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SECTION A 

PROJECT MANAGEMENT 

A4 VERIFICATION TEST ORGANIZATION 

The verification test will be conducted under the auspices of the U.S. Environmental 

Protection Agency (EPA) through the Environmental Technology Verification (ETV) Program. 

It will be performed by Battelle, which is managing the ETV Advanced Monitoring Systems 

(AMS) Center through a cooperative agreement with EPA. The scope of the AMS Center covers 

verification of monitoring technologies for contaminants and natural species in air, water, and 

soil. 

The day to day operations of this verification test will be coordinated and supervised by 

Battelle personnel, with the participation of the vendors who will be having the performance of 

their nutrient analyzers verified. The testing will be conducted in collaboration with DuPont 

Company at their industrial wastewater treatment facility at the Spruance Plant in Richmond, 

Virginia. Staff from DuPont and their contractor, Operations Management International, Inc. 

(OMI), will support this test by helping to install the analyzers to be tested, providing 

infrastructure at the test site, and overseeing operation of the analyzers during periods of routine 

operation. Each analyzer vendor will install their respective analyzer, operate the analyzer 

through portions of the test (unless they give written consent for Battelle, DuPont, and/or OMI 

staff to operate it), and repair or maintain their analyzer during the test. Reference measurements 

of nutrients in wastewater and quality control samples will be carried out by a local commercial 

laboratory as coordinated by DuPont. Quality Assurance (QA) oversight will be provided by the 

Battelle Quality Manager and also by the EPA AMS Center Quality Manager, at her discretion. 

The organization chart in Figure 1 identifies the responsibilities of the organizations and 

individuals associated with the verification test. Roles and responsibilities are defined further 

below. 
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A4.1  Battelle 

Dr. Ann Louise Sumner is the AMS Center's Verification Test Coordinator for this test. 

In this role, Dr. Sumner will have overall responsibility for ensuring that the technical, schedule, 

and cost goals established for the verification test are met. Specifically, Dr. Sumner will: 

•	 Prepare the draft test/QA plan, verification reports, and verification statements. 

C	 Establish a budget for the verification test and manage staff to ensure the budget is 

not exceeded. 

•	 Revise the draft test/QA plan, verification reports, and verification statements in 

response to reviewers’ comments. 

C Assemble a team of qualified technical staff to conduct the verification test. 

C Direct the team (Battelle, DuPont, and OMI) in performing the verification test in 

accordance with this test/QA plan. 

C	 Hold a kick-off meeting approximately one week prior to the start of the verification 

test to review the critical logistical, technical, and administrative aspects of the 

verification test.  Responsibility for each aspect of the verification test will be 

confirmed. 

C	 Ensure that all quality procedures specified in this test/QA plan and in the AMS 

Center Quality Management Plan1 (QMP) are followed. 

• Serve as the primary point of contact for vendor representatives. 


C Ensure that confidentiality of sensitive vendor information is maintained.


• Participate in required safety training at the DuPont test site. 


C Assist vendors as needed during the analyzer installation and verification testing.


C Become familiar with the operation and maintenance of the nutrient analyzers


through instruction by the vendors, if needed. 

C Prepare nutrient samples and perform testing activities and data acquisition on the 

nutrient analyzers as specified in this test/QA plan. 

C Perform sample collection as detailed in this test/QA plan and follow procedures set 

forth by DuPont for submission of samples to the reference laboratory for analysis. 
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•	 Respond to any issues raised in assessment reports, audits, or from Battelle, DuPont, 

or OMI test staff observations, and institute corrective action as necessary. 

•	 Coordinate distribution of the final test/QA plan, verification reports, and verification 

statements. 

Ms. Amy Dindal is a Verification Testing Leader for the AMS Center. As such, Ms. Dindal 

will provide technical guidance and oversee the various stages of verification testing. She will: 

•	 Support Dr. Sumner in preparing the test/QA plan and organizing the testing. 

•	 Review the draft and final test/QA plan. 

•	 Attend the verification test kick-off meeting. 

•	 Review the draft and final verification reports and verification statements. 

Ms. Karen Riggs is Battelle’s manager for the AMS Center. Ms. Riggs will:


C Review the draft and final test/QA plan.


C Review the draft and final verification reports and verification statements.


C Ensure that necessary Battelle resources, including staff and facilities, are committed


to the verification test. 

C Ensure that confidentiality of sensitive vendor information is maintained. 

C Support Dr. Sumner in responding to any issues raised in assessment reports and 

audits. 

C Maintain communication with EPA’s technical and quality managers. 

C Issue a stop work order if Battelle or EPA QA staff discovers adverse findings that 

will compromise test results. 

Battelle Technical Staff will support Dr. Sumner in planning and conducting the 

verification test. The responsibilities of the technical staff will be to: 

C Assist in planning for the test, and making arrangements for the installation of the 

analyzers. 
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•	 Attend the verification test kick-off meeting. 

•	 Participate in required safety training at the DuPont test site if working at the test 

site. 

C Assist vendor staff as needed during the analyzer installation and verification testing. 

C Perform testing activities and data acquisition on the nutrient analyzers as specified 

in this test/QA plan. 

C Perform sample collection as detailed in this test/QA plan and follow procedures set 

forth by DuPont for submission of samples to the reference laboratory for analysis. 

C Report any observed testing activities that deviate from this test/QA plan to the 

Verification Test Coordinator and assist in resolving issues as needed. 

C Perform statistical calculations specified in this test/QA plan on the nutrient analyzer 

data as needed. 

C Provide results of statistical calculations and associated discussion for the 

verification reports as needed. 

C Support Dr. Sumner in responding to any issues raised in assessment reports and 

audits related to statistics and data reduction as needed. 

Mr. Zachary Willenberg is Battelle’s Quality Manager for the AMS Center. Mr. 

Willenberg will: 

C Review the draft and final test/QA plan. 

•	 Attend the verification test kick-off meeting. 

• Participate in safety training at the DuPont test site, if required. 

C Conduct a technical systems audit once during the verification test, or designate other 

QA staff to conduct the audit. 

C Audit at least 10% of the verification data or designate other QA staff to conduct the 

data audit.


C Prepare and distribute an assessment report for each audit.


C Verify implementation of any necessary corrective action.
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C Request that Battelle’s AMS Center Manager issue a stop work order if audits 

indicate that data quality is being compromised. 

C Provide a summary of the QA/QC activities and results for the verification reports. 

C Review the draft and final verification reports and verification statements. 

C Assume overall responsibility for ensuring that the test/QA plan is followed. 

A4.2  Nutrient Analyzer Vendors 

The responsibilities of the nutrient analyzer vendors are as follows: 

C Review and provide comments on the draft test/QA plan. 

C Accept (by signature of a company representative) the final test/QA plan prior to test 

initiation (see page 4). 

C Provide a nutrient analyzer for evaluation during the verification test. 

C Provide all other equipment/supplies/reagents/consumables needed to operate their 

analyzer for the duration of the verification test. 

•	 Participate in required safety training at the DuPont test site before installation of the 

nutrient analyzer. 

C	 Supply a representative to install and maintain their technology, and to operate it in 

portions of the test specified in this test/QA plan, or provide written consent and 

instructions for Battelle, DuPont, and OMI staff to carry out these activities. 

C	 Provide written instructions for routine operation of their analyzer, including a daily 

checklist of diagnostic and/or maintenance activities (see Section B1). 

C Provide maintenance and repair support for their analyzer, on-site if necessary, 

throughout the duration of the verification test. 

C Review and provide comments on the draft verification report and statement for their 

respective analyzer. 
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A4.3  EPA 

EPA’s responsibilities in the AMS Center are based on the requirements stated in the 

“Environmental Technology Verification Program Quality Management Plan” (EPA QMP). 

The roles of specific EPA staff are as follows: 

Ms. Elizabeth Betz is EPA’s AMS Center Quality Manager. For the verification test, Ms. 

Betz will: 

C Review the draft test/QA plan. 

C Perform at her option one external technical systems audit during the verification 

test. 

C Notify the EPA AMS Center Manager of the need for a stop work order if the 

external audit indicates that data quality is being compromised. 

C Prepare and distribute an assessment report summarizing results of the external audit. 

C Review draft verification reports and verification statements. 

Mr. Robert Fuerst is EPA’s manager for the AMS Center. Mr. Fuerst will: 

C Review the draft test/QA plan. 

C Approve the final test/QA plan. 

C Review the draft verification reports and verification statements. 

C Oversee the EPA review process for the test/QA plan, verification reports, and 

verification statements. 

C Coordinate the submission of verification reports and verification statements for final 

EPA approval. 

A4.4  DuPont Company 

This test will be conducted in collaboration with DuPont, who will provide in-kind 

support and a site for this test. The responsibilities of personnel from DuPont and their 

contractor, OMI, include the following: 
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C	 Coordinate use of the test site for the purposes of ETV testing, assuring access to the 

test site for Battelle and vendor staff. 

•	 Attend the verification test kick-off meeting. 

C	 Support the test by providing space and needed utilities (e.g., instrument shelter, 

electricity, deionized (DI) water, compressed air) for the nutrient analyzers during 

testing. 

C	 Provide on-site health and safety training to Battelle, EPA, and vendor staff prior to 

their conducting work at the test site. 

C	 Assist Battelle and vendor staff in the installation, operation, testing, and removal of 

the nutrient analyzers at the test site. 

C	 Perform sample collection and arrange for sample transport to and analysis by the 

commercial reference laboratory, Froehling and Robertson, Inc. (Richmond, 

Virginia), as detailed in this test/QA plan. 

C	 As needed, perform testing activities on the nutrient analyzers specified in this 

test/QA plan. 

C	 Provide daily oversight of the nutrient analyzers during periods of routine operation, 

checking diagnostic indicators according to vendor directions and contacting 

Battelle if faults in analyzer operation are observed. 

C	 Record observations about the maintenance and operation of the nutrient analyzers 

during the on-line testing period. 

C	 Obtain the nutrient sample results from the reference laboratory and provide a data 

package to Battelle that includes all sampling data sheets, analysis records, 

calibration data, and QA information, and that presents the nutrient sample analysis 

results, QA results, and calculated nutrient concentrations. 

C	 Review the draft test/QA plan, verification reports, and verification statements. 
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A5 BACKGROUND 

The ETV Program’s AMS Center conducts third-party performance testing of 

commercially available technologies that detect or monitor natural species or contaminants in 

air, water, and soil. Stakeholder committees of buyers and users of such technologies 

recommend technology categories, and technologies within those categories, as priorities for 

testing. Nutrient analyzers for wastewater monitoring were identified as a priority technology 

category through the AMS Center stakeholder process. 

A6 VERIFICATION TEST DESCRIPTION AND SCHEDULE 

A6.1 Summary of Technology Category 

The nutrient analyzers to be tested during this verification test consist of on-line 

instruments that can perform continuous monitoring of nutrient concentrations in industrial 

and/or municipal wastewater. Nutrient analyzers are typically capable of determining 

concentrations of at least one of the following nutrients: nitrate, nitrite, ammonia, total nitrogen 

(TN), phosphate, and/or total phosphorus (TP). The nutrient analyzers that will be tested in this 

verification test are capable of determining nitrate, TN, and/or TP concentrations; therefore, this 

test/QA plan is limited to the verification of nutrient analyzers for nitrate, TN,a and TP.b 

High nutrient concentrations are a leading cause of impairment of lakes, rivers, and 

estuaries in the U.S. Over-enrichment of nitrogen and phosphorus can lead to reductions in 

water quality including harmful algal blooms, hypoxia, and declines in wildlife habitat, and may 

increase human pathogen levels. Because of the differing characteristics of various water bodies, 

region-specific nutrient criteria are being developed under the guidance of the U.S. EPA to 

reduce nutrient loading of the aquatic environment. On-line monitoring of nutrients in 

wastewater is a critical component in the reduction of nutrient loading. It is recognized that the 

composition of wastewater will vary considerably depending upon the sampling location, source, 

and/or treatment methods.  Use of a wastewater from the DuPont Plant as a sample matrix in this 

a TN is defined analytically as the sum of total Kjeldahl nitrogen (TKN), nitrate, and nitrite analyses. 

bTP is defined analytically as the sum of measured organic, reactive, and acid hydrolyzable phosphorus. 
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test will provide a single example (not a comprehensive overview) of possible matrix effects 

associated with wastewater monitoring.  

The analyzers that will be evaluated in this verification test are stand-alone, automated 

instruments that continuously or routinely determine nutrient concentrations in wastewater for 

extended periods without user intervention. However, a number of analytical approaches may be 

utilized to determine nutrient concentrations, ranging from direct spectroscopic detection to 

oxidation and chemical reaction with colorimetric detection of the product. In performing the 

verification test, Battelle will follow the technical and QA procedures specified in this test/QA 

plan and will comply with the data quality requirements in the AMS Center QMP.1 

A6.2 Verification Schedule 

Table 1 shows the planned schedule of activities in field testing and data 

analysis/reporting in this verification test. As shown in Table 1, the field test of nutrient 

analyzers is planned to begin in May 2005 with installation of the analyzers at the DuPont 

wastewater treatment plant, and extend into June 2005. The period of operation of the analyzers 

at the facility will be approximately 6 weeks, during which time the analyzers will measure and 

record nutrient concentrations in the final combined plant effluent (on-line monitoring phase) or 

in prepared samples (off-line testing phase). At the beginning of the field period (Off-line Phase 

I), the analyzers will be challenged with prepared nutrient standards and other samples; at the 

end of the field period (Off-line Phase II), the analyzers will be challenged with various matrix 

samples,  such as plant influent or process water. Aliquots of the prepared samples and plant 

effluent will also be collected throughout the field period and analyzed by a reference laboratory 

for the nutrients of interest. Subsequent to the field testing, a separate verification report for each 

analyzer will be drafted, reviewed, revised, and submitted to EPA for final signature. 
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Table 1. Planned Verification Schedule 

Month 
(2005) 

Test Activity 
Analyzer Field Activities Data Analysis and Reporting 

May Set up/install nutrient analyzers 
Analyzer training by vendors 
Off-line Phase I testing 
On-line effluent monitoring 
Nutrient reference sampling 

Begin preparation of report template 
Analysis of nutrient samples 
Compile data from off-line testing 

June On-line effluent monitoring 
Nutrient reference sampling 
Off-line Phase II matrix challenges 
Remove analyzers from test site 

Review and summarize operator observations 
Compile data from on-line monitoring 
Compile data from matrix challenges 
Analysis of nutrient samples 
Compile data from reference laboratory 

July Complete summary of operator observations 
Finalize data from on-line and off-line testing 
Finalize results for reference analyses 
Complete common sections of reports 
Complete draft reports 
Internal review of draft reports 
Vendor review of draft reports 

August Complete vendor review of draft reports 
Revision of draft reports 
Peer review of draft reports 

September Revision of draft reports 
Submission of final reports for EPA approval 

Table 2 shows the activities to be conducted in each week of the test during the field 

period in May and June, 2005. The test procedures are described in Section B of this test/QA 

plan. Multi-point challenges with nutrient standards will be conducted during Off-line Phase I 

testing to address analyzer measurement accuracy, bias, and linearity. Repeated challenges with 

the same nutrient standard will be conducted to evaluate analyzer reproducibility. The nutrient 

analyzer responses to multiple challenges with DI water will be used to determine the analyzer 

limit of detection (LOD) with respect to each nutrient detected by that analyzer. Repeated 

challenges with DI water and nutrient standards will be conducted early in the field period to 

obtain the analyzer “baseline” responses. The same challenges with DI water and nutrient 

standards will be conducted once each week to address analyzer span and zero drift. Single 
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nutrient standard solutions and mixtures of nitrogen species and/or phosphorus species will be 

delivered to the nitrate analyzers to evaluate interference effects (specificity). Matrix effects will 

be evaluated from each analyzer’s response to nutrients in the presence of chlorophyll a, at three 

pH levels, and in wastewater samples collected from the influent, treatment process, and effluent 

streams. Samples will be collected and analyzed by a reference method throughout the field 

period, for comparison of the analyzer response to the nutrient concentrations in prepared 

standards and wastewater samples. For approximately four weeks of the field period, the 

analyzers will routinely monitor nutrients in the effluent stream to allow assessment of 

operational factors and data completeness under continuous operation and to collect additional 

matrix effects samples. 
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Table 2. Planned Weekly Test Activities During the Field Period 

Week of (Planned 
Month and Day, 2005) Test Activities 

May 2 C 
C 

Install nutrient analyzers 
Establish inlet connections 

C Training of DuPont, OMI, and Battelle staff by vendor representatives 
C Conduct trial operations 
Off-line Phase I testing 

C Nutrient standard challenges for reproducibility, span and zero drift, 
and interference effects 

C DI water challenges for LOD determination 

May 9 

May 16 

May 23 

May 30 

June 6 

June 13 

Off-line Phase I testing 
C Nutrient standard and DI water challenges for linearity, accuracy, bias, 

span and zero drift

C pH-adjusted nutrient standard challenges for matrix effects

C Chlorophyll a challenges for matrix effects

C DI water challenges for LOD determination


On-line effluent monitoring 
C Nutrient standard and DI water challenges for span and zero drift 
C Three nutrient samples collected, submitted for analysis 

On-line effluent monitoring 
C Nutrient standard and DI water challenges for span and zero drift 
C Three nutrient samples collected, submitted for analysis 

On-line effluent monitoring 
C Nutrient standard and DI water challenges for span and zero drift 
C Three nutrient samples collected, submitted for analysis 

On-line effluent monitoring 
C Nutrient standard and DI water challenges for span and zero drift 
C Three nutrient samples collected, submitted for analysis 

Off-line Testing Phase II 
C Nutrient standard and DI water challenges for span and zero drift 
C Plant influent water challenges for matrix effects 
C Plant process water challenges for matrix effects 
C Plant effluent water challenges for matrix effects 

C Remove analyzers from test site 

A6.3 Test Site 

The host facility for the nutrient analyzer verification test will be the DuPont Spruance 

Plant in Richmond, Virginia. At this plant, DuPont engineers polymers/plastics and fibers (e.g. 
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NOMEX® flame retardant and KEVLAR®). The waste treatment processes utilized at the plant 

include aerated lagoons and a polishing pond. Flow leaving the polishing pond joins a flow of 

non-contact cooling water from the plant in an open drainage ditch that empties into the James 

River. Table 3 summarizes the characteristics of this combined effluent stream (final outfall) at 

the Spruance plant. The generalized layout of the test site with respect to the treatment facility is 

shown in Figure 2 (not drawn to scale). The site for testing will be located along the combined 

final outfall stream. The nutrient analyzers will be installed inside a shelter that will provide 

protection from precipitation and direct sunlight; the shelter may be temperature-regulated if 

needed. The final effluent will be pumped out of the open drainage ditch into the analyzer 

shelter(s) and delivered to the nutrient analyzers at the required flow rate or pressure. 

Table 3. Effluent Characteristics at the Test Site 

Parameter 
Temperature (ºC) 

Total organic carbon (ppm) 

Total suspended solids (ppm) 

pH 
aTotal Nitrogen (mg N/L)

aNitrate-N (mg N/L)

Nitrite-N (mg N/L) 

Ammonia-N (mg N/L) 
aTotal Phosphorus (mg P/L)

Inorganic Phosphorus (mg P/L) 

Typical Range 
3 - 36


10 – 30


10 – 50


6.3 – 9.0

1 – 13


0.1 – 5

<0.1 – 0.5


0.2 – 1

0.1 – 0.4

0.02 – 0.4
a Measurements of this nutrient will be verified for at least one submitted
  technology as a part of this verification test. 
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Figure 2. Generalized Test Site Layout 

A6.4 Health and Safety 

The verification test described in this test/QA plan will be performed at the DuPont 

Spruance Plant in Richmond, Virginia. All participants in this verification test (i.e., Battelle, 

DuPont, OMI, EPA, and vendor staff) will adhere to the health and safety requirements of the 

test facility. Those requirements include completion of a safety orientation before participation 

in any activities at the facility. DuPont may require a criminal background check and drug 

screening for verification test participants who will be working at the DuPont site. Vendor staff 

will only install and operate their nutrient analyzers during the verification test; they are not 

permitted to perform any other verification activities identified in this test/QA plan. Operation 

of the nutrient analyzers themselves does not pose any known fire, mechanical, electrical, noise, 
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or other potential hazard. Material Safety Data Sheets (MSDS) will be provided by the vendor 

for any chemicals or reagents needed to operate their nutrient analyzer and all test participants 

will follow appropriate safety precautions during chemical and reagent handling. MSDSs for all 

chemicals used in this verification test will be present at the test site; all test participants will 

review the MSDSs. 

All staff visiting the DuPont test site will be given a safety briefing prior to conducting 

work at the test site, including installation and operation of the nutrient analyzers. This briefing 

will include a description of emergency operating procedures (i.e., in case of fire, tornado, 

laboratory or plant accident) and identification, location, and operation of safety equipment 

(e.g., fire alarms, fire extinguishers, eye washes, exits). All staff working at the test site must 

follow DuPont Spruance Site Conditions, included as Appendix A of this test/QA plan. Non

compliance with DuPont Spruance Site Conditions or other DuPont regulations may warrant 

removal of personnel from the premises. 

A7 QUALITY OBJECTIVES 

This verification test will evaluate the performance of analyzers for determining nutrients 

in wastewater at an industrial treatment facility. This evaluation will include a comparison of the 

analyzer results to results of sample analyses by a reference laboratory. The standard QA/QC 

procedures for the reference laboratory will include analysis of the following quality control 

samples (QCS): initial calibration verifications (ICV), initial calibration blanks (ICB), method 

blanks (MB), lab control standards (LCS), matrix spikes (MS), matrix spike duplicates (MSD), 

continuing calibration verifications (CCV), and continuing calibration blanks (CCB). Results of 

all QCSs will be included in the verification test documentation and must fall within the 

laboratory’s quality requirements. The quality of the reference measurements will also be 

monitored by inclusion of performance evaluation (PE) audit samples submitted as blind (i.e., 

unknown) samples to the reference laboratory. The PE audit samples will be prepared from 

certified aqueous nutrient standards that are independent of those used for reference method 

calibration and will include prepared standards and/or matrix spikes. These samples are meant to 
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independently confirm that the reference measurements are being performed correctly and are 

producing accurate results. Control limits on the PE audit samples are given in Section C1. The 

Battelle Quality Manager or his designate will perform a technical systems audit (TSA) at least 

once during this verification test and will audit at least 10% of the verification data acquired in 

this verification test. The EPA Quality Manager also may conduct an independent TSA, at her 

discretion. 

A8 SPECIAL TRAINING/CERTIFICATION 

Documentation of training related to technology testing, field testing, data analysis, and 

reporting is maintained for all Battelle, DuPont, and OMI technical staff in training files at the 

respective locations. The Battelle Quality Manager may verify the presence of appropriate 

training records prior to the start of testing. If Battelle, DuPont, or OMI staff operate and/or 

maintain an analyzer during the verification test, the analyzer vendor will be required to train 

those staff prior to the start of testing. Battelle will document this training with a consent form, 

signed by the vendor, that states which specific Battelle, DuPont, and OMI staff have been 

trained on their analyzer. Battelle technical staff will have a minimum of a bachelor’s degree in 

science/engineering or have equivalent work experience. 

A9 DOCUMENTATION AND RECORDS 

The records for this verification test will include the test/QA plan, chain-of-custody 

forms, laboratory record books (LRB), data collection forms, electronic files (both raw data and 

spreadsheets), and the final verification reports and verification statements. All of these records 

will be maintained in the Verification Test Coordinator’s office or at the test site during the test 

and will be transferred to permanent storage at Battelle’s Records Management Office at the 

conclusion of the verification test. The location (e.g., specific personal computer, server, or 

media type and storage location) of final versions of the electronic files will be noted in the test 

records. All Battelle LRBs are stored indefinitely, either by the Verification Test Coordinator or 

Battelle’s Records Management Office. EPA will be notified before disposal of any files. The 
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QA/QC documentation and results of the nutrient reference measurements made by the 

commercial laboratory will be submitted to Battelle immediately upon completion of all sample 

analyses and maintained with the records for this test. Section B10 further details the data 

recording practices and responsibilities. 

All written records must be in ink. Any corrections to notebook entries, or changes in 

recorded data, must be made with a single line through the original entry. The correction is then 

to be entered, initialed, and dated by the person making the correction. In all cases, strict 

confidentiality of data from each vendor’s analyzer, and strict separation of data from different 

analyzers, will be maintained. Separate files (including manual records, printouts, and/or 

electronic data files) will be kept for each analyzer. 



Nutrient Analyzers 
Test/QA Plan 
Page 24 of 52 

Version 1.0 
April 22, 2005 

SECTION B 

MEASUREMENT AND DATA ACQUISITION 

B1 EXPERIMENTAL DESIGN 

This test will specifically address verification of nutrient analyzers under the conditions 

of an industrial wastewater treatment plant by evaluating the accuracy, bias, linearity, LOD, and 

selectivity of nutrient measurements made by each analyzer in wastewater and/or synthetic 

nutrient mixtures, the extent of baseline and calibration drift, as well as the ability of the 

analyzers to perform continuous monitoring with minimal intervention. The reproducibility of 

the analyzer measurement data while sampling synthetic nutrient standards will also be 

determined. Specifically, the nutrient analyzers will be evaluated for the performance parameters 

summarized in Table 4 and discussed in detail in the following section. 

In addition to the testing activities specified in this test/QA plan, Battelle, DuPont, 

and/or OMI staff will perform regular maintenance and other routine procedures requested by 

the vendor for their analyzer. These activities will be summarized by the vendor in a “daily 

checklist” that will include specific instructions and frequency for each regular maintenance 

activity or routine procedure, any diagnostic values that should be recorded and typical or 

acceptable ranges for those values, vendor contact information, and a space for Battelle, DuPont, 

and/or OMI staff to sign and date the form daily upon completion of the items on the checklist. 
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Table 4. Verification Test Performance Parameters 

Performance 
Parameter 

Accuracy 

Bias 

Linearity 

Limit of Detection 

Reproducibility 

Span and Zero 
Drift 

Interference Effects 

Matrix Effects 

Data Completeness 

Operational Factors 

Method of Evaluation 

Closeness of analyzer response to nutrient standards compared to 
reference method value 
Systematic error in analyzer response to nutrient standards compared to 
reference method value 
Analyzer response to nutrient standards compared to reference value 
Calculated from analyzer response to repeated measurements of DI 
water 
Percent relative standard deviation (%RSD) of repeated analyses of the 
same nutrient standard 
Stability of analyzer response to DI water and nutrient standards over 
time 
Analyzer response to non-nitrate compounds containing nitrogen and 
phosphorus compared to reference value (only for nitrate analyzers) 
Analyzer response to nutrients in several sample types (chlorophyll a, 
varied pH, wastewater) compared to reference value 
Percentage of maximum data return over field period 
Operator observations, records of needed and performed maintenance, 
vendor activities, use of expendable supplies 

B1.1 Test Procedures 

The following sections describe the test procedures that will be used to evaluate each of 

the nutrient analyzer performance parameters listed in Table 4. The test will have two 

components: off-line testing and on-line effluent monitoring. Procedures during the off-line 

testing phases will be conducted on each analyzer separately. During the on-line effluent 

monitoring phase, one or more manifolds will be used to simultaneously deliver the final outfall 

to each analyzer, e.g., by connecting each analyzer to a multi-spigot tap that will include ports 

for collection of grab samples and to monitor general water quality parameters. If available, 

water quality parameters measured at the same site by DuPont and OMI may be used in lieu of 

monitoring at the sample collection point. 
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Nutrient solutions will be prepared from certified standards or high-purity solids (e.g., 

potassium nitrate, potassium dihydrogenphosphate) in DI water or wastewater (influent, process, 

and effluent) samples. Depending on the number of nutrient analyzer measurements that will be 

conducted with each solution, the total volume prepared for each nutrient solution will vary from 

5 liters (L) to more than 25 L. It is not required that the nutrient solutions be prepared 

quantitatively since all evaluations of analyzer performance specified in this test/QA plan will 

utilize the reference laboratory analysis result for each prepared solution, rather than the nominal 

concentration calculated from the sample preparation. However, the solutions will be prepared 

as close to the target concentrations outlined in this test/QA plan as is feasible. 

B1.1.1 Accuracy, Bias, Linearity, and Limit of Detection 

During Off-line Phase I testing, the analyzers will be supplied with nutrient standards 

and DI water. Each analyzer will be challenged only with the nutrient(s) for which it was 

submitted for verification. Samples will be supplied to the analyzers by immersing the sample 

inlets in the nutrient standard solution or gravity-feeding the solution into the calibration inlet. 

For each nutrient, three non-consecutive measurements will be recorded at each of five 

different nominal concentrations (including zero); the three measurements at each concentration 

need not be conducted on the same day but should be conducted within a span of three days if 

possible. For continuous analyzers, each nutrient standard solution will be supplied for no less 

than five minutes. Non-continuous analyzers will be supplied with each nutrient standard 

solution for the duration of the sample intake period (~6 seconds). Table 5 shows the 

approximate concentration values for each nutrient to be supplied to the analyzers being tested 

and the suggested order in which the concentrations may be supplied. Upon the completion of 

testing each day, analyzers will sample DI water for at least five minutes to obtain an additional 

blank measurement. Analyzers submitted for TN will be challenged with additional standards 

containing nitrite, ammonia, organic nitrogen, and a mixture of several nitrogen-containing 

species. Analyzers submitted for TP will also be challenged with an organic phosphorus 

standard and a mixture of inorganic and organic phosphorus compounds. Nutrient species and 
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approximate concentrations for these samples are listed in Table 6. For these additional samples, 

only analyzer accuracy will be evaluated. 

Table 5.  Approximate Nutrient Concentrations and Suggested Order for Multi-point 
Challenges 

Measurement 
Sequence 

Nutrient Concentration 

TN (mg N/L)a TP (mg P/L)b NO3 
–-N (mg N/L)a 

0 0 0 0 

1 0.5 0.5 0.1 

2  5  1  0.5  

3  10  3  2  

4  20  5  5  

5 0 0 0 

6  10  3  2  

7  5  1  0.5  

8  20  5  5  

9 0.5 0.5 0.1 

10 0 0 0 

11 20 5 5 

12 10 3 2 

13 5 1 0.5 

14 0.5 0.5 0.1 

15 0 0 0 
a Nitrogen in the form of nitrate (e.g. from potassium nitrate).

b Phosphorus in the form of phosphate (e.g., from potassium dihydrogenphosphate)
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Table 6. Additional Standards for Total Nitrogen and Total Phosphorus Analyzers 

Nutrient Nutrient Source 
Nitrogen 

Concentration 
(mg N/L) 

Phosphorus 
Concentration 

(mg P/L) 

Ammonia 5 

Nitrite 5 

TN 
Nitrate 5 

Organic nitrogen 5 

Approximately equally apportioned 
mixed nitrogen sample (ammonia, 
nitrite, nitrate, organic nitrogen) 

10 

Inorganic phosphorus 3 

TP 
Organic phosphorus 3 

Approximately equally apportioned 
mixed phosphorus sample (inorganic 
phosphorus and organic phosphorus) 

5 

The analyzer response to the series of nutrient standards listed in Table 5 will be used to 

evaluate accuracy, bias, and linearity. Section B1.2 presents the statistical procedures that will 

be used. Accuracy will be calculated at each concentration and for each replicate relative to the 

reference laboratory value for the nutrient concentration. Bias will be calculated once for the full 

set of multi-point nutrient measurements. Linearity will be assessed by establishing a multi-point 

calibration curve from the analyzer response versus the reference laboratory value. For TN and 

TP, accuracy will also be calculated for the samples summarized in Table 6. The average and 

standard deviation of analyzer blank (DI water) measurements conducted throughout both off

line testing phases will be used to calculate the LOD for each nutrient measured by each 

analyzer. 
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B1.1.2 Reproducibility 

The reproducibility of each analyzer for measurement of a mid-level nutrient standard 

will be evaluated during Off-line Phase I testing. Each analyzer will be challenged with a mixed 

standard containing nitrate and phosphate at approximately 5 mg N/L and 3 mg P/L, 

respectively, at least five successive times. For continuous analyzers, the nutrient standard will 

be delivered five times in succession for at least 5 minutes each time. Non-continuous analyzers 

will sample the appropriate nutrient standard five times sequentially. 

B1.1.3 Span and Zero Drift 

The “baseline” response of each analyzer to nutrient standard and DI water samples will 

be determined early in the verification test. The mean and standard deviation of the analyzer 

response to the mid-level nutrient standards supplied for the reproducibility checks (B1.1.2) will 

be calculated from the five replicates for each analyzer and each verified nutrient. Similarly, the 

mean and standard deviation of the analyzer response to DI water will be calculated from the 

first five DI water measurements obtained during the verification test. 

Once each week during the verification test, DI water and the mid-level nutrient standard 

will again be supplied to each of the analyzers being tested for a total of six zero/span checks. 

Each response will be compared to the baseline response to determine whether or not drift has 

occurred in the analyzer response to DI water or the nutrient standards. 

B1.1.4 Interference Effects 

Interference effects will be evaluated only for the nitrate analyzers; interference effect 

evaluation will not be conducted on TN and TP analyzers since they are expected to detect all of 

the nitrogen- and phosphorus-containing species, respectively. During Off-line Phase I testing, 

nitrate analyzers will be challenged with standards containing non-nitrate nutrients. The 

additional TN standards listed in Table 6 will be sampled by the nitrate analyzers for at least 

5 minutes each. 
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B1.1.5 Matrix effects 

B1.1.5a Off-Line Testing Phase 

During Off-line Phase I and Phase II testing, the analyzers will be challenged with a 

series of samples containing altered matrices that may affect the analyzer accuracy. In Phase I, 

synthetic samples containing nutrients at three pH levels and in the presence and absence of 

chlorophyll a (present in algal blooms) will be prepared in DI water and delivered to each 

analyzer. In Phase II, wastewater samples will be collected from three points in the treatment 

process streams – influent, process, and treated effluent – and delivered to each analyzer both 

unspiked and after spiking with nitrate and/or phosphate. Off-line analysis of the Phase II 

wastewater samples will be conducted after completion of the on-line final outfall monitoring to 

minimize the potential impact of analyzer fouling from potentially high total suspended solids 

levels in the influent samples. Table 7 summarizes the samples and approximate composition 

that will be delivered to each analyzer to assess matrix effects. Continuous analyzers will 

measure each sample for at least 5 minutes. Analyzer responses will be compared to reference 

laboratory analysis results for the same samples to determine the percent recovery (%R) for each 

sample. The dependence of the %R results on matrix type will indicate any matrix effects. 
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Table 7. Approximate Sample Specifications for Off-line Evaluation of Matrix Effects 

Matrix Number of 
Target Nutrient and Spike 

Concentration 
(Variable) Sample Description Replicates TN and Nitrate 

Nitrogen (mg/L) 
TP 

Phosphorus (mg/L) 

pH = 5 1 5 3 

pH pH = 7 1 5 3 

pH = 9 1 5 3 

Chlorophyll a 
(pH 7) 

120 microgram (:g)/L 
Chlorophyll a 1 0 0 

0 :g/L Chlorophyll a 1 5 3 

120 :g/L Chlorophyll a 1 5 3 

Influent sample 
Influent 3 0 0 

Influent spike 3 5 3 

Process sample 
Process 3 0 0 

Process spike 3 5 3 

Effluent sample 
Effluent 3 0 0 

Effluent spike 3 5 3 

B1.1.5b On-Line Testing Phase 

The on-line effluent monitoring phase will also be used to evaluate matrix effects for 

each of the analyzers. The nutrient analyzers will sample the combined plant effluent for a 

period of approximately four weeks. Three times per week, samples of the plant effluent will be 

collected for reference analysis. The nutrient analyzer response to the plant effluent at the time 

of the sample collection will be compared to the reference laboratory result to determine the %R 

for each sample.  The dependence of the %R results on matrix type will indicate any matrix 

effects. A minimum of 12 samples will be collected and analyzed; reference results from at least 

10 samples must meet QC requirements (see Section B5) and be used to determine matrix 

effects. 
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B1.1.6 Data Completeness 

No additional test procedures will be carried out specifically to address data 

completeness. This parameter will be assessed based on the overall data return achieved by each 

analyzer as a percentage of the maximum possible data return. 

B1.1.7 Operational Factors 

Operational factors such as maintenance needs, calibration frequency, data output, 

consumables used, ease of use, repair requirements, waste production, etc., will be evaluated 

based on observations recorded by Battelle, DuPont, and OMI staff. A separate LRB will be 

maintained at the test site for each analyzer undergoing testing, and will be used to enter daily 

observations on these factors. Examples of information to be recorded in the record books or on 

data sheets include the daily status of diagnostic indicators for the analyzer; use or replacement 

of any consumables; the effort or cost associated with maintenance or repair; vendor effort (e.g., 

time on site) for repair or maintenance; the duration and causes of any analyzer down time or 

data acquisition failure; and operator observations about ease of use of the analyzer. These 

observations will be summarized to aid in describing analyzer performance in the verification 

report on each analyzer. 

B1.1.8 Sampling Summary 

Table 8 summarizes the nutrient samples that will be used to evaluate the performance 

parameters described in this section, including number of conditions and readings per condition. 
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Table 8. Nutrient Sample Summary 

Parameter Test Phase
 Number of 

Conditions or 
Samples

 Number of 
Replicates 

Total Number of 
Analyzer Readings for 
each Verified Nutrient 

Accuracya Off-line 4 3 12 

Accuracya,b (TN) Off-line 5 1 5 

Accuracya,c (TP) Off-line 3 1 3 

Biasa Off-line 4 3 12 

Linearitya Off-line 5 3 15 

Limit of Detection Off-line 1 15 15 

Reproducibilityd Off-line 1 5 5 

Span and Zero Drift 
Off-Line 2 

2 

5 (“baseline”)d 

2 (once each 
week) 

14 

On-Line 2 4 (once each 
week) 8 

Interference Effectse Off-line 8 1 8 

Off-line 6 1 6 

Matrix Effects Off-line 6 3 18 

On-line 12 1 12 
a The same samples will be used to evaluate accuracy, bias, and linearity.

b Additional accuracy samples for verification of TN.

c Additional accuracy samples for verification of TP.

d The same samples will be used to evaluate reproducibility and span and zero drift “baseline” responses.  DI water

challenges will also be included.

e Interference effects will be evaluated only for nitrate verification.


B1.2 Statistical Analysis 

The statistical methods and calculations used for evaluation of the quantitative 

performance parameters are described in the following sections. 

B1.2.1 Accuracy 

Accuracy of the nutrient analyzers with respect to the individual nutrient standards will 

be assessed as the percent recovery (%R), using Equation 1: 
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⎡ ⎛ Y X⎞ ⎤%R = ⎢1+ ⎝⎜ 
− 

⎠⎟ ⎥
× 100  (1) 

⎣ X ⎦

where Y is the measured nutrient analyzer value and X is the reference laboratory nutrient 

concentration. For continuous analyzers, Y will be the average analyzer response for each 

sample. The average, minimum, and maximum %R values will be reported for each series of 

multi-level nutrient challenges. 

B1.2.2 Bias 

Bias of the nutrient analyzers is defined as a systematic error in measurement that results 

in measured error that is consistently positive or negative compared to the true value. The bias 

will be calculated as the average percent difference (%D) of the nutrient analyzer compared to 

the reference laboratory nutrient concentration and will be calculated for the entire series of 

multi-point challenges for each nutrient, using Equation 2: 

k −⎛ Y X⎞%D = 
1 ∑ ⎝⎜ 

× 100 (2)k X ⎠⎟ 
j =1 j 

where k is the number of valid comparisons, and Y and X are the same as stated in Section 

B1.2.1. 

B1.2.3 Linearity 

Linearity will be assessed by a linear regression analysis using the reference laboratory

determined nutrient concentration as the independent variable and results from the nutrient 

analyzers being tested as the dependent variable. Linearity will be expressed in terms of slope, 

intercept, and coefficient of determination (r2). 
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B1.2.4 Limit of Detection 

The LOD is the minimum concentration of nutrient that is significantly different from 

the blank or background signal and is defined as the average blank signal ( ) plus three Yb 

standard deviations of the blank (sb). The LOD will be calculated from at least 15 blank (DI 

water) measurements using Equation 3: 

LOD = Yb + 3sb	
(3) 

For each nutrient analyzer, the LOD will be calculated separately for each nutrient being 

verified. 

B1.2.5 Reproducibility 

The reproducibility of the nutrient analyzers will be evaluated from the five repeated 

measurements a mid-level nutrient standard as described in Section B1.1.2. Reproducibility will 

be defined as the %RSD of the five measurements, using Equation 4: 

%RSD i =	
s 
× 100 (4)

Yi 

where Y  is the average analyzer response at the mid-level nutrient concentration i, and s the 

standard deviation of the analyzer responses. One reproducibility value will be determined for 

each nutrient being verified. 

B1.2.6 Span and Zero Drift 

The “baseline” response of the nutrient analyzers to DI water and the mid-level nutrient 

standard will be established early in the verification test, as outlined in Section B1.1.3. The 

mean (Y) and standard deviation (s) of the analyzer response to DI water and the mid-level 

nutrient standards will each be calculated from the five replicate measurements conducted for 

the reproducibility checks. From these values, a control chart will be constructed and the Y ± 2s 

“warning limit” and the Y ± 3s  “action limit” will be calculated. Span drift will be defined as 
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having occurred if three consecutive span checks all fall outside of the warning limit. Zero drift 

will also be defined as having occurred if three consecutive zero checks all fall outside of the 

warning limit. However, if the mean and/or standard deviation from the baseline DI water 

challenges are equal to zero, the warning limits may not be meaningful. In this case, the absolute 

differences to the DI water baseline mean will be reported for each zero check. 

B1.2.7 Interference Effects 

The interference effects of the nitrate analyzers will be calculated in terms of the ratio of 

the response of the analyzer to the non-nitrate nutrient relative to the reference laboratory 

concentration of the non-nitrate nitrogen and/or phosphorus species. For example, if 5 mg N/L 

of ammonia results in a 0.5 mg N/L change in the response of the analyzer, the interference 

effect will be reported as 10% (i.e., 0.5 mg N/L ÷ 5 mg N/L × 100). Interference effects will be 

reported separately for each non-nitrate nutrient individually, for a mixed nitrogen sample, and 

for a mixed phosphorus sample. 

B1.2.8 Matrix Effects 

Matrix effects on the nutrient analyzers with respect to each matrix sample will be 

assessed based on the dependence of the %R on matrix type. The identification of matrix effects 

will be conducted by comparing %R values determined on other matrix samples to those 

determined on the final outfall stream samples during the on-line testing. Specifically, the mean 

and standard deviation of the %R values for the final outfall samples collected three times a 

week will be determined, and the mean (± 2 s) range of those %R values will be calculated. As 

noted in Section B1.1.5b, at least 10 such samples meeting QA requirements will be obtained. 

%R values for other matrices falling outside the mean (± 2 s) range of the final outfall samples 

will be taken to indicate a matrix effect. 
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B1.2.9 Data Completeness 

Data completeness will be calculated as the percentage of the total possible data return 

over the entire field period that is achieved by each analyzer. This calculation will use the total 

hours (h) of data recorded from each analyzer, divided by the total h of data in the entire field 

period. The field period is defined to begin at 8:00 a.m. on the first day of testing and to end at 

the completion of the last testing activity on the final day of the field period. No distinction will 

be made in this calculation between data recorded during a specific test activity (e.g., data 

recorded for off-line testing) and that recorded during the on-line effluent monitoring phase. The 

causes of any substantial loss of data return will be established from operator observations or 

vendor records, and noted in the discussion of data completeness results. 

B1.3 Reporting 

The statistical comparisons described above will be conducted separately for each of the 

analyzers being tested, and information on the operational parameters will be compiled and 

reported. The data for each analyzer will be kept separate from data for all other analyzers, and 

no intercomparison of the analyzer data will be performed at any time. A separate verification 

report will be prepared for each analyzer tested that presents the test procedures and test data, as 

well as the results of the statistical evaluation of those data. 

Operational aspects of the analyzers will be recorded by testing staff at the time of 

observation during the field test, and summarized in the verification report. For example, 

descriptions of the data-acquisition procedures, use of vendor-supplied proprietary software, 

consumables used, repairs and maintenance needed, and the nature of any problems will be 

presented in the report. Each verification report will briefly describe the ETV program, the AMS 

Center, and the procedures used in verification testing. The results of the verification test will be 

stated quantitatively, without comparison to any other analyzer tested, or comment on the 

acceptability of the analyzer’s performance. Each draft verification report will first be subjected 

to review by the respective analyzer vendor, then revised and subjected to a review by EPA and 

other peer reviewers. The peer review comments will be addressed in further revisions of the 
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report, and the peer review comments and responses will be tabulated to document the peer 

review process. The reporting and review process will be conducted according to the 

requirements of the AMS Center QMP.1 

B2 SAMPLING REQUIREMENTS 

As described above, testing of nutrient analyzers will consist of two off-line testing 

phases and an extended on-line effluent monitoring phase. Battelle, DuPont, and/or OMI staff 

will collect samples throughout the verification test that will be submitted to a reference 

laboratory for analysis. The samples will be collected following guidelines set in each standard 

reference method listed in Section B4. The methods describe the appropriate sampling 

containers, preservation techniques, and maximum holding times. During the off-line testing 

phase, aliquots of the nutrient and other samples prepared for testing the analyzers will be 

transferred to appropriate sample containers, preserved if necessary, and submitted to the 

reference laboratory for analysis. During the on-line effluent monitoring phase, grab samples 

will be collected from the manifold spigot three time per week, in coordination with the sample 

collection times of the non-continuous nutrient analyzers; the samples will be collected at a 

location as close to the analyzer inlets as possible. Sufficient sample will be collected to split as 

needed for nitrate, TN, and TP analysis. Table 9 summarizes the samples to be collected during 

each phase of the verification test. 
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Table 9. Reference Method Sample Summary 

Test Phase Parameter Sample Description Number of Samples 

Off-line 
Phase I 

Reproducibility 
Span and Zero Drift 

DI water blank 2 
Mixed N and P 2 

TN and TP Accuracy 

Nitrate Interference Effects 

Nitrogen Mixture 1 
Ammonia 1 

Nitrite 1 
Nitrate 1 

Organic Nitrogen 1 
Phosphorus Mixture 1 

Inorganic Phosphorus 1 
Organic Phosphorus 1 

Accuracy and Linearity 
Nitrate 10 

Phosphate 10 

Matrix Effects 
pH adjusted series 7 

Chlorophyll a series 6 

On-line 
Matrix Effects Combined effluent from 

manifold 12 

Span and Zero Drift 
DI water blank 4 
Mixed N and P 4 

Off-line 
Phase II 

Matrix Effects 
Plant influent 4 

Process sample 4 
Treated effluent 4 

Span and Zero Drift 
DI water blank 1 
Mixed N and P 1 

Total 79 

B3 SAMPLE HANDLING AND CUSTODY REQUIREMENTS 

Sample custody will be documented throughout collection, transport, shipping (if 

necessary), and analysis of the samples, using standard forms used by the reference laboratory 

for this purpose or forms provided by Battelle. Each chain-of-custody (COC) form summarizes 

the samples collected and analyses requested. The COC form will track sample release from the 

sampling location to the reference laboratory. COC forms will be used regardless of whether the 
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samples are being transferred within the DuPont facility or to an external location. Each COC 

form will be signed by the person relinquishing samples once that person has verified that the 

COC form is accurate. The original sample COC forms will accompany the samples; the shipper 

will keep a copy. Upon receipt at the laboratory, COC forms will be signed by the person 

receiving the samples once that person has verified that all samples identified on the COC forms 

are present. Any discrepancies will be noted on the form and the sample receiver will 

immediately contact the DuPont sampling leader or the Verification Test Coordinator to report 

missing, broken, or compromised samples. Copies of all COC forms will be delivered to the 

Verification Test Coordinator, and maintained with the test records. 

B4 LABORATORY REFERENCE METHODS 

Table 10 provides the standard laboratory methods that will be used for the sample 

collection and reference analyses during this verification test. Also included in the table is each 

method’s method of preservation and maximum holding time. The collection of the samples will 

be the responsibility of Battelle, DuPont, and OMI staff. DuPont is responsible for coordinating 

analysis of the samples by the reference laboratory. Results of the reference analyses will be 

provided to DuPont within 14 days of sample receipt. DuPont will be required to provide to 

Battelle all sample results within one week of receipt of the sample results from the reference 

laboratory. 
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Table 10. Reference Methods 

Parameter 
Method 

(Standard Methods 18th 

Edition)3 

Method 
LOD 
mg/L 

Preservation and 
Storage Conditions 

Holding 
Time 

4500-NH3 0.8 mL conc. 
Ammonia Parts B & C (Distillation & 0.05 H2SO4/L 

Nesslerization Method) (1.5 <pH<2); 4°C 

4500 (NO3F &NO2B) 4°C Up to 24 h 
Nitrate minus NO2B 0.02 2mL conc H2SO4/L; 

4°C 
48 h 

Nitrite 4500-NO2B 0.02 Frozen at -20°C 
or stored at 4°C 

48 h 

sum of total Kjeldahl 48 h 
Total Nitrogen nitrogen (TKN), nitrate, 0.5 

and nitrite 

Organic 
Nitrogen 

TKN minus ammonia 
0.5 

Add 40 mg HgCl2/L; 
Frozen at or below 
-10°C 

Total 
Phosphorus 

4500-P B&E 
0.05 

Add 40 mg HgCl2/L; 
Frozen at or below 
-10°C 

28 days 

Dissolved 4500-P B&F Add 40 mg HgCl2/L; 28 days 
Inorganic TP minus organic 0.05 Frozen at or below 

Phosphorus phosphorus -10°C 

Organic 
Phosphorus 

4500-P B&E 
TP minus (reactive and 
acid hydrolyzable P) 0.05 

Add 40 mg HgCl2/L; 

Frozen at or below 
-10°C 

28 days 

B5 QUALITY CONTROL 

As described in Section B2, the reference laboratory will follow their standard QA/QC 

protocols for analysis of QCSs with each set of samples analyzed. Steps will be taken to 

maintain the quality of the data collected during this verification test. QCSs producing results 

not meeting the laboratory’s standard requirements will be reanalyzed. If the results are still 
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outside the required tolerance, the reference instrument will be recalibrated and the samples 

reanalyzed. If the outlying results persist, the affected data will be flagged and a repeat of the 

affected parts of the verification test may be considered. Sample results not meeting these 

requirements will be flagged and excluded from comparison to the nutrient analyzer results. A 

minimum of 10 reference measurements from the on-line testing phase must meet these QC 

requirements for use in the matrix effects comparisons, as stated in section B1.1.4b. 

B6 INSTRUMENT/EQUIPMENT TESTING, INSPECTION, AND MAINTENANCE 

The equipment used for the reference analyses will be tested, inspected, and maintained 

as per the standard operating procedures of the reference laboratory or the standard methods 

being used to make each measurement. The reference analyses require use of the following 

apparatuses and instrumentation: a distillation apparatus, pH meter, spectrophotometer, and 

continuous-flow analytical instrument. When Battelle, DuPont, or OMI staff operate and 

maintain the nutrient analyzers undergoing testing, those activities will be done as directed by 

the vendor. Otherwise, operation and maintenance of the analyzers will be the responsibility of 

the analyzer vendors. 

B7 INSTRUMENT CALIBRATION AND FREQUENCY 

The instrumentation used by the commercial reference laboratory for the reference 

analyses (e.g., spectrophotometers and flow injection analyzers) will be calibrated per the 

standard reference methods being used to make each measurement or the standard operating 

procedures of the reference laboratory. Other instrumentation used in this verification test, such 

as a multi-parameter water probe, will have been calibrated within the 12 months prior to this 

verification test and, if possible, the calibration will be verified immediately prior to use in this 

verification test. 

The nutrient analyzers undergoing testing will be calibrated initially by the respective 

analyzer vendors at the time of installation at the test site using nutrient standards independent 

of those used for testing activities. Automated or manual calibration checks will be performed 
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only upon direction by the analyzer vendor. Additional analyzer calibrations may be performed 

during the verification test if they are part of the standard operating procedures for that analyzer. 

In the event that recalibration is necessary due to maintenance activities performed on the 

analyzer or other malfunction (e.g., power loss at the test site), recalibration will be carried out 

by the analyzer vendor, or by Battelle, DuPont, or OMI staff under the direction of the vendor. 

All calibrations performed will be documented by Battelle, DuPont, or OMI staff in the LRB 

dedicated to the respective analyzer. 

B8 INSPECTION/ACCEPTANCE OF SUPPLIES AND CONSUMABLES 

All materials, supplies, and consumables will be ordered by the Verification Test 

Coordinator or designee. Where possible, Battelle will rely on sources of materials and 

consumables that have been used previously as part of ETV verification testing without 

problems. Battelle will also rely on previous experience or recommendations from EPA advisors, 

stakeholders, DuPont staff, or analyzer vendors. When possible, National Institute of Standards 

and Technology (NIST) traceable standards will be used. 

B9 NON-DIRECT MEASUREMENTS 

Data published previously in the scientific literature will not be used during this 

verification test. 

B10 DATA MANAGEMENT 

Various types of data will be acquired and recorded electronically or manually by 

Battelle, vendor, DuPont, and OMI staff during this verification test. Table 11 summarizes the 

types of data to be recorded. All maintenance activities, repairs, calibrations, and operator 

observations relevant to the operation of the nutrient analyzers will be documented by Battelle, 

DuPont, or OMI staff in LRBs or on data sheets. A separate record book will be provided for 

each participating analyzer. Results from the reference methods, including raw data, analyses, 
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and final results, will be compiled by DuPont staff, preferably in electronic format, and 

submitted to Battelle at the conclusion of reference nutrient analyses. 
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Table 11.  Summary of Data Recording Process 

Data to Be 
Recorded Where Recorded How Often 

Recorded By Whom Disposition of 
Data 

Dates, times, and ETV LRBs or data Start/end of test Battelle if on-site; Used to organize 
details of test recording forms procedure, and at DuPont or OMI at and check test 
events, analyzer each change of a other times results; manually 
maintenance, test parameter or incorporated in 
down time, etc. change of analyzer data spreadsheets 

status as necessary 

Analyzer ETV LRBs or At analyzer Electronic data by Incorporated in 
calibration electronically calibration or vendor; Battelle if verification report 
information recalibration on-site; DuPont or as necessary 

OMI at other times 

Analyzer nutrient 
readings 

Either recorded 
electronically by 
the analyzer and 
downloaded to an 
independent 
computer at least 
weekly or hard 
copy data printed 
by the analyzer and 
taped into the ETV 
LRB. 

Recorded 
continuously for 
electronic data and 
printed after each 
measurement for 
hard copy print
outs. 

Analyzer vendor, 
for transfer to 
Battelle 

Converted to or 
manually entered 
into spreadsheet 
for statistical 
analysis and 
comparisons 

Sample collection LRBs, or data Throughout Battelle if on-site, Retained as 
and reference recording forms sampling and DuPont or OMI at documentation of 
method analysis analysis processes other times, and reference method 
procedures, Reference performance 
calibrations, QA, laboratory 
etc. 

Reference method 
nutrient analysis 
results 

Electronically from 
analytical method 

Every sample 
analysis 

Reference 
laboratory 

Transferred to 
spreadsheets for 
calculation of 
ambient nutrient 
results, and 
statistical analysis 
and comparisons 

Records generated by any Battelle, DuPont, or OMI staff or the reference laboratory 

during the verification test will be reviewed by a Battelle staff member within two weeks of 
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generation (or receipt, if generated by DuPont or OMI staff or the reference laboratory), before 

the records are used to calculate, evaluate, or report verification results. If a Battelle staff 

member generated the record, this review will be performed by a Battelle technical staff member 

involved in the verification test, but not the staff member who originally generated the record. 

The review will be documented by the person performing the review by adding his/her initials 

and date to the hard copy of the record being reviewed. In addition, any calculations performed 

by Battelle or DuPont staff will be spot-checked by Battelle technical staff to ensure that 

calculations are performed correctly. Calculations to be checked include any statistical 

calculations described in this test/QA plan. The data obtained from this verification test will be 

compiled and reported independently for each nutrient analyzer. Results for analyzers from 

different vendors will not be compared with each other. 

Among the QA activities conducted by Battelle QA staff will be an audit of data quality. 

This audit will consist of a review by the Battelle Quality Manager of at least 10% of the test 

data. During the course of any such audit, the Battelle Quality Manager will inform the technical 

staff of any findings and any need for immediate corrective action. If serious data quality 

problems exist, the Battelle Quality Manager will request that Battelle’s AMS Center Manager 

issue a stop work order. Once the assessment report has been prepared, the Verification Test 

Coordinator will ensure that a response is provided for each adverse finding or potential 

problem, and will implement any necessary follow-up corrective action. The Battelle Quality 

Manager will ensure that follow-up corrective action has been taken. 
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SECTION C 

ASSESSMENT AND OVERSIGHT 

C1 ASSESSMENTS AND RESPONSE ACTIONS 

Every effort will be made in this verification test to anticipate and resolve potential 

problems before the quality of performance is compromised. One of the major objectives of this 

test/QA plan is to establish mechanisms necessary to ensure this. Internal quality control 

measures described in this test/QA plan, which is peer reviewed by a panel of outside experts, 

implemented by the technical staff and monitored by the Verification Test Coordinator, will give 

information on data quality on a day-to-day basis. The responsibility for interpreting the results 

of these checks and resolving any potential problems resides with the Verification Test 

Coordinator. Technical staff have the responsibility to identify problems that could affect data 

quality or the ability to use the data. Any problems that are identified will be reported to the 

Verification Test Coordinator, who will work to resolve any issues. Action will be taken to 

control the problem, identify a solution to the problem, and minimize losses and correct data, 

where possible. Independent of any EPA QA activities, Battelle will be responsible for ensuring 

that the following audits are conducted as part of this verification test. 

C1.1 Performance Evaluation Audits 

A Performance Evaluation (PE) audit will be conducted to assess the quality of the 

nutrient reference method measurements made in this verification test. The PE audit of the 

nutrient reference methods will be performed by supplying each reference method a blind, 

independent, NIST-traceable nutrient standard provided by Battelle. The PE audit samples will 

be analyzed in the same manner as for all other samples and the analytical results for the PE 

audit samples will be compared to the nominal concentration. The target criterion for this PE 

audit is agreement of the analytical result within 25% of the nominal nutrient concentration (by 
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%D). If the PE audit results do not meet the tolerances shown, they will be repeated. If the 

outlying results persist, a change in reference instrument and a repeat of the PE audit may be 

considered. This audit will be performed once prior to the start of the test and once during the 

verification test, and will be the responsibility of the Verification Test Coordinator or her 

designee. 

C1.2 Technical Systems Audits 

The Battelle Quality Manager or his designee will perform a TSA at least once during 

this verification test. The purpose of this audit is to ensure that the verification test is being 

performed in accordance with the AMS Center QMP1, this test/QA plan, published reference 

methods, and any Standard Operating Procedures (SOPs) used by DuPont or the reference 

laboratory. In the TSA, the Battelle Quality Manager, or a designee, may review the reference 

methods used, compare actual test procedures to those specified or referenced in this plan, and 

review data acquisition and handling procedures. In the TSA, the Battelle Quality Manager will 

tour the test site, observe the nutrient reference method sampling and sample recovery, inspect 

documentation of nutrient sample chain of custody; and review analyzer-specific record books. 

He will also check nutrient standard certifications and analyzer data acquisition procedures, and 

may confer with the analyzer vendors and DuPont and OMI personnel. He may also visit the 

reference laboratory where the nutrient reference method analysis is conducted, to review 

procedures and adherence to this plan and applicable SOP’s. A TSA report will be prepared, 

including a statement of findings and the actions taken to address any adverse findings. The 

EPA AMS Center Quality Manager will receive a copy of Battelle’s TSA report. At EPA’s 

discretion, EPA QA staff may also conduct an independent on-site TSA during the verification 

test. The TSA findings will be communicated to technical staff at the time of the audit and 

documented in a TSA report. 
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C1.3 Data Quality Audits 

The Battelle Quality Manager or his designee will audit at least 10% of the verification 

data acquired in the verification test. The Battelle Quality Manager will trace the data from 

initial acquisition, through reduction and statistical comparisons, to final reporting. All 

calculations performed on the data undergoing the audit will be checked. 

C1.4 QA/QC Reporting 

Each assessment and audit will be documented in accordance with Section 3.3.4 of the 

AMS Center QMP.1 The results of the technical systems audit will be submitted to EPA. 

Assessment reports will include the following: 

C Identification of any adverse findings or potential problems 

C Response to adverse findings or potential problems 

C Recommendations for resolving problems 

C Confirmation that solutions have been implemented and are effective 

C Citation of any noteworthy practices that may be of use to others. 

C2 REPORTS TO MANAGEMENT 

The Battelle Quality Manager, during the course of any assessment or audit, will identify 

to the technical staff performing experimental activities any immediate corrective action that 

should be taken. If serious quality problems exist, the Battelle Quality Manager is authorized to 

request that Battelle’s AMS Center Manager issue a stop work order. Once the assessment report 

has been prepared, the Verification Test Coordinator will ensure that a response is provided for 

each adverse finding or potential problem and will implement any necessary follow-up 

corrective action. The Battelle Quality Manager will ensure that follow-up corrective action has 

been taken. The test/QA plan and final report are reviewed by EPA AMS Center QA staff and 
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EPA AMS Center program management staff. Upon final review and approval, both documents 

will then be posted on the ETV website (www.epa.gov/etv). 
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SECTION D 

DATA VALIDATION AND USABILITY 

D1 DATA REVIEW, VALIDATION, AND VERIFICATION REQUIREMENTS 

The key data review requirements for the verification test are the collection of QC 

samples according to the reference laboratory’s standard procedures, a comparison of field data 

sheet comments against final data to flag any suspect data, and a review of final data to resolve 

any questions about apparent outliers. The QA audits described within Section C of this 

document, including the audit of data quality, are designed to assure the quality of the data. 

D2 VALIDATION AND VERIFICATION METHODS 

Section C of this test/QA plan provides a description of the validation safeguards 

employed for this verification test. Data validation and verification efforts include the collection 

of QC samples as required in this document, and the performance of TSA and PE audits as 

described in Section C. 

D3 RECONCILIATION WITH USER REQUIREMENTS 

This test/QA plan and the resulting ETV verification report(s) will be subjected to review 

by the nutrient analyzer vendors, DuPont, EPA, and external expert peer reviewers. These 

reviews will assure that this test/QA plan and the resulting report(s) meet the needs of potential 

users and permitters of nutrient analyzers. The final report(s) will be submitted to EPA in Word 

Perfect and Adobe pdf format and subsequently posted on the ETV website. 
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REFERENCES 

1.	 Quality Management Plan for the ETV Advanced Monitoring Systems Center, Version 

5.0, U.S. EPA Environmental Technology Verification Program, Battelle, Columbus, 

Ohio, March 2004. 

2.	 Environmental Technology Verification Program Quality Management Plan, 

EPA/600/R-03/021, U.S. Environmental Protection Agency, Cincinnati, Ohio, December 

2002. 

3.	 Standard Methods for the Examination of Water and Wastewater, 18th Edition, American 

Public Health Association, Washington D.C., 1992. 



Nutrient Analyzers—Appendix A 
Test/QA Plan 

Page A-1 of 29 
Version DRAFT 
March 23, 2005 

APPENDIX A


SPRUANCE PLANT SITE CONDITIONS




Nutrient Analyzers—Appendix A 
Test/QA Plan 

Page A-2 of 29 
Version DRAFT 
March 23, 2005 



Nutrient Analyzers—Appendix A 
Test/QA Plan 

Page A-3 of 29 
Version DRAFT 
March 23, 2005 



Nutrient Analyzers—Appendix A 
Test/QA Plan 

Page A-4 of 29 
Version DRAFT 
March 23, 2005 



Nutrient Analyzers—Appendix A 
Test/QA Plan 

Page A-5 of 29 
Version DRAFT 
March 23, 2005 



Nutrient Analyzers—Appendix A 
Test/QA Plan 

Page A-6 of 29 
Version DRAFT 
March 23, 2005 



Nutrient Analyzers—Appendix A 
Test/QA Plan 

Page A-7 of 29 
Version DRAFT 
March 23, 2005 



Nutrient Analyzers—Appendix A 
Test/QA Plan 

Page A-8 of 29 
Version DRAFT 
March 23, 2005 



Nutrient Analyzers—Appendix A 
Test/QA Plan 

Page A-9 of 29 
Version DRAFT 
March 23, 2005 



Nutrient Analyzers—Appendix A 
Test/QA Plan 

Page A-10 of 29 
Version DRAFT 
March 23, 2005 



Nutrient Analyzers—Appendix A 
Test/QA Plan 

Page A-11 of 29 
Version DRAFT 
March 23, 2005 



ge -
Version DRAFT
March 23, 2005

Nutrient Analyzers—Appendix A 
Test/QA Plan 

Pa  A 12 of 29 



Nutrient Analyzers—Appendix A 
Test/QA Plan 

Page A-13 of 29 
Version DRAFT 
March 23, 2005 



Nutrient Analyzers—Appendix A 
Test/QA Plan 

Page A-14 of 29 
Version DRAFT 
March 23, 2005 



Nutrient Analyzers—Appendix A 
Test/QA Plan 

Page A-15 of 29 
Version DRAFT 
March 23, 2005 



Nutrient Analyzers—Appendix A 
Test/QA Plan 

Page A-16 of 29 
Version DRAFT 
March 23, 2005 



Nutrient Analyzers—Appendix A 
Test/QA Plan 

Page A-17 of 29 
Version DRAFT 
March 23, 2005 



Nutrient Analyzers—Appendix A 
Test/QA Plan 

Page A-18 of 29 
Version DRAFT 
March 23, 2005 



Nutrient Analyzers—Appendix A 
Test/QA Plan 

Page A-19 of 29 
Version DRAFT 
March 23, 2005 



Nutrient Analyzers—Appendix A 
Test/QA Plan 

Page A-20 of 29 
Version DRAFT 
March 23, 2005 



Nutrient Analyzers—Appendix A 
Test/QA Plan 

Page A-21 of 29 
Version DRAFT 
March 23, 2005 



Nutrient Analyzers—Appendix A 
Test/QA Plan 

Page A-22 of 29 
Version DRAFT 
March 23, 2005 



Nutrient Analyzers—Appendix A 
Test/QA Plan 

Page A-23 of 29 
Version DRAFT 
March 23, 2005 



Nutrient Analyzers—Appendix A 
Test/QA Plan 

Page A-24 of 29 
Version DRAFT 
March 23, 2005 



Nutrient Analyzers—Appendix A 
Test/QA Plan 

Page A-25 of 29 
Version DRAFT 
March 23, 2005 



Nutrient Analyzers—Appendix A 
Test/QA Plan 

Page A-26 of 29 
Version DRAFT 
March 23, 2005 



Nutrient Analyzers—Appendix A 
Test/QA Plan 

Page A-27 of 29 
Version DRAFT 
March 23, 2005 



Nutrient Analyzers—Appendix A 
Test/QA Plan 

Page A-28 of 29 
Version DRAFT 
March 23, 2005 



Nutrient Analyzers—Appendix A 
Test/QA Plan 

Page A-29 of 29 
Version DRAFT 
March 23, 2005 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


