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Monitoring Program for Trace Substances (RMP). I t  
includes: 

1. 	 A summary of the RMP and its organization. 
2. 	 An overview of quality assurance and control in 

the RMP. 
3. 	 Quality assurance and control measures in the 

field. 
4. 	 Quality assurance and control measures in the 

laboratory. 

Much of the guidance provided in this document is 
based on protocols developed for the Bay Protection 
and Toxic Cleanup Program (BPTCP), EPA's Puget 
Sound Estuary Program (US EPA, 1989), as well as 
those developed over many years for the National 
Oceanic and Atmospheric Administration's (NOAA) 
National Status and Trends (NS&T) Program. Many 
other individual research and monitoring programs 
also provided guidance for this document. Detailed 
descriptions of field and laboratory methods are 
available through SFEI. 

back to contents 

Definition of Quality Assurance and Control 

Ideally, a monitoring program is based on specific 
management questions which lead to the formulation 
of quantitative measurement endpoints. These 
measurement endpoints are used to develop data 
quality criteria (DQCs) and performance standards 
based on realistic confidence and certainty levels. The 
analysis of monitoring samples requires specific 
guidance from policy makers and environmental 
managers as to what the desired uses of the data are. 
Conversely, what kinds of environmental 
management decisions can be made in a scientifically 
defensible way depends on the sensitivity of the 
measurement system and the levels of conftdence 
and certainty in the data. The purpose of this 
document is to  maximize the probability that 
environmental data collected by the RMP will meet the 
expectations of the data users. The DQCs outlined in 
this document are intended to ensure, to  the greatest 
extent possible, that the data truly represent 
conditions in  the environment with negligible artifacts 
due to sample collection and processing. 

The RMP quality assurance and control system was 
designed t o  accommodate evolving information needs 
by the data users within the inherent constraints of 
the best available sampling and analytical 
methodologies. The acceptable or unavoidable 
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variability that is introduced through the sampling 
and measurement system, as well as the desired 
sensitivity levels that allow quantitative comparisons 
to receiving water quality objectives, are reflected in 
the RMP DQCs expressed in terms of accuracy, 
precision, completeness, and method detection limit 
requirements. The DQCs for the RMP were established 
based on instrument manufacturers' specifications, 
scientific experience, and historical data. Individual 
contract laboratories are given the greatest degree of 
flexibility in  their analytical procedures, as long as 
they can demonstrate that DQCs are being met and 
that data comparability between laboratories and 
analytical matrices are documented. 

Quality control can also be described as a system that 
accounts for and quantifies as many potential 
measurement errors as possible in order to  evaluate 
the uncertainties associated with any given 
measurement. Errors that influence environmental 
measurements can be introduced in the field, during 
shipment, and in the laboratory. The foliowing are 
some examples of sources of field and laboratory 
contamination that may need to be taken into account 
when evaluating sample data quality: 

A. Field 

1. 	 Sample containers 
2. 	 Sample equipment (tubing, pumps) 
3. 	 Ship (exhaust, metal surfaces) 
4. 	 Personnei (dirty hands, general carelessness) 
5.  	 Atmospheric deposition 
6. 	 Preservatives 

1. 	 Atmospheric deposition 
2. 	 Personnei 
3. 	 Chemical contamination from extraction and/or 

preparation 
4. 	 Analytical instruments and equipment (tubing, 

corrosion, etc.) 
5 .  	 Reagents 
6. 	 Containers 

back to contents 

2. 	Overview of the RMP 

RMP Organization 
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Project Information 

The Regional Monitoring Program for Trace 
Substances (RMP) began in 1993 and evolved out of a 
pilot program funded under the State's Bay Protection 
and Toxic Cleanup Program, after the San Francisco 
Bay Regional Water Quality Control Board (Regional 
Board) had developed a funding and implementation 
structure. 

At this time, 74 public and private entities that 
discharge treated wastewater and cooling water, that 
manage stormwater runoff, or that are involved in 
dredging activities contribute the financial resources 
necessary to conduct the RMP. Many of these 
program participants also contribute expertise or 
logistical support. The San Francisco Estuary Institute 
(SFEI), as the entity designated to implement the 
Regional Monitoring Strategy, is administering the 
program under a Memorandum of Understanding with 
the Regional Board. 

Currently, about 170 individual chemical parameters 
are analyzed in water, sediment, and tissue two to 
three times per year (Table 1).Bioassays on water 
and sediment samples are also conducted to 
determine possible toxicity to  selected organisms. 
Originally, most of the station locations were chosen 
so they would be as far as possible from the influence 
of major contaminant sources and to be as 
representative as possible of "background" 
contaminant concentrations. I n  subsequent years, 
more stations have been added that are located close 
to tributaries. Two stations adjacent to the 
wastewater outfalls of the Cities of San Jose and 
Sunnyvale are monitored using RMP methodology 
under a special agreement with the two National 
Pollutant Discharge Elimination System permit holders 
and the Regional Board. 

back to contents 

Objectives 

The current objectives for the RMP are to: 

1. 	 Describe patterns and trends in contaminant 
concentration and distribution. 

2. 	 Describe general sources and loadings of 

contamination to the Estuary. 


3. 	 Measure contaminant effect on selected parts of 
the Estuary ecosystem. 

4. 	 Compare monitoring information to relevant 
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water quality objectives and other guidelines. 
5 .  	 Synthesize and distribute information from a 

range of sources to present a more complete 
picture of the sources, distribution, fates, and 
effects of contaminants in the Estuary 
ecosystem. 

back to contents 

Data Usage 

Data from this program are made available for 
scientific research, regulatory purposes, and public 
awareness. The RMP currently produces an annual 
report that includes all the data, a summary of 
results, and some interpretation. Examples of how the 
data are used by the RMP follows: 

Trends: 
Seasonal, annual, and long-term patterns 
in contaminants found in the Estuary. 

Objectives and Guidelines: 
Data are used by the RMP to evaluate 
achievement of various water, sediment, 
and tissue quality guidelines. 

Conventional Water and Sediment 
Parameters: 
Conventional water and sediment 
parameters are evaluated to see how they 
affect contaminant levels. For example, 
how does sediment grain-size affect 
sediment PAH concentrations, or how 
does DOC in water affect water pesticide 
concentrations? 

Integrated Contaminant 

Measurements: 

Bioaccumulation data may be used to 
determine time-averaged trends in 
contaminant concentrations and for 
comparison with other trend data. 

Principal Contacts 

Table 2 presents the principal contact representatives, 
their affiliation with the RMP, abbreviations used in 
this report, and current phone numbers. 

back to contents 
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3. Overview of Quality Assurance 
and Control in the RMP 

Sample Collection, Preservation and Holding 

Field personnel will strictly adhere to the RMP 
protocols to ensure the collection of representative, 
uncontaminated water, sediment, and tissue 
chemistry samples. Briefly, the key aspects of quality 
control associated with chemistry sample collection 
are as follows: 

1. 	 Field personnel will be thoroughly trained in the 
proper use of sample collection gear and will be 
able to distinguish acceptable versus 
unacceptable samples in accordance with pre- 
established criteria. 

2. 	 Field personnel will be thoroughly trained to 
recognize and avoid potential sources of sample 
contamination (e.g., engine exhaust, winch 
wires, deck surfaces, ice used for cooling). 

3. 	 Samplers and utensils which come in direct 
contact with the sample will be made of non- 
contaminating materials (e.g., glass, high- 
quality stainless steel and/or ~e f lon@)  and will 
be thoroughly cleaned between sampling 
stations. 

4. 	 Sample containers will be pre-cleaned and of 
the recommended type. 

back to contents 

Laboratory Operations 

The QA/QC requirements presented in the following 
sections are intended to provide a common 
foundation for each laboratory's protocols; the 
resultant QA/QC data will enable an assessment of 
the comparability of results generated by different 
laboratories and different analytical procedures. It 
should be noted that the QA/QC requirements 
specified in this plan represent the minimum 
requirements for any given analytical method. 

The RMP's performance-based protocols for all 
analytical laboratories consist of two basic elements: 

1. 	 Initial demonstration of laboratory capability. 
Prior to the initial analysis of samples, each 
laboratory will demonstrate proficiency in 
several ways: written protocols for the 
analytical methods to be employed for sample 
analysis will be submitted to the Program for 
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review; method detection limits (MDLs) for each 
analyte will be provided, including the method 
used for determining MDLs; an initial calibration 
curve will be established for all analytes, the 
calibration curve shall include a calibration point 
set a t  3 to 5 times the MDL and should include 
a minimum of 5 calibration points for trace 
organics; acceptable performance will be shown 
on known or blind reference material (see 
Laboratory Quality Control Procedures, Initial 
Demonstration of Capability, p. 20.); and long- 
term standard reference material results on 
reference material with comparable analyte 
concentrations as those in RMP field samples 
will be submitted. 

2. 	 Ongoing demonstration of capability. Following 
a successful first phase, the laboratory will 
demonstrate its continued capabilities in several 
ways: participation in an on-going series of 
interlaboratory comparison exercises, routine 
analysis of certified reference materials, 
calibration checks, and analysis of laboratory 
reagent blanks and fortified samples. (See 
Laboratory Quality Control Procedures, Ongoing 
Demonstration of Capability, p. 22.) 

The results for the various QA/QC samples will be 
reviewed by laboratory personnel immediately 
following the analysis of each sample batch. These 
results will then be used to determine when data 
quality criteria have not been met, and corrective 
actions will be taken before processing a subsequent 
sample batch. When data quality criteria are not met, 
specific corrective actions are required before the 
analyses may proceed. 

back to contents 

Information Management 

Various data and information generated from the RMP 
are stored at SFEI. The digital data generated from 
the sampling cruises arrive at SFEI in various formats 
and are converted to standard RMP database format. 
After final QA checks, the data are uploaded to the 
RMP database in Oraclee. Data tables are generated 
from this database. The same database is also 
accessible through SFEI's website 
(http://www.sfei,org). 

Sample Tracking 

RMP sample collection personnel have developed a 
comprehensive system for recording sampling 

(http://www.sfei,org)
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information in the field and tracking sample 
shipments. This component is included in the RMP 
Field Operations Manual 
(http://www.sfei.org/rmp/docs/fom~l. html). 

back to contents 

Data Reporting Requirements 

As previously indicated, laboratory personnel will 
verify that the measurement process was "in 
control" (i.e., ail specified data quality criteria were 
met or acceptable deviations explained) for each 
batch of samples before proceeding with the analysis 
of a subsequent batch. I n  addition, each laboratory 
will establish a system for detecting and reducing 
transcription and/or calculation errors prior to 
reporting data. 

Only data which have met data quality criteria, or 
data which have acceptable deviations explained, will 
be submitted by the laboratory. When QA 
requirements have not been met, the samples will be 
reanalyzed when possible. Only the results of the 
reanalysis will be submitted, provided they are 
acceptable. 

back to contents 

4. Field Quality Assurance and 
Quality Control 

Field Performance Measurements: 
Terminology 

Following is a list of definitions of field performance 
measurements that are frequently included in the 
sampling protocol. Some of these measurements only 
need to be taken when an established procedure is 
changed, while others need to be taken at various 
intervals throughout the sampling process. 

1. 	 Source Solution Blanks: These account for any 
pre-existing contamination in the water or 
preservatives used to prepare the sample 
containers as well as the field or travel blanks. 

2. 	 Bottle Blanks: These account for contamination 
in sampling containers, in addition to any 
contamination due to the source solution. 

3. 	 Travel Blanks: These account for contaminants 

(http://www.sfei.org/rmp/docs/fom~l
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introduced during the transport process 
between the laboratory and field site, in 
addition to any contamination from the source 
solution and container. 

4. 	 Equipment Blank: These account for 
contamination introduced by the field sampling 
equipment. 

5 .  	 Field Duplicates: These account for variability in 
the field and laboratory. 

6. 	 Field Blanks: These account for all of the above 
sources of contamination that might be 
introduced to a sample as well as that which 
would be due to the sampling equipment and 
the immediate field environment. Field blanks 
are generated under actual field conditions and 
are subjected to the same aspects of sample 
collection, field processing, preservation, 
transport, and laboratory handling as the 
environmental samples. Field blanks for 
sediment analyses generally consist of ultra 
pure sand. True field blanks for biological tissue 
samples do not exist. 

back to contents 

Field Performance Measurements Used by 
the RMP 

Routine preparation, collection, and analysis of all the 
field samples mentioned above would be redundant 
and inefficient. Since trace metals in environmental 
water samples are orders of magnitude lower than in 
sediments or tissues, the field QA/QC measures are 
much more rigorous for water samples. Most QA/QC 
steps taken to minimize trace element sampling 
artifacts are also applicable for the collection of trace 
organic samples. 

Source solution blanks will be made with Milli-Q or 
Nanopure water (free of trace organic and element 
contaminants), and trace-metal grade acids will be 
used in all aspects of cleaning, storage, and analysis. 
The sample bottles will be cleaned and stored filled 
(water containers only) with acid solution. 
Contamination of these source solutions will be 
routinely checked, and corrective steps taken 
whenever contamination of source solutions are 
indicated. 

Bottle blanks that were generated early on in the 
monitoring program showed that the "trace-metal 
clean" polyethlene and Teflon@ bottles used for all 
three of the RMP samples are not a source of trace 
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element contamination. Certified trace-metal-free 
borosilicate glass containers will be used for sediment 
samples, and measurements of bottle blanks will be 
conducted for each lot. 

Travel blanks are not routinely used for water, 
sediment, or  tissue samples. The possibility of 
contamination during the transport between the 
laboratory and field site will be mitigated by the 
measures taken to keep the sample bottles in an 
enclosed micro-environment. All water sample bottles 
will be quadruple-bagged and kept inside a tightly 
closed plastic bucket. They will be filled with a weak 
acid solution, so any metals leached from the 
container will be kept in solution. This storage 
solution will be discarded immediately prior to 
sampling, followed by five rinses with the sample. The 
sample bottles will be removed from the plastic bags 
only in a class 100 clean laboratory, except during 
active sample. The bottles will always be handled with 
polyethylene-gloved clean hands. 

Equipment blanks for water samples will be collected 
periodically in  the laboratory by pumping Milli-Q water 
through the sample tubing connected to a filter 
cartridge. The sampling equipment will consist of a 
dual-head peristaltic pump which pumps water up 
through the inlet length of ~ e f l o n @  tubing connecting 
to C-flex tubing, and finally to the outlet length of 
~ e f l o n @tubing. The Teflona and C-flex tubing will be 
connected via polypropylene Y connector fittings. 
Filtered samples will additionally pass through a 0.45 
micrometer polycabonate filter cartridge attached to 
the outlet end. The sample will be exposed to the 
interior of the ~ e f l o n @  and C-flex tubing, the Y 
fittings, and the filter cartridge, all of which will have 
been rigorously cleaned with ultra-pure reagents. 
Sediments will be collected with a van Veen grab 
sampler. However, equipment blanks will not be 
taken. The sediment sampling protocol is discussed 
further in the field blanks section. Since bivalves will 
be hand collected, equipment blanks are not relevant 
for tissue samples. 

Field duplicates will only be routinely collected for 
water samples. Water will be filtered in duplicate so 
that evaluation of the sampling system precision 
includes the filter cartridge.. Short-term environmental 
variability, most notably due to swift currents and 
non-homogeneous suspended sediment loads will 
affect the sampling precision. Golden Gate station 
(BCZO) probably has the least variability, and will, 
therefore, usually be included as a field duplicate. 
Two or three additional stations at different locations 
of the Bay will also be collected in duplicate. 
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Since sediment concentrations in the Estuary vary 
spatially, a field duplicate would be unable to 
separate natural variability from that introduced by 
the sampling and analysis system. I n  1994, triplicate 
samples were taken at three RMP stations to assess 
within-station variability. Variability was shown to be 
parameter-specific for trace elements with certain 
metals exhibiting less than'3% variability between 
triplicates and others up to 40% variability between 
triplicates. 

Field duplicates in bivalve tissue samples will not be 
collected per se. Between 40 and 100 bivalves are 
deployed a t  each site. They will be hand-collected and 
later homogenized as a single sample. Two sub- 
samples of fewer animals each, would assess 
variability in  the animals rather than assess precision 
in technique or environmental variability. 

Field blanks for water will be generated under actual 
field conditions and will be treated in the exact same 
manner as the environmental field samples in both 
the field and laboratory. True field blanks are, 
however, difficult to obtain because assessment of the 
monitoring vessel's aura of contamination at the time 
of sampling is not straight-forward. True field blanks 
are not routinely collected by any worker in this field 
and are not routinely reported in the literature. 
Collection o f  a field blank by pumping the "source 
solution" (Milli-Q water) through the system on deck 
does not adequately address the issues of potential 
contamination of the water sample by the monitoring 
vessel since metals are ubiquitous on boats. 
Therefore, a field blank merely measures 
contamination of the sampling equipment, which is 
already accounted for, and perhaps aerosol 
contamination, but it cannot sort out vessel 
contamination from water contamination present 
without the vessel sitting in the source water. 
Mitigation steps for this potential problem will be 
taken. To avoid aerosol contamination the sample 
tubing inlet and outlet will be kept covered until the 
engines are turned off, and the engine will remain off 
until sampling is completed and the tubing inlet and 
outlet are once again covered. To avoid possible 
contamination of the sample by the boat, the 15-20 
foot sampling pole will be extended over the 
windward side, oriented up-current from the vessel 
and upwind from the equipment and personnel. 

To get around the inability to collect a true field 
blank, the metal concentrations of environmental 
water samples will be considered accurate i f  they are 
oceanographically consistent (Boyle et  dl., 1981), and 
comparable values are obtained by intercalibration 
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studies (Patterson and Settle, 1976). These mitigation 
methods have been adopted by many workers in the 
field following extensive experience (Bewers and 
Windom, 1981; Boyle etal., 1981; Schaule and 
Patterson, 1981; Berman etal., 1983; Bruland e t  a/., 
1985; Flegal and Stukas, 1987; Landing etal., 1995; 
Yeats etal., 1995). 

Samples approaching field blanks have been obtained 
for the RMP by collecting relatively pristine oceanic 
water well beyond coastal influences, using the same 
research vessel and sampling equipment as during a 
normal sampling cruise. The field blank will not be 
collected during the cruise, because of the extra time 
required to motor the boat beyond coastal influences. 
Routine collection of these oceanic blanks will not be 
conducted due to cost constraints. 

For trace organic sampling, containers will be 
routinely checked for contamination, and plastic 
material for storage, transport, and protection of 
samples will be avoided. Only ultra-pure solvents will 
be used in the preparation of the XAD resin and filters 
that capture the particulate and dissolved fraction of 
the water samples. The XAD resin and filters through 
which about 100 liters of water are pumped will 
remain enclosed and inaccessible to aerial 
contamination. Tests on travel blanks of XAD columns 
and of a solvent-extracted glass fiber filter have 
shown either no measurable levels of analytes or 
levels one to two orders of magnitude lower than field 
concentrations (Jarman, in prep). 

Collection of true sediment field blanks is logistically 
difficult and has been deemed unnecessary due to 
precautions taken that minimize contamination of the 
samples. Sediment samples will be collected with a 
van Veen grab sampler based on modified NOAA 
Status and Trends, Benthic Surveillance Project 
methods (Lauenstein and Young, 1986; SFEI, 1997) 
All surfaces of sediment sampling and processing 
instruments coming into contact with the sample will 
be made of inert materials, such as Teflona or 
stainless steel coated with ~ ~ k o n @ ,  and will be 
thoroughly cleaned prior to field use. Equipment will 
also be cleaned with Alkonox detergent between 
stations and rinsed with hydrochloric acid, followed by 
methanol, to  avoid any carryover contamination from 
one station to another. Sampling, compositing, and 
homogenization will be conducted on board ship with 
gloved hands, and the homogenate will be placed into 
pre-cleaned polyethylene or ~ e f l o n @  containers for 
trace element analyses, and into pre-cleaned certified 
glass jars with Teflona-lined lids for trace organic 
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analyses. The homogenization bucket will always be 
covered with aluminum foil during the collection of 
the sediment samples to avoid sample contamination 
via aerial deposition. 

Bivalves will be handled in the field according to 
established protocols o f  the California State Mussel 
Watch Program designed to minimize sample 
contamination. Bivalves destined for trace element 
analysis will be placed in polyethylene ziploc bags, 
placed on dry ice, and kept frozen until 
homogenization and analysis. Bivalves used for trace 
organic analysis will be wrapped in aluminum foil. 

back to cmtents 

5. 	Laboratory Quality Assurance and Control 

RMP Laboratory Requirements 

The San Francisco Estuary Institute requires all Regional Monitoring 
Program laboratories to demonstrate capability continuously 
through: 

1. 	Strict adherence to common QA/QC procedures. 
2. 	 Routine analysis of certified reference materials (CRMs). 
3. 	 Regular participation in an on-going series of interlaboratory 

comparison exercises. 

This is a "performance-based" approach for measurements of low- 
level contaminant analyses, involving continuous laboratory 
evaluation through the use of accuracy-based materials (e.g., 
CRMs), laboratory matrix spikes, laboratory reagent blanks, 
calibration standards, laboratory- and field-duplicated blind samples, 
and others as appropriate. The definition and use o f  each o f  these 
types of quality control samples are explained in later sections. 

Quality control operates to make sure that data produced are 
satisfactory, consistent, and dependable. Under the RMP 
performance-based chemistry QA program, laboratories are not 
required to use a single, standard analytical method for each type of 
analysis, but rather are free to choose the best or most feasible 
method within the constraints of cost and equipment that is suitable 
for meeting the RMP's data quality criteria (DQCs). The RMP DQCs 
were developed based on the kinds of general management 
questions that the environmental data are supposed to help answer. 
The RMP has developed specific guidelines for measurement 
precision, accuracy, and levels of detection that are reflected in 
sampling, handling, and analysis requirements that can satisfy a 
large spectrum of potential management questions. Each laboratory 
will, however, continuously demonstrate proficiency and data 
comparability through routine analysis o f  accuracy-based 
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performance evaluation samples, split samples, and reference 
materials representing actual sample matrices. No single analytical 
method has been officially approved for low-level (i.e., low parts per 
quadrillion and parts per billion) analysis of organic and inorganic 
contaminants in water or  estuarine sediments. Recommended 
methods for the RMP are those developed in various academic 
research programs and those used in the NOAA NS&T Program 
(Lauenstein eta/., 1993). 

All laboratories providing analytical support for chemical or biological 
analyses will have the appropriate facilities to store, prepare, and 
process samples, and appropriate instrumentation and staff to 
provide data of the required quality within the time period dictated 
by the project. Laboratories are expected to conduct operations in a 
way that includes: 

A program of scheduled maintenance of analytical balances, 
microscopes, laboratory equipment, and instrumentation. 
Routine checking of analytical balances using a set of standard 
reference weights (American Society of Testing and Materials 
(ASTM) Class 3, NIST Class S-1, or equivalents). 
Checking and recording the composition of fresh calibration 
standards against the previous lot. Acceptable comparisons 
are < 2 percent of the previous value. 
Recording all analytical data in bound (where possible) 
logbooks, with all entries in ink, or electronic format. 
Monitoring and documenting the temperatures of cold storage 
areas and freezer units once per week. 
Verifying the efficiency of fume hoods. 
Having a source of reagent water meeting ASTM Type I 
specifications (ASTM, 1984) available in sufficient quantity to 
support analytical operations. The conductivity of the reagent 
water will not exceed 18 megaohm at 25OC. Alternately, the 
resistivity of the reagent water will exceed 10 m mhos/cm. 
Labeling all containers used in the laboratory with date 
prepared, contents, initials of the individual who prepared the 
contents, and other information as appropriate. 
Dating and safely storing all chemicals upon receipt. Proper 
disposal of chemicals when the expiration date has passed. 
Having QAPP, SOPS, analytical methods manuals, and safety 
plans readily available to staff. 
Having raw analytical data, such as chromatograms, 
accessible so that they are available upon request. 

Laboratories will be able to provide information documenting their 
ability to conduct the analyses with the required level of data 
quality. Such information might include results from interlaboratory 
comparison studies, control charts and summary data of internal 
QA/QC checks, and results from certified reference material 
analyses. 

hack to contents 
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Data Formatting and Transfer 

Laboratories will also be able to provide analytical data and 
associated QAIQC information in a format and time frame agreed 
upon with the RMP Project Manager or designee. Each year data 
formatting and reporting expectations will be clearly identified and 
distributed to participating laboratories. 

Laboratory Personnel, Training, and Safety 

Each laboratory providing analytical support to  the RMP must have a 
designated on-site QC Officer for the particular analytical component 
(s) performed at that laboratory. This individual will serve as the 
point of contact for the RMP QA staff in identifying and resolving 
issues related to data quality. 

To ensure that the samples are analyzed in a consistent manner 
throughout the duration of the project, key laboratory personnel wili 
participate in an orientation session conducted during an initial site 
visit or via communications with RMP staff. The purpose of the 
orientation session is to familiarize key laboratory personnel with the 
QAPP and the QA/QC program. Participating laboratories may be 
required to demonstrate acceptable performance before analysis of 
samples can proceed, as described in subsequent sections. 
Laboratory operations will be evaluated on a continuous basis 
through technical systems audits, and by participation in 
interlaboratory, round-robin programs. Meetings shall be held with' 
all participating laboratories at regular intervals to continually review 
QA/QC procedures, and to revisehpdate the QAPP. 

Personnel in any laboratory performing RMP analyses will be well 
versed in good laboratory practices, including standard safety 
procedures. It is the responsibility of the particular analytical 
component project officer, laboratory manager, and/or supervisor to 
ensure that safety training is mandatory for all laboratory personnel. 
Each laboratory is responsible for maintaining a current safety 
manual in compliance with the Occupational Safety and Health 
Administration (OSHA), or equivalent state or local regulations. The 
safety manual will be readily available to laboratory personnel. 
Proper procedures for safe storage, handling, and disposal of 
chemicals will be followed at all times; each chemical will be treated 
as a potential health hazard and good laboratory practices will be 
implemented accordingly. 

back to contents 

Quality Assurance Documentation 

All laboratories wili have the latest revision of the RMP QAPP. I n  
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addition, the following documents and information will be current, 
and they will be available to all laboratory personnel participating in 
the processing of RMP samples, as well as to SFEI project officials: 

1. 	 Laboratory QA Plan: Clearly defined policies and protocols 
specific to a particular laboratory, including personnel 
responsibilities, laboratory acceptance criteria and corrective 
actions to be applied to the affected analytical batches, 
qualification of data, and procedures for determining the 
acceptability of results. 

2. 	 Laboratory Standard Operating Procedures (SOPS): Containing 
instructions for performing routine laboratory procedures. 

3. 	 Laboratory Analytical Methods Manual: Step-by-step 
instructions describing exactly how a method is implemented 
in the laboratory for a particular analytical procedure. Contains 
all analytical methods utilized in the particular laboratory for 
the RMP. 

4. 	 Instrument Performance Information: Information on 
instrument baseline noise, calibration standard response, 
analytical precision and bias data, detection limits, etc. Th~s  
information is usually recorded in logbooks or laboratory 
notebooks. 

5 .  	 Control Charts: Control charts are useful in evaluating internal 
laboratory procedures and are helpful in identifying and 
correcting systematic error sources. Contract laboratories are 
encouraged to develop and maintain control charts whenever 
they may serve in determining sources of analytical problems. 

back to contents 

Laboratory Performance Audits/Corrective Action 

Initially, a QA performance audit will be performed by RMP QA staff 
to determine if each laboratory effort is in compliance with the 
procedures outlined in the QAPP and to assist the laboratory where 
needed. Additionally, technical systems audits will be conducted by a 
team composed of the RMP QA Officer or designee, and his/her 
technical assistants. Reviews may be conducted at any time during 
the scope of the study. Results will be reviewed with participating 
laboratory staff and corrective action recommended and 
implemented, where necessary. Furthermore, laboratory 
performance will be assessed on a continuous basis through the use 
of laboratory intercomparison studies (round robins). Laboratories 
performing organic and metal chemistry analyses will be required to 
participate in the annual National Status and Trends Intercalibration, 
and to report the findings in a timely fashion to the designated 
contact at NOAA and to the RMP QA Officer. 

back to contents 

Laboratory Performance Measurements 

Laboratory performance measurements included in the analysis 
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stream and are designed to check if data quality criteria are met are 
briefly defined below. 

1. 	 Method Blanks (also called laboratory reagent blanks or 
preparation blanks): These account for contaminants present 
in the preservative and analytical solutions used during the 
quantification of the parameter. 

2. 	 Injection Internal Standards: This accounts for error 

introduced by the analytical instrument. 


3. 
a. 	 Replicate Samples: These are replicates of extracted 

material that measure the instrumental precision. 
b. 	 Laboratory Replicate Samples: These are replicates of 

the raw material that are extracted and analyzed to 
measure laboratory precision. 

c. 	 Matrix Spike Replicate Samples: This is used to assess 
both laboratory precision and accuracy. This is 
particularly useful when the field samples analyzed do 
not contain many of the target compounds (measuring 
non-detects in replicate does not allow the data reviewer 
to measure the precision or the accuracy of the data in 
an analytical batch). 

4. 	 Matrix Spike Samples: These are field samples to which a 
known amount of contaminant is added and used to measure 
potential analytical interferences present in the field sample. 

5 .  	Certified Reference Materials (CRM): Analysis of CRMs is 

another way of determining accuracy of the analysis by 

comparing a certified value of material with similar 

concentrations as those expected in the samples to be 

analyzed. 


These types of samples serve to check if errors were introduced 
during the analysis process and if so, a t  what step(s) and a t  what 
magnitude. The remainder of this document will provide RMP 
guidance for general laboratory requirements, and protocols for 
checking and tracking possible sources of errors (outlined above) in 
the analytical process. 

back to contents 

Laboratory Quality Control Procedures 

The performance-based protocols utilized in the RMP for analytical 
chemistry laboratories consist of two basic elements: initial 
demonstration of laboratory capability (e.g., documentation that the 
analyses of samples are within the data quality criteria) and ongoing 
demonstration of capability. Prior to the initial analysis of samples, 
each laboratory will demonstrate capability and proficiency. 

Initial Demonstration of Capability 
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Instrument Calibration 

Upon initiation of an analytical run, after each major equipment 
disruption, and whenever on-going calibration checks do not meet 
recommended DQCs (see Tables 3 and 4), the system will be 
calibrated with a full range of analyticai standards. Immediately 
after this procedure, the initial calibration must be verified through 
the analysis of a standard obtained from a different source than the 
standards used to calibrate the instrumentation and prepared in an 
independent manner and ideally having certified concentrations of 
target analytes of a certified reference material (CRM) or certified 
solution. Frequently, calibration standards are included as part of an 
analytical run, interspersed with actual samples. However, this 
practice does not document the stability of the calibration and is 
incapable of detecting degradation of individual components, 
particularly pesticides, in  standard solutions used to calibrate the 
instrument. The calibration curve is acceptabie i f  it has a r2of 0.990 
or greater for all anaiytes present in the calibration mixtures. I f  not, 
the calibration standards, as well as all the samples in the batch 
must be re-analyzed. Ail caiibration standards will be traceable to a 
recognized organization for the preparation and certification of 
QA/QC materials (e.g., NIST, National Research Council Canada 
(NRCC), US EPA, etc.). 

Calibration curves will be established for each analyte and batch 
analysis from a calibration blank and a minimum of three analyticai 
standards of increasing concentration, covering the range of 
expected sample concentrations. Only data which result from 
quantification within the demonstrated working calibration range 
may be reported by the laboratory (i.e., quantification based on 
extrapolation is not acceptabie). Alternatively, if the instrumentation 
is linear over the concentration ranges to be measured in the 
samples, the use of a calibration blank and one single standard that 
is higher in concentration than the samples may be appropriate. 
Samples outside the calibration range will be diluted or 
concentrated, as appropriate, and reanalyzed. 

back to contents 

Init ial Documentation o f  Method Detection Limits 

Analytical chemists have coined a variety of terms to define "limits" 
of detectabiiity; definitions for some of the more commonly used 
terms are provided in Keith eta/. (1983) and in Keith (1991). I n  the 
RMP, the method detection limit (MDL) is used to define the 
analytical limit of detectability. The MDL represents a quantitative 
estimate of low-level response detected at the maximum sensitivity 
of a method. The Code of Federal Regulations (40 CFR Part 136) 
gives the following rigorous definition: 

The MDL is the minimum concentration of a substance that 
can be measured and reported with 99% confidence that the 
analyte concentration is greater than zero and is determined 
from analysis of a sample in a given matrix containing the 
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analyte. 

The American Society o f  Testing and Materials (ASTM) defines the 
limit of detection as: 

A concentration of twice the criterion of detection ...when it has 
been decided that the risk of making a Type I1 error is to be 
equal to a Type Ierror. 

I n  order to compare MDLs in quantitative terms by different 
laboratories participating in RMP analysis, MDLs will initially be 
determined according to 40 CFR 136.2 (f) and Appendix I3 of 40 CFR 
136. Determining the MDL with this procedure is elaborate and need 
not be determined annually provided that: 

1. 	 No process or method changes have been made. 
2. 	 Check samples containing an analyte spike at about 2x MDL 

indicate that the sample is detected. The required frequency of 
check samples is quarterly. 

The matrix and the amount of sample (i.e., dry weight of sediment 
or tissue) used in calculating the MDL will match as closely as 
possible the matrix of the actual field samples and the amount of 
sample typically used. In order to ensure comparability of results 
among different laboratories, MDL target values have been 
established for the RMP (see Table 5). These MDLs have been 
derived empirically. Most are considerably lower than water quality 
objectives or sediment and tissue quality guidelines and provide the 
foundation for having a high level of certainty in the data. 

The laboratory shall confirm the ability to analyze low-level samples 
with each batch. This shall be accomplished by analyzing a method 
blank spiked at 3 to 5 times the method detection limit. Recoveries 
for organic analyses shall be between 50 and 150% for at least 90% 
of the target analytes. 

back to contents 

Limits of Quantitation 

Taylor (1987) states that "a measured value becomes believable 
when i t  is larger than the uncertainty associated with it". The 
uncertainty associated with a measurement is calculated from the 
standard deviation of replicate measurements (so) of a low 
concentration standard or a blank. Normally, the MDL is set at three 
times the standard deviation of repiicate measurements, as i t  is at 
this point that the uncertainty of a measurement is approximately 
*lOOO/o at  the 95% level of confidence. Values at the MDL may not 
reflect a signal much above zero and, therefore, are quantitatively 
not very meaningful. The limit of quantitation (LOQ), as established 
by the American Chemical Society, is normally ten times the 
standard deviation of replicate measurements, which corresponds to 
a measurement uncertainty of *30°/o (see Taylor, 1987). By these 



RMP Reports: 1999Quality Assurance Project Plan Page 20 o f  44 

standard definitions, measurements below the MDL are not 
believable, measurements between the LOQ and the MDL are only 
semi-quantitative, and confidence in measurements above the LOQ 
is high. 

back to contents 

Init ial Blind Analysis o f  Representative Sample 

As appropriate, representative sample matrices which are 
uncompromised, homogeneous, and contain the analytes of interest 
at concentrations of interest will be used to evaluate performance of 
analytical laboratories new to the RMP prior to the analysis of field 
samples. The samples used for this initial demonstration of 
laboratory capability typically will be distributed blind (i.e., the 
laboratory will not know the concentrations of the analytes of 
interest) as part of the interlaboratory comparison exercises. Based 
on results that have typically been attained by experienced RMP 
laboratories, a new laboratory's performance generally will be 
considered acceptable if i ts submitted values are within DQCs 
(Tables 3 and 4) of the known concentration, or the consensus 
value, of each analyte of interest in the samples. These criteria 
apply only for analyte concentrations equal to or greater than three 
times the RMP target MDL. I f  the results for the initial analysis fail to 
meet these criteria, the laboratory will be required to repeat the 
analysis until the performance criteria are met, prior to the analysis 
of RMP field sam~les.  

back to contents 

Record o f  Certified Reference Material 

As CRMs are routinely included in analysis of batches of reputable 
laboratories, the historical record of results may also serve as a 
suitable performance indicator. 

Ongoing Demonstration of Capability 

Participation in Interiaboratory Comparison Exercises 

Through an interagency agreement, NOAA's NS&T Program and 
EPA's EMAP program jointly sponsor an on-going series of 
interlaboratory comparison exercises (round-robins). Ail the RMP 
analytical laboratories are required to participate in these 
intercomparison exercises, which are conducted jointly by NIST and 
NRCC. These exercises provide a tool for continuous improvement of 
laboratory measurements by helping analysts identify and resolve 
problems in methodology and/or QAIQC. The results of these 
exercises are also used to evaluate both the individual and collective 
performance of the participating analytical laboratories on a 
continuing basis and to insure that ongoing measurements are 
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meeting DQCs. The RMP laboratories are required to initiate 
corrective actions if their performance in these comparison exercises 
falls below certain pre-determined minimal standards, described in 
later sections. 

One exercise is usually conducted over the course of a year. I n  a 
typical exercise, NIST or  NRCC will distribute performance 
evaluation samples of an "unknown" and a certified reference 
material (CRM) to each laboratory, along with detailed instructions 
for analysis. A variety of performance evaluation samples have been 
utilized in the past, including accuracy-based solutions, sample 
extracts, and representative matrices (e.g., sediment or tissue 
samples). Laboratories are required to analyze the sample(s) "blind" 
and will subm~t  their results in a timely manner both to the RMP 
Coordinator and to NIST or NRCC (as instructed). Laboratories which 
fail to maintain acceptable performance may be required to provide 
an explanation and/or undertake appropriate corrective actions. At 
the end of each calendar year, coordinating personnel at NIST and 
NRCC hold a QA workshop to present and discuss the comparison 
exercise results. Representatives from participating laboratories are 
strongly encouraged to participate in the annual QA workshops, 
which provide a forum for discussion of analytical problems brought 
to light in the comparison exercises. 

back to contents 

Routine Analysis o f  Certified Reference Materials or  Laboratory 
Control Materials 

Certified reference materials generally are considered the most 
useful QC samples for assessing the accuracy of a given analysis 
(i.e., the closeness of a measurement to the "true" value). CRMs can 
be used to assess accuracy because they have "certified" 
concentrations of the analytes of interest, as determined through 
replicate analyses by a reputable certifying agency using two 
independent measurement techniques for verification. I n  addition, 
the certifying agency may provide "non-certified" or "informational" 
values for other analytes of interest. Such values are determined 
using a single measurement technique, which may introduce 
unrecognized bias. Therefore, non-certified values must be used 
with caution in evaluating the performance of a laboratory using a 
method which differs from the one used by the certifying agency. 

A laboratory control material (LCM) is similar to a certified reference 
material in that it is a homogeneous matrix which closely matches 
the samples being analyzed. A "true" LCM is one which is prepared 
(i.e., collected, homogenized, and stored in a stable condition) 
strictly for use in-house by a single laboratory. Alternately, the 
material may be prepared by a central laboratory and distributed to 
others (so-called regional or program control materials). Unlike 
CRMs, concentrations of the analytes of interest in LCMs are not 
certified but are based upon a statistically valid number of replicate 
analyses by one or several laboratories. I n  practice, this material 
can be used to assess the precision (i.e., consistency) of a single 
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laboratory, as well as to determine the degree of comparability 
among different laboratories. I f  available, LCMs may be preferred for 
routine (i.e., day to day) analysis because CRMs are relatively 
expensive. 

Routine analysis of CRMs or, when available, LCMs represents a 
particularly vital aspect o f  the "performance-based" RMP QA 
philosophy. At least one CRM or LCM must be analyzed along with 
each batch of 20 or fewer samples (i.e., QA samples should 
comprise a minimum of 5% of each set of field samples). For CRMs, 
both the certified and non-certified concentrations of the target 
analytes will be known to the analyst(s) and will be used to provide 
an immediate check on performance before proceeding with a 
subsequent sample batch. Performance criteria for both precision 
and accuracy have been established for analysis of CRMs or LCMs 
(Tables 3 and 4); these criteria are discussed in detail in the 
following paragraphs. I f  the laboratory fails to meet either the 
precision or accuracy control limit criteria for a given analysis of the 
CRM or LCM, the data for the entire batch of samples IS suspect. 
Calculations and instruments will be checked; the CRM or LCM may 
have to be reanalyzed (i.e., reinjected) to confirm the results. I f  the 
values are still outside the control limits in the repeat analysis, the 
laboratory is required to find and eliminate the source(s) of the 
problem and repeat the analysis of that batch of samples until 
control limits are met, before final data are reported. The results of 
the CRM or LCM analysis will never be used by the laboratory to 
"correct" the data for a given sample batch. 

Precision criteria: Precision is the reproducibility of an analytical 
method. Each laboratory is expected to maintain control charts for 
use by analysts in monitoring the overall precision of the CRM or 
LCM. Upper and lower control chart limits (e.g., warning limits and 
control limits) will be continually updated; control limits based on 
99% confidence intervals around the mean are recommended. The 
relative standard deviation (RSD) will be calculated for each analyte 
of interest in the CRM based on the last 7 CRM analyses. Acceptable 
precision targets for various analyses are listed in Tables 3 and 4. 

back to contents 

Laboratory Replicates for Precision 

A minimum of one field sample per batch of RMP samples submitted 
to the laboratory will be processed and analyzed in duplicate or 
more for precision. The relative percent difference between two 
replicate samples or the relative standard deviation between more 
than two replicate samples (RPD or RSD respectively) will be less 
than the DQC listed in Tables 3 and 4 for each analyte of interest. 
Following are the calculations: 
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I f  results for any analytes do not meet the DQC for the RPD or RSD, 
calculations and instruments will be checked. A repeat analysis may 
be required to confirm the results. Results which repeatedly fail to 
meet the objectives indicate sample inhomogeneity, unusually high 
concentrations of analytes or poor laboratory precision. I n  this case, 
the laboratory is obligated to halt the analysis of-samples and 
eliminate the source of the imprecision before proceeding. 

Accuracy criteria: The "absolute" accuracy of an analytical method 
can be assessed using CRMs only when certified values are provided 
for the analytes of interest. However, the concentrations of many 
analytes of interest to the RMP are provided only as non-certified 
values in some of the more commonly used CRMs. Therefore, control 
limit criteria are based on "relative accuracy", which is evaluated for 
each analysis of the CRM or LCM by comparison of a given 
laboratory's values relative to the "true" or "accepted" values in the 
LCM or CRM. I n  the case of CRMs, this includes both certified and 
noncertified values. The "true" values are defined as the 95% 
confidence intervals of the mean. 

Based on typical results attained by experienced analysts in the 
past, accuracy control limits have been established both for 
individual compounds and combined groups of compounds (Tables 3 
and 4). 

There are three combined groups of compounds for the purpose of 
evaluating relative accuracy for organic analyses: PAHs, PCBs, and 
pesticides. For each group of analytes, 70% of the individual 
analytes will be within 35% of the certified 95% confidence interval; 
no individual analyte value shall exceed *30% of the 95% 
confidence interval more than once in consecutive analyses without 
appropriate documentation and consultation with the RMP QA 
offlcer. For inorganic analyses, the laboratory's value will be within 
20-25% of the certified 95% confidence interval for each analyte of 
interest in the CRM. Due to  the inherent variability in  analyses near 
the method detection limit, control limit criteria for relative accuracy 
only apply to analytes with true values which are >3 times the MDL 
established by the laboratory. 

back to contents 

Continuing Calibration Checks 

Calibration check solutions traceable to a recognized organization 
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must be inserted as part of the sample stream. The source of the 
calibration check solution shall be independent from the standards 
used for the calibration. Calibration check solutions used for the 
continulng calibration checks will contain all the analytes of interest. 
The frequency of these checks is dependent on the type of 
instrumentation used and, therefore, requires considerable 
professional judgment. All organic analyses shall be bracketed by an 
acceptable calibration check. A calibration check standard shall be 
run every 12 hours at a minimum. 

I f  the control limits for analysis of the calibration check solution (set 
by the laboratories) are not met, the initial calibration will have to 
be repeated. The calibration check for 90% of the analyte shall not 
deviate more than *25% from the known value for PAHs and +20°/o 
for PCBs and pesticides. I f  possible, the samples analyzed before the 
calibration check solution that failed the DQCs will be reanalyzed 
following recalibration. The laboratory will begin by reanalyzing the 
last sample analyzed before the calibration check solution which 
failed. I f  the RPD between the results of this reanalysis and the 
original analysis exceeds precision DQCs (Tables 3 and 4), the 
instrument is assumed to have been out of control during the 
original analysis. I f  possible, reanalysis of samples will progress in 
reverse order until it is determined that the RPD between initial and 
reanalysis results are within DQCs (Tables 3 and 4). Only the re- 
analysis results will be reported by the laboratory. I f  it is not 
possible or feasible to perform reanalysis of samples, all earlier data 
(i.e., since the last successful calibration control check) are suspect. 
I n  this case, the laboratory will prepare a narrative explanation to 
accompany the submitted data. 

back to contents 

Laboratory Reagent Blank 

Laboratory reagent blanks (also called method blanks, extraction 
blanks, procedural blanks, or preparation blanks) are used to assess 
laboratory contamination during all stages of sample preparation 
and analysis. For both organic and inorganic analyses, one 
laboratory reagent blank will be run in every sample batch. The 
reagent blank will be processed through the entire analytical 
procedure in a manner identical to the samples. Reagent blanks 
should be less than the MDL or not exceed a concentration greater 
than 10% of the lowest reported sample concentration. A reagent 
blank concentration > 2x the MDL or > 10% of the lowest reported 
sample concentration for one or more of the analytes of interest will 
require corrective action to  identify and eliminate the source(s) of 
contamination before proceeding with sample analysis. 

If eliminating the blank contamination is not possible, all impacted 
analytes in the analytical batch shall be flagged. I n  addition, a 
detailed description of the contamination source and the steps taken 
to eliminate/minimize the contaminants shall be included in the 
transmittal letter. Subtracting method blank results from sample 
results is not permitted. 
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back to contents 

Completeness 

Completeness is defined as "a measure of the amount of data 
collected from a measurement process compared to the amount that 
was expected to be obtained under the conditions of 
measurement" (Stanley and Verner, 1985). Field personnel will 
always strive to achieve or exceed the RMP completeness goals of 
95-98% for water, sediment, or tissue samples. 

Surrogates 

The usage of the terms "surrogate", "injection internal standard", 
and "internal standard" varies considerably among laboratories and 
is clarified here. 

Surrogates are compounds chosen to simulate the analytes of 
interest in organic analyses.Surrogates are used to estimate anaiyte 
losses during the extraction and clean-up process and must be 
added to each sample, including QA/QC samples, prior to extraction. 
The reported concentration of each analyte is adjusted to correct for 
the recovery of the surrogate compound, as done in the NOAA NS&T 
Program. The surrogate recovery data will be carefully monitored; 
each laboratory must report the percent recovery of the surrogate(s) 
along with the target analyte data for each sample. I f  possible, 
isotopically-labeled analogs of the analytes will be used as 
surrogates. 

Each laboratory will set i ts own warning limit criteria based on the 
experience and best professional judgment of the analyst(s). It is 
the responsibility of the analyst(s) to demonstrate that the analytical 
process is always "in control" (i.e., highly variable surrogate 
recoveries are not acceptable for repeat analyses of the same 
certified reference material and for the matrix spikelmatrix spike 
duplicate). The warning limit criteria used by the laboratory will be 
provided in the standard operating procedures submitted to SFEI. 

back to contents 

Internal Standards 

For gas chromatography (GC) analysis, internal standards (also 
referred to as "injection internal standards" by some analysts) are 
added to each sample extract just prior to injection to enable 
optimal quantification, particularly of complex extracts subject to 
retention time shifts relative to the analysis of standards. Internal 
standards are essential if the actual recovery of the surrogates 
added prior to extraction is to be calculated. The internal standards 
can also be used to detect and correct for problems in the GC 
injection port or other parts of the instrument. The compounds used 
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as internal standards will be different from those already used as 
surrogates. The analyst(s) will monitor internal standard retention 
times and recoveries to determine if instrument maintenance or 
repair, or changes in analytical procedures, are indicated. Corrective 
action will be initiated based on the judgment of the anaiyst(s). 
Instrument problems that may have affected the data or resulted in 
the reanalysis of the sample will be documented properly in 
logbooks and internal data reports and used by the laboratory 
personnel t o  take appropriate corrective action. 

Dual-Column Confirmation 

Dual-column chromatography is required for analyses using GC-ECD 
due to the high probability of false positives arising from single- 
column analyses. 

back to contents 

Matrix Spike and Matrix Spike Duplicate 

A iaboratory fortified sample matrix (commonly called a matrix 
spike, or MS) and a laboratory fortified sample matrix duplicate 
(commonly called a matrix spike duplicate, or MSD) will be used 
both to evaluate the effect of the sample matrix on the recovery of 
the compound(s) of interest and to provide an estimate of analytical 
precision. A minimum of 5% of the total number of samples 
submitted to the iaboratory in a given year will be selected at 
random for analysis as matrix spikestmatrix spike duplicates. A field 
sample is first homogenized and then split into three subsamples. 
Two of these subsamples are fortified with the matrix spike solution 
and the third subsample is analyzed to provide a background 
concentration for each analyte of interest. The matrix spike solution 
should contain as many representative analytes from the RMP 
analyte list as feasible. The final spiked concentration of each 
analyte in the sample will be at least 10 times the MDL for that 
analyte, as previously calculated by the iaboratory. Additionally, the 
total number of spikes should cover the range of expected 
concentrations. Recovery is the accuracy of an analytical test 
measured against a known analyte addition to a sample. Recovery is 
calculated as follows: 

Recovery data for the fortified compounds ultimately will provide a 
basis for determining the prevalence of matrix effects in the samples 
analyzed during the project. I f  the percent recovery for any analyte 
in the MS or MSD is less than the recommended warning limit of 50 
percent, the chromatograms (in the case of trace organic analyses) 
and raw data quantitation reports will be reviewed. I f  an explanation 
for a low percent recovery value is not discovered, the instrument 
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response may be checked using a calibration standard. Low matrix 
spike recoveries may be a result of matrix interferences and further 
instrument response checks may not be warranted, especially i f  the 
low recovery occurs in both the MS and MSD, and the other QC 
samples in the batch indicate that the analysis was "in control". An 
explanation for low percent recovery values for MS/MSD results will 
be discussed in a cover letter accompanying the data package. 
Corrective actions taken and verification of acceptable instrument 
response will be included. Analysis of the MSIMSD is also useful for 
assessing laboratory precision. The RPD between the MS and MSD 
results should be less than the target criterion listed in Tables 3 and 
4 for each analyte of interest. 

back to contents 

Field Replicates and Field Split Samples 

As part of the regular quality assurance program of the RMP, 
replicate sediment and tissue samples may be collected, 
homogenized, and placed in separate sample containers at a 
minimum of one pre-selected station for subsequent chemical 
analysis whenever funds allow. One of the sample containers for 
each trace organic and metals analysis will be submitted as a blind 
field replicate to the primary analytical laboratory. Another set of 
containers, called field splits, will be sent blind to additional 
laboratories selected to participate in the split sample analysis of 
trace elements and trace organics. The analysis of field replicates 
and field splits will provide an assessment of both inter-and intra- 
laboratory precision and variance in the sample matrix at the field 
site. 

back to contents 

QA Procedures for Ancillary Parameters in Water, Sediment 
Toxicity, Bivalve Condition, and Fish Tissue 

Several ancillary parameters are measured in water and sediment. 

Water 

Toxicity 

There will be five replicates per sample, plus three for water quality. 
Test containers will be glass scintillation vials with 10 ml test 
solution. Organisms and samples will be maintained at appropriate 
temperatures. All instruments will be properly calibrated. Toxicity 
test procedures are considered unacceptable if the percentage of 
normal live larvae is below 70% of test controls. Acceptable 
temperatures range from 1 4 O  to  16OC; acceptable salinities range 
from 26% to 30%; acceptable dissolved oxygen concentrations 
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range from 5.09 to 8.49 mg/L. 

DOC 

Blanks will be analyzed a minimum of three times each day during 
sample analysis. The instrument will be calibrated with a standard 
curve a t  least once every 15 samples. Duplicate field samples will be 
obtained and analyzed from every station, with a minimum of three 
measurements being made on each field duplicate. The reported 
values are the averages o f  the six measurements made on the two 
duplicates from each stations. Although no standard for DOC in 
water is commercially available, an internal laboratory reference 
material will be analyzed a minimum of three times during sample 
analysis. The criteria for both precision and accuracy is *50/0. 

back to contents 

TSS 

The analytical balance used in the gravimetric measurement of TSS 
has an internal checking device and will be periodically checked by a 
service representative. A minimum of three blanks are analyzed 
during sample analysis. As sample volume permits, samples from 
approximately three stations will be analyzed in duplicate or 
triplicate. No standard is available for TSS. Precision is *5%. 

Chlorophyll 

The fluorometer used to measure chlorophyll and phaeophytin will 
be calibrated twice annually using a chlorophyll standard that has 
been analyzed by UV-VIS spectrometry. A blank will be analyzed I 

with the samples. Duplicate filtrates will be obtained in the field for 
each station and each filter will be analyzed at least once. The 
reported values are the averages of the measurements for the 
duplicate filtrates. The precision criterion is * lo%. 

Nutrients 

The spectrometer used to analyze nutrients (i.e., ammonia, nitrate, 
nitrite, phosphates, and silicates) will be calibrated with a standard 
curve based on dilutions of stock standards that are mixed fresh for 
the analysis of each cruise. Three blanks will be analyzed with each 
nutrient. Duplicate aliquots will be analyzed from the field sample for 
each station. As sample volume permits, at least one station will be 
analyzed in triplicate. The SPEC QCS reference material of nutrients 
in wastewater will be analyzed once during analyses for each cruise, 
although i t  contains reported concentrations of only ammonia, 
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nitrate, and phosphate. There are no commercially-available 
reference materials for silicate and nitrite. The precision criterion is 
*5% and accuracy criterion is f10°/o. 

back to contents 

Salinity 

The salinometer used to analyze salinity will be calibrated annually 
with IAPSO Standard Seawater reference material. A minimum of 
two blanks will be analyzed during sample analysis. All stations will 
be analyzed twice and the reported values are the average of the 
measurements for each station. The precision criterion is f1%. 

CTD 

The CTD will be returned to the manufacturer annually for 
recalibration of all probes. The resulting revised calibration constants 
will then be entered in a configuration file in SeaSoft (v. 4.035b) 
that is named corresponding to its date of implementation so that 
the appropriate configuration file can always be applied to any data 
set. 

back to contents 

Sediment 

Bioassays 

There will be five replicates per sample, plus a sixth for water 
quality. Test containers will be glass for sediments and plastic for 
the reference toxicant. Organisms and samples will be maintained at 
appropriate temperatures. All instruments will be calibrated 
properly. Toxicity test procedures are considered unacceptable if 
amphipod survival in home sediment controls is less than 90%, or if 
survival in  any control replicate is less than 80%. Acceptable 
temperature range is from 14O to 16OC, acceptable salinities range 
from 17%0 to 23%o, acceptable dissolved oxygen concentrations 
range from 5.09 to 8.49 mg/L. 

TOC 

Blanks and a reference material supplied by the instrument 
manufacturer, Coulometrics, Inc. will be analyzed a minimum of 
three times daily during sample analysis. The precision criterion is 
*3% and accuracy criterion is *I%. 
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Grain Size 

Standard reference materials will be analyzed with every batch of 
samples. These include NIST SRM 1003b glass spheres and a 
narrow-sized garnet standard supplied by the instrument 
manufacturer. I n  addition, at least one sample in twelve will be 
analyzed in duplicate to determine precision. The precision criterion 
is i 20%.  

back to contents 

Porewater Ammonia 

The calibration of the ammonia probe on the pH/ORP meter will be 
checked before analysis o f  each station. The calibration curve will 
also be used for quantification of ammonia from millivolt potential 
readings made in the samples with the ammonia probe. The 
calibration curve will be made with reference standards of 10.0, 5.0, 
1.0, and 0.1 ppm total ammonia using dilutions of a NIST-traceable 
1,000-ppm standard (Corning #951007). New reference standards 
will be prepared and the probe will be recalibrated if the millivolt 
reading for a particular standard drifts by more than 10% from the 
original reading. During sample analysis the probe is allowed to 
remain in the sample until stable readings are achieved and 
recorded. 

Porewater pH 

Calibration of the pH probe on the pH/ORP meter will be performed 
before sampling each station using reference standards of 4.0, 7.0, 
and 10.0 pH acidity. The standards will be made before each cruise 
from NIST-traceable materials. 

back to contents 

Bivalves and Fish Tissue 

Bivalve Condition Index 

The precision of displacement volume measurements will be 
estimated by making 10 separate measurements on a single 
organism. 

Butyltins 

Assessment of the distribution and environmental impact of butyltins 
require measurements in marine sediment and tissue samples at 
trace levels. Quality control of these measurements consists of 
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checks on laboratory precision and accuracy. One laboratory reagent 
blank must be run with each batch of 25 or fewer samples. A 
reagent blank concentration between the MDL and 3 times the MDL 
will serve as a warning limit requiring further investigation based on 
the best judgment of the analyst(s). A reagent blank concentration 
equal to or greater than 3 times the MDL requires corrective action 
to identify and eliminate the source(s) of contamination, followed by 
re-extraction and reanalysis of the samples in the associated batch. 

One laboratory fortified sample matrix (commonly called a matrix 
spike) or laboratory fortified blank (i.e., spiked blank) will be 
analyzed along with each batch of 25 or fewer samples to evaluate 
the recovery of the butyltin species of interest, if authorized and 
funded. The butyltins will be added at 5 to 10 times the MDLs as 
previously calculated by the laboratory. I f  the percent recovery for 
any of the butyltins in the matrix spike or spiked blank is outside the 
range 70 to 130 percent, analysis of subsequent sample batches will 
stop until the source of the discrepancy is determined and the 
system corrected. 

Lipid measurements are essential to interpretation of temporal or 
spatial trends in concentrations of organic contaminants in tissues. 
Data quality criteria for precision will apply to analysis of SRMs and 
laboratory duplicates. For repeated analysis of SRMS, RPD should be 
<35% or RSD should be <30%. For laboratory duplicates, RPD 
should be <3S0/o. 

back to contents 
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Tabla 1. Convsntional paramalsrs. trace elemenls. and organic 
chemical% measured in the RMP. 

CDnvenlimal Wafer Quasly Paramelers 

Di5801vsll organic a m o n  

Dissolved 0%-men (DO1 


OH 
Phaeophylin 

Salinily 

Temperalure 

TMal CtlWlropt~ll a 

Tolal Suspecided Solids 

Dissolved Pt~~+71IWes 

Dissolved Silltales 

Dissolved Nilrale 

DiSSblued Niltile 

DiSSoIvsd AlnmMiH 


SeUlmenl Qualily Pilrarnelers 
%gravel (z 2 millimelersl 
% sand (2 rnm z 62 pm) 
% sill (4 pn-62 pm ) 
94 clay (< 4 pm) 
94 SOIic% 
Temperalure 
Twill Ntlrqell 
TMal Oryarlic Carbon 
Pore Waler: 

Pkl 

Tolal Alrlnkoflfa 

Hydroger~Sullide 


Bivillvo Pararnelers 
Bivalvs Psrcenl Sulvival 
YUrrhasturr? 
% lipid 
Bivalve Cmldition: ' 

Tolal VMume 

Shell Volume 

Dry Flesli 5Vaiyhl 

Physi<xll Caldiliork Illtlex 


FiSl l  Paranelen 
%'> lipid 
% nmslure 
Iev,glh 

IOmity Tests-\VaIer and Sadirttenl 
Eohnvslwius eslvarius 
hfyr,iur edulis 
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Table 1 (conllnued). Conventional parameters, tracs elements. and organic chemicals 
maawred in the RMP. 

Treoe organic chemical w a l w s  in water (pqrL). sedimenl (ilglkg). arM lissue (pg:kg): 
PAHS Synthetic BioClde6 Ofher Synthetic Compounds 

[IUPAC numbers) 
1-Melhpnaphlhalene Cyolop~nladienea ttexechloraOenrane 
2.3.5-Tfimelhyln~phlhal~ Aldrln 
2.6-Dinlelhylnaphlhnlene Dimfin PCB congeners: 
2-Melhylnaphlhslsns Endrin 8. 18. 28. 31. 83. 41. 419.52. 
Biphenyl 56. 60. 66. 70. 71. 77'. 87. 
Nephlhslene Chlordanes 85. 97. 99. 101. 105. 110. 

1-Melllylpnen~nlhrene alpnaCl,lordane 116. 126'. 128. 132. 138. 

Acenapltlllene ds4arra31lor 141. 149. 151, 153. 156. 

ncenapnlnflene gart~ma-Ch~ordane 158. 169'. 170, 174. 177. 

Anllvacene lteplachlor 180. 183. $87. 1%. 10s. 

Fluorene ~ e p ~ a c l i ~ o r  201. 208 
Epoxide 
Phe~lanlhrene Oxyct~lordane 
Benda)anlhracene Ilans-NonacNor Dioxins and dioxin like- 
~hryf iene campounds (hsh lissua m~lyi: 
Fluoranlnerie DOTS 2.3.7.8-TCUU 
Pyrene 0.p'-ODD 1.2.3.7.8-R:0o 
Benzo(aip/rene o.p'-o~E ~.~.~.~. ' Ix- I~cu'o 
Benal(b)lluorenlhsrle a#.-Do7 1,2.3,6.7.8-!I::DD 
Benrotetpyrenr p.p'-UDU I.z.~.T.x.(I-IICUL: 

Eenzo(k)lluorenlhnne p,p-ODE 1.2.3.4.6.7.8-1 lCUo 

Dlbenz(a.h)anllrracene p.p'.001 1.2.3.1.6.7.8 9.O.I;Uo 

Per~lene 2.3.7.8-~ O D F  

~e&o(glji)perylene 

mdeno(l.2.3-cd)pyrene HCH 

Dibert~othiwherte alpha-HCll 

C1-Cllrysanes bela-IiCH 

CZ-Ctln/~nes delu-IiCIi 

C3-Chryseneu garnnle-IICH 

W - C n w n e s  

Cl-OiberlzoIhmp(1nnes Other 

C2-0lbenrolhiophenes CIlWpyrilos 

C3-Dibenrolhimuhenes O ~ ~ l l l a l  

c ~ - ~ ~ u ~ a n ~ t i e n e ~ F y r e n e ~ 
uiazmon 

C1-Fluora~ms Endns~llaoI 

CZ-Fkloretms EndOSullen I! 

C3-Fluoranes Endosullan Sullate 

Cl-Naphthalenes Mtren 

C2.Naphlhalenes Oxalftacon 

C3.Nsphlhalenes 

C4.Nuphlllalenes 

C1 PIIeIlBtllhreIletA11111facenes 

CZ.PItentmlhrer~,AnII~recenes 'Co-pinrlar PCBs lo be 

CR.PI~Anatlltlra~siAnlItr~~erms analyzed in InsI?I~ssue "illy 

C4.Pnmnnl t~raneiAnthr~cews 


M e :  Orgarwcliloriules nniryzed by GC-ECU will DH deterntirleil using hvo ulltrn~sls d rJilleriny pOl?raly 
(e.g., UB-5 and 08-17) in order to %parale mlol ino.coMetMrS. and r s d u t ~  Iile irrllmnce ol 
rrIlerlere~Ices 
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Table 2. Principal contact represenlatlves for the 1999 RMP. 

Name. TiUs and Affiliation 

Dr. Rainer Hoenicke, FrMd Maneom 8 Oualily 
Ass~rame Ollicer. Ssn Francisco Esluary lnsiilule 

Dr. IJIuce Thonipsm. Chief Scienlisl. 
San Francisco Estuary lnsfilule 


Dr. Andrew Guilner nna Jaraan Gold, 

FieW Cwrdi i lars. Wplied t.4atiMi Sciences 


Dr. Russall Flew(. Principm Invesliualw. 

Dnparlrnanl d Envimnmenlal Taxicoluyy. UCSC 


Dr Walter Jffman. Pnncsml lnvesliyalar. 

LI,!~versilyd UlaR. Energy ar*l Geascience lnnttlule 


Dr. L~llOgle. PrincilWl inwsliyalw. 
Pacilic EwHiY i  Laboralortes 

Mr.Ricl~ard Manscn. PrVripaI ir~ursiiyator. 

Brooke-na~. LIU. 


Ur. Jullr, HUIII. PrislCiPaI l r~ms l~g~ la r .  

t.+air,r P<%llulionLaboratory. Grat~he Ca#lyorl. UCSC 


t.41. bl,lcierl Kel lyy .  Pritlcipal ir~vllsliyator. 
C;ily ArW Cuurlty of S;ln Flllt1~8scu 

t4r. Williarn Ellgas. Prircip3i Inuedigalw. 
Bay Asea Disehalyets Asswcia%on 
1.lr. Russell Fairey. Prillcipal inuesliyalur, 
I~OSSLanrliny Marirle Labralory 

Dr. Run ~jesl&ma. Priricipal IrtvesllgPor 
Oevarlmenl of Cllemistry and BmWenlisliy. UCSC 

Dr. fdyrlo Pelreas. Principal l~~vesligalor 
t(R&?nlous t.4aleri~Is Labralay. Cal EVA 

Abtweviation used 
in this repad 

SFEl 

SFEl 

AlvlS 

UCSCDET 

UUEGI 

PER 

BRL 

UCSCGCL 

CCSF 

HADA 

hiLlvlL 

UCSCDCB 

EPAilhlL 

Conlact Phone 
Number 

(510) 231-5731 


(510) 1131-E813 


i510) 373-7142 


(408) 458-2093 


(801) 585-3082 


(510) 313-8080 


(206) 632-6206 


P108) 621-D(l47 


(415) 212-2218 


(510) 465-5462 


(4M) 633-6015 


{408] 459-2!l17 


(510) 540-3624 
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Table Sa. WATER: Quality control criteria lor analysis of organic compounds. 

iaenlity am ?Ilmlna:c 

A!ie'"C! :O 1lDl1i.11 *ld:~i% 

m 6Mieaw:yle 

LlDL mnhod d s t r ~ l o nIhml. RPD n relasve prcrn:a#Ierancr: RSD = relsPve bmndara acvlatlon (9ee pwe24 
for quaton$) 
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Table 3b. WATER:Quality control criteria for a n a l p i s  of trace elernenls. 

Reanalyze ell lampla%m 

A&,pI*CSIO repLC41M 01 
!#eld semples. CRUI 
n,aL~zlplkr rsmslrs. ale. 

MBIIIX SpLXe Accuracy I cer 2Y hriO 
nanplar 

c 35% 

n e w e r y  VJ% 

source or lmpreclslon 
a m  raswl)za. 

cneu LRMu LC+. 
rrmvrry

Re,aaw raw data 
9.,h"ulat13" reir3111. 

Cnecr lnslru!nanl 
reJpMso us1.q 
CalllTd.WJln 116nddId. 

hl:rmpl to oorrect natnx 
CrcMam ard 'erwiyze 
%am$*. 
Cuaiity dald ro needed 

Laboratory Conlrol 
Maurml (LCM: apllooall 

Accuracy. 
LaWalory ~ecrarm 

I p r  ZU n*ho 
sanleten 

fivrnin Xj-zsra or 
ronsen&ur.vatbe 

nevev~rsr. Uald 
GubWallcn rrplrtj.

Cneur fnnrummt 
reipalse vliing 
Callllrdldn li6nddld 

R ~ c a i d r ~ c &Srld rthhblyZ? 
LCl4 and ismais 

b p l d l  alldlplS Uilbl 
WllVOi l!",llP dl* Pie: 

#,!DL s mernod dalcLtlon llm,I: WPD = r+lazivi. p r w n l  dtfference: AS0 = rrlatve standam a*vlat.Yn 
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Table 3c. WATER:Quality cbnlrol criteria for analysis el cognates. 

If problem perli9r9, llla 
iuenllfy s M  eiirninale 

IIIDL = mr!had de!ei:llon llmil, RPD = rrla1i.w w!cen: Clference: RSD = roatva alandam devlarun 
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Table 40. SmluEmuroTISSUE: Quallly ccnlrol Crilerh for  analysle o l  organic compounds. 

Repeat snslylli~unol 
E O ~ I W Ilimits 818 met. 

Check inslmmaat 

repon). p"nNem sn3 r&jre 
1RapM surrugslr sawpk. 

I=OVBIY om Oum+yna:s z~.nesdrd. 
~ o ~ e p ~ c i m ecr~tena 

In find repoltj 

1,lD~- nr!i>od detftion lin.1 nPO = lela:ive Erceol dntelence: 950 s rriktivs usndad oaviabm 
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Table 4b. SEOIIKM kND TISSUE:OualWy wnlrol crlleria lor aatysis of lrace elements. 

1e9V0116C U9W 
ERIIII'B:O'I ~tewJerd. 

OU4?LIRIWfl IG3flL 

rwymer os.n? 
celibrorw*, ni-$ldnid. 

.aapa,sr us-

l,IDL = ntlhod as:c$rion Itmll. R M  = relarue ctr.:i.n:dl:erencr: 3SCl = rebtive s:andir*a orr i i lccr 

back to contents 



RMP Reports: 1999 Quality Assurance Project Plan Page 43 of 44 

Table 40. SEDIMENT: Quality control criteria tor analysis of cognales (total organic carbon. total 
nitrogen. and grain she). 

mlng fs1tbrabc.n $;8ndara. 
RbWllblsla &RlleGnUyZa 
ORM and remQer. 

Repeal ewlysia unal wllvri 
Immls 81e (me1 

hlOL = rnelhod decmlon lllnll,RiiU = mla:ive wrmnl dlfiereoce: RSC = relabva standan: devlatnn 
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Table 5. Target method detection limils for  parameters or compound groups 

Tee1 MaUrl.1 Pacamcler Tllra.1 MOL ~tliis 

WRtW PAH Y) Wl'L 
WBLH PCB 5 4'1 
W a w  PESllClOE 59 4'1 
WBler +4 OOWl lI*'L 
ws1w Aa 01 ilgiL 

Wale, Cd OOOt SlUjL 
WaW Cr 0 $01 @giL 
@Blu CU 8 01 )'B'L 

water 9 9  01  m g i  
~$'ate, N i0: IC~ 'L  
WBt% & 0 301 !t@L 
Vl4SI*( se 002 )t*'L 
water z n  0.305 WJ'L 

Sra~menl PAH 9 ila'k9 
Sulmenl  PAd ~ K Y L A T E D  5 

Sralmenl PCB I 118'kQ 
Salrnent PESTdlDE 1 N9*$ 
SralmrrA Rr, "rM1 n@.2 
Ssdlmenl Al 2-m 
Salrnenl A4 02 m a k ~  
scdimsnt cd OWI n@.g 
Swlment Cr 5 W*9 
scdtmmt CU 2 v * 9  
Yralrnenl Fe hZ, W * P  
~*ddmcnt MY o . n w ~ t  ~ng'kg 
Sralrnenl t,! ln M ~ V L ?  
sralmbnt N 5 mzkp 
sra~ment 1% 53,s nv&~  
Eralmrnl Se :J 01 m?*9 
Ssdlmenl Z n  5 mpk? 
Tissue PAH 5 nwk9 
T119U4 $'AH ALKYLATEO 5 P9*Q 
Tlrrue PCB 1 inqhq 
Tlraur PES71CIDE 11glk5 
T~SPUI 4 3 MI mvku 
Tlslue ki r q k q  
Ttrsve As C I "'ilih3 
'r~ssue Cu 0.01 m?*Y 
11sciua CT 0% m ~ k g  
1159Ye Cu 02 nrg'kg 
Tislue *'2 C.33XI ~ r g k q  
T I S S U ~  N 02 "y49  
l'lsrue IS 001 mPk1 
TISIU? se n ot w e  
Tnsrve Zn 10 W k Q  
Tlrsue B U ~ Y I ~ ~ ~ S  0.1 p~u*kg 
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