adequate for collection of representative samples at a given point. Subsurface
samples are taken within the upper meter or may be a composite of two or more strata. The
sampler should take into account thermal stratification due to discharges or tributaries when
the sampling plan is being developed.

Lakes, Ponds, Reservoirs. In shallow waters (2 to 3 m), samples shall be collected at
0.5 to 1 m. In deeper water, samples should be collected at regular depth intervals.

Ground Water Wells. Only grab samples may be obtained. The well should be purged
of at least three casing volumes of water before sample collection, and the purged well should
be allowed sufficient time to equilibrate and fines to settle. If a bailer is used, it should be
slowly lowered and raised to minimize disturbances. Samples should be taken as close as
possible to the water level, unless analysis indicates that contamination is at a different depth.
An equipment blank, a portion of rinsate, should be collected into a separate container and
analyzed along with the other groundwater samples. Bailing strings and wires and other
disposable sampling tools must be properly disposed of after use at each well.

Wastewater Discharge. A "representative sample” is often defined as a sample that
reflects one or more characteristics of the population being sampled. For example, the
characteristic which is desired to be reflected by the sample may be the average, minimum, or
maximum concentration of a constituent of concern. Ultimately a representative sample is
defined by the study objectives. Stratification and Heterogeneous Wastes Environmental
media, as well as waste matrices, may be stratified, i.e., different portions of the population,
which may be separated temporally or spatially, may have similar characteristics or
properties which are different from adjacent portions of the population.
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Sampling Procedures:

The water staff collecting samples should wear disposable gloves and safety eyewear if
needed, and observe precautions while collecting samples, remaining aware of the potential
chemical and biological hazards present. The water staff collecting samples will take care not
to touch the insides of bottles or lids/caps during sampling.

Sample Custody Procedures:
Samples will be kept in the custody of the water staff. "Chain-of-Custody" or "Transmission

Forms" will accompany all samples to subcontracted laboratories. Custody seals will be
placed on shipping containers if the water staff decides seals are necessary.

Shipping Requirements:

Packaging, marking, labeling, and shipping of samples will be carried out. Staff should
receive the necessary training for shipping samples. Holding time limitations will be
considered when decisions are made regarding sampling and shipping time.
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Annex (2)

Common Types of Quality Control Samples Used in Water-Quality Monitoring

Type Description Purpose Alternative Comments

Replicate samples Multiple samples are | Evaluate the No other good Estimate sampling process
collected from the variability in way to estimate variability, by using in
environment at the sampling and the reproducibility | conjunction with split
same time and place, | analysis of environmental | samples
using the same processes. sampling.
method.

Split samples One sample Evaluate Many other ways | Sample-splitting process
collected from the analysis of determining may not produce exact
environment is variability, if laboratory replicates. Also, splitting
divided into two or | sent to the same | variability or procedure may introduce
more equivalent lab. Evaluate interlab bias are contamination, or allow
parts. May be done | interlaboratory | possible. This loss of analyte through

in field or at lab.

bias if sent to
different

method has the
advantage of

volatilization or sorption.

laboratories. being matrix-
specific.

Spiked samples Measured amounts | Evaluate Laboratories Recovery of spikes may
of analytes are recovery of the | usually have not accurately represent
added to known analyte s% from | recovery data for | recovery of native
volumes of sample. | the specitic normal sample materials.

Analyses are sample matrix | matrices. Spikes
compared to those of | by the are useful for
unspiked sample, analytical unusual matrices.
identically treated. method.

Surrogate-spiked Measured amounts | Evaluate the Analyte spike Typically used with multi-

samples of surrogate recovery of provides similar analyte organic methods.
compounds are analytes by data, but requires
added to known monitoring to analyses.
volume of sample. recovery of a

chemically
similar
compound.

Synthetic samples A known Document the | Reference Unless a synthetic matrix
concentration of bias of a samples, spiked is created, results do not
analyte(s) is added laboratory’s samples may also | take matrix effects on bias
to a matrix analyses. be used to test into account and therefore
(commonly source bias. tend to give optimistic
water; occasionally a results.
synthetic matrix
such as seawater).

Reference samples | An actual Document the | Synthetic Matrix-specific reference
environmental bias of a samples, spiked materials may be difficult
sample in which the | laboratory’s samples may also | or impossible to obtain.
“true” concentration | analysis. be used to test Non-matrix specific

of analytes is
known, through
multiple analyses by
multiple
laboratories, using
multiple methods.

bias. Reference
samples provide
an absolute
standard, not
prepared by the
user.

reference samples may
provide misleading
results. Reference samples
are used sparingly because
they are expensive.
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Annex (3)

Data Quality Objectives (Quality Indicators)

Minimum
EPA- Method : . .
. Reporting | Accuracy | Precision . . Holding
Parameter | Approved | Detection Limi % R RPD Completeness | Preservation | Volume | Container Ti
Method | Limit imit | (% Rec) | (RPD) Ime
(mg/L)
Bacteria, '
(total fecal | SM922Lor | 1 FC/100 | 1FCA00 |\ o NA 85-100% Na;S,05" 100ml | Sl e ours
coliform) 9222 ml ml plastic
g'f'og:\ca' EPA405.1
Y9 or 2 mg/L 2 mg/L 80-120 <30% 85-100% 4°C 1L Plastic 48 Hours
Demand SM5210B
(BODs)
Chemical Lab Analyze
Oxygen EPA 410 i 0 10N immediately or .
Demand or SM5220 gtr)]g:trol 5 mg/L 85-115 <20% 85-100% add H,SO, to 125 ml | Plastic 28 days
(COD) pH <2
Chlorine, EPA330.1- Do in the
Total 330.50r 0.1 mg/L | 0.1 mg/L NA <30% 85-100% N/A NA NA field
residual SM4500
Dissolved EPA 360.2 i 0 1000 . Do in the
Oxygen or SM4500 0.05mg/L | 0.05 mg/L | 85-115 <30% 85-100% N/A 300 ml | Plastic field
Total Analyze
Nitrogen SM 4500 immediately or Plastic or
(ammonia, or EPA350 | 0.06 mg/L | 0.06 mg/L | 70-130 <30% 85-100% add H,SO, to 500 ml 28 days
nitrate, series pH <2 Cool to Glass
nitrite, TKN) 4°C
pH EPA150.1 | 0.1 0.1 0.1 pH 0.1 pH 85-100% N/A NA NA Do in the
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EPA-

Method

Minimum

Parameter | Approved | Detection Reporting AE,CCU racy | Precision Completeness | Preservation | Volume | Container Ho!dlng
Method Limit Limit (% Rec.) (RPD) Time
(mg/L)
standard standard units units field
units units
Total Analyze
Phosphate or | EPA 365 immediately or Plastic or
o-Phosphate | series or 0.01 mg/L | 0.01 mg/L | 70-130% | <30% 85-100% add H,SO4 to 100 ml Glass 48 hours
SM4500 pH <2 Cool to
4°C
Specific EPA120.1 | 0.07 0.07 uS/cm | 85-115% | 10% 85-100% NA N/A Plastic, Do in the
Conductance | or uS/cm glass field
SM2510B
Total EPA 415.1 | 1 mg/L 1 mg/L 85-115% | <20% 85-100% Cool to 4°C, 125 ml | Amber 28 days
Organic or SM5310 add HCI, Glass
Carbon H,SO,4 or
H3;PO, to <pH?2
Turbidity EPA180.1 | 01.NTUs | 01.NTUs | 85-115% | <20% 85-100% Cool to 4°C 100 ml | Plasticor | 48h. or
or Glass do in the
SM2130B field
Temperature | EPA170.1 | 0.1°C 0.1°C 90-110% | <10% 85-100% N/A N/A N/A Analyze
°C or in field
SM2550B
Total EPA 160 |0.2mg/L |4 mg/L 85-115% | <20% 85-100% Cool 4°C 1L Plastic or | 7 days
Suspended series or glass
Solids SM2540
Total EPA 160.5 | 0.2 0.2 ml/L/hr | 85-115% | <20% 85-100% Cool 4°C 1L Imhoff Analyze
Settleable or SM2540 | ml/L/hr cone as soon
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Minimum

EPA- Method | ponorting | Accuracy | Precision Holdin
Parameter | Approved | Detection porting o Y Completeness | Preservation | Volume | Container aing
Method Limit Limit (% Rec.) (RPD) Time
(mg/L)
Solids as
possible
Total EPA 200 See See See <20% 85-100% Add HNO3 to 100 ml | Plastic 28 days
Recoverable | series or specific specific specific <pH 2 except
Metals SM 3100 | metal metal metal for Hg and Cr
series VI
Volatile SM 8260B | See See See <20% 85-100% Na,S,03 to 40 ml Special 40 | 14 days
Organic or 6400 specific specific specific pH<2 ml glass
Compounds VOC VvVOC VOC vial
(VOCs)
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Annex (4)

Common Types of Quality Control Blank Samples Used in Water-Quality

{Monitoring
Type Description Purpose Alternative Comments
Source water blank | A portion of the Document that | Buy certified Field-lab deionizers may
water that is used as | the source source water from | be a significant source of

the source of all
blanks, and as the
matrix for all QC
samples, is analyzed.

water is free of
contamination.

the laboratory or a
commercial
supplier, and
accept their
analysis. Use
water from a
deionizer in the
field laboratory

contamination, and should
be monitored with
conductance meters, using
a safe cutoff value. The
value chosen will depend
on the detection limit of
the analyses being
performed.

Field blank

Source water in
taken to the
sampling site and, as
nearly as possible
sam%Ied, preserved,
and bottled in the
same way as the
environmental
samples.

Document that
the field sample
handling
process Is not
Introducing
contamination.

No reasonable
alternative.
Necessary for all
but the roughest
reconnaissance
studies.

If contamination is found
in the analysis of the field
blank, it gives no
indication of the source,
only that it has occurred.
Also, it is often not
possible to sample the
source water exactly the
same way as the
environmental.

Ambient atmosphere
blank

A sample container
of source water is
exposed to the
atmosphere at the
sampling site for the
same amount of time
required to handle a
sample.

Document that
the atmosphere
of the sampling
site is not
introducing
contamination.

Test the
atmosphere for
analytes to be
determined in the
samples.

Especially important for
relatively “clean” ground
water samples collected in
surface environments that
are highly contaminated,
either by volatile
constituents or air borne
particulates.

Equipment blank

A source water
sample is passed
through the
sampling, splitting,
or filtration
equipment, then
bottled and
preserved like a
sample and sent to
the lab.

Document that
the sampling
equipment is
not introducing
contamination.

Super-clean the
equipment before
coming to the
field, seal itina
protective
container, and use
it only once per
trip, to ensure that
no contamination
Is introduced.

Separate blanks for
sampler, splitter, pump,
filter, etc., may be used to
identify individual sources
of contamination. Analyze
total equipment blank
first. If it is blank, no
further tests needed.

Preservation blank

A source water
sample that has been
preserved exactly as
the environmental
samples, is analyzed.

Document that
the
preservative,
and the act of
adding it to the
sample, is not
introducing
contamination.

Use pretested
preservative
supplied by the
lab, and assume
that the operation
of introducing
preservative In the
field isn’t causing
contamination.

If preservation blanks
show no contamination,
there is no need to analyze
separate source blanks.
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Annex (4)
Common Types of Quality Control Blank Samples Used in Water-Quality Monitoring
(Continued)

Type

Description

Purpose

Alternative

Comments

Trip blank

A sample of source
water, preserved and
contained identically
to the samples, is
shipped with
environmental
samples.

Document that
contaminants

Detect
contamination

are not during shipping,
introduced from atmospheric
during or

shipping. container/closure

sources, or from
other samples.

Most necessary when
volatile analytes will be
determined. Cross
contamination may occur
between “clean” and
“loaded” samples shipped
together.

Laboratory blank

A source of water
sample is prepared
at the laboratory,
and analyzed along
with the
environmental
samples.

Document that
contamination

If the blank shows
no contamination

has not throughout the
occurred during | entire sampling
lab storage, and analysis
subsamﬁ) ing, process, the
and analysis absence of

contamination in
both field and lab
is documented,
and separate lab
blanks are
unnecessary.

If the field blank shows
contamination, the
laboratory blank helps
identify its source as being
in the field or in the
laboratory.
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Evaluation of performance

1 — Limit of detection.

2 — Precision (repeatability and between batch).

3 — Trueness.
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Limit of detection.

1 — Use — R — chart for blank or sample of very low concentration.

2 — Calculate S,, for blank sample.

3 — Calculate criteration (CD) and limit of detection (LOD).

Calculate S,, from R - chart using blank sample

Batch X1 X2 R
1 3.5 0.0 3.5
2 4.3 2.4 1.9
3 9.5 10.9 1.4
4 4.9 1.6 1.6
Average R =21
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R\ — d2 . SW
d, for duplicate reading n = 2 from the table  d, =1.128
Sw=R/d, =21/1.128 =1.86

Calculate S,, from r — chart using stable natural sample (type I1)

Batch X1 X5 R X r %
1 3.46 4.46 1.00 3.96 25.3
2 3.99 5.10 1.11 4.545 24.4
3 5.32 5.47 0.15 5.395 2.8
4 15.0 14.8 0.2 14.9 1.3
Average r=13.45

Sw =rld; =13.45/1.128 =11.92 =12
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R — chart for blank

R-value

T T T T T
1 2 3 4 5

No. of batch

r — chart for stable natural sample

25

15

r-value

5

[ ]
T T T T T
1 2 3 4 5

No. of batch
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Calculate CD and LOD

CD =tyg5 . (df) . Sw . V(1 + 1/n)

df : the number of degree of freedom

df = no. of batches -1

df=4-1=3

n . number of replicate =2

to.o5 (3) from the table (one sided case), df = 3
toos =2.353

. CD =2.353 x 1.86 V(1 + %) = 5.36 &5

LOD = 2CD =2x5=10
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Precision, repeatability (Sy)

Sw can be calculated as was discussed before with blank
sample by using either R — chart for sample type | (synthetic
sample or reference material)

or

r — chart with sample type Il (stable natural sample)
r=(R*100)/ X

173



Precision between batch variation S;,

1 — Use combination of X - chart and R — chart for sample type |
2 — Calculate S,, from R — chart as was discussed before.

3 — Calculate standard deviation S, from X - chart.

4 — Calculate Sy
as
Sy> = S,°—S,/°/n

n : no. of replicate = 2
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Calculate S,

Batch X1

1 505.0
2 497.4
3 495.6
Average

Standard deviation

504.7
496.0
496.9

R

0.3

1.4

1.3

R =1.0
Sx =4.84

X

5 04.85
496.7
496.25

X = 499.27

True value = 500
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Calculate S,

Sw=R’/d, =1.0/1.128 = 0.887
S’ =S =Sy /N
= (4.84)* - (0.887)°/2
=23.426 - 0.7868 /2
=23.426 - 0.393 =23.03
Sp =4.799 =~ 4.8
Total variance St° = S,° + S,° = (0.887)% + (4.799)°
St= 4.88
The number of degree of freedom for Sy = no. of batches — 1

The number of degree of freedom for St = n *(humber of batches - 1)
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R-value

X-value

R — chart for Sample (1)

1 | 2 | 3 | 4 | 5I
No. of batch

X — chart for Synthetic sample (1)

500

490

No. of batch
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Calculation of truness

To calculate truness from X - chart
Synthetic sample | or D — chart for sample type 111
(recovery of spike from a natural sample).

Recovery from X — chart = X * 100 / true value
Truness =499.27 * 100/ 500 =99.9 % =~ 100 %
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[s truness different from 100 %?

1 — Calculate S, for (X — chart) or Sp(D — chart)

2 — Compare the average concentration (or average
difference for sample type Ill) to true value (or true
spike) using confidence interval.
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Compare true value and average using the confidence interval

Confidence interval = average % t ;.qy2, (df)*S, /Vm
df = no. of batches—1 =2

m : no. of measurements = 6 reading

Sy = 4.84
Average X = 499.27

to.075(df) = from the table when (df = 2) =4.303
~.confidence interval = 499.27 + 4.303 * 4.84/\6

=499.27 + 8.50 from 490.77 to 507.77
True value =500 is found within the confidence interval and the average is not

significantly different from the true value.
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Are performance characteristic changing?

1 — Compare standard deviation St of two measurements for the
same sample (F-test)
2 — Compare average of two measurements for the same sample

If the answer Is yes.

a . The change is acceptable or relevant.

b : Decide what you want to do to improve your results
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Compare standard deviations

The calculation for new measurements of the same sample is
7(2 =497.39 ,S1,=6.45 , no.of measurements (m, = 10)
The number of degree of freedom df,=10-1=9

The data which was just calculated before is

X, =499.27 ,S;=4.88 , no. of measurements (m; =6)
The number of degree of freedomdf;=6-1=5

F — test = S1,*/St1° = 6.45%/4.88° =1.74

F value from excell F;,, (0.025, df,, df;) = F;,, (0.025, 9, 5)
F value = 6.69

F test is smaller than F value so standard deviation is not significantly different.
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Compare the averages

Calculate uncertainty of the difference
U = t1q2 (df) Spooled ‘/(ml + m,)/(m*m,)

df for Spooled =df; + df,=5+9=14
Spooled = Ndfy * St17 + df, * Stp%) / (dfy + dfy)

Spooled = V5 *4.88°+9*6.45°) /(5 + 9) =5.94
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Compare the averages

too7s (14) = 2.145

U =2.145*594(6 + 10)/(6*10) = 6.58
The difference between the two averages (d)

d =499.27 - 497.39 = 1.88

The uncertainty is larger than the difference and therefore the

difference Is not significant

. The change of performance characteristic is not significant
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If the two standard deviations are different, for example if two significantly
different methods are employed, the following procedure is used:

The variances V1 and V2 of each of the two means are compacted

V; = S;%/ml V, = S,°/m,

The effective number of degrees of freedom df* is then calculated:

(Vi + V2)2
df* = -2
Vi (my+l) + Vo2 (my+1)

Calculate the uncertainty U of the difference

U= Uan df* '\/(Vl + V2)

Calculate the difference of the two means and compare with U
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Example :

An improvement of the method for determination of COD., (mg/L O,) has been
attempted. The original and modified methods are compared by repeated
analysis of several samples.

Results of the statistical analysis for one sample is given below

X St m
Old method 21.3 5.34 17
Modified method 19.2 3.20 19

F — test = St° (highest) / ST° (lowesty = 5.34°/3.20°
=2.78
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Fo.os(dfy, dfy)

Foos(16, 18) =2.25

F-test is larger than critical value or F-value so the two standards deviation are

differ at 95%.

So the following procedure is used:

Variance of old V4 & modified V,,q Methods are

Voa = (5.34)%17 = 1.677

Vimod. = (3.20)%/19 = 0.539

The effective number of degree of freedom df* is
(1.677 + 0.539) + (0.539)%/ (19+1)

" |-

(1.677)°/(17+1)
= 26.8~ 27
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The uncertainty U is
U = to.e75 (27) X V(1.677 + 0.539)
=2.052 x 1.489
= 3.055 mg/L O,
The difference of the means d is
d=21.3-19.2=2.1mg/L O,
The difference of the means is smaller than the uncertainty so the means are
not differ.
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Generic Quality Assurance Plan for
Drinking Water Program Staff Sampling & Analysis
Activities

Distribution List
Copies of this approved Quality Assurance Plan (QAP) and subsequent QAP
revisions will be distributed to all Water Program staff.

Organization Task

All Water Program staff members who perform field tests, collect samples, and
transport or ship samples to analytical laboratories are responsible for Quality
Assurance and Quality Control. Water Program staff members who perform
these duties include:

e Those who respond to water pollution complaints or investigate potential
water

pollution problems using a suite of basic water quality parameters,

e Those who set up or perform baseline water quality monitoring,

» Those who develop discharge permits, review data reports, provide technical
assistance to facilities, and perform routine inspections and water quality
monitoring,

eWater Program staff members, under the requirements of this generic plan, are
responsible for planning the sampling event, developing the sample design,
collecting physical and documentary samples, coordinating with the
subcontracted laboratory, reviewing data results, and preparing reports.

QAP requirements also apply to sampling activities undertaken on behalf of the
department by contractors. Whenever Water Program staff members perform
field tests, collect samples and transport or ship samples to analytical
laboratories, they will follow the requirements of this generic QAP for sample
collection, sample handling and analysis. Departures from the requirements of
this generic QAP must be documented in the site-specific QAP Sampling Plan
Checklist and approved by the Water Quality Assurance Officer (WQAO). Water
Program staff members using this generic QAP prepare the site-specific QAP
Sampling Plan Checklist (QAP Checklist) for each sampling event. The WQAO is
available to assist Water Program staff members fill out this QAP Checklist. The
WQAO randomly selects and reviews approximately 5% of the QAP Checklists
annually to ensure that they are complete and that QA/QC processes are
followed. Generic QAP

Problem Definition/Background and Project Objectives

Background

The Water Program is committed to developing and integrating Quality
Assurance (QA) and Quality Control (QC) practices into data collection and
measurement activities within its purview in order to generate and process data
of known and appropriate quality in a cost-effective manner. This QAP is
prepared with the intent to provide all Water Program staff members with basic
guidelines for the collection of samples, proper sample documentation, sample



handling and transport, and the use of correct sampling and analytical
methodologies. As required by the Water Program, This generic QAP is prepared
in compliance with the EPA QA/R-5, EPA Requirements for Quality Assurance
Project Plans, Final Version, March 2001. EPA QA/R-5 is available at:
http://www.epa.gov/r10earth/offices/oea/epagar5.pdf. When approved, this
generic QAP becomes a part of the Water Program Quality Management Plan.

Objectives

This generic QAP is developed for the purpose of supporting all sampling and
analysis activities by Water Program staff. By following the requirements of this
generic QAP and completing the QAP Sampling Plan Checklist, the Water
Program ensures the quality of its data. This also ensures that data generated or
processed are appropriate for their intended use, scientifically valid, are of
known precision, and accuracy, of acceptable completeness, representativeness,
comparability, and where appropriate, legally defensible. The intent of this
generic QAP is to provide consistency in the application of QA and QC practices
whenever Water Program staff members collect and test water samples in the
field, and/or handle, transport or ship water samples to subcontracted
laboratories for analysis.

Task Description and Schedule
Project

The Water Program staff members follow the requirements of this generic QAP
and fill in the information required in the QAP Sampling Plan Checklist for each
sampling event. A sampling event is defined as the suite of samples taken at the
same time and place for the same purpose. Similarly, the suite of samples taken
in response to one water quality complaint is considered a sampling event.
Samples may be analyzed in the field or in an approved laboratory. .

QAP Sampling Plan Checklist

The QAP Sampling Plan Checklist is a summary of site-specific sampling and
analysis requirements of a sampling event. The QAP Checklist is designed to be
used in conjunction with this generic QAP. The generic QAP describes QA/QC
information such as sampling methods, sample containers, holding times, and
EPA- approved analytical methods. The site-specific Sampling Plan Checklist
contains:

e Sampling date/s and sampling location/s such as the effluent or river reach,
» Name/s of the staff setting up and conducting the monitoring activities,
reviewing data and preparing reports,

e The list of parameters that will be sampled for and analyzed in the field and
those that the laboratory will perform,

« List of QA/QC measures such as duplicate samples, blind samples, etc.,
 Description and rationale for any departures from the generic QAPP,

* QA/QC problems encountered in the field and/or laboratory and any QA/QC
corrective actions taken,
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e Water Program staff member responsible for the sampling event - signature
and date. Whenever samples are collected and/or analyzed in the field, the
Water Program staff member fills out the site-specific QAP Sampling Plan
Checklist for each sampling event. As much of the Checklist as possible is filled
out prior to the event. [tems that may be known prior to sampling are the facility
name, sampling dates and locations, parameters, subcontracted laboratory, etc.
Because a sampling event involves unknowns, the QAP Sampling Plan Checklist
is taken into the field and filled out as necessary. Items which are required to be
completed in the field include:

* Any new sampling locations

* Any new parameters

* QA/QC problems identified in the field such as malfunctioning equipment,
broken vials, etc., as well as QA/QC corrective actions taken,

e Any changes or departures from the QAQC protocols described in this generic
QAP, such as using non EPA-approved methods as well as the rationale for these
changes or departures. Back in the office, the QAP Checklist can be completed
only after receiving all laboratory data results and reviews these data for QA/QC.
When all verified and validated data are available and a Water Program staff
member has checked the data and completed any required reports, the QAP
Checklist is reviewed for completeness, and signed and dated by the Water
Program staff member responsible for the sampling event. The completed,
signed and dated QAP Checklist then becomes a part of the permanent record of
the facility.

In summary, the site-specific QAP Sampling Plan Checklist must include:

» Name of the facility, project or event,

« Physical location (GPS) and address if applicable,

e Permit Number, Folder names, if applicable,

« Site contact person, phone number, email address, if applicable,

e Name of Water Program staff person(s),

e Sampling date/s and sampling locations,

e Parameters to be sampled or analyzed,

« List of QA/QC measures such as duplicate samples, blind samples, etc.,

« Field or lab QA/QC problems identified and QA/QC corrective actions taken,
e Departures taken from the generic QAPP and rationale,

e Name of Data Reviewer/s

» Dated Signature of Water Program staff member responsible for sampling
event.

Data Quality Objectives and Criteria for Measurement Data

Data Quality Objectives (DQOs) are the quantitative and qualitative terms that
Water Program staff members use to describe how good the data need to be in
order to meet the project’s objectives. DQOs for measurement data (also known
as data quality indicators)are precision, accuracy, representativeness,
completeness, and comparability. The overall QA objective for analytical data is
to ensure that data of known and acceptable quality are provided. To achieve this
goal, the Water Program staff must review the data for representativeness,
comparability, precision, accuracy and completeness. These are necessary



attributes to ensure that analytical data are reliable, scientifically sound, and
defensible.

Precision: Precision is the degree of mutual agreement among independent
measurements as a result of repeated application of the process under specified
conditions. Field precision is measured by collecting field duplicate samples for
each matrix collected and measured, and/or for each sampling event. Field
precision is evaluated by the relative percent difference (RPD) between field
duplicate samples. RPD should be <20% or better. Although the purpose of
duplicate sampling is to check the precision of the sample collection, it also
checks laboratory precision if the duplicate samples are "blind" to the laboratory
and are given distinct identification numbers. RPD is defined as the absolute
value of the difference (range) of each duplicate set times 100, divided by the
mean value (average of the duplicate set). The equation to calculate RPD is as
follows:

RPD = /S1-52/x 100
(S1+S2)/2

The Water Program ensures field precision by collecting and analyzing one field
duplicate for every 10 samples collected. For example, if 1-10 samples are
collected per sampling event, 1 field duplicate is required. If 10-20 samples are
collected per sampling event, 2 field duplicates are required.

A sample is defined as the portion of a population taken from one place at one
time even if collected for several analyses. For example, samples taken for pH,
total suspended solids, total residual chlorine and fecal coliform bacteria at three
locations (influent, effluent and edge of mixing zone) at a wastewater treatment
facility would be considered 3 samples. Samples taken in response to a possible
pollution event (upstream, downstream and at a discharge) would also be
considered 3 samples.

Laboratories measure precision by analyzing Method Blanks, Matrix
Spike/Matrix Spike Duplicate (MS/MSD) samples and by the analysis of
laboratory duplicate samples. Laboratories usually perform the analysis of one
set of MS/MSD and duplicate samples per matrix measured. Laboratory
precision is evaluated by the relative percent difference (RPD) between MS/MSD
or between duplicate laboratory samples. RPD is usually <20% but can vary
widely depending on the analytical method. Laboratory precision requirements
are method-specific and are available in laboratory Quality Management Plans,
(QMPs), which are kept on file at the Water Quality Assurance Officer’s office.

Accuracy: Accuracy is the degree of agreement of a measured value with the
true or expected value of the quantity of concern. The Water Program ensures
field accuracy by field instrument calibration according to the manufacturers’
instructions and by using standards and chemicals that are current (prior to
expiration dates), and by following proper sampling, sample handling and field
analysis protocols. Laboratory accuracy is evaluated by the percent recovery
(%R) of the target analyte in spiked samples and also by the recoveries of the



surrogates in all samples and QC samples. The laboratory accuracy ranges are
specified in the laboratory QMP and depend upon the parameter being
measured.

Representativeness: Representativeness is the degree to which data from the
project accurately represent a particular characteristic of the environmental
matrix that is being tested. The Water Program staff member designs the
sampling scheme, including sampling locations and the number of samples to
ensure representativeness of samples of each matrix or product of chemical
processes being sampled. The Water Program staff also ensures
representativeness of samples by adherence to standard field sampling and
analysis protocols and by using standard laboratory protocols.

Completeness: Completeness is the percentage of valid results obtained
compared to the total number of samples taken for a parameter. Since sampling
during inspections, complaint response and technical assists are usually grab
samples and limited in number of samples, the Water Program expects the
number of valid results from the analyses to be equal to or better than 85%.
Comparability: Comparability is a qualitative term that expresses the measure of
confidence that one data set can be compared to another and can be combined
for the decision(s) to be made. The Water Program ensures Comparability by
using standard sample collection, preparation and handling procedures, EPA-
approved analytical methods and holding times, and by following the QA/QC
protocols described in this generic QAPP.

Special Training Requirements/Certification

Water Program staff are required to have training in sampling, sampling
handling and transport, sample documentation, filling out the Chain-of-Custody
or Transmission forms, field analysis, and filling out the QAP Sampling Plan
Checklist. It is recommended that this be formal training. However, training may
also be obtained by “mentoring” provided by senior staff, and by coordination
with the subcontracted laboratory. Training records are kept on file .

Documents and Records

The Water Program staff member fills out the QAP Sampling Plan Checklist, and a
field logbook or field data sheets with “write in the rain” ink or pencil, as
appropriate. Changes are made by crossing out errors and adding correct
information. The QAP Checklist, logbook or data sheet should not be erased.
Logbooks should be bound with numbered pages. The completed QAP Checklist
is required for each sampling event.

A Chain-of-Custody or Transmission form must be filled out if a subcontracted
laboratory performs sample analysis. This completed form will accompany all
data sheets and summaries from the subcontracted laboratory back to the Water
Program staff. In addition to the Checklist, field logbooks, field data sheets, and
Chain-of-Custody or Transmission Forms, Laboratory Analysis and Laboratory
QC reports, the project documents may include:

* [nvestigation Summary (CATS)
e Inspection Checklist



» Record of Sampling

e Inspection Report

e Laboratory raw data,

e Discharge Monitoring Reports (DMRs)

e MSDS sheets, chemical labels, photographs, drawings

e Permits, certifications, authorizations,

» Work plans, monitoring plans

 Correspondence with affected/involved parties, agencies, or others.

All documents, records, data collected, final QAP Sampling Plan Checklist, and
final report will be kept in a facility or project file. Pertinent data, which has been
verified and validated, must be STORET compatible, and entered into the
STORET database system, when available. The subcontracted laboratory will
store all sample receipt, sample log-in, extraction documentation and laboratory
instrument documentation according to its own QMP and SOP documents. This
information may be requested by the Water Program staff. The laboratory is
responsible for verification and validation of its laboratory analysis results prior
to release. The Chain-of-Custody or Transmission form and laboratory QC sheets
will accompany all laboratory data results back to the Water Program staff and
the laboratory will provide information to the Water Program staff on any
qualified data results.

DATA GENERATION AND ACQUISITION

Sampling Process Design (Experimental Design)

Prior to the inspection or sampling event, the Water Program staff member
should review available files to determine such things as:

» Facility /project or water body background information,

« Historical ownership and use of the facility/project for waste and wastewater
generation,

» Maps depicting general geographic location, property lines, surrounding land
uses,

e Groundwater monitoring wells,

» A summary of all possible sources of contamination and of the wastewater
stream flow,

» A summary of past permits, certifications or authorizations requested and/or
received,

* Any enforcement actions and subsequent responses,

« A list of documents and studies prepared for the facility/project,

e Monitoring records, such as Discharge Monitoring Reports (DMRs),

« Inspection reports from previous site inspection or sampling events,

« Safety issues.

Based on the information on hand, and the visual inspection of the facility, the
Water Program staff will collect samples and analyze samples on an “as needed”
basis to characterize or verify possible water quality pollutants. When Water
Program staff respond to water pollution complaints or set up baseline
monitoring projects, sampling locations and sampling frequency should be
representative of the objectives of the sampling event or monitoring project. The



Water Program staff follows the requirements of this generic QAPP in setting up
the sampling plan for any of the above scenarios.

Sampling Method Requirements

Representativeness of Samples

When water samples are taken in response to water pollution complaints, care
should be taken to ensure the sampling sites are representative of the pollution
event; e.g., at the pollution site, and above and below it. In baseline monitoring,
sample site locations should be determined to ensure both temporal and spatial
representativeness. If possible, samples should be taken directly from the water
body, rather than from a container filled from the water body.

Samples types

Samples will be listed as “composite” or “grab” on the Chain-of- Custody or
Transmission Form and in field logbook or field data sheets.

Grab Samples - Sample bottles will be filled sequentially, normally being filled
to the

shoulder of the bottle, leaving a small space for expansion and mixing. Note that
some

sample types such as volatile organic compounds and fecal coliform bacteria
have specific bottle filling requirements. The laboratory will provide sampling
instructions with the sample bottles. If necessary, the Water Program staff will
consult with the laboratory regarding sampling procedures.

Composite Samples - Samples will be composited directly into the sample
bottles and collected sequentially. Between composite aliquots, bottles will be
kept in a cooler with ice, to reach and maintain a sample temperature of 4 °C * 2
°C. The time of the initial portion of the composite, composite intervals, and the
final compositing time will be noted in the field logbook or data sheets. The
sample time listed on the Chain-of- Custody or Transmission Form and the
sample bottle will be the time of the final sample composite portion.

Sample containers and equipment

All sampling equipment and sampling containers must be certified clean by the
laboratory providing them, or cleaned according to the manufacturer's
equipment specifications or the analytical laboratory. Bottles supplied by a
laboratory are pre-cleaned and must never be rinsed, and will be filled only once
with sample. All previously used sampling equipment must be properly
decontaminated before sampling and between sampling locations to prevent
introduction of cross-contamination. Washwater and rinsate solutions must be
collected in appropriate containers and disposed of properly in accordance with
federal, state, and local regulations. Individual sample containers will be placed
immediately into a cooler containing ice, to reach and maintain a sample
temperature of 4°C + 2°C. All samples will be collected and transported to the
analytical laboratory with proper sample custody and/or transmission
documentation.



Sampling techniques

Surface Water Samples, Streams -

Because stream waters are usually well mixed vertically, subsurface sampling at
a convenient depth is adequate for collection of representative samples at a
given point.

Subsurface samples are taken within the upper meter or may be a composite of
two or

more strata. The sampler should take into account thermal stratification due to
discharges or tributaries when the sampling plan is being developed.

Lakes, Ponds, Reservoirs- A sufficient number of stations should be established
in random locations to define adequately the parameters of concern. For baseline
studies, the deepest part of the lake should be included as one of the stations.
Where concentrations of chemical or physical parameters can vary with depth,
samples should be collected from all major depth zones, or water masses. In
shallow waters (2 to 3 m), samples shall be collected at 0.5 to 1 m. In deeper
water, samples should be collected at regular depth intervals.

Ground Water Wells- Only grab samples may be obtained. The well should be
purged of at least three casing volumes of water before sample collection, and
the purged well should be allowed sufficient time to equilibrate and fines to
settle. If a bailer is used, it should be slowly lowered and raised to minimize
disturbances. Samples should be taken as close as possible to the water level,
unless analysis indicates that contamination is at a different depth. An
equipment blank, a portion of rinsate, should be collected into a separate
container and analyzed along with the other groundwater samples. Bailing
strings and wires and other disposable sampling tools must be properly disposed
of after use at each well.

Sample Handling Requirements

Sampling Procedures

The Water Program staff member collecting samples should wear disposable
gloves and safety eyewear if needed, and observe precautions while collecting
samples, remaining aware of the potential chemical and biological hazards
present. The Water Program staff member collecting samples will take care not
to touch the insides of bottles or lids/caps during sampling.

Sample Custody Procedures

Samples will be kept in the custody of the Water Program staff. Chain-of- Custody
or

Laboratories. Custody seals will be placed on shipping containers if the Water
program staff decides seals are necessary.

Shipping Requirements

Packaging, marking, labeling, and shipping of samples will comply with all
regulations Staff should receive the necessary training for shipping samples or
consult with the sub-contracted laboratory for shipping instructions. Holding
time limitations will be considered when decisions are made regarding sampling
and shipping times.



Analytical Methods Requirements

Monitoring will be conducted in accordance with Standard Methods of Water
and Wastewater Analysis or the EPA-approved analytical procedures .The Water
Program will ensure that all equipment and sampling kits used by Water
Program staff in the field meet EPA-approved methods. Water Program staff
members involved with collecting, analyzing and transporting or shipping
samples, will designate a storage location for sampling equipment and kits used
during sampling events. For safety and to avoid contamination, the storage will
be in a lockable cabinet.

Quality Control Requirements
Quality Control measures in the field include but are not limited to:

* Proper cleaning of sample containers and sampling equipment,

e Maintenance, cleaning and calibration of field equipment/ kits per the
manufacturer’s and/or laboratory’s specifications,

» Use of chemical reagents and standard reference materials prior to expiration
dates,

* Proper field sample collection and analysis techniques,

e Correct sample labeling and data entry,

e Proper sample handling and shipping or transport techniques,

* One field duplicate per set of 10 samples (minimum of 1). Quality Control in
laboratories includes the following:

e Laboratory instrumentation calibrated with the analytical procedure,

e Laboratory instrumentation maintained in accordance with the instrument
manufacturer’s specifications, the laboratory’s (QMP) and Standard Operating
Procedures (SOPs),

» Method Blanks, Matrix spike/matrix spike duplicates, sample duplicates, etc.
per the

laboratories QMP.

 Laboratory data verification and validation prior to sending data results to
Subcontracted laboratories should provide analytical results to the Water
Program staff only after verification and validation by the laboratory QA Officer.
The laboratory will provide QC information with its summary of data results. If a
value is reported and flagged as outside the acceptable laboratory QA/QC range
for precision and/or accuracy, the laboratory will explain this anomaly.

A Water Program staff member performs the field data verification and
validation, and reviews the laboratory reports. The Water Program staff member
reviews these data to ensure that the required QA/QC measurement criteria
have been met. If a QA or QC concern is identified in the review process, the
Water Program staff member may seek additional information from the
subcontracted laboratory. If relevant to their analyses, subcontracted
laboratories will be provided with information about QA/QC problems in the
field. Space is usually provided on the Chain-of-Custody or Transmission form
for this information.



Instrument/Equipment Testing, Inspection and Maintenance
Requirements

Water Program staff in each office will ensure that instruments and kits are in
good working order. Prior to a sampling event, all sampling instruments and
equipment will be tested and inspected in accordance with manufacturers’
specifications. All standard reference materials and kit chemicals will be
inspected to ensure that expiration dates have not been exceeded. For each
sampling event, a Water Program staff member will document on the QAP
Checklist that required testing, inspection and maintenance have been
performed. Subcontracted laboratories will follow the testing, inspection and
maintenance procedures required by the Standard or EPA-approved methods
and as stated in the laboratory’s QMP and SOPs.

Instrument Calibration and Frequency

Field instruments will be calibrated according to the manufacturer's instructions
prior to using the instruments. For example, pH meters will be calibrated
according to the manufacturer’s specifications using pH buffers at 4.0, 10.0 and
mid-range. If equipment and/or Kkits require calibration immediately prior to the
sampling event, the calibration dates will be noted on the Checklist. When field
instruments require only periodic calibration, the record of this calibration will
be kept with the specific instrument. Water Program staff in each office will
ensure that instruments are calibrated correctly. The laboratory will follow the
calibration procedures found in its Standard Operating Procedures (SOPs).

Inspection/Acceptance of Supplies and Consumables

All sample containers, provided by a laboratory will be certified clean. The Water
Program staff will ensure that containers they use to sample are contaminant-
free. No standard solutions, buffers, or other chemical additives will be used if
the expiration date has passed. A space is provided on the QAP Checklist for this
documentation. Water Program staff will keep appropriate records, such as
logbook entries or checklists, to verify the inspection/acceptance of supplies and
consumables, and restock these supplies and consumables when necessary.

Data Acquisition Requirements (non-Direct Measurements)

Non-direct measurements include data from previous studies, information
gathered about the facility, maps and GPS to determine sampling locations, etc.
The Water Program staff will determine when and how previously collected data
will be used, and will document the data quality objectives for their use.

Data Management

For each sampling event, the QAP Sampling Plan Checklist must be completely
filled out Field logbooks and data sheets, photos, maps, and GPS location data as
well as field sample labels and Chain-of-Custody or Transmission forms will be
used as required to document sampling and inspection activities. Field duplicates
will be identified as such only in the QAP Checklist, field logbook or in field data
sheets. For laboratory analyses, field duplicates will be assigned separate unique
sample identifier numbers and will be submitted “blind” to the analytical
laboratory. If possible, laboratory data will be transferred electronically to the



Water Program staff to reduce transcription errors, to allow for graphing
information, and to allow data to be imported into the statewide STORET
database system. Final reports will be developed according to Water Program
procedural guidance documents. All reports, including those for potential
enforcement cases, will be completed within 2 months of the sampling event
date, if possible. Validated laboratory results and interpretation (as applicable)
will be appended. Photographs and other supporting data along with the final
report will be used to determine permit, certification, authorization or other
water quality compliance. All data generated during this project will be
processed, stored, and distributed according to Water Program guidance
documents and the laboratory’s QMP and SOP documents.

ASSESSMENT /OVERSIGHT

Assessment/Oversight

Project assessments and audits may include performance checks using specific
blind check standards. Results of such assessments or audits will be reported to
Water Program Managers with recommendations for QA/QC improvements. This
information will be included in the Annual QA Report.

Reports to Management

Only data that have been validated and qualified, as necessary, shall be entered
into Water Program databases. If, for any reason, the inspection schedules,
sampling and analytical procedures specified in this generic QAP cannot be
followed, the Water Program staff will describe these departures along with any
QA/QC corrective actions in the QAP Sampling Plan Checklist. Database entries
will be flagged as appropriate if they are outside QA/QC acceptable ranges. If
necessary, the final report will discuss any QA/QC issued raised during the
project, as well as QA/QC resolution of these issues.

DATA VALIDATION AND USABILITY

Data Review, Verification and Validation Requirements

The criteria for data validation will follow those specified in this QAP or as
specified in the Standard or EPA-approved methods. An in-depth data review
audit may be performed using the EPA QA/G-8, Guidance on Environmental Data
Verification and Data Validation, June 2001. See http://www.epa.gov/quality.
This data review and audit may be internal or external to the Water Program.

Verification and Validation Methods

Verification

The primary goal of verification is to document that applicable method,
procedural and contractual requirements were met in field sampling and
laboratory analysis. Verification checks to see if the data were complete, if
sampling and analysis matched QAP requirements, and if Standard Operating
Procedures (SOPs) were followed. Verification of data compiled for a sampling
event is the responsibility of the Water Program staff. Atleast 5% of the data
generated within the Water Program each year.



Validation

Data validation determines whether the data sets meet the requirements of the
project specific intended use as described in the QAP. That is, were the data
results of the right type, quality, and quantity to support their intended use? Data
validation also attempts to give reasons for sampling and analysis anomalies, and
the effect that these anomalies have on the overall value of the data. All data
generated will be validated in accordance with the QA/QC requirements
specified in the methods and the technical specifications outlined in this QAP.
Raw field data will be maintained by the Water Program staff who collected it.
Raw laboratory data will be maintained by the laboratory. The laboratory may
archive the analytical data into their laboratory data management system. All
data will be kept a minimum of 3 years .The summary of all laboratory analytical
results will be reported to the Water Program staff. Data validation will be
performed by the laboratory for all analyses prior to the release of data. All data
will be validated according to the laboratory’s QMP and SOPs. The rationale for
any anomalies in the QA/QC of the laboratory data will be provided to the Water
Program staff with the data results. Completed Chain-of-Custody or
Transmission forms will be sent back from the laboratory to the Water Program
staff.Data will be qualified as necessary. Sampling may need to be repeated.
Unacceptable data (i.e., data that do not meet the QA measurement criteria of
precision, accuracy, representativeness, comparability and completeness) will
not be used or if used, the problems with the data will be clearly noted in the
final report. Any actions taken to correct QA/QC problems in sampling, sample
handling, and analysis will be noted. The Water Program staff will keep the
record of any QA/QC issues and QA/QC corrective actions taken in the space
provided in the QAP Sampling Plan Checklist.

The Water Program staff is responsible for reviewing field log notebooks and
field data sheets for accuracy and completeness within 48 hours of each
inspection, if possible. Water Program staff will calculate the Relative Percent
Difference (RPD) between field duplicate samples to determine if QA/QC
objectives for field precision have been met. Sample results provided to the
Water Program staff by the laboratory, after these data have been verified and
validated by the laboratory QA Officer, will become part of the permanent file for
each facility or project. Water Program staff will compare the sample
information in the field log notebooks and/or data field sheets with the
laboratory analytical results to ensure that no transcription errors have
occurred, and to check the Relative Percent Difference (RFD) between duplicate
samples sent “blind” to the laboratory. Laboratories calculate and report the RPD
of analytical duplicate samples and MS/MSD samples and report this information
to ADEC in the QC data sheets which accompany the data results. RPD's greater
than the project requirements will be noted. Water Program staff, along with
Water Program Managers and/or the WQAO if necessary, will decide if any
QA/QC corrective action will be taken if the RPDs exceed project’s goals. If
evidence of QA/QC non-compliance is observed with the data, additional
sampling and analysis may be required.



Reconciliation and User Requirements

All data and related information obtained during the course of a project, such as
the final report, data report package or inspection report, will be filed in the
permanent facility or project file. The Water Program staff will check the original
DQOs against the information obtained and determine if the DQOs meet the
original intent. If there are discrepancies, these will be addressed before the next
sampling event.

Glossary of Terms

Blind Sample - A sample submitted for analysis whose composition is known to
the submitter but unknown to the analyst. A blind sample is one way to test
proficiency of a measurement process.

Detection Limit - The smallest concentration/amount of some component of
interest that can be measured by a single measurement with a stated level of
confidence.

Duplicate Samples - Two samples taken at the same time from one location.
Field duplicates are a measure of the precision of field sampling.

Equipment Blank - This blank is a sample of the contaminant-free media used
to rinse sampling equipment. It must be completed after the completion of
decontamination procedures and before sampling. Equipment blanks are not
needed if disposable bailers are used for each sample taken. An equipment blank
is used to determine if contamination occurred from sampling equipment such
as pumps and bailers and checks to make sure equipment decontamination
procedures have been effective.

Quality Assurance - a system of management activities to ensure that a process,
item or service is of the type and quality needed by the user.

Quality Assurance Plan (QAP) - a plan which integrates all technical and
quality aspects of a project, including planning, implementation and assessment.
The QAP document show quality assurance and quality control are applied to an
environmental data operation to assure that the results obtained are of the type
and quality needed and expected.

Quality Control -all the scientific precautions, such as calibrations and
duplications, that are needed to acquire data of known and adequate quality.

Quality Management Plan - A plan which documents how an organization
structures its quality system and describes its quality policies and procedures,
criteria for and areas of application, and roles, responsibilities. It also describes
an organization's policies and procedures for implementing

and assessing the effectiveness of the quality system.

Sample - A sample is a portion of a population taken from one place at one time
even if collected for several analyses.



Sampling Event - A sampling event is defined as the suite of samples taken at
the same time and place for the same purpose.

Standard - A substance or material with properties believed to be known with
sufficient accuracy to permit its use to evaluate the same property of another. In
chemical measurements, it often describes a solution or substance commonly
prepared by the analyst to establish a calibration curve or the analytical
response function of an instrument.

Standard Operating Procedure (SOP) - A detailed written description of a
procedure designed to systematize the performance of the procedure.

Laboratory Quality Control Samples -Laboratory Quality Control (QC)
samples typically accompany the field samples during laboratory preparation
and analysis. The number of laboratory QC samples is dependent of the Standard
Operating Procedures of the method used.

e Method Blank - A sample of clean water that is spiked with surrogate
compounds, extracted and fractionated along with the analytical batch of
samples.

e Matrix Spike or Matrix Spike Duplicate - An actual sample that is spiked
with a known amount of analyte. This sample can give valuable information
about the behavior of analytes in this sample and may be extrapolated to other
samples from the same area.

» Laboratory Control or Laboratory Control Duplicate (LCS/LCSD) samples
are used to determine precision and accuracy of the analytical results through
the percent recovery and relative percent difference. Quantities of stock
solutions of the target contaminant(s) are added to laboratory matrix before it is
extracted/digested and analyzed.



Quality Control/ Quality Assurance Program
For Drinking Water Analysis

Quality assurance plan
Quality assurance (QA) refers to the full range of practices employed to

ensure that laboratory results are reliable. The term encompasses internal and
external quality control. A sound water quality sampling and analysis program is
commonly include a detailed Quality Assurance/Quality Control Plan that
describes:

o Data quality objectives.

o Equipment maintenance and calibration.

e Chain of custody for samples.

e Quality control checks.

o Data reduction, validation, and reporting.

Objectives

Monitoring data of drinking water are used to support a number of
activities including compliance with the law; water management; reporting the
quality and quantity of various pollutants in the drinking water. Sampling
ranging from daily to quarterly at fixed locations for various durations of time
(weeks, months, years) are collected and analyzed for some parameters.

The monitoring program is focused primarily on conventional parameters
such as pH, dissolved and suspended solids, residual chlorine , bactereology.
Other parameters susceptible to change due to anthropogenic sources are also
measured such as nutrients (total phosphorus and oil and grease. Phosphate-
phosphorus, nitrates, nitrites and ammonia as well as chemical and biochemical
oxygen demand .The role of the drinking water monitoring program is to provide
timely water quality data and periodic data analysis reports, and to make these
data and reports available to other potential users (governmental agencies).

Sampling design

Grab and/or composite samples are collected at the selected locations and
frequency as indicated in this manual. This sampling frequency was chosen in
order to optimize the probability of statistically detecting trends. Sample
collection generally occurs at a set time each month.

All samples requiring laboratory analyses are placed in the containers
provided by the lab and labeled with the date, sample site, sample identification
number (previously assigned by the lab for each sample), sampler’s initials, and
the chemical analyses requested. Preservatives, if required, are typically added
to the bottle by the lab prior to sampling. Samples are then placed on ice and
delivered to the lab according to procedures prearranged with the lab. Sampling
equipment is rinsed thoroughly with de-ionized water after processing samples.

Laboratory procedures
Laboratory analyses and laboratory procedures are following Standard
Operating Procedures and other guidance documents.



Quality control program

Standard Operating Procedures (SOP's) for the analysis of each parameter
and their Quality Assurance Manual and QC program includes the analysis of
reference materials, check standards, duplicates, matrix spikes, control chart and
blanks.

Check standards

Precision is addressed by the analysis of check standards (water with a
known concentration of analyte) equal to about 10% of the total number of
analyses. The mean value for a statistically significant number of check standard
results may be used to judge whether there is any bias due to calibration. If the
95% confidence limit on the mean value does not include the true or reference
value then bias due to calibration may be present. Generally, calibration
standards are set by MEL as needed to bracket the concentration in particular
samples. The check standards should equitably span the range of the expected
results, ideally approximately 0.2 and 0.9 of the upper value for the range of
calibration..

Duplicate samples
These are simply two identical samples collected and handled in the same
way. They measure the precision of your methods.

e Location duplicates are two samples collected from the same location at
the same time; these measure the precision of your entire procedure
(sampling, storage and handling, and laboratory analysis).

e Laboratory duplicates are two samples split from a single sample once
it has arrived at the laboratory. These test the precision of the laboratory
methods only.

Matrix spikes

Matrix interference leading to bias is assessed by analyzing a wastewater
sample that has been spiked with a known quantity of the analyte. The quantity of
analyte added should not produce a final concentration that is excessively high when
compared to the highest range of data. Spike amounts should approximately double
the concentration in the sample prior to spiking.

Recovery (accuracy)

Recovery is defined as the 'fraction of the analyte determined after
addition of a known amount of the standard analyte to a drinking water sample’.
In practice, control samples are most commonly used for spiking. The sample as
well as the spikes are analyzed at least 10 times, the results averaged and the
relative standard deviation (RSD) calculated.



The recovery is calculated with:

Recovery, % = [ ( Xs — X )/ Xada ] x 100

where

Xs = mean result of spiked drinking water samples

X =mean result of unspiked drinking water samples
Xadd = amount of added standard analyte

Blanks

Blanks are samples containing pure, uncontaminated water. Blanks
contain none of the measured parameters and are used to identify contamination
that might occur during sampling or in the laboratory.

e Location blank is a blank sample that is placed in a sample bottle at the
sampling site, and is handled the same as a normal sample. It identifies
contamination that might occur in the entire procedure (from field
sampling to laboratory analysis).

e Laboratory blank is prepared at the laboratory, and tests for laboratory
contamination only.

Trueness
This is expressed by the equation:

Trueness, % = (X /1) x 100

Where:

X = mean of test results obtained for reference sample
p = "true" value given for reference sample

Bias
It is more commonly used than trueness, and expressed by the equation:
Bias, % = [(X- )/ u}x 100

Precision

Replicate analyses performed on a reference sample can be used to
determine trueness or bias, as described above, as well as a standard deviation of
the mean as a measure for precision. However, for precision alone also control
samples and even test wastewater samples can be used. Numerically, precision is
expressed by the relative standard deviation (RSD) or coefficient of variation
(Cv)

Precision, % = (5/X)x 100

Where:

X = mean of test results obtained for the reference standard sample
S = standard deviation of x.

S2= Y (X1-X)2/n-1

n = degree of freedom



Reproducibility

This is a measure of the spread of results when a sample is analyzed by
different laboratories .This is a measure of agreement between results obtained
with the same method on identical test or reference material under different
conditions (execution by different persons, in different laboratories, with different
equipment and at different times). The measure of reproducibility R is the standard
deviation of these results sg, and for a not too small number of data (n < 8) R is
defined by (with 95% confidence):

R =2.8 x sg

(where 2.8 =2 \-"Eand is derived from the normal or Gaussian distribution; ISO
5725).

Repeatability

The measure of agreement between results obtained with the same
method on identical test or reference standard sample under the same
conditions (job done by one person, in the same laboratory, with the same
equipment, at the same time or with only a short time interval). Thus, this is the
best precision a laboratory can obtain: the within-batch precision. The measure
for the repeatability r is the standard deviation of these results sy, and for a not
too small number of data (@ > 10) r isdefined by (with 95% confidence):

l‘=2.8XSr

Control charts

Control charts are used for recording internal quality control data .The
principle of control charts is that IQC data can be graphically plotted so that they
can be readily compared and interpreted. Various types of control charts can be
used such as X-chart and R-chart. X-chart is a graph with time (or assay batch) on
the x-axis and the concentration of the variable in the reference material on the y
axis. The mean of a number of control values obtained over a suitably long
period of time is used as the central line in the chart. Two other lines above and
two below the central line are also drawn. These are the upper and lower
warning limits and the upper and lower action limits. The limits are based on
two and three times the standard deviation of the batch means, respectively.
Provided the distribution is normal, 95 per cent of results from assays in control
will fall between the two warning lines. Action lines are normally placed at three
standard deviations to either side of the target line and 99 per cent of normally
distributed results should be between the action lines. Examples of typical X-
charts are shown below.

An R-chart is a similar control chart in which the mean range of repeated
measurement is used as the central line, the control values being the difference
between highest and lowest response value for a control sample in one batch. R-
charts are normally used only with action limits. In the regular day-to-day use of
the control charts, an aliquot from an appropriate reference material is analyzed
with every batch of samples and the measured concentration of the variable in
the aliquot is plotted on the chart.
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Fig. (5) Typical X-chart and R-charts.

Out-of control situation exists when; 1 control value outside the action
limit, 2 consecutive control values outside the warning limits, 7 consecutive
values with raising or failing tendency. In addition, 10 out 11 consecutive
control values on one side of the central line in case of X-chart and 7 consecutive
values above the central line in R-charts are also considered as out- of —control
(ISO 13530).

Out-of control situation requires prompt detailed checking of the
analytical method and rejection of the assay data. Results outside the action
limits should prompt detailed checking of the analytical method and rejection of
the assay data.

Lower limit of detection

It is the concentration of the analyte giving a signal equal to the blank plus
3 x the standard deviation of the blank. Because in the calculation of analytical
results the value of the blank is subtracted (or the blank is forced to zero) the
detection limit can be written as:

LLD, MDL =3 x sy



At this limit it is 93% certain that the signal is not due to the blank but
that the method has detected the presence of the analyte (this does not mean
that below this limit the analyte is absent).

Instrumentation

The pH meter, and spectrophotometer are calibrated according to the
manufacturer's directions. The pH meter is checked immediately after
calibration, at midday, and at the end of the day by recording the measurement
of a low ionic strength pH 7 buffer. It is also checked whenever a measurement
exceeds the quality standards criteria. If the difference between the meter
measurement and the expected pH exceeds 0.10, the instrument is recalibrated
and the sample re-measured .The spectrophotometer is relatively stable; the
calibration is generally checked at the beginning of wastewater sample
measurements.

Corrective action
An appropriate series of corrective actions can be taken to keep the
quality control, these are:
. Review quality control limit calculations for obvious errors.
° Rest the data for outlies, exclude any that are identified as such, and re-
calculate control limits.
e Review matrix spike preparation procedures to determine if any errors
were made.

The laboratory continually monitors their results for quality control
sample determinations and takes appropriate action to correct problems.
Frequently, samples may be re-analyzed after an analytical problem is corrected.
This is also the case for location measurements with respect to check standard
results. Due to sample holding time limitations, re-analysis is usually not possible
if problems are discovered in field QC data. Corrective courses applying to
subsequent data collection are possible, however.

If data are compromised due to poor precision, the source of the variability will

determine the course of action that is required. Possible actions include:

1) Changing the standard operating procedures or instrumentation.

2) Informing the laboratory when lab error appears to be the source (and
possibly changing analytical methods);

3) Re-evaluating the required precision, when it appears that the required error
is unattainable.

A persistent, consistent bias in the data may warrant adjusting the values,
otherwise the corrective action for bias will be to inform the lab, which will be
expected to address the problem. Significant changes in methods,
instrumentation, or protocols will be made only after it has been documented
that these changes will not bias the data.



Summary of an internal quality control program

For each parameter

e Analyse five standard solutions at six different known concentrations
covering the working range to develop a calibration curve or, when a
calibration curve already exists, analyze two standard solutions at
different known concentrations covering the working range to
validate the existing calibration curve.

e Analyze one method blank per set of 20 drinking water samples.

e Analyze one field blank per set of drinking water samples.

e Analyze one duplicate of a drinking water sample chosen at random
from each set of up to 20 samples.

¢ Analyze one drinking water sample that has been spiked with a known
amount of the variable as a recovery check. This sample should have a
matrix similar to those of the drinking water samples being processed.

Data management procedures

The data are managed first by recording data for parameters measured in
the field manually on a standard form and entered by the sampler into a
temporary computer access table upon return to the laboratory. Rough
validation rules prohibit obviously incorrect data from being entered. A
hardcopy of the temporary table is printed and the sampler reviews the data
prior to moving it into the final results table. After field and laboratory data are
entered, an evaluation of results is performed .

Reports

These reports are identified as being based on preliminary data. After a
full month's data are available, all results are reported and all results exceeding
water quality criteria or the usual range of results from a particular location are
identified. Upon completion of the data collection activities, the previous year's
program is summarized in an annual report .This report includes an analysis of
field and some lab QC data collected during the year as well as an appendix
listing known changes to the monitoring program that could potentially affect
the data.

Data review, verification, and validation

Data verification prior to reporting includes an on-going evaluation of
their QC results (using control charts, etc consists of a computer assessment of
the data and associated field QC data):

e Each result is compared to historic data from that collection location
during the same season. The datum is 'flagged’ if it lies more than 2.5
standard deviations from the mean.

e The values of replicated samples are flagged if the coefficient of variation
of the replicates or split samples exceeds 20%.

e The datum is flagged if the holding time was exceeded.

e If internal logic checks (total phosphorus greater than soluble reactive
phosphorus or total nitrogen greater than nitrate/nitrite plus ammonia)
are violated, then all data values involved are flagged.



Data quality assessment

Result-level data validation procedures are conducted monthly as
described. QA assessments is made by comparing calculated percent of relative
standard deviations (% RSD) to those specified in MQOs

% RSD =100x (S/X)= 100 x[(r1-r2)2/2 / (r1-12)/2]

Where S is the standard deviation, X is the mean, and r1 and r; are paired results,
typically a known value (e.g., of a check standard) and the analytical result or
measurement of the known value.

The results of the analysis of blank samples and known standards will be used to
determine overall bias of the results.
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What is Quality?

According to “ISO”:

“Quality is the totality of features and
characteristics of a product or service

that beer on its ability to satisfy stated or
implied needs”.

[A product has a Good Quality: Complies with the requirements].

gtz ===~ {gﬁl’i
In Analytical Work

“Quality is “Delivery of reliable
information within an agreed span of
time under agreed conditions

(Precision, Accuracy), at agreed costs

and with necessary aftercare”.
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Activities for Maintaining
Quality

* Quality Management (QM).
* Quality Assurance (QA).
* Quality Control (QC).

/I
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Quality Management

* Introduction and proper running of a quality
system in laboratories.

* Activities within the management function that
determine the quality, policy, objectives and
responsibilities and implement them.

* Wider interpretation of the concept of “Good
Laboratory Practice (GLP).
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Total Quality Management

It includes additional aspects:

* Leadership style.

Ethics of the work.

Social aspects.

Relation to society.

* etc.

/I
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Quality Assurance (QA)

According to ISO:

QA is “The assembly of all planned and
systematic actions necessary to provide
adequate confidence that a product, process,
or service will satisfy given quality
requirements”

[Checked by someone independent of the work]
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Key Elements of

Quality Assurance (QA)

Planned & Systematic Actions

Aiming at providing adequate confidence of quality:

* Calibration (Equipment, materials).
* Training (Staff).

* Instrument Maintenance.

* Audit and Review (External assessment).

* Sampling strategy.

* Analysis strategy.

Seite 1

Quality

Control

Raw Production
Materials Process [— Product

Production process quality assurance

e

Accept/
Release

Specification

l

Reject

Seite )+
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Quality
Control

Measurement

Reference

Material RM Data

: Accept/ Use
Sample Process Sample Data | Quality |
Assessment
S/S
Sub/Split Q/c
QC Sample Daa

Specification —_—

Measurement Process Quality Assurance

Seite 1)

/I

gtz o, o %‘

Benefits of QA

* Analysts are able to trace a problem back to
its source in a systemic way.

* Laboratories are able to provide reliable
data.

* The confidence of analysts increases.

* The laboratory’s reputation will be
enhanced.
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Quality Control

According to ISO:

“The operational techniques and
activities that are used to satisfy quality
requirements”

[Aimed at prevention of errors]

Seite V¥
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QC Techniques and Activities

1. Firstline control: Instrument performance.

2. Second-line control: Batch control (control sample,
identity check).

3. Third-line control: External checks.
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Internal Quality Control (IQC)

Operational Techniques & Activities

Aiming at providing adequate confidence of quality:

= Control Charting.

" Blank Determination.
=Spiked Samples.
*Repeated Determination.
*Blind Samples.

=" Reference Materials.

/I

gtz Ry e e h

i

External Quality Control (EQC)

Check analysis by another laboratory:
Single value - single value check.

(A) Replicate data - single value check.
(B) Replicate data — replicate data check.
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Interlaboratory Sample and Data Exchange
Programmes

(A) Method performance studies:

*  Collaborative study.

¢ Comparative study.
(B) Laboratory performance studies:

* Proficiency test (one method).

* Proficiency test (different methods).
(C) Material — certification studies:

*  Certification study.

¢  Consensus study.

Seite VY
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Proficiency Testing
Rating with Z-Score:
X —X
s

7 —

x = individual results
x = mean of all results.

S = standard deviation of x

Z <2 = satisfactory.
2 <Z < 3 = questionable.

Z 2 3 = unsatisfactory.

Seite YA
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History of Assessing the Quality of
Laboratory Activities
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OECDs Principle for Good Laboratory Practice

"Food & Drug Administration discovered
(two decades ago) the need for a uniform standard for
assessing the quality of Lab Activities

= Establishment of the Principles of Good Laboratory

Practice (GLP). Applications for toxicological and
eco toxicological testing of Pharmaceuticals and
Chemicals

* Organization for Economic Cooperation and Development
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eln 1979 The Organization for Economic Cooperation

and Development (OECD) internationalized the GLP
Principles.

e In 1981 the “OECDs Principles was published and
recognized by European Community (EC).

eln 1987, the GLP principles were adopted as an EU
Directive.

e In 1990, Guidelines for GLP study audits and Lab
inspections were enacted in Europe

Seite Y)
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GLP

“It concerned with the organizational process
and the conditions under which laboratory
studies are planned, performed, monitored,
recorded and reported”.

AR
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Advantages of GLP

¢ Allow better laboratory management.
* Improve efficiency.

* Minimize errors.

¢ Allow QC.

e Stimulate and motivate all personnel.
* Improve safety.

¢ Improve communication.

th Parte o h Ftr

Accreditation

Community (EEC)

establishment of confidence to results of
activities in EC.

eIn 1989, a global approach was adopted
involved testing, certification and inspection

/TA
48
Sannl

Seite YV
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eIn 1957 (Rome), Some European Countries
signed the Treaty of establishing the Economic

eThe creation of the common market required

Lab

and

'Y
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Testing and  certification  requires
confidence on competence and quality

Bodies for building this confidence should
be responsible for:

° Certification of testing products
° Inspection of Quality system
° Evaluation of the competence
Seite Yo
, TS
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EN 45001 operation of Testing Lab

EN 45002 Assessment of Testing Lab

EN 45003 rab Accreditation Bodies

EN 45004 operation of Bodies Performing Inspection

EN 45011 ceriification Bodies Operating Product Certification
EN 45012 ceriification Bodies Operating Quality System Certification

EN 45013 Certification Bodies Operating Certification of Personnel
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* ISO 9000 Quality Management and Quality Standards
* ISO 9001 Quality Systems (model for QA in

design/development, production, installation and
servicing)
* ISO 9002 Quality Systems
(model for QA in production and installation)
* ISO 9003 Quality Systems
(model for QA in final inspection and test )
* ISO 9004 Quality Management and Quality System

Elements Guidelines

Seite YV
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ISO 8402 Vocabulary
ISO 10011 Auditing of Quality Systems

ISO 10012 QA Requirements for Measuring
Equipment

ISO 10013 Preparation of Quality Manuals
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ISO Guide 25 (1990)
ISO Guide 17025 (1998)
ISO /IEC 17025 (1999)
ISO/IEC 17025 (2005)

General requirements for the competence of calibration and

testing laboratories.
More restrictive than EN 45001.
Includes relevant requirements of the ISO 9002 and OECD’s

GLP Principles.
/T
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ISO Guide 58

“Calibration and testing laboratory
accreditation systems-General requirements
for operation and recognition”.

Corresponds to EN 45002 and EN 45003.

02.03.2011 Seite ¥+
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General Requirements for the
Competence of Testing and
Calibration Laboratories

ISO /IEC 17025
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Management Requirements

¢ Organization (4.1)

eManagement system (4.2)

eDocument control (4.3)

e Review of requests, tenders and contracts (4.4)
e Sub-contracting of tests and calibrations (4.5)
e Purchasing services and supplies (4.6)
eService to the customer (4.7)

e Complaints (4.8)

1
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e Control of nonconforming testing and/or
calibration work (4.9)

e Improvement (4.10)

¢ Corrective action (4.11)

e Preventive action (4.12)

¢ Control of records (4.13)
eInternal audits (4.14)

e Management reviews (4.15)

02.03.2011 Seite T
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Technical Requirements

®General (5.1)

®Personnel (5.2)

® Accommodation and environmental conditions (5.3)
®Test and calibration methods and method validation (5.4)

®Equipments (5.5)

A%
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® Measurement traceability (5.6)

® Sampling (5.7)

® Handling of test and calibration items (5.8)

® Assuring the quality of test and calibration results (5.9)

® Reporting the results (5.10)

02.03.2011 Seite Y
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Requirement for Organization and
Management
The Laboratory shall :

®Be legally identifiable and ensure that its personnel
are free from any pressures, which might adversely

affect the quality of their work;

®Be organized in such a way that confidence in its

independence and integrity is maintained;

YA
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®Have a manager, who has the overall
responsibility for the technical operation of the

laboratory;

®Have a quality manager, who has responsibility

for the quality system and its implementation;

®Participate in interlaboratory comparison studies

and proficiency testing programmers.

02.03.2011 Seite YV

/I

gtz Ry e e “h

[\

Requirements for Personnel

The laboratory shall

® Have sufficient personnel having the technical
knowledge and experiences for assigned functions (job
description).

®Ensure training of its personnel.

®Maintain records of relevant qualifications. training skills

and experiences of the personnel.
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Requirements for Accommodation,
Environment and Equipment
The laboratory shall

®Have accommodation and environment that do not invalidate

the results or affect the required quality of the work.
®Have good housekeeping.

®Be furnished with equipment required for the performance of

the tests.

®Maintain and record the maintenance of equipment properly.

Seite ¥4
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Requirements for Methods and Test Items

The laboratory shall

®Have documented instructions of the use of equipment

®Have documented methods including methods for
sampling, if sampling is carried out

®Ensure that computer software is documented and

adequate for use, in case computers are used.

®Have documented system for identification of test items.
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Requirements for Quality Systems,

Audit and Review

The laboratory shall

I. establish and maintain a quality system
appropriate to the type, range and volume of the
activities

Seite £)
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II. establish a quality manual and related quality
documentation containing among other things.
A. quality policy statement. Management structures
job descriptions of the staff.
B. procedures for the work to be conducted including
maintenance activities.
C. procedures for internal quality control activities.
D. procedures for audits and review of the quality
system.
F. procedures dealing with complaints and protection

of confidentiality.

02.03.2011 Seite £Y




*Who
*What
(the organization)
Strategic
*Who
*What

*How Tactical

(Function)

*Who

*What Operational
*How

*When

(Operations)

TS
[
Sanne

*Quality Policy
*Objectives and
Comments

*Organization and
Management

*General Practices

*SOPs
*Check Lists

*Forms, etc.

Seite £V

The laboratory shall

among other things.
A. Unique identification.
B. Name and address of laboratory.
C. Name and address of client.
D. Identification of methods used.
F. Results.

7T\
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Requirements for Records and Reports

I. Maintain a record system all original observations,
calculation and derived data and reports of data.

I1. Issue reports, which includes some minimum information,

AR
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Errors in Quantitative
Measurements

th P o et
Erro rs

When errors or mistakes are suspected or discovered, it
is essential that the “Five Ws” are trailed:

* What error was made?
* Where was it made?

* When was it made?

* Who made it?

* Why was it made?

Yy



Partoer for the Futers
g Z Wacldwide

Types of Errors

" Random error
= Systematic error
= Gross error

* Error of rounding

Partoer for the Futere.
Warldwide

Causes of Random Ertrror

Uncontrolled variations in the conditions of the
measurement system during different

measurements, e.g.:
= Differences in volume
* Fluctuations in temperature or electrical current.
= Reading of scales

= Differences in calibration between batches

Y¢



Causes of Systematic Error

* Instability between sampling and measurement

®= Inability to determine all relevant forms of the analyte
*= Interference

= Biased calibration

= Biased blank

Partoer for the Futere.
Warldwide

Causes of Gross Error

Personnel mistakes or carelessness:
* Using wrong method.
" Misreading a scale or signal display.

= Analysis of wrong sample.

Yo



=*Erroneous marking of sample.
=Results in wrong unit.
=Calculation error.
*Transposition of data.

*Transcription error.

02.03.2011 Seite ©)

Errors of Rounding

= Either: rounding off data so much that the natural

variability is obscured

= Or: keeping so many of the digits produced by a
calculator or an instrument that a false impression

of accuracy is produced

A\l



“The archers” - illustration of random and
systematic error

Seite °F
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Analytical Errors and Undesirable
Performance?

*Laboratory’s own quality assessment efforts.
*Participation in collaborative test programs.

*External performance audits.

Seite ©%
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Identification of Problems

(A) Identify the problem; whether due to:
Imprecision.
Bias.

(B) Decide whether the problem is:
Persistent .
Transitory.

/]
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Determination of the Kind of Causes:

Chance causes (common causes):
Occur randomly and affect precision.
reduced to acceptable levels by using suitable

quality control measures.

YA
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Assignable causes (special causes) :

produce bias or unacceptable imprecision due to:
malfunction of the quality control procedures,
Changes in some part of the system,

Defects in the system not previously recognized.

02.03.2011 Seite °Y
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* Eliminating of common and not assignable
causes will improve the stable operational
performance characteristics of a measurement
system.

= Assignable causes happen only on occasion,
while common causes are present all the time until
removed.

¥4
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Identification of Measurement Problems

(1) The cause-effect diagram (fish bone diagram). Every effect has a cause could
be multifaceted.

2,

o,

Ishikawa’s cause-effect diagram

Seite ©4
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¢ Development of
a deficiency
correction check
list as:

When Measurement Process is:
A.In control.
B.Out of control.

Possible Problems

Procedural changes

Sampling

Sample handling

Analytical procedure

Calculations

Data

Reagents

Equipment

Calibration

Maintenance

Methodology

*

*

Blunder

*

*
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Improvement of Performance
(1) Increase the accuracy.
(2) Increase the precision.
(3) Decrease bias.
(4) Decrease uncertainty.
N
tZ /1T
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Bias Due to the Sample

Two samples be analyzed.

Results of measurements for one sample are plotted
with respect to those obtained for the other, the nature
of an analytical discrepancy (Youden Plot).

On the basis of random error alone, the results are
expected to be distributed in a circular pattern around
the expected result (coincidence of the known values
for the samples).

AR
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eWhen bias is the predominant source of error, the data will be distributed
along the 45 line and enclosed in an ellipse.
eThe major axis of which is related to bias while the minor axis is related to

precision of measurement.

25 |-

20—

RESULT OF MEASUREMENT NO, 2

" 1< 20 25

Result of Measurement No. 1
Figure (2) Youden plot to identify measurement problems

Seite 1YV
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(1) s on Samples A and B for each laboratory
(2)calculate (A-B) for each laboratory and the

average (A-B).
(3) Calculate R = [(A-B) - (A-B)] for each laboratory.

(4) Calculate R’ =average of absolute value of R

(5)Calculate x = 0.886 R’

(6) Calculate the 95% confidence circle radius,
r+2.448s.

vy
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eBiases may be constant, level-related, or a combination as
shown inFigure (3).

e It is not possible to determine which line, such as A, B, and
C, represents points 1 and 2;

Measured Value

Expected Value

Figure (3) Types of analytical bias

Seite 1°
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* Measurement at only one level of analyze is not informative

on the nature of analytical error.

* A minimum of two points will define a linear line and

identify the type of bias.

* Three points are better, using samples in the low, middle,

and high range of measurement.

* Performance tests are best carried out periodically in

connection with an appropriate control chart.

Yy
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(3) Analyze measurement problems by
the use of templates.

A laboratory should continually examine
its measurement processes for
improvement, based on a full
understanding of all sources of variance

and bias.

Seite 1Y
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% Some analysts retain data values that lie close to
the majority (e.g., best two out of three rule for
reporting data). such a practice improves the data,
but actually increases the variance of data sets.

% Analysts shall retain all data unless there is clear
indication that the system is not in control or there
is an assignable cause for faulty data.




Control Charts

What is a Control Chart?

= A control chart is a presentation of data in which
the control values are potted against batch number
(or time)

= Control charts have a central line, upper and lower
warning limits and upper and lower action limits

Yo
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= Central Line: Defines the best estimate of the level of the

control variable plotted.

* Warning Limit: Defines an interval in which there is 95%

probability of finding all control values.

= Action Limit: defines an interval within which the

majority (99.7%) of control values are expected to be

Partoer for the Futere.
Warldwide

Types of Control Charts
= X-bar chart.
" R-chart.
" D-chart.

= r-chart

1
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X-bar Chart

= Average control chart:
Analysis of the same sample with each batch and plotting the
result or the average of results against time
The control value is therefore the average response value (X-

bar chart) or the response value (X-chart)
= Blank control chart:

= Special application of the X-bar chart for blank samples

th — Replicate
Batch R
x1 X2
1 491 493 2 492.0
2 497 497 0 497.0
3 498 501 3 4995
4 492 485 7 488.5
5 498 493 5 4955
6 510 508 2 509.0
7 506 512 6 509.0
8 492 187 5 4895
9 291 488 3 4895
10 497 503 6 500.0
1 500 494 6 497.0
12 506 511 5 508.5
13 506 s01 5 5035
14 487 497 10 492.0
15 491 491 0 4910
16 500 499 1 4995
17 491 507 16 499.0
18 495 498 3 4965
19 502 500 2 5010
20 495 492 3 4935

v
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X’ =497.5

VX -X)/ (n-1)

Standard deviation Sx :

Sx = 6.42 mg/L O,
X' = 497.5 mg/L 02

n=20

x-doublebar = 496.8

X-bar
492
497
499.5
488.5
4955
507.5
509
489.5
489.5
500

g t Z -
Data for an X-bar Chart
Batch x1 x2
1 491 493
2 497 497
3 498 501
4 492 485
5 498 493
6 510 505
7 506 512
8 492 487
9 491 488
10 497 503

Upper warming limit = X" + 2Sx = 497.5 + 2%6.42 = 510.39 mg/L O2
Lower warming limit = X' - 28x = 497.5 - 2%6.42 = 484.71 mg/L O2
Upper action limit = X" + 3Sx = 497.5 + 3%6.42 = 516.81 mg/L O2
Lower action limit =X - 3Sx = 497.5 - 3*6.42 = 478.29 mg/L O2

Seite Yo
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Control Chart

-Illustration of Construction

Central line
X-chart Copper

C Action limit
—_— Warning limit /
Co)
12 @ Q@
..l..ll.lllll..l.l ae l.......l.ll.l.l CELLLE R R I() .ll sssoooEoEEoOOOpEEEENREERENR
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| 0 i © S Ol A | %S el
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0 10 20 30 40 50 60 70 80 90 100

Control value
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R-Chart

" Range control chart:
Analysis of the same sample with each batch
(repeatability conditions) and plotting the range
against time
The control value is therefore the range of the

response values of the control sample.

Seite YA
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Data for an R-Chart
Batch x1 X2 R
1 491 493 2
2 497 497 0
3 498 501 3
4 492 485 7
5 498 493 5
6 510 505 2
7 506 512 6
8 492 487 5
9 491 488 3
10 497 503 6
R = 3.9
7
tZ B
g h——!“
STATISTICAL TABLE
Factors for calculation of standard deviation
from range and construction of R-charts
Number of replicates Central line / Lower action upper
per batch standard deviation limit action limit
d, D, D,
2 1.128 0 3.267
3 1.693 0 2.575
4 2.059 0 2.282
5 2.326 0 2.115
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Calculations for control chart R

Upper action limit D,xR

Lower action limit D,xR*¢ [ D; =0]

R-chart central line R’ orR’=d,.S  [d,=1

128]
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R-Chart — Illustration

R-chart Copper
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Data for D-chart
Batch no X X spiked D
1 3.856 4.352 0.496
2 7.746 8.240 0.494
3 10.968 11.471 0.503
4 0.872 1.365 0.493
5 5.634 6.121 0.487
6 3.085 3.588 0.503
7 1.563 2.058 0.495
8 20.851 21.343 0.492
9 15.963 16.471 0.508
10 8.663 9.145 0482 D =
0.495
Seite AY
/]
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Calculations for control charts D

Central line D’
Warning limit CL + 2 \Sx

Action limit  CL + 3 VSx

Seite Af
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Data for an r-chart
Batch no. xl x2 R X %
1 3.46 4.46 1.00 3.96 25.3
2 3.99 5.1 1.11 4.545 24.4
3 5.32 5.47 0.15 5.395 2.8
4 15.0 14.8 0.2 14.9 1.3
5 321 392 71 356.5 19.9
6 251 247 4 249 1.6
7 51.9 51.1 0.8 51.5 1.6
8 10.4 1.1 0.7 10.75 6.5
9 1.90 2.40 0.50 2.15 22.7
10 27.4 29.9 25 28.65 | 8.7
r,% = [R/X’] x100 Central line =1 =d, SW.100/X'
r,% = 11.48% Upper action limit =D, . t'
Lower action limit = D,
Seite A®
gtz el ll‘i‘
e\

Out-of-Control Situations

=1 value outside action limits
=2 consecutive values outside warning limits

=7 consecutive values with increasing or
decreasing tendency

= X-chart: 10 out of 11 values on one side of the
central line

= R-chart: 7 consecutive values above the central
line

Seite A1



Quality Control Samples

Control Samples

I Synthetic sample or reference material
II Stable natural sample
III Recovery of spike from a natural sample

v Blank sample

v Natural sample with limited stability

123
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Control Sample Type I

= Synthetic (artificial) sample or

= Laboratory reference material or
= Reference material or

= Certified reference material

= Same sample in every batch

* Generally known concentration

= Used with X-bar- and R-charts

Seite A%
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Control Sample Type II

= Natural sample chosen at random from samples

received for analysis

* Different sample in every batch
= Concentration not known

= Used with r-chart

¢0o
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Control Sample Type III

® Natural sample chosen at random from samples

received for analysis and the same sample spiked
= Different sample in every batch
= Spiked concentration known

= Used with D-chart

th rre o o ot
Control Sample Type IV

* Blank sample
= “Same” sample in each batch
* Concentration not known

= Used with X-bar- and R-charts

¢
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Control Sample Type V

* Natural sample chosen at random from samples

received for analysis for a very unstable parameter
* Different sample in every batch

= Concentration not known and may change during

the time it takes to analyse one batch

= Used with r-chart

Analytical Methods

1A%
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Analytical Methods

- Standard Methods. [Standard setting organization (AOAC,
ASTM)].

-Official Methods. [FOr use by government organization
(EPA, NIOSH].

eLiterature Methods. [Analytical JOUI' nals] .

*In —~House Developed Methods. [Laboratory PfocedureS] .

Seite 10
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Standard Operational Procedures
(SOPs)Title

Summary

Materials

Solutions & Reagents
Procedure

Calculation

Precautions

Sample preservation
Unit or result expression
Number of result digits
References
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Validation

“Validation is the procedure used to prove that a
test method consistently yields what it is expected
and required to do with adequate accuracy and
precision”.

“Validation of a method establishes, by systematic
laboratory studies, that the performance
characteristics of the method meets the
specifications related to the intended use of the
analytical results”.

Seite 1Y
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Performance Characteristics

= Calibration function / linearity
= Sensitivity

* Limit of detection

= Precision

= Accuracy

*Trueness

= Range of application

" Selectivity / Interferences

" Ruggedness

£9



Bias

Bias % =X_l—l
u

x100

X = mean of test results obtained for reference sample.

M = true value given for reference sample.

Seite 14
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Tf ueness

Trueness %

— % %100
T

mean of test results obtained for reference sample.

T X

true value given for reference sample.
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Precision

Precision %

— 3 %100
X

= X = mean of test results obtained for reference sample.

=g = standard deviation for x.

Seite Y+ )
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Reproducibility

R =28x Sy

Sg = standard deviation (n = 8) with 95% confidence.

2.8 = 2/2 andis derived from the normal or Gaussian distribution [ISO 5725].

Reproducibility measures the spread of results when
the sample is analyzed by different laboratory.
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Repe atabili ty

Y=2.8xS,

at 95% confidence level.

S, = standard deviation (n=210).

Seite Y+ ¥
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Repeatability and Reproducibility
Parameter Repeatability Reproducibility
Sample Same Same
Procedure Same Same
Instrument Same Different
Laboratory Same Different
Analyst Same Different
Time Short interval Different
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Accuracy

Recovery %

=Mx100

add

Xs = mean results of spiked sample.
>< = mean results of unspiked sample.

X, 4qa = amount added, (spiked).

Standard Deviation

Sx _ Z(Xl _;)2
(n-1)

Seite Y +1
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X (x-x") (x-x")?
3.698 0.355 0.1260
2.725 -0.618 0.3819
3.226 -0.117 0.0137
3.273 -0.070 0.0049
3.284 -0.059 0.0035
3.429 0.086 0.0074
3.233 -0.110 0.0121
3.099 -0.244 0.0595
3.361 0.018 0.0003
4.102 0.759 0.5761
X =3.343 > =1.1855
N=10

S? = (1.1855)/(10 — 1) = 0.1317

S = 0.363

Partoer for the Future
g y A

Within Batch Standard Deviation

_R
Sv =4,

Seite YV
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Batch X1 X2 R
1 85.6 |86.3 0.7
2 84.6 85.1 0.5
3 86.8 86.3 0.5
4 87.2 86.3 0.9
5 83.4 82.5 0.9
6 88.5 88.0 0.5
R'=6.667
SW = R'/d2 No of d2
= 6.667/1.128 batch
2 1.128
3 1.693
4 2.059
5 2.326




Pooled Standard Deviation

D (n,-1).8

Spooled =
z : (ni - 1)
Seite V)

X1 X2 X3 ___!“

3.698 2.808 3.670

2.725 3.189 2.617

3.226 3.400 3.119

3.273 3.729 3.227

3.284 3.467 3.370

3.429 3.483 3.389

3.233 3.439 3.237

3.099 3.007 2.993

3.361 3.376

4.102 4.248

N =10 N=38 N =10

X' =3.343 x' =3.315 x' = 3.325

S =0.363 s =0.296 s =0.428
Grand mean =( 10 x 3.343 + 8 x 3.315 + 10 x 3.325) /(10 + 8 + 10)=3.329 mg/1
SZPOOle 4= [ (10-1)x(0.363)% + (8-1)x(0.296)?+(10-1)x(0.428)2/(10 + 8 + 10) = 0.1379
Spootea 0-371 mg/1

Seite Y)Y
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Uncertainty
U = t(df)S,qeq. || 202
n,xn,

Seite V)V

g t y &
X' S n df
1 3.343 0.363 10 9
2 3.315 0.296 8 7
SZPOOle d =19 x( 0.363)2 +7x (0.296)2 = 0.1125
SPoole d =0.335
df = 9+7=16
U=t 0‘95(16) x 0.335 x \/[(10+8)/(10x8)
=2.120x 0.335 x 0.474 = 0.337mg/1

oy



Limit of Detection

LOD =2CD =2t (df) S, piank 1

Seite Yo
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S, blank = 0.0122 pg/1 n=6,df =5

LOD  =2xt,(5) x 0.0122 V(1 + 1/2)

= 0.06 pg/1

Seite Y11
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Improvement of Performance
Increase Decrease
* Trueness . « Bias.
* Precision. * Uncertainty.
* Reproducibility [ * Standard deviation.
* Repeatability. * Limit of detection.
* Accuracy.
* Sensitivity.
7
tZ [
g h——!“

Method Validation
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Performance Characteristics
Measurement Methods

"Parameters used to indicate quality of
measurements

Performance Characteristics:
® Calibration function/linearity.
* Sensitivity.
®* Limit of detection.
* Precision.
= Accuracy.
* Range of application.
* Selectivity /Interferences.

Seite 114
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Validation

"Validation is the procedure used
to prove that a test method
consistently yields what it is
expected and required to do with
adequate accuracy and precision.

F. Erni, W. Steuer, H. Bosshardt,
Chromatographia 1987, 24, 201.
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Phases of Initial

Validation

" Planning of the tests.
= Realization of tests.

= Evaluation of results (statistical and
chemical).

* Documentation, throughout all phases.

= Application of information gained during
original validation.

Seite YY)
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A Good Reason for Method
Validation

ISO Guide 25, draft Fourth Edition 1997:
5.4.4 Validation of test methods

5.44.2 The Ilaboratory shall validate
standard, non-standard and new test
and/or calibration methods to confirm that
the methods are suitable for the intended
use.

\YY
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Samples for Method
Validation

"Natural samples whenever possible.
=Spiked sample.

=Standard samples of a known
concentration.

"Not less than 6 different samples.

/I
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Which Experiments are Needed?

=Calibration — one thorough check with
possible follow-up.

"Limit of detection-one or a few samples,
multiple measurements in one batch.

"Accuracy and precision-experimental
plan.

1y
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Linearity

Quantitation requires that one knows how the
response measured depends on the analyte

concentration.

This is obtained by using external or internal
standardization and formulated into a
mathematical expression used for calculating the

unknown analyte concentration in real samples.

Seite Y Y©
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Analysis of 10 calibration solutions of Zn in the ___!I“
0.025-2.0 mg/1 yielded the following results:
Concentration, mg/1, Zn Absorbance Average
X y Y
0.025 0.007 0.0075
0.008
0.050 0.013 0.0135
0.014
0.100 0.028 0.0265
0.027
0.250 0.071 0.0070
0.069
0.500 0.137 0.1360
0.134
0.750 0.199 0.2010
0.203
1.00 0.264 0.2640
0.263
120 0.309 0.3090
0.308
1.50 0.382 0.3820
0.382
2.00 0.504 0.5030
0.501

Seite 1 Y1
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g Linearity Calculationsiis
S” =D (X=X)*I(k-1)
Concentration | Concentration
0.025 0.075
0.05 1.00
0.1 1.20
0.25 1.50
0.5 2.00
X =0.7375
2 (0.025—0.7375)% + (0.05—0.7375)2 +(0.1—0.7375)> +....
s = 5
S,.? =0.43569
v 7T
tZ 7T
g h——!“

SS, =(N-1)*S,”

N =20,k =10

SS, =(20-1)x0.43569

K :no. of samples

N :no. of measurements

\YA
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Linearity Calculation

Y = intercept + slope X

Slop (b) and Y-intercept (a) may
be calculated from least square
method.

a = 0.005561. b = 0.25165

/I
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Linearity Calculations

Y = intercept + Slope * X
Y= a +bX
Y*=0.005561 + 0.25165 * 0.025 = 0.01185
= 0.005561 + 0.25165 * 0.050 = 0.01814
= 0.005561 + 0.25165 * 0.100 = 0.03073
= 0.005561 + 0.25165 * 0.250 = 0.06847

10



71\

gtz By [ ._‘:i“
Linearity Calculations

Sy = z{ [y — v~y ]}%

(N —2)

1/2

[(0.007-0.012)? +(0.008—0.012)*]+[(0.013-0.018)? +(0.014—0.018)*]+

| [(0.028-0.031)? +(0.027-0.031)?]+[(0.071- 0.068)* + (0.069- 0.068)?]+ .
18

S, =0.004805

gz= Linearity {ea!
$S, =8, * (N-2)
= (0.004805)? x (20-2)
= 0.0004156
SS, =Z(y-Y)>? for double reading
SS, = £[(0.007-0.0075)2 + (0.008-0.0075)?]

+ [(0.013-0.0135)2+(0.014-0.0135)?] +...

\
Seite V7Y
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SS, =0.0000215
y : one measurement

Y  :Average of measurements for

same concentration.

gtz Ry
Linearity Calculations

v



Partoer for the Futere.
gtz ==

Upper percentage points of F
(from ISO 2854:1976)

Partoer for the Futere
gtz ==

Linearity Calculations

TA
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Linearity Calculations

Confidence Interval

attyy;; (N-2).8,

at 2.101 x 0.00201

a 1 0.004223

Lower limit = 0.005561 — 0.004223 = 0.002126
Upper limit = 0.005561 + 0.004223 = 0.008995

Thus, intercept (a) does not include zero.

\yv
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t-Distribution (from ISO 2854:1976)

Seite VYA
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Test of Linearity-Zn
Range 0-2.0ppm | 0-1.5ppm | 0-1.2ppm | 0-1.0 ppm
Y-intercept (a) 0.005561 0.004019 0.00292 0.00178
Slope (b) 0.25165 0.25541 0.25900 0.26394
Sz 0.43569 0.27860 0.19349 0.13321
X. 0.7375 0.59722 0.48438 0.38214
Sy/s 0.004805 0.003987 0.003355 0.002091
N 20 18 16 14
k 10 9 8 7
SS, 8.2781 4.7361 2.9023 1.7318
tg.075 (N-2) 2.101 2.210 2.145 2.179
S, 0.001635 0.001442 0.00127 0.000825
RL!
Seite V¥4
s 7T\
th i "h
N\
Range 0-2.0 ppm | 0-1.5ppm | 0-1.2ppm | 0-1.0 ppm
S, 0.001635 0.001442 0.00127 0.000825
Lower limit 0.002126 0.00961 0.000196 - 0.000018
Upper limit 0.008995 0.00708 0.00564 0.00358
Zero included NO NO NO YES
SS, 0.0004157 | 0.0002543 | 0.0001576 | 0.0000525
SS, 0.0000215 | 0.0000170 | 0.0000170 | 0.0000165
Z; 22.9 18.0 11.0 3.05
Fios 3.07 3.14<§<3.5 3.58 3.97
Linearity NO NO NO YES

02-Mar-11 Seite Y+
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Limit of Detection (LOD)

*The concentration level that can be
determined statistically different from a
blank at a specified level of confidence.

This correspond to the “Critical level”

[Currie 1988].
= It should be less than 1/10 the conentration
measured.
TS
tZ A
g h——!“

Limit of Detection Laboratory Work

" Multiple (more than 6) measurements in one batch,

or other data under repeatability conditions.
" Blank sample.

*Natural or synthetic sample with extremely low

content.

Seite V£ Y
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Limit of Detection (LOD)
From a blank or natural sample or very small
synthetic sample (6 samples in one batch).
Batch no. Reading Range
1 b, b, t
b, b, t,
by by t;
b, b, Iy
b by t5
by by t5
Average R’
tZ "ll‘
g h——!“
LOD  =2%¢t,, (df) S, ~i+1l/n

df (degree of freedom) =6-1=5
t;95 (df) in case of 6 batches = 2.015

S, :Standard deviation of blank (natural

w

matrix sea, waste or deionized water).

Seite V££
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n =2 (duplicate)

Sw =R'/d2

Sw : Standard deviation within
batches.

d2 =1.128 in case of duplicate

reading.

g t y A “‘

Range of Application

*The concentration range for which
acceptable accuracy and precision can be

achieved.

A
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Statistical Tabl
Factors for calculation of standard deviation from range and
construction of R-charts
Number of Central Lower action Upper action
replicates per line/standard limit limit
batch deviation
d, D, D,
2 1.128 0 3.267
3 1.693 0 2.575
4 2.059 0 2.282
5 2.326 0 2.115
VeV
Seite V¢V
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Range

*The linear range is defined as the
concentration range where the sensitivity of
method can be regarded as a constant.

"Concentration range for which acceptable
accuracy and precision can be achieved.

*The working range may be more extensive
than the linear range.

VEA
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Precision

"The closeness of agreement between

mutually independent test results.

"Precision is wusually stated in terms of

standard deviation.

V¢4
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Precision Laboratory
Work

= At least 12 measurements, preferably 20 or
more, per sample.

= Natural sample (at least some).

= Measurements over several days, with
duplicates or more each day.

= Preferably more than one analyst.
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Variability

"Repeatability.
"Reproducibility.
*Intra-laboratory variability.

=Inter-laboratory variability.

Seite )
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Repeatability and Reproducibility
Parameter Repeatability | Reproducibility

Sample Same Same

Procedure Same Same

Instrument Same Different

Laboratory Same Different

Analyst Same Different

Time Short interval Different

Method precision (confidence 95%, risk level a=0.05).

Vov
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Interlaboratory variability

Intralaboratory variability

Difference of results
obtained by different
laboratories when
measuring portions of a
common sample.

Difference of results
obtained when a single
laboratory measures
portions of a common
sample repeatedly.

oy
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Trueness

value.
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"The closeness of the mean of a large number

of determinations of the analyte to the true

AR
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Precision
Batch no. Reading Range | Average
1 X4 X, t, X,
2 Xy X, t, X,
3 X3 X3 ty X,
4 X, X, 1, Xy
5 X X ty X
6 X6 Xg te X
Average R X
Standard deviation Sy
gtz == ._:‘_“
S,=R'/d,=R"/1.128
CV : Coefficient of Variation
S,, %100
CV, = Average(X") (it must be not more than 5)
S,2 =82-82/n S=45,-S,/n
S, : standard deviation between batches.
n : no. of replicate = 2 in case of duplicate.
_ S, x 100
™ Average(X)
Truness = X~ x 100 (it must be not more than 5)

True value (added)

A

YA
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AC Ccur acy

*The closeness of the obtained analyte to the

true value.

= Accuracy is usually stated in terms of

recovery.
/]

tZ
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Accuracy
Batch Natural Sample Spiked Sample
Date 2::: N; N,
' Duplicate Duplicate

1/5/2000 1 X, X, X, X,
2/5/2000 2 X, X, X, X,
3/5/2000 3 X3 X5 X, X,
5/5/2000 4 X, X4 X, X,
7/5/2000 5 X X5 X, X
9/5/2000 6 X Xg X X¢

Seite oA
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" Max. reading = Spiked (max reading) — Natural
(min reading) [in the same batch]

" Min. reading = Spiked (min reading) — Natural
(max reading) [in the same batch]

Max recovery = Max reading * 100or Max reading * 100

True value (value  of) Spiked iy o nawra n3)
Min recovery = Min reading * 100 Min reading * 100
True value (value  of) Spiked iy t nawral ng)

Accuracy T 20%

. Max accuracy + Min accuracy
Truness in case of N4 = >

Seite 104
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Sensitivity

=Calculated from linearity data.
=Calculated from the slope of the line.

*Concentration giving a certain response
(Characteristic mass in AAS is the
concentration that give absorbance response
of 0.0044).

AR
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Sensitivity

*Sensitivity is a parameter describing how
much the response changes as the analyte
concentration changes.

_dx
dc

where dx = change of the response, dc =
change of concentration.

S

Seite Y1)
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Documentation

"Documentation of the exact method saves money,

time and need for additional validation test.

= A suitable slogan is “What has not been

documented has not been done”.

*Method documentation should be available for all
the analysts working with the method, so that the
knowledge obtained could be implemented in

practice.

\qY
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Method Validation Repotrt

* Description of validation.
* Planning.
* Types of samples used.

* Background for choice of experimental plan.
= Results.
= Results of the statistical analyses made.
*Data quality objectives.

= Conclusions of the validation.

AR

Seite V1V

Partoer for the Futere
Z Warldwide

-—“

The Validation Results Apply For:

* The matrix.

" Analyte concentration range.

* Equipment.

Any change in the method should be evaluated by

revalidation.

Seite V1%
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Revalidation
When:
* Changes the purpose, or the desired quality level of the
method.

* Changing or modification of the procedure.

* Use of the method in the same laboratory after a certain

period of time.

Seite Y1°
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Course Objectives

The participants will be able to:

* Identify measurement errors.

* Identify performance characteristics.

* Calculate estimates for performance characteristics.
* Check linearity of calibration curve.

* Plan a method validation study.

* Conclude on a method validation study.

AN}

Seite Y11



71\

gtz ol a‘

[\

Application of Validation Results

®"Quality Control Chart

* The day-to-day precision test sample selected and
test results may produce a good basis for a quality

control chart.

* The chart can be constructed once the type, the
elements composing it, the goal and the usage
intervals are decided.

Vv

Seite V1Y
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*"For practical purposes a control chart
ensuring that the mean of results is kept
within the warning (2 x S) and action limits
(3 x S) during the period of use of the
method is often feasible. S: standard

deviation.

02-Mar-11 Seite V1A
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Method Validation Report

"Description of the validation

The aim of this method validation study is to
document successful implementation of the
method for measurement of NH; - N in sea
water using spectrophotomtric method No
SM 4500 F — NH; - N in “ Standard
Method for the Examination of Water and
Wastewater ¢, 19th Edition, 1995.

AR}

Range:

Precision:

gtz e b e

Data quality objectives

The method is expected to fulfil the specification

supplemented by laboratory default values ( Manual of

in the standard method.

0. 05- 40 pM

Linearity:  0.05-40 pM
Limit of detection: 0.0 1 uM
Accuracy: 20 % (default)

5 % standard deviation between days (default), ..

/TA
48
Sannl

Seite 114
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Internal Quality Control) in case no specifications are given

5 % repeatability standard deviation (default)

AO
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Validation programme

= Samples

* The limit of detection is determined (sex measurements in

one batch) using a blank sample.

* The remaining measurement are made using the following

samples:

* A stock ammonia solution (100 pM) was prepared by
dissolving 53.3 mg NH, Cl in 1L saline water to give 1000
HUM. Saline water was prepared by dissolving in 1L distilled
water 32.12 g NaCl + 7.125 g MgSO,.

Seite YY)
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Sample Matrix Concentration

N1 Natural sample

N2 Spiked sample 50 pM was prepared by using 50
ml of 1000pM solution then
diluted tol1L with N1

N3 Natural sample

N4 Spiked sample 50 pM was prepared by using 50
ml of 1000pM solution then
diluted to 1L with N3.

N5 Synthetic sample 200 pM was prepared by using 200
ml of 1000 uM solution then
diluted tolL with saline water

N6 Synthetic sample 350 pM was prepared by using 350
ml of 1000 uM solution then

. diluted tolL with saline water

Seite 1YY
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m Measurements

The limit of detection is determined by 6 determinations in

one batch of a blank sample.

The range is examined from approximately 10 times the limit
of detection. The range is examined using 6 samples of
which 2 are synthetic (N5, and N6), 2 are natural (N1 and
N3) and 2 are spiked natural samples (N2 and N4).

The initial assumption was that the method was linear over

the whole range of application. The plan included 6

calibrants.

Seite VYT
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The validation showed that linearity could be obtained
over the whole range of application. The total list of

calibrants is the following concentrations (uM: 13, 48, 71,
100, 146 and 351).

The accuracy is determined from 2 synthetic samples

(N5 and N6) and 2 spiked natural samples (N2 and N4).

Precision is determined from duplicate measurement in
6 batches of 2 synthetic samples (N5 and N6), 2 natural
samples (N1andN3) and 2 spiked natural samples (IN2
and N4).

02-Mar-11 Seite VY¢
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m Study Plan

The study plan is as follows:
Day 1: Determination of linearity

Day 2: Determination of the limit of detection. First

batch for determination of range, accuracy and precision.

Day 3: Second batch for determination of range,

accuracy and precision.

Seite \Y©
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Day 4: Third and fourth batch for determination

of range, accuracy and precision.

Day 5: Fifth and sixth batch for determination
of range, accuracy and precision and verification of

limit of detection.

On day 4 and day 5 where two batches are
measured, the instrument was completely shut down
between the two batches and a fresh batch of

calibrants prepared.

02.03.2011 Seite YY1
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Results

All data from the method validation study are shown in the

Annex. Results of the statistical analyses are shown below.

Standard Number of Limit of
Sample | Average deviation samples detection
mM mM mM
Blank | 0.0760 0.0674 6 0.3330
\VY
Seite YV
[T
Precision and accuracy
Sample Level Number Precision
of
Add Found | Accuracy | Trueness | Samples Repeatability Between day
mM mM % % Variability
Sw CVy S, CV,
mM % mM %
N1 Natural 10.18 6 0.0294 0.29 0.3834 3.77
N2 Spiked 50.0 61.86 92-96 94 6 0.0808 0.17 0.6256 1.33
N3 Natural 99.06 6 0.4089 0.41 1.0167 1.03
N4 Spiked 50.0 151.71 98-114 103 6 0.4688 0.31 3.6777 2.42
N5 Synthetic 200 208.11 102-120 110 6 0.2404 0.12 0.4290 0.21
N6 Synthetic 350 343.47 96-100 98 6 1.2467 0.36 5.4011 1.57
\VA
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Linearity of the calibration
Calibration range 13-351 mM NH,4
Regression line y = 0.014353X-0.00822
Any weight function used None
Number of concentrations 6 Number of samples 12
Sy 0.0206 Coefficient of 0.9998
correlation
z 1.211
Parameter Estimat | Foes Confidence
e interval
Slope 0.01435
3
y-Intercept -0.00822 3.97 From -0.0108 To —
0.00849
(Z, insignificant) Can the line be regarded as linear Yes
Is 0 (zero) included in the confidence interval for intercept No
The above table shows that the calibration curve is linear when using NH; range
up to 351 uM yva

0.6 7
[
I3 ]
< 0.4 I
a
»

o 0.2
& 910 L4

0 + + + 31

0 10 20 30 40
conc. uM

The residual plot shown below shows a tendency towards
high and low values out the central line but the tendency is
too slight that linearity can still be assumed.

0001
3 00005
ER 1 ¢
3
[ 4 $ 4
¢ 0 3’0
20005 L L} - f(l]]

conc.,uM
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Conclusions

* The limit of detection is measured as 0.3330 pM for blank
sample.

* The calibration curve is linear up to 351 uM. This is in a
good agreement with the standard method. Thus, it is
possible to achieve acceptable results using a separate linear

calibration curve in the range from 13 to 351 pM.

Y AN

Seite YA)
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* The recovery (accuracy) is in the range from 92%

to 120%.

* This is satisfactory compared to the requirement

of £20%.

¢ The average recovery (trueness) ranged from 94%

to 110%.

* This is satisfactory since the requirement is £10%.

02.03.2011 Seite YAY
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* The method has satisfactory precision in

the whole working range.

* Repeatability CV_ is from 0.12% to 0.36%.
Between day variability CV, is from 0.21%
to 3.77%.

* The method is accepted for routine use in
the laboratory in accordance with the
method authorization from shown on the

following page.

02.03.2011 Seite VAT
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Annex 1

LOD

Limit of Detection

Date llhl

0.027099 | 0.015532
0.099576 | 0.093099
0.082811 | 0.058896
0.005464 | 0.022759
0.024565 | 0.099154
0.057903 | 0.064137

VA€

15/10/2000
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Annex 2

Linearity Measurements

Date Concentration Response

pM
13 0.177 | 0.177
48 0.677 | 0.677
71 1.006 | 1.006
13/10/2000 100 1.420 | 1.420
149 2121 | 2121
351 5.010 | 5.010
gtz = (rnas?
Annex 3
Raw Data
Date pM
15/10/2000 | 10.20091 | 10.21249
16/10/2000 | 10.30908 | 10.35825
17/10/2000 | 10.45236 | 10.53458 N1
17/10/2000 | 9.446599 | 9.447254
18/10/2000 | 10.44228 | 10.46994
18/10/2000 | 10.13858 | 10.16643

qy
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Date

uM

17/10/2000

17/10/2000

46.72982

N2

VAV

gtz e b e

Seite VAV
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Date

uM

15/10/2000

98.49191

17/10/2000

17/10,/2000

98.44070

98.98158

100.6149

98.87998

98.92490

N3

\AA
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Date

pM

15/10/2000

149.9890

16/10/2000

147.3157

147.6452

17/10/2000

147.4289

147.4915

17/10/2000

155.6311

155.8372

18/10/2000

154.3418

18/10/2000

154D886

155.1318

N4

VAQ

th e b e

Seite VA%
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Date

uM

15/10/2000

208.793

16/10/2000

17/10,/2000

20&0654

208.5052

17/10,/2000

207.5094

207“5657

18/10/2000

207.2231

18/10/2000

N5

q0
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Date pM
15/10/2000 | 350.5705 | 350.6458
16/10/2000 | 346.7098 | 347.1484
17/10/2000 | 336.8921 | 337.4347 N6
17/10/2000 | 346.8498 | 347.4627
18/10/2000 | 340.2387 | 340.3960
18/10/2000 | 335.3141 | 341.6250
T
tZ o [
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Method Authorization Form

Technique: Autoanalyzer | Date: 5/11/2000

Analyte: NH, Submitted by: | Dr. Hesham, Ayman

Matrix: Sea water Checked by: Prof. Dr. Ebtissam A.
Saad

Brief description of scientific basis of method:
Direct Measurement of NH; in sea water.

AN
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Brief description of validation study:

The method is validated by estimation of linear range (6
calibrants).

Limit of detection (6 duplicate measurements of blank);
Accuracy (2 synthetic samples and 2 spiked samples,
duplicate measurements in 6 batches);

Trueness (2 synthetic samples and 2 spiked samples,
duplicate measurements in 6 batches).

Precision (2 synthetic samples, 2 spiked samples and 2 natural

samples, duplicate measurement in 6 batches).

02-Mar-11 Seite 14V
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Results of Validation Study:

Limit of detection: 0.3330 pM

Trueness 94 - 110%

Accuracy: 92 - 120%

Repeatability: From 0.12% to 0.36%

Between batch standard deviation: | From 0.21% to 3.77%

Range: 10 - 350 pM

Linear range: 13 - 351 uM

Validation study performed by: Ibrahim, Ahmed, Fatma
Approved: Prof. Saad Hassan
Date: 5/11/2000

Seite 14 £
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OUTLIERS

gtz=

[1] Q-Value:

_ [suspect value - nearest valuge]
[largest value - smallest value]

Values of Q-Values > Table Q-value should be rejected.

aA
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Critical values of Q (P = 0.05)

Sample size (n) Critical value (Q)
0.831
0.717
0.621
0.570
0.524
0.492
10 0.464

O |0 | N ||| B~

Seite Y4V
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[2] D-value:

Values with D-values > Table D values should be
rejected.

1q
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Number of observations Number of
Critical (n) D observations (n) D
3 1.15 20 2.56
D Values 4 1.46 21 2.58
(P = 0.05) 5 1.67 22 2.60
6 1.82 23 2.62
7 1.94 24 2.64
8 2.03 25 2.66
9 21 30 2.75
10 2.18 35 2.82
11 2.23 40 2.87
12 2.29 45 2.92
13 2.33 50 2.96
14 2.37 60 3.03
15 2.4 70 3.09
16 2.44 80 3.14
18 2.50 90 3.18
19 2.53 100 3.21
Seite )9
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[3] Do-value

Values outside this range should be rejected

Max = X + Do
Min=X-Do

(D from the table)

Values outside the max. or min. values obtained by the
above relations should be rejected.

Seite Y+ ¢
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Example:

Measurements of total dust were made and the
following results were obtained:

10.1 (8.1 9.7 19.5 |8.4
11.5 |10.0 (9.8 |44 [7.9

Determine whether the high or low value
should be rejected.

) 71\
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Solution:

n=10 X=894 S(0)=1.92

[1] Qvalue: [ (7.9-4.4)
11.5-4.4)
(11.5-10.1)
(11.5-4.4)

From the Table Q at n = 10 = 0.469
So, 4.4 should be rejected.
and, 11.5 should retained.

0.197
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[2] D value: 894—-4.4 B

2.36
1.92
11.5-8.94 _133
1.92

From the Table D atn =10 = 2.18

D for 4.4 > D Ciritical value and should be rejected.

D for 11.5 < D critical value and should be retained.

gtz it l‘

[3] Do values

D from table for n = 10 = 2.18
oD =1.92 x 2.180 = 4.19

Max = 8.94 + 4.19 = 13.13
Min = 8.94 — 4.19 = 4.75
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"Values outside the range 4.75-13.13 should be

rejected.

"The value 4.4 is outside the acceptable limit

and should be rejected.

A





