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1.0 INTRODUCTION

Excessive nitrogen (N) originating primarily from on-site wastewater disposal (both
conventional septic systems and innovative/alternative systems), but also runoff,
fertilizer application, and landfills has led to significant decreases in the environmental
quality of coastal rivers, ponds, and harbors in many communities on Cape Cod. The
decline in water quality has led to problems including loss of eelgrass beds, periodic
extreme decreases in dissolved oxygen, reduction in benthic animal diversity, and
periodic algae blooms (MassDEP, 2007).

In September 2015, EPA approved the Cape Cod Commission’s (CCC) final Section 208
Areawide Water Quality Management Plan Update. The 208 Plan Update is a
watershed-based approach to restore embayment water quality on Cape Cod. The plan
recommends strategies, regulatory reforms and a process for communities to reduce or
eliminate excess nitrogen, the primary cause of degraded conditions. The plan considers
remediation and restoration approaches, in addition to source reduction. The Plan
identifies alternative technologies, tools, policies and approaches that may restore
water quality in affected water bodies more quickly and cost effectively than traditional
methods. Non-traditional technologies for reducing nitrogen have raised questions
about their potential effectiveness, reliability and speed to results.

Among the non-traditional technologies described in the plan are permeable reactive
barrier (PRBs). PRBs are a passive technology that act as a barrier to nitrogen transport
by fostering geochemical conditions that are conducive to the anaerobic denitrification
of nitrate dissolved in flowing groundwater. This is accomplished by the introduction of
a carbon source below the water table aligned perpendicular to the direction of
groundwater flow.

EPA has undertaken a project to perform hydrogeological site characterizations to
support the design of PRBs as pilot technologies for reducing the concentration of
nitrogen compounds in groundwater. This work, being done as part of the Southeast
New England Program (SNEP) in partnership with the United States Geological Survey
(USGS) and the CCC, is intended to foster the effective use of PRBs for reducing nitrogen
loads as described in the 208 Plan. The goals of the project are to 1) help identify
suitable locations for PRB nitrogen removal pilots, 2) fully characterize one or more sites
to support PRB design, and 3) provide an example of the type of site characterization
work necessary for a successful PRB installation.

Six pilot sites have been identified for potential PRB site characterization work — two
pilot sites are currently proposed in Falmouth, MA one site in Barnstable, Dennis,
Mashpee, and Orleans, MA. All sites are located in primarily residential areas and
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adjacent to large bodies of surface water. PRBs can be installed using either an injection
well or trench method. In the injection well method, the likely method at these sites,
the reactive zone is established through subsurface injection of a carbon source. The
carbon source injection would be carried out at a series of injection wells installed with
appropriate spacing in order to develop a continuous reactive zone between wells. The
trench method commonly uses wood chips as a carbon source. In this case a trench is
completed perpendicular to groundwater flow to capture and convert inorganic
nitrogen-to-nitrogen gas as it passes through the trench.

The long-term goal of this project is to develop criteria for considering and identifying
site conditions appropriate for installation and implementation of in-situ remediation
approaches such as PRBs and related technologies. The immediate goal of this project is
to conduct hydrogeological site-characterization field work to support the design of
pilot-scale PRBs for nitrogen reduction in groundwater at several sites on Cape Cod.

2.0 DISTRIBUTION LIST

Table 1 presents a list of people who will receive the approved Quality Assurance
Project Plan (QAPP), the QAPP revisions, and any amendments. A project personnel
sign-off sheet is not included in this draft. It will be generated upon finalization of the
QAPP, and all people related to the project will indicate that they have read the QAPP
before completing any analysis work on this project.
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Table 1 - QAPP Distribution List

QAPP Contact Information:
Recipient |Project Role Organization Telephone Numbers and email
Name Addresses
Danna B. Proiect Manager (603) 766-6670
Truslow J g dtruslow@watervisionllc.com
Peter
. . (978) 263-1092
P t Tech | Lead
Ii::aDnahan, roject fechnical tea WaterVisionLLC |[pshanahan@watervisionllc.com
Samantha Proiect Geologist (603) 766-6670
Wright J g swright@watervisionllc.com
Emily . . (603) 343-6311
P t QA/QC Off
DiFranco roject QA/Q Icer edifranco@watervisionllc.com
EPA Project ‘ USEPA —
Ray Cody |[Manager/Contracting . cody.ray@epa.gov
. Region 1
Officer
Karen USEPA —
EPA — SNEP Liai i . .
Simpson USEPA — SNEP Liaison Region 1 simpson.karen@epa.gov
USEPA —
B D EPA — SNEP Liai Dore. .
ryan Dore |USEPA — SNEP Liaison Region 1 ore.bryan@epa.gov
EPA — .
Marcel USEPA — Technical Lead USEPA — Region belaval.marcel@epa.gov
Belaval 1
Nora EPA New England Quality |EPA New 617-918-8335
Conlon Assurance Reviewer England Conlon.nora@epa.gov
lli@alphalab. d
Mellissa Laboratory Project Alpha Analytical mgu ‘l@ap 2148.com an
. logistics@alphalab.com (bottle
Gulli Manager Laboratory
orders)
Emilv Neo UC-Davis Stable
‘y 8 Laboratory Contact Isotope ekngo@ucdavis.edu
Schick
Laboratory
. . New England
Dan Regan [Project Liaison regan@redox-tech.com
Geotech, Inc.
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3.0 PROJECT ORGANIZATION

3.1 Project Responsibilities and Communication Pathways

Figure 1 is an organizational chart outlining the parties involved in this investigation and
the communication pathways. Danna Truslow is the primary contact and project
manager for WaterVision LLC. Ms. Truslow has worked throughout the Northeast and
United States as a professional geologist and hydrologist for over 25 years and on the
WaterVision LLC team for over four years. Ms. Truslow will work closely with the
project team to develop and implement effective initial site characterization
evaluations, detailed hydrogeologic characterization, analyses, and reporting to
determine several pilot sites for PRBs in Cape Cod communities. Ms. Truslow and
WaterVision staff will perform the installation of the monitoring wells and water quality
monitoring on the project. Ms. Truslow will also be responsible for assuring that staff
on the project has proper training to carry out the sample collection and water quality
monitoring described in this plan.

Peter Shanahan, PE, PhD, is the technical lead on the project for WaterVisionLLC. He
will work closely with Ms. Truslow and the project team on scope development and
technical guidance. Dr. Shanahan will provide final technical review on all analyses and
documents for the project as well.

Samantha Wright will be the project geologist for the Cape PRB project. In addition to
developing GIS maps for the project and overseeing well installation, Ms. Wright will
also coordinate with the analytical laboratory, Alpha Analytical, on laboratory bottle
needs, sample bottle pickup and drop off, and reporting requirements.

Emily DiFranco is the PRB Quality Assurance officer. Ms. DiFranco is responsible for
maintenance and distribution of the QAPP and will assure that all project team
members have the most recent revision of the plan. She will also ensure that data
collected throughout the project meet the quality objectives set forth in this QAPP and
reporting any problems to the project manager. Throughout the sampling portion of the
project, the QA Officer will check, analyze and compile all QA/QC records and
documentation. The QA Officer will be responsible for a memorandum to the Project
Manager and geologist summarizing any deviations from the procedures in the QA
Project Plan, the results of the QA/QC tests, and whether the reported data meets the
data quality objectives of the project.
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Project Funding and Purpose

This project is being completed under a contract between USEPA Region 1 and
WaterVision LLC - #EP-BPA-13-W-0001. Partial funding for this project is made available
through a USEPA grant to the Southern New England Program. The following USEPA
staff will take on roles as follows. Ray Cody is the Contract Manager for the project and
Marcel Belaval is the Technical Lead. Karen Simpson and Bryan Dore will manage
community Outreach to the municipalities and to the Cape Cod Commission. Nora
Conlon is the EPA New England project QA/QC reviewer for the Project. The EPA project
team will review and approve the Quality Assurance Project Plan (QAPP) prior to project
commencement.

The principal users of the data from this project will be WaterVision LLC, USEPA, and the
Cape Cod municipalities that will be collaborating on the project. The results will also be
communicated to other stakeholders in the Southern New England region to understand
additional options for nutrient reduction from septic systems, wastewater discharge,
and other concentrated sources of nutrients that could impact shallow groundwater.

Contract Laboratories

The contract analytical laboratory is Alpha Analytical in Mansfield and Westborough,
Massachusetts. Alpha Analytical is a National Environmental Laboratory Accreditation
Program (NELAP) accredited laboratory and is also certified for Clean Water Act and Safe
Drinking Water Act analyses in Massachusetts. As required by NELAP Accrediting
Bodies, Alpha Analytical operates the laboratory in compliance with the National
Environmental Laboratory Conference (NELAC) standards.

The University of California at Davis will also provide laboratory analytical services for
stable isotopes of nitrogen at finalist sites to identify nitrogen sources
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Figure 1: Project Organizational Chart — to be completed as an 11x17 in final document
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The QAPP will be reviewed annually. If the sampling design, sample collection

procedures, or data assessment and reporting change significantly, the WaterVision
Project Manager will consult with the EPA New England Project Manager to submit
modifications to EPA New England for approval.

3.3 Personnel Qualifications and Experience

Table 2 displays the personnel credentials of the PRB team. Responsibilities have been
discussed in more detail above.

Table 2: Personnel Qualifications and Experience

Name and Affiliation

Responsibilities

Qualifications

Marcel Belaval, EPA

Technical Lead

Hydrogeologist

Ray Cody, EPA

Contract Officer

Karen Simpson and Bryan
Dore, EPA

Community Outreach
Coordinators

Danna B. Truslow,
WaterVision LLC,
Consulting Hydrologist

Project Manager and
Hydrogeologist

Professional Geologist and
Hydrogeologist and Water
Quality Specialist

Peter Shanahan,
WaterVision LLC

Technical Lead and Review

Professional Engineer and
Hydrologist

Samantha Wright,
WaterVision LLC

Field Geologist

Geomorphologist and Water
Quality Specialist

Emily DiFranco,
WaterVision

Project Quality Assurance
Officer

Hydrologist and Water
Quality Specialist

3.4 Training Requirements/Certification

Table 3 shows the project activities that will require some level of training and the
location where the training records will be compiled.
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Table 3: Special Personnel Training Requirements Table

_ . Training Location of
. . Description of Training . ..
Project Function L. . Provided to Training
Training Provided by
Records

Geoprobe boring
completion,
Ground Water
Well/Piezometer .
Sampling Point / . Danna Truslow, |WaterVision LLC
Installation and

Installation, and Peter Shanahan |Staff
Development

WaterVision LLC

Hydraulic
Conductivity
Testing
. . Hach kit -
Nltrfa\te field Colorimetric field |Danna Truslow WaterVision LLC WaterVision LLC
testing . Staff
analysis
Well/piezometers
Water Level purging,
M t dwat WaterVision LLC
easuremen groun‘ water ) Danna Truslow arervision WaterVision LLC
and groundwater [sampling and field Staff
Sampling analytical

procedures

3.5 Background

This section documents the project planning, identifies the environmental problem,
defines the environmental questions that need to be answered and provides
background information. For additional background information, please see Section 1.0,
Introduction.

In June 2015, selected municipalities in southern and western Cape Cod were invited to
propose sites for hydrogeological site characterizations in support of PRBs as pilot
technologies. Interested municipalities were instructed to respond to EPA’s Project
Solicitation letter by providing a statement of interest along with requisite information
on proposed sites. As described in EPA’s Project Solicitation letter, EPA sought to
increase the likelihood of identifying optimal sites for the project by outlining
requirements for providing specific and detailed site data.

A technical team consisting of EPA Region 1, the CCC, and the USGS, with input from
MassDEP reviewed the site nomination responses to identify sites that appear to be
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suitable locations for PRB nitrogen reduction pilot tests. Selection criteria may be found
in EPA’s Project Solicitation letter to towns (Appendix A). EPA selected sites for
characterization work with input from the technical team based on these criteria.

At each site, preliminary probes will be advanced and groundwater will be sampled at
two depths to approximate the depth, location, and concentration of groundwater
nitrate plumes. Based on the results of this testing, four shallow, small diameter
groundwater monitoring wells will be installed as well as a cluster of ten piezometers. A
continuous sediment core will be collected at the location of the piezometer cluster.
This initial site characterization will include a description of water quality upgradient
and along the proposed PRB orientation, groundwater flow direction, depth to
freshwater/saltwater interface, hydraulic gradient, and hydraulic conductivity.

Up to two final sites will be selected to undergo full hydrogeologic assessments, which
will include the installation of additional water table and water quality monitoring wells
and piezometer clusters to refine the estimate of groundwater flow direction and
characterize the spatial variability of groundwater quality. Additionally, two deep core
locations will be selected to characterize the spatial variability of aquifer sediments.

3.6 Problem Definition

PRBs have been shown to markedly reduce the concentration of nitrate in groundwater.
The PRB design used to treat groundwater will be based on pre-existing groundwater
water quality and rate of flow, which will be collected as part of this project plan.
Preliminary sampling for the project will define baseline water quality, water levels,
hydrogeologic characteristics of the overburden, and vertical and horizontal flow
directions.
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4.0 PROJECT / TASK DESCRIPTION AND SCHEDULE

4.1 Project Summary

The first year of the project, post verification of EPA site selections (Task 1), will include
conducting initial site characterizations of the PRB demonstration areas. During this
time the background work for groundwater and surface water sampling will also be
conducted. This Year 1 work will include:

e Task 2 —Initial Site Characterization (ISC)

o Subtask 2A — Determine relative nitrate concentrations, depth to
groundwater, hydraulic gradient, and rate and direction of groundwater
flow through installation of soil borings and four monitoring wells

o Subtask 2B — Characterize aquifer sediments through the top 100 feet

Subtask 2C - Install piezometer cluster

o Subtask 2D — Characterize vertical distributions of hydraulic head and
measure field water quality parameters

o Subtask 2E — Collect groundwater samples and perform laboratory analyses
on collected water-quality samples

o Subtask 2F - Decommission monitoring wells, if desired by the municipality

o Subtask 2G - Prepare ISC summary report.

O

During Year 2, Full Hydrogeologic Assessments (FHA) will be completed to further refine
and characterize spatial variability of aquifer sediments and groundwater quality, as well
groundwater flow direction. One or two sites will be selected for FHA assessment.

e Task 3 — Full Hydrogeologic Assessments (FHA)

o Subtask 3A - Install additional water-table monitoring wells to refine
groundwater flow direction

o Subtask 3B — Collect and log additional sediment cores to characterize the
spatial variability of aquifer sediments

o Subtask 3C - Install additional piezometer clusters to characterize the spatial
variability of groundwater quality

o Subtask 3D - Estimate hydraulic conductivities

o Subtask 3E - Perform a full round of water level measurements and water
quality sampling; including samples for stable isotope analyses

o Subtask 3F - Analyze and interpret data to estimate the flux of nitrogen
through the site

o Subtask 3G - Decommission monitoring wells, if desired by the municipality

o Subtask 3H - Prepare final FHA report

The following task numbers are based on the project tasks included in this QAPP.
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4.1.1 Task 2 — Initial Site Characterizations

In order to evaluate the six sites selected by the joint EPA, USGS, and CCC site selection
program, the project team will complete well installation, subsurface sampling, water
level and field water quality measurement, water quality sampling, data analysis, and
reporting. The groundwater flow direction, depth to freshwater/salt water interface
(FW/SW), hydraulic gradient, hydraulic conductivity, and baseline water quality will be
assessed at each site and are detailed in the following subtasks.

Task 2A — Determine depth to groundwater, hydraulic gradient, and rate and
direction of groundwater flow

Four 2-inch PVC monitoring wells will be sited, installed, and monitored to
evaluate groundwater flow direction and subsurface conditions. Installation will be
completed using direct-push drilling (Geoprobe). Prior to well installation a series
of four to five borings will be completed along the proposed PRB alignment. The
probes will be completed to approximately 20 feet below the water table at each
location using the SP-15 method, an in-situ groundwater sample extracted and
tested in the field using a Hach colorimetric field test for nitrate-nitrogen. The
probe will be retracted to approximately ten feet, then one foot below the water
table and a groundwater sample taken and analyzed with the Hach kit like the
previous depths. After the nitrate levels are evaluated in the field, well locations
along the PRB alignment will be selected. An upgradient or downgradient well off
the alignment will also be installed using 2 inch inside diameter PVC. The wells will
be completed with a 5 foot slotted PVC screen installed across the water table.
Filter sand will be added if necessary around the annulus of each well and sealed
with bentonite approximately 1 foot above the well screen. Wells will be grouted
at the surface to protect the well from down-hole contamination and completed
with a secured flush-mounted road box at each location.

After well installation is complete, well elevations and locations will be surveyed at
each well and referenced to known vertical and horizontal datum. Water levels
will be measured at each well after completion using a Solinst electric water level
meter. The measured groundwater elevations and the estimated values of
hydraulic conductivity will then be used to determine the local groundwater flow
rate and direction.
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Task 2B — Characterize aquifer sediments through the top 100 feet (or to the top
of the FW/SW interface)

A full set of nominally continuous sediment cores will be collected for one
monitoring location at each ISC site using direct-push drilling as subsurface
conditions permit. Cores will be logged using standard soil classifications. Below
the water table, electrical conductivity and other field parameters will be logged
using a YSI Sonde to further define hydrologic conditions and the depth to the
FW/SW interface. Cores will be retained for possible grain size analysis.

Task 2C — Install Piezometer Cluster

Ten adjacent piezometers will be installed at successively shallower depths above
the FW/SW interface. Depths will depend on the vertical location of the FW/SW
interface, geologic materials, and the water table. Piezometers will be constructed
of 1” diameter schedule 40 PVC with 1 foot long screened intervals at the bottom
of each well.

Filter sand will be added if necessary around the annulus of each piezometer and
sealed with bentonite approximately 1 foot above the well screen. Wells will be
grouted at the surface to protect the well from down-hole contamination and
completed with a secured flush-mounted road box at each location. Each
piezometer location and elevation will be surveyed along with the 2-inch wells
installed as part of Task 2A.

Task 2D — Characterize vertical distributions of hydraulic head and water quality
parameters

Two rounds of water level measurements will be completed to evaluate vertical
and horizontal flow directions. Likewise, two rounds of water quality samples will
be taken to establish baseline water quality. After removal of all well caps and
equilibration with the atmosphere, a complete round of water levels will be
conducted at site wells and piezometers and recorded on field data sheets. Wells
will then be purged prior to water quality sampling as further described in Task 2E.
If tidal influence is expected or has been documented through the literature
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review task, a well may be selected for short-term installation of a water level data
logger to record tidal influence between the two sampling events.

Task 2E — Perform field and laboratory analysis on collected water quality samples

Wells and piezometers will be measured and sampled twice approximately one
month apart. As each well is purged using either a downhole pump or peristaltic
pump depending on water levels, field parameters — pH, dissolved oxygen (DO),
oxidation-reduction potential (ORP), and specific conductance — will be measured
and recorded at appropriate intervals using a YSI multi-parameter sonde, based on
the well volume to be purged and the rate of stabilization of parameters. Dissolved
oxygen may also be measured using a CHEMetrics field photometer for concentrations
below 1 mg/L DO when these low concentrations are measured in the field. Once
the field parameter readings have stabilized and/or three well volumes have been
purged, water quality samples will be taken for final field and general chemistry,
carbon, and metals/minor element analyses as listed in Table 4 below.

Table 4. Analytes to be evaluated

Name Type

Dissolved oxygen (DO), Oxidation reduction Field
potential (ORP), pH, Specific conductance

Nitrogen (total), Nitrogen (ammonia), Nitrogen General chemistry
(nitrate), Nitrogen (nitrite), Chloride, Sulfate,
Alkalinity, Orthophosphate

Organic carbon (dissolved) Carbon analyses

Boron (dissolved), Iron (dissolved), Manganese Metals and minor elements
(dissolved), Arsenic (dissolved)

Task 2F — Decommission Monitoring Wells

Decommissioning of wells installed as part of the ISC will be completed according
to MassDEP regulations if requested by EPA. All wells will be decommissioned by
adding bentonite pellets to the wells or piezometers, removing surface sections of
PVC, and then grouting the well to the surface and removing the protective casing.
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Task 2G — Prepare ISC Letter Report

A letter report will be prepared that describes hydrogeologic conditions and water
guality at all ISC sites as described in the PWS. The field data recorded for each
subtask will be summarized in the report and data sheets included in an ISC

appendix.
4.1.2 Task 3 — Full Hydrogeologic Assessments

Full Hydrogeologic Assessment (FHAs) will be initiated after the Project Team has
reviewed the ISC report and selected up to two final sites for PRB Conceptual Design.
The Project Team will evaluate data collected during the ISC, in addition to any pre-
existing site data available, in order to identify sites that appear to be good candidates
for pilot PRBs. Based on these data, characteristics of sites that may be suitable for pilot
PRBs include: measurable nitrate concentrations, generally above 5 mg/L; a relatively
clear conceptual understanding of the gradient and direction of groundwater flow;
groundwater geochemical conditions that could support injected PRB techniques; and
nitrate concentrations that appear consistent between successive ISC sampling rounds.
It is expected that ISC data will provide a general picture of site groundwater and
nitrogen conditions to address these characteristics. If multiple sites appear to meet
these criteria favorable, the sites will be ranked based on other attributes including site
access, expected nitrogen removal potential, expected cost of a pilot PRB, etc. The
Technical Team (Water Vision, CCC, USGS, and EPA) will make recommendations to EPA
for final site selections.

Task 3A - Install additional water table monitoring wells to refine groundwater
flow direction

At least three 2-inch PVC wells will be installed and logged near the area of
primary interest using direct push drilling. Water levels will be measured at each
well after completion as described in Task 2a to determine groundwater elevations

and overall groundwater flow directions.

Task 3B — Collect and log additional sediment cores to characterize the spatial
variability of aquifer sediments

Two additional deep core locations will be selected along the PRB alignment.
Continuous cores will be collected and logged using standard soil/hydrogeologic
classifications. Below the water table, electrical conductivity and other field
parameters will be logged using a YSI Sonde to further define hydrologic conditions
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and determine the depth to FW/SW interface. The depths of the cores will be
estimated based on previous site characterization work. Cores will be retained for
possible grain size analysis as part of Task 3D.

Task 3C - Install additional piezometer clusters to characterize the spatial
variability of groundwater quality

Six adjacent piezometers will be installed at successively shallower depths above
the FW/SW interface in two locations (12 piezometers total) to further define
subsurface variability in hydraulic head and water quality. Piezometers will be
installed at approximately 100-, 85-, 70-, 55-, 40-, and 20-foot depths, but actual
depths will depend on the vertical location of the FW/SW interface, geologic
materials, and the water table encountered. Each piezometer location and
elevation will be surveyed along with the 2-inch wells installed as part of Task 3A.

Task 3D — Estimate hydraulic conductivities

Hydraulic conductivity at wells and at selected core sample intervals will be
estimated in this task. Grain size analyses will be completed at approximately 15
locations from cores completed during tasks 2B and 3B and hydraulic conductivity
values will be estimated based on the grain size analyses using standard
methodologies. Field hydraulic conductivity testing will also be completed at
selected wells and piezometers (up to 10) using rising- or falling-head slug testing
depending on field conditions using methods described in Task 2a.

Task 3E — Perform a full round of water-level measurements and water-quality
sampling

All site wells and piezometers will be measured and sampled once as part of the
FHA phase. As each well is purged using either a downhole pump or peristaltic
pump depending on water levels, field parameters — pH, dissolved oxygen (DO),
oxidation-reduction potential (ORP), and specific conductance — will be measured
and recorded at appropriate intervals using a YSI multi-parameter sonde, based on
the well volume to be purged and the rate of stabilization of parameters. Once
the field parameter readings have stabilized and/or three well volumes have been
purged, water quality samples will be taken for final field and general chemistry,
carbon, and metals/minor element analyses as listed in Table 4 above.
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In addition to the analyses listed above, samples will also be collected for stable
isotope analysis for d*>N/d**N for NO;. Analysis will be completed at the UC-Davis
Stable Isotope Laboratory. Samples will be collected then frozen as per UC-Davis
protocol and shipped overnight to the laboratory for analysis.

Task 3F — Analyze and interpret data to estimate the flux of nitrogen through the
site

A full evaluation of site hydrogeology will be made in order to estimate the flux of
nitrogen through the plane determined to be suitable for installation of a PRB.
Darcy flux calculations using estimated hydraulic conductivity and hydraulic
gradient data, nitrogen concentrations, and stable isotope data will be used to
estimate the flux of nitrogen through the chosen PRB location. Variability in
hydraulic conductivity and in nitrogen concentrations will be incorporated into the
analyses.

Task 3G — Decommission Monitoring Wells

Decommissioning of wells installed as part of the FHA will be completed according
to MassDEP regulations if requested by EPA. A letter report will be prepared to
document the work completed. However, many of the wells may be retained for
long-term monitoring as part of PRB effectiveness monitoring.

Task 3H — Prepare FHA Report

WaterVision will prepare a report that describes the work performed and results,
and each site evaluated under the FHA task. The field data collected and analyses
conducted will be summarized in the report and all data and calculations will be
included in the FHA report appendices.

4.2 Project Schedule

The project will be initiated in October 2015, and will be completed by February 2017.
The tasks and estimated completion dates are shown in Table 5.

4.3 Summary of Analysis Tasks

Table 6 presents a breakdown of who will be responsible for leading fieldwork and
laboratory sample analysis.
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Responsible Team

Task Description Completion Date Work Products
P P Member(s)
Task 1 - QAPP Development
QAPP Development November 2015 Danna Truslow Draft QAPP

QAPP Approval

December 2015

Danna Truslow/Emily
DiFranco/Marcel Belaval

Approved QAPP

Task 2 - Initial Site Characterization (ISCs)

Project Staff Training April 2016 Danna Truslow Training records and
verification forms

Install monitoring wells and piezometers at all sites to March 2016 Danna Truslow/Samantha Summary Report

complete hydraulic conductivity testing, groundwater Wright

flow direction, hydraulic gradient, and depth to FW/SW

Interface

Complete water quality monitoring and water level May 2015 Danna Truslow/Samantha Summary report

measurements for initial subsurface characterization Wright

Prepare Initial Site Characterization Letter Report July 2016 Danna Truslow/Samantha Final ISC Report

Wright/Pete Shanahan
Task 3 — Full Hydrogeologic Assessments (FHAS)
Install monitoring wells and piezometers at all sites to October 2016 Danna Truslow/Samantha Summary Report

refine groundwater flow direction, characterize spatial
variability of groundwater quality, and estimate
hydraulic conductivities

Wright

Complete full round of water quality sampling and water

November 2016

Danna Truslow/Samantha

Summary Report

level measurements Wright
Prepare Full Hydrogeologic Assessment Report January 2017 Danna Truslow/Samantha Final FHA Report
Wright/Peter Shanahan
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Table 6: Field and Laboratory analytical tasks

Analyte Responsible Company and Personnel

Field/ Laboratory Analysis

WaterVision LLC — Danna Truslow, Solinst Water Level
Meter, Hach Colorimetric Nitrate Test Kit, YSI field
parameter Sonde

New England Geotechnical Borings, Dan Regan,
Geoprobe and well installation materials

Subsurface Sampling and
Monitoring well Installation

WaterVision LLC — Danna Truslow, Solinst Water Level
Hydraulic Conductivity Testing|Meter, small diameter slug, peristaltic pump, pressure
transducer

Groundwater Analyses
Nitrogen (total)
Nitrogen (ammonia)
Nitrogen (nitrate)
Nitrogen (nitrite)

(S:h:frtide Alpha Analytical

ulfate . . ‘
Alkalinity Project Manager Melissa Gulli
Orthophosphate

Organic carbon (dissolved)
Boron (dissolved)

Iron (dissolved)
Manganese (dissolved)
Arsenic (dissolved)

Groundwater purging and
sampling and real-time Field
Parameters: pH

DO

Temperature

Specific Conductivity
Oxidation-Reduction Potential

WaterVision LLC — Danna Truslow, Solinst Water Level
Meter, Hach Colorimetric Nitrate Test Kit, YSI field
parameter Sonde, CHEMetrics field photometer,
peristaltic pump, submersible pump, bladder pump, field
expendables

WaterVision LLC — Danna Truslow, Solinst Water Level

Groundwater Level
Meter
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5.0 DATA QUALITY OBJECTIVES FOR MEASUREMENT DATA

5.1 Project Data Quality Objectives (DQQOs)

The data quality objective is to produce precise and accurate data, which is
representative of true field conditions. Groundwater samples will be collected from the
same locations during each sampling round.

5.2 Measurement Performance Criteria for Water Quality Measurements

Field parameters will be duplicated at one well at each project site for each sampling
event. One groundwater sample will be duplicated for each round (includes all sampling

sites).

The measurement performance criteria that will be used in this study for water samples
is listed in Table 7 and explained in more detail below it. The specific performance
criteria goals and related information for each analyte/measurement are listed in Table

8.

Table 7: Measurement Performance Criteria Used for Water Quality Measurements

QC Sample
and/or
Data Quality |Measurement Performance|Reference Value/Criteria Activity Used
Indicators Criteria Range to Assess
Measurement
Performance
Sample
Precision- Relative Percent Difference Duplicates -
RPD <£20% Field and
Overall (RPD)
Laboratory
Analyses
Alkalinity RPD <10%
NH3, NO2, NO3, SO4, Laboratory
Precision-Lab |Ophos, DOC, and TOC RPD< 20% Sample
Chloride RPD<18% Duplicates
Metals RPD<20%
Accuracy / Metals LCS- 85-115%, MS-75-125%  |% Recovery
Bias Alkalinity LCS-90-110%, MS 86-116 %  |measured
NH3 LCS-80-120%, MS 80-120 %  [against
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Accuracy / Ophos, DOC, NO2, NO3 LCS-90-120%, MS 80-120%  |Laboratory
Bias SO4 LCS-90-110%, MS 60-140 %  |Control
Chloride LCS-90-120%, MS 40-151 %  |Samples (LCS)
and Matrix
Spikes (MS)
All project
personnel will
Measurements should review QAPP
Comparability |follow standard methods |NA and receive
that are repeatable training /
Signed record
of such.
Yearly (at
minimum)
Sensitivity Method Detection Limit NA Method
Detectable
Limit
Calculation
Number of samples Data
Completeness |meeting data quality 90-95% Completeness

objectives

Check

Measures possible field or

Contamination|cross contamination from [< Reporting limits (RL) E(lqaur:E;nent
sampling equipment

Hydraulic Repeated

Conductivity [Repeatability of Testing RPD < 20% Tests (1 per

Testing site)

Precision

Duplicate Samples or Tests: Duplicate samples or tests are collected at least once per
sampling event per location in order to document precision. Duplicate samples will
account for a minimum of 5% of field samples collected per sampling event per location.
The precision resulting from duplicate samples is a function of the variance of the
sampling and analytical techniques. Precision goals vary according to specific analyte but
should remain within a threshold of 20% variance. The relative percent difference (RPD)

will be calculat

ed as follows:

RPD = (S1- S2)/((S1+S2)/2)

Where S; is the value for sample 1 and S, is the value for sample 2.
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RPD will be calculated for each sampling visit.

Equipment blanks will be collected at least once per event and consist of distilled water
aliguots that are conveyed through existing sampling equipment contact under field
conditions and are analyzed to detect any contamination from sampling methodology
using field parameter testing equipment. Specific conductance will be tested. A value
of 25 uS/cm or lower will be considered acceptable.

Accuracy

The accuracy of the analytical methods is verified through analysis of the Laboratory
Control standards provided by the analytical laboratory. Accuracy for chemical methods
for all nutrient parameters is determined by calculating the percent recovery of a
standard reference material both as a standard and as a spike (to evaluate matrix
effects). Two to three spiked samples are analyzed annually. Spiked standards are a
certified reference sample (generally from Ultra Scientific). Measured values are then
compared to the certified value to determine accuracy. Spiked samples undergo the
same sample preparation as the samples themselves. Accuracy goals are outlined more
specifically in the appended contract laboratory SOPs. The expected accuracy may not
be obtainable for all samples (due to matrix inference, or other sample issues). Any
failure to obtain the required accuracy must be justified by the laboratory.

Representativeness

Representativeness is a measure of the degree to which data accurately and precisely
represent a characteristic of a population at a sampling point or for a process condition
or environmental condition. Representativeness is achieved through the consistent use
of documented procedures for field sampling and handling process and through
consistent adherence to laboratory methods.

Comparability
For this project, comparability is ensured through the use of designated sampling

procedures, analytical methods, and certified calibration standards, and sample
collection at representative locations within the study area as detailed in this QAPP.

Completeness
Completeness is a measure of the amount of valid data obtained from a measurement

system, expressed as a percentage of the number of valid measurements expected to be
obtained under normal conditions. For analytical methods, completeness is based on
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the number of valid results generated over a specific period compared to the number of
results expected.

The quality objective for completeness for analyses performed by the analytical
laboratory is 90-95 percent valid data for water. The ability to meet or exceed the
completeness objective is dependent on the nature of samples submitted for analysis.
Alkalinity, nitrate, and dissolved organic carbon concentrations are critical to this study
so may be resampled if the completeness objective is not met. This decision will be site
and sample location specific.

Sampling will occur at the same locations for each sampling round but the seasonal
variability and site-specific variability cannot be well defined prior to project inception.
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Table 8- Laboratory Method Sensitivity and Quantification Limits

Analytical Method Reporting Limit Metho.cl .
Analyte e [ Detection Limit
(mg/L)*
Alkalinity, total 2320B 2
EPA 353.2
i A .01
Nitrate A500NO3-F 0 0.0188
. EPA 353.2
Nitrite 4500NO3-F 0.05 0.0102
EPA 350.1 0.075
ia Ni .021
Ammonia Nitrogen 4500NH3-BH 0.1125 0.0
Total N 4500N 0.3 0.3
Chloride 300.0 0.5 0.0541
Sulfate 300.0 1 0.0518
Orthophosphate 4500P-E 0.005 0.00139
) EPA 200.7/6010C
Iron, dissolved 3005A%* 0.05 0.02
) EPA 200.7/6010C
Boron, dissolved 3005A%* 0.03 0.007
) EPA 200.7/6010C
Manganese, dissolved 3005A** 0.01 0.002
g EPA 200.7/6010C
Arsenic, dissolved 3005A** 0.005 0.002
Dissolved Organic Carbon|SM 5310C 1 0.118

* Method detection limit is different than sample detection limit, which will be often, be higher as they
are based on sample volume

** Sample preparation method

5.3 Experimental Design and Rationale for Design

The goal of the groundwater monitoring conducted during this phase of the project is to
test the shallow groundwater quality to determine if there is enough nitrogen present
to justify the installation of a PRB and to characterize overall geochemical characteristics
for eventual PRB design. Each site will be unique so no nitrate or total nitrogen
concentration target has been set for PRB suitability at this time.

This QAPP outlines our intended sampling strategy and analytical procedures to meet
these data quality goals and to evaluate water quality at proposed PRB sites.
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5.4 Field Sampling Rationale

The siting evaluation will be based on water quality data from two baseline sampling
events and two rounds of water level measurements at each proposed location. Water
levels will be measured during each water quality sampling event and is not based on
seasonal water level data needs. At each location, at least three monitoring wells and a
piezometer cluster will be sampled and measured. After the initial site characterization,
two sites will be selected to undergo a full hydrogeologic assessment (FHA). This will
include a full round of sampling and water level monitoring at all monitoring wells and
piezometer clusters.

Groundwater Measurement Point Installation and Testing

Each of the six proposed sites will be evaluated separately for groundwater flow
direction, groundwater velocity, and groundwater quality. Groundwater flow direction
can be estimated based on evaluation of water level elevation differences between
properly installed monitoring wells. Saturated hydraulic conductivity, estimated
through in-situ permeability testing at selected monitoring wells using the slug test
method, combined with groundwater table potential head differences (groundwater
slope) will be used to estimate groundwater flow direction and velocity.

Groundwater quality will be measured through field parameter and laboratory analytical
testing and through comparison of data between sites.

Appendix C includes the methodology that will be used for monitoring well and
piezometer cluster installation and documentation and for saturated permeability
testing using the slug test method.

Groundwater Quality Evaluation

The task descriptions in Section 5 include the rationale for baseline evaluation of
groundwater quality at each proposed PRB site.
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Table 9 - Sampling Parameters and Rationale

Analyte

Rationale

Laboratory Analyzed Parameters

Alkalinity, total

Assess overall alkalinity of water for proper
PRB matrix design

Nitrate

Nitrite

Assess pre-existing nitrogen

Ammonia Nitrogen

characteristics/content in groundwater for

Total N (TKN analyzed as part of this
measurement)

nitrogen flux calculations.

Assess pre-existing concentrations of

Orthophosphate . . .
phosp inorganic phosphate in groundwater
. Assess pre-existing concentration of chloride
Chloride . P g
in groundwater
Assess pre-existing concentration of sulfate
Sulfate P &

in groundwater and assess redox conditions

Iron, dissolved

Assess pre-existing dissolved iron content in
groundwater for proper PRB matrix design
and to understand subsurface geochemistry

Arsenic, dissolved

Assess pre-existing concentration of arsenic
in groundwater and to understand
subsurface geochemistry

Manganese, dissolved

Assess pre-existing concentration of
manganese in groundwater and to
understand subsurface geochemistry

Boron, dissolved

Assess presence of boron in groundwater
which can serve as a tracer for septic system
impacts

Dissolved Organic Carbon

Assess pre-existing dissolved organic carbon
in groundwater for proper PRB matrix
design and to evaluate seasonal and post-
installation changes

d15N NO3

Assess concentration of N stable isotope to
estimate age and source of groundwater
horizontally and vertically

Field Measured Surface Water and Groundwater Parameters

Analyte

Rationale

Specific Conductivity

Specific Conductivity will provide an insight
into existing ionic content of groundwater or
surface water and to evaluate seasonal
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pH

Influences nutrient availability in sediments
and surface water and to evaluate seasonal

Dissolved Oxygen

Dissolved oxygen concentrations will
indicate overall redox state in subsurface
and determine aerobic vs. anaerobic
conditions.

Field Measured Surface Water and Groundwater Parameters

Analyte Rationale
Temperature can be an indicator or
Temperature subsurface chemical activity and overall

groundwater flow system dynamics.

Oxidation/Reduction Potential

Indicates whether subsurface conditions
exhibit oxidation or reduction state.

6.0 SAMPLING METHOD PROCEDURE REQUIREMENTS

6.1 Sampling Procedure

The requirements for the type of container used to collect water samples are based on
the chemical analysis conducted, and the use of preservative (Table 10).

Table 10 — Laboratory Analytical Procedures, Bottles, Preservatives and Hold times

Required Hold (Filtration| Total
Analytical 9 . | Time | Y/N |number
Bottle Type| Preservativ
Analyte Method of
. - Volume e
(Appendix A) (mL) Samples
for ISC
Unpreserve 14 204
Alkalinity, total SM 2320B Plastic 250 | dw/ no N
days
headspace

Nitrate EPA353.2  |Plastic 250 | UnPreserve 48 N 204
d hours

Nitrite EPA353.2 | Plastic 250 | UnPreserve 48 N 204
d hours

Ammonia EPA350.1  |Plastic500| H2soa | 28 N 204
Nitrogen days

Total Organic N 4500N Plastic500| H2S04 dé?/s N 204

2

Orthophosphate 4500P-E Plastic 500 Unpreserve | 48 N 04

d hours
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Sulfate 300.0 Plastic 500 | JnPreserve | 28 N 204
d days
Chloride 300.0 Plastic 250 | UnPreserve | 28 N 204
d days
i 2
Iron, dissolved | £p ) 500.7/6101C | Plastic 500| HNO3  |6mos| v 04
Dlssolyed SM 5310C Glass Vial — H2504 Y.(0.45 204
Organic Carbon 2 micron)
Arsenic, EPA 200.7/6101C | Plastic 500| HNO3 |6 mos| ¥ (045 | 204
dissolved micron)
Boron, dissolved | EPA 200.7/6101C | Plastic 500 HNO3 6 mos Y.(0'45 204
micron)
Manganese, | o) 900.7/6101C | Plastic 500| HNO3 |6 mos| (04> | 204
dissolved micron)
UCD-SIF- Y(0.10 | 10
BACTO1.1 Samples micron)
d15N NO3 Bacteria Plastic 100 |frozen after | 6 mos
denitrification collection
assay

All samples will also have a field preservation method of ice, maintaining a temperature
<4°C and be delivered to the laboratory within 36 hours of their collection. The d15N
samples will be frozen on collection and shipped overnight to the UC-Davis laboratory.
Upon their receipt, laboratory personnel preserve and process these samples according
to laboratory Standard Operating Procedures found in Appendix B. See Table 10 for
method description.

Sampling Locations — Groundwater

At the proposed PRB sites there will be one upgradient or downgradient groundwater
monitoring location and up to six additional monitoring wells located along the PRB
alignment and a piezometer cluster. Groundwater sampling protocols are listed in Table
11. Figure 2 contains a location map for the five potential permeable reactive barrier
sites to be evaluated during the initial investigation phase. Figure 3a-fillustrates the
proposed sampling groundwater sampling locations on individual PRB site maps. The
well locations for the Falmouth-Shorewood sites are yet to be determined.
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Figure 3a
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Figure 3d
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Table 11- PRB Project Sampling Protocols - Ground Water

Name Description
. . Will include completion of five to six soil borings using a Geoprobe
Soil borings o i
and in-situ sampling of groundwater
Field nitrate Will include field testing of nitrate using a Hach colorimetric analysis
testing at two intervals in each soil boring
Groundwater Will include one upgradient or downgradient location and three
Monitoring locations along the PRB alignment plus a piezometer cluster (See
Locations Figure 3a-f)
Peristaltic pump with dedicated tubing or bladder or submersible
Monitoring pump with dedicated tubing.
Equipment Cleaned 1-liter glass jar for sample collection and decanting,
deionized water and Alconox for cleaning collection equipment.
Dissolved inorganic nitrogen (ammonia, nitrite, nitrite, total N), pH,
Sampling DOC, Specific Conductance, temperature, dissolved oxygen, DO,
Parameters oxidation/reduction potential, sulfate, chloride, orthophosphate,

dissolved iron, arsenic, manganese and boron

Sample Collection
Protocol

Measure pH SC, DO, Temp, and ORP prior to purging well. Measure
groundwater level and calculate well volume (including filter pack).
Measure field parameters until stable and pump 3 well volumes from
the well at low speed using the peristaltic pump or submersible
pump. After three well volumes are pumped, fill and rinse DI cleaned
glass jar and collect water for each sample. Measure pH, SC, DO,
Temp, and ORP after sample collection is complete. Record pre and
post field parameters, water level and purged well volume on field
data sheets. Samples will be kept chilled at 4C until deliver to the
laboratory courier or to the laboratory itself.

Sample Collection
Protocol, stable N
isotopes

After sample has been collected for other laboratory analyses, a
sample will be collected into UC-Davis laboratory provided containers
and kept at 4 C. Within 3 hours of collection, the sample will be
frozen in a standard freezer then packed in ice or dry ice and shipped
next day to UC-Davis for analysis.

Field QA/QC
Samples

Duplicate field samples taken once per sampling round at each site.

6.2 Sampling SOP Modifications

The EPA Region 1 SOPs have been reviewed by WaterVision and will be used with no
further anticipated changes. However, corrective action in the field may be needed if
the sampling strategy needs to be modified (i.e., sampling additional sample locations
other than those specified in the QAPP, not enough water sample to meet original
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requirements, etc.), or when sampling procedures and/or field analytical procedures
require modification, due to equipment failure or unexpected conditions. In general, the
field team may identify the need for corrective action on-site.

The field staff, in consultation with the Project Manager, will evaluate and suggest a
corrective action. The field team will implement the corrective action. Any
modifications/corrective actions will be noted on the field data forms. The QA Officer
will be notified as soon as possible and will provide the field team with any additional
actions required to maintain quality assurance and control with respect to corrective
actions. It will be the responsibility of the Project Manager to ensure the corrective
action has been implemented correctly and reported to the project QA Officer and the
EPA New England QA Officer. If any of the aforementioned QA Officers have additional
actions recommended to maintain quality assurance and control they will be
implemented retroactively, if possible, and for any sampling events after the event that
triggered the corrective action.

6.3 Cleaning and Decontamination of Equipment / Sample Containers

Prior to use, all field sampling containers and tools will be thoroughly cleaned with a
phosphorus free detergent (i.e., Alconox) and rinsed generously with distilled water.
Between wells and between sites the samplers will be scrubbed and rinsed three times
with distilled water. This will include Geoprobe, water level and water quality sampling
equipment that comes into contact with soil and groundwater at the project site.

6.4 Field Equipment Calibration

Field equipment will be calibrated in accordance with the manufacturer calibration
directions as listed below and as summarized in Table 12.
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Equipment |Procedure and Frequency of |Acceptance [Correction Person
Name SOP Reference Calibration |criteria action Responsible
Daily, prior Recalibrate. If
to +/- 0.2 units |problem
YSI 556 MPS [Manufacturers deployment. lin a pH7 persists, ehsure Field
. Post standard electrode if .
pH recommendations| . . . Coordinator
calibration atjland pH4  |appropriately
the end of |standard. (filled with filling
the day. solution.
Daily, prior +/- 2% of
v P reading and |Recalibrate. If
to
deplovment <0.5mg/L |problem
YSI 556 MPS ploy . when persists .
. Manufacturers  [at each site. . . Field
Dissolved . placedin |inspect/replace .
recommendations|Post . Coordinator
Oxygen . . zero batteries,
calibration at | .
dissolved |membrane and
the end of oxygen electrolyte
the day. yg‘ y
solution
Daily, prior
to Recalibrate. If
Yol 556 MPS Manufacturers deployment, prob.Iem Field
Specific . Post +/- 5% persists, replace .
. .. |[recommendations| ) . ) Coordinator
Conductivity calibration at filling solution
the end of and recalibrate.
the day.
Daily, prior
’ Purch
YSI 556 MPS |Manufacturers  [to +/-1 urchase ,Or Field
. replace with .
Temperature recommendations|deployment |degrees F Coordinator
. new probe
at each site.
Daily, prior Recalibrate. If
to problem
YSI 556 MPS |Manufacturers deployment. persists, clean Field
. Post +/-0.2% lenses, replace .
ORP recommendations| . . Coordinator
calibration at standard
the end of solution and
the day. recalibrate.
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6.5 Field Equipment Maintenance, Testing and Inspection Requirements

Field equipment will be maintained, tested, and inspected in accordance with the
manufacturer directions as listed below and as summarized in Table 13 when field
equipment is not being used for field-testing. For field use refer to Table 12 above.

Table 13- Equipment maintenance schedule and instrument calibration schedule.

Equipment Name Operation Frequency

YSI 556 MPS

See YSI Operations Manual

Cleaning/Sand Electrodes Monthly
General DO probe-

Replace membrane Monthly

Recalibrate Monthly

Clean w/ water and Q-tip around bulb Monthly

pH probe

Recalibrate Monthly
Oxidation/Reduction |Clean w/ water and Q-tip around bulb Monthly
Temp and Conductivity CIean/Brush fluid access ports Monthly
Recalibrate Monthly
Solinst Water Level Monthly

Clean w/ water

Meter
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7.0 SAMPLE HANDLING AND CUSTODY

7.1 Sample Collection Documentation
A combination of field log books, field data sheets, and a consistent labeling protocol
will help ensure sample authenticity, data integrity and project completion goals.

7.2 Field Notes

The sampling team will complete field data log books and forms on-site at the time of
sampling and/or when measurements are made. Field logbooks will provide the means
of recording the data collecting activities performed during the investigation. As such,
entries will be described in as much detail as possible so that persons going to the site
could reconstruct a particular situation without reliance on memory.

The logbooks will contain the following information-

e Date /Time Arrived and Time Left

e Sampling Site ID (w/ Location and Coordinates)

e Full Names of Field Team Member

e Additional Persons Present

e Weather Conditions Throughout Visit

e General Observations

e Equipment Employed and Calibrations Measurements Made
e Photos Taken

7.3 Field Documentation Management System

In addition to the field book notes listed above, a field sheet for each sampling point will
be completed (Appendix C). In addition, all laboratory samples will be accompanied by
a chain-of-custody form which details-
¢ Name of person(s) collecting samples
¢ Date and time of sample
¢ Sample identification and analyses
¢ Unique bar code identification numbers that correspond to date, time, and
location of each sample
¢ Names and signatures of all persons handling the samples in the field and in the
laboratory.
All samples, whether sent for analytical analysis or frozen for later use (for all analytes
other than microorganisms), are processed within 36 hours from time of sample and
always maintained at temperatures of at least 4 C. The event-wide custody forms will be
utilized to document holding temperature requirements so that the data users can
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verify that the samples were stored at the appropriate temperature. Temperature
readings will be documented by recording temperature readings from the
thermostatically controlled freezer. Samples stored at the incorrect temperature will
not be analyzed.

7.4 Sample Handling and Tracking System

Alpha Analytical is using a Laboratory Information Management System (LIMS) for
sample tracking and associated laboratory data for the purpose of generating laboratory
reports and process management information. Data are entered in this system either by
direct entry or imported from instrumentation using spreadsheets. Data are combined,
reduced, and formatted for management review and reporting to customers.

The database also includes functionality that logs changes to data and requires user
input to document reasons for data changes. The audit log file includes date and time of
change, user name, original value, new value and reason for change. Data reduction
software maintains automatic log files with track calibration date/time, data files used,
integration date/time, manual integration and deletion tracking information.

Procedures other than those specifically described in the QAPP for field monitoring and
sample collection are outlined in specific manufactures operation and maintenance
manuals (Solinst and YSI). These include procedures for field instrument calibration, and
field equipment cleaning, operation and maintenance.
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8.0 ANALYTIC METHODS

All laboratory analyses will be performed by Alpha Analytical with the exception of UC-
Davis who will be completing stable nitrogen isotope analysis. Laboratory-specific SOPs
are included in Appendix B. The analytical measurements that will be made are all based
on existing standard methods (Table 10). Maximum sample holding times are listed in
Appendix B.

The standard operating procedures (SOPs) for measurements made in the field are
included in Appendix C.

Table 14 - Analytical Methods for Field Measurements

Analytical Method Description And

Analyte Matrix | SOP Appendix | .\ citation

Field Measurements

YSI 556 MPS
Temperature/Conductivity/Dissolved
Oxygen/pH/ORP Meter. Instrument
Manual Standard Methods.

Temperature Groundwater C

YSI 556 MPS
Temperature/Conductivity/Dissolved
Oxygen/pH/ORP Meter. Instrument
Manual Standard Methods.

Conductivity Groundwater C

YSI 556 MPS
Temperature/Conductivity/Dissolved
Oxygen/pH/ORP Meter. Instrument
Manual Standard Methods.

Dissolved Oxygen|Groundwater C

YSI 556 MPS
Temperature/Conductivity/Dissolved
Oxygen/pH/ORP Meter. Instrument
Manual Standard Methods.

pH Groundwater C

YSI 556 MPS
Temperature/Conductivity/Dissolved
Oxygen/pH/ORP Meter. Instrument
Manual Standard Methods.

ORP Groundwater C
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9.0 QUALITY CONTROL

Additional field QA/QC samples are submitted along with selected sampling sets to
provide independent information on the accuracy and precision of field sampling
results. Equipment-rinsed blanks will be submitted with selected sampling sets and
consist of distilled water passed through all conventional sampling equipment and into a
sample bottle for analysis for nitrate/nitrite and in the field for all field parameters.

Two sub-samples of the same sample are collected in separate containers. The results

from duplicate analyses are used to evaluate analytical or measurement precision. The
duplicate sample is processed and analyzed in the identical manner as routine samples.

10.0 DOCUMENTATION, RECORDS, AND DATA MANAGEMENT

10.1 Project Documentation and Records

The PRB project team will make daily field notes depicting the conditions at the field
location where each sample is taken and other relevant information including as listed
in Section 8.2. In addition laboratory reports, well installation logs, and slug test results
will be scanned into electronic format and kept in a Google Drive as well as in the USEPA
SharePoint for the project. Hard copies will be kept in a project file at the WaterVision
LLC office in Portsmouth, NH. The data will be reviewed by the QC manager, then filed
and saved for at least five years after project completion.

10.2 Field Analysis Data Package Deliverables

Field analytical measurements will be generated on-site. Measurements will be
recorded on field data sheets and then transferred to an electronic spreadsheet (MS
Excel) that is a part of the project-specific electronic database system. Entries into the
spreadsheet will be compared against the field sheets by a second person as a quality
check before it is appended to the project database.
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10.3 Data Handling and Management

Alpha Analytical will provide results of laboratory analyses in a digital format. As
appropriate, the project geologist will transfer received digital data into Excel
Spreadsheets where all relevant graphs and calculations are to be made for each
sampling event. Laboratory results from University of California may be received in
printed format and will be manually entered into the project spreadsheet. All results
are checked for quality control prior to data analysis and/or reporting by the WV project
manager and QA officer. A copy of the original records will be archived at WaterVision
and backup copies of all electronic files will be made monthly and stored in three
separate locations.

11.0 ASSESSMENTS AND RESPONSE ACTIONS

The WV QA Officer is responsible for evaluating the field data, calculations, and
laboratory analyses throughout the project. Specifically, this includes the initial training
of field and monitoring protocols for the project. QA Officer Emily DiFranco will be
responsible for reviewing materials and for observing procedures to determine proper
sampling and analysis is undertaken. Unanticipated problems with the procedures will
be addressed to avoid difficulties during subsequent sampling efforts.

EPA may implement, at their discretion, various audits or reviews of this project to
assess conformance and compliance to the quality assurance project plan.

12.0 PROJECT REPORTS

Progress reports and a final report will be prepared by the project manager and
submitted to EPA as listed in the scope of work.

13.0 VERIFICATION AND VALIDATION REQUIREMENTS

Danna Truslow and Emily DiFranco will conduct review of all data generated by this
project. The completeness, transcription errors, and compliance with procedures are
evaluated by comparison of tabulated results to what has been proposed in the original
project proposal and this QAPP. The specific activities include the generation of data,
namely, well installation and testing and water quality sampling and analysis. Omissions
of data in spreadsheets will trigger a search of raw datasheets, equipment maintenance,
or re-sampling and re-analysis. If re-analysis is not possible or if data remain missing,
invalid or otherwise affected entries will not be incorporated into the useable data sets.
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When results appear to be abnormal, all appropriate project participants will review the
available data and discuss the problem in periodic meetings to attempt to identify
potential problems in sampling or analysis. Any abnormal results will also be presented
and analyzed in the final project report.

14.0 VERIFICATION AND VALIDATION METHODS

The process by which data is verified involves one or more of the following-
1. The project QA officer will verify proper sample preservation and handling for
completeness and consistency.
2. At the end of each field session, the QA officer will evaluate whether the data
quality objectives of this plan are being met.
3. If discrepancies cannot be resolved, appropriate measures will be taken. These
measures could include but are not limited to-
1. Rejection and exclusion of data from reports with an explanation.
2. Re-sampling the appropriate station.
3. Repeat WQ analysis of samples.

15.0 DATA USABILITY/RECONCILIATION WITH PROJECT QUALITY
OBIJECTIVES

Data is generated based on the quality objectives defined in this plan and verified
according to Section 14. Limitations in the data will be clearly defined for potential end
users in all reports produced.
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€D S74
S UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
3 N e Region 1
A N 5 Post Office Square, Suite 100
(T Boston, MA 02109-3912

June 1, 2015
Dear Cape Cod Communities in Buzzards Bay and the South Coast:

EPA Region 1 would like to make you aware of a new and exciting opportunity to work with EPA and its
partners to perform hydrogeological site characterizations. The objective of these site characterizations
is for the design of Permeable Reactive Barriers (PRBs) as pilot technologies for reducing the
concentration of nitrogen (N) compounds in groundwater. As part of its Southeast New England
Program (SNEP), EPA Region 1 will partner with the United States Geological Survey (USGS) and the Cape
Cod Commission (CCC) to:

e Help identify suitable locations for PRB nitrogen removal pilots,

e Fully characterize one or more sites to support PRB design, and

e Provide an example of the type of site characterization work necessary for a successful PRB
installation.

EPA is undertaking this work directly because of EPA’s strong interest in supporting MA Department of
Environmental Protection’s Cape Cod TMDLs for total nitrogen and the Clean Water Act section 208
water quality plan update developed by the CCC. EPA intends to take the lessons learned from this
project to help demonstrate and encourage the priorities set forth by the Southeast New England
Program. These priorities include the application of innovative technologies and the reduction of
nitrogen pollution throughout southeast New England.

Project Description

Selected municipalities in southern and western Cape Cod are invited to propose sites for
hydrogeological site characterizations in support of PRBs as pilot technologies by responding to this
solicitation letter. Interested municipalities should refer to information at the bottom of this letter on
applying. Pre-application technical assistance is available to assist municipalities with site nominations,
as described below.

Once replies are received, a technical team consisting of EPA Region 1, the CCC, and the USGS, will
review responses and begin to identify sites that appear to be suitable locations for PRB nitrogen
reduction pilot tests. EPA will select sites with input from the technical team. At sites selected through
this process, EPA and its partners will perform an Initial Site Characterization that is expected to include:
the installation of monitoring wells (and associated elevation surveys); measurements of depth to
groundwater; preliminary identification of low hydraulic-conductivity layers in the potential treatment
zone; identification of the presence and depth of saltwater interface; the collection and lab analysis of
groundwater samples for water-quality constituents; and evaluation of preliminary field and lab data. If
a site selected for an Initial Site Characterization has already had some level of site characterization
work done, additional data collected at this stage will be used to augment existing data.

Data from the Initial Site Characterizations will then be evaluated for selection of one or more sites for a
full-scale hydrogeological assessment that will fill in data gaps and support needs for PRB design. This
full-scale assessment will more fully characterize each site and will provide additional data to support



PRB design. Additional details will vary based on the site’s characteristics, but the full-scale
hydrogeological assessment may include: measurement of horizontal and vertical hydraulic gradients;
location of freshwater aquifer boundaries and saltwater interface; determination of hydraulic
conductivity, lithologic variability and estimation of groundwater flow rate in the potential treatment
zone; concentrations of nitrogen and other water-quality constituents; and installation of additional up-
and down-gradient monitoring wells and potentially site specific/regional groundwater modeling for
PRB design.

EPA anticipates that initial site characterizations and full-scale hydrogeological assessments will be on
municipal, state or federal lots/parcels or easements. Once the full-scale hydrogeological assessment
has been completed, a final site report will be generated based on interpretations of field, lab and
modeling data. This report may then be used by the municipality as the basis for a pilot PRB at the
characterized site.

EPA anticipates entering into a Memorandum of Understanding (MOU) with the selected municipality to
work cooperatively to monitor the success of the project, develop an operation and maintenance
protocol and schedule (if appropriate), and educate the public and other municipal officials throughout
the Cape and from other cities and towns. We anticipate that the entire length of the characterization
project for a site that proceeds to a full-scale hydrogeological assessment will be approximately 12
months.

Selection Criteria
The primary factor in selecting sites will be based on a review of the apparent technical feasibility of
constructing an effective PRB onsite. EPA may also consider geographic location as a selection criterion
in order to ensure regional distribution of SNEP funds. The technical team will make recommendations
for site selection to EPA based on the following criteria:
e Favorable watershed condition
o Areas with high rates of N loading to estuary
o Areas with proximal dense up-gradient N sources (minimizes uncertainties about origin
of N load to be treated)
o Areas proximal to affected water bodies (minimizes speed of estuarine water-quality
improvement)
Favorable hydrogeological conditions
Areas that have some level of previous hydrogeologic investigation
o Areas with shallow groundwater (in order to minimize cost)
o Areas with high groundwater flow rates associated with either steep hydraulic gradients
or higher hydraulic conductivities
o Areas with geologic characteristics that are representative of southern New England
o Areas with less than a 50 feet thick saturated potential treatment zone
Prioritize areas with access
o Town-owned land
o Open areas away from structures
o Road, electric or rail rights-of-way (perpendicular to groundwater flow)
Prioritize areas that avoid permitting issues (e.g. wetlands)

Communities eligible to apply
Although the Southeast New England Program (SNEP) covers Southern Cape Cod to Pleasant Bay and
includes the Islands, for this project EPA plans to partner with a subset of municipalities located



http://www.epa.gov/region1/snecwrp/aboutregion.html

specifically on Cape Cod. Eligible municipalities are those with watersheds that have a hydrological
connection (via surface water or groundwater) to either Buzzards Bay or the south coast of Cape

Cod. Proposed sites must be located within eligible watersheds that drain to one of these areas. Eligible
watersheds are all located east of the Cape Cod Canal and south of Route 6. Municipalities with
watersheds in these areas include: a portion of Bourne, Falmouth, a portion of Sandwich, Mashpee,
Barnstable, Yarmouth, Dennis, Harwich, and Chatham. Funding constraints, SNEP priorities, and the fact
that EPA is supporting the section 208 wastewater management plan necessitate this focus.

How to apply to this solicitation

We are inviting municipalities that are interested in the installation of a PRB for N removal to propose
sites for this project. If you are interested, please submit a brief statement of interest (no more than 1-3
pages, exclusive of maps and figures) to Marcel Belaval (belaval.marcel@epa.gov) and Karen Simpson
(Simpson.karen@epa.gov) no later than COB July 1, 2015. This statement should include the following:

Component Required If available

Site must be within the geographic area for eligible communities (Visit X
the PRB Project Siting Viewer to determine whether or not your site is
within this area)

Identify the lot (or portion thereof) easement and/or parcel number, X
including a point of contact for the property, a street address and/or
other information useful to identifying the location (e.g. utility pole #).
Describe the site, including the size, and justification for why you
selected the site. (Note: the proposed site should not be located on or
near soils contaminated or potentially contaminated with oil or
hazardous waste.)

Specify your community's interest in this project, willingness to enter X
into an MOU with EPA, and participate and facilitate in project planning
and coordination (as appropriate)

Specify how soon site characterization work could begin X
Describe any support or in-kind services your community is willing to X
provide (Note: there is no match requirement)

Include the name, email, and phone number of a municipal point of X

contact. If the project is selected, this person will need to be the lead
on this project and be willing and able to work with EPA

Verify your willingness to show other municipalities the site and data X
for the duration of the project and beyond, should a pilot PRB be
constructed on the site

Identify where a PRB could be located within the project area, and X
identify the proposed characterization area

>

Describe the site history and any known prior uses

Include existing site-specific hydrogeologic and water-quality X
information (e.g. nitrogen concentrations, groundwater contours,
depth to groundwater, approximate aquifer thickness or target)
saturated zone, groundwater travel time, availability of existing borings,
monitoring wells, assessments)

! For a visual representation of eligible municipalities, be sure to turn on the “South-facing
Embayments” GIS layer of the PRB Project Siting Viewer which is located at: http://gis-
services.capecodcommission.org/apps/JS Developing/prb/viewer.html
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Describe the expected potential for groundwater nitrogen reduction X
utilizing a PRB; include supporting information used to create this
estimate such as estimated PRB size, influent N loads, etc.

Describe the location of the lot in relation to nearby water bodies; also X
include whether those water bodies are impaired (listed under Class 4a
or 5 of the MA Integrated List of Waters) or are adversely affected by
excessive nitrogen loading (for information on impaired waters, please
visit the following link:
http://www.mass.gov/eea/agencies/massdep/water/watersheds/total-
maximum-daily-loads-tmdls.html )

Photos or site plans X

The technical team will review all submittals and may conduct site visits and/or interviews prior to
making a selection. After submissions have been received, the technical team may schedule a visit for
the most promising sites to better understand the site and/or collect additional information that may
help us in reviewing proposals. EPA will select sites for characterization work with input from the
technical team. EPA expects to notify communities within a few weeks once EPA has made its selections.
If selected, the municipality will need to provide EPA and its contractor(s) access to the site (via an
access agreement) for the length of the project.

Pre-application technical assistance is available for municipalities to assist with responding to this
solicitation. CCC has made geographic and hydrologic data available online at: http://gis-
services.capecodcommission.org/apps/JS Developing/prb/viewer.html. In addition, the Watershed
Multi-Variant Planner, which can be found at www.watershedmvp.org, may assist you in compiling and
assessing data for nominating sites in your town.

Finally, EPA Region 1, the CCC, and the USGS will hold an open information session for all interested
applicants on June 10™ at 11:00 AM in the Innovation Room on the Barnstable County Campus to
provide additional information to municipalities interested in responding. To RSVP for this information
session, and/or for additional questions or assistance, please contact Marcel Belaval at (617) 918-1239
or Belaval.marcel@epa.gov, or Karen Simpson at (617) 918-1672 or Simpson.karen@epa.gov.

Thank you for your interest in this matter. Please pass this along to community stakeholders who may
be interested and eligible. We look forward to hearing from you.

Johanna M. Hunter

Chief, Watershed & Non-Point Source Unit

Office of Ecosystem Protection

US EPA Region 1

5 Post Office Square, Suite 100, Mail Code: OEP06-01
Boston, MA 02109-3912

(617) 918-1041
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1.

Sample Custody and Tracking

Scope and Application

This procedure is used by the laboratory staff to track sample containers throughout the Laboratory
using the Laboratory Management Information System (LIMS). This procedure is critical to ensure full
sample container traceability.

Summary of Process

Sample containers are stored in predetermined refrigerators, freezers, or shelving units located in the
Custody Room and in certain areas of the Laboratory. Utilizing the LIMS, sample containers may be
transferred to an Individual’s Department, back to Custody, or to Sample Archive. The temperatures
of the refrigerators and freezers are checked and recorded on a daily basis to ensure that
temperatures are being maintained.

. Safety

The toxicity or carcinogenicity of each reagent used in this method is not fully established; however,
each sample should be treated as a potential health hazard. From this viewpoint, exposure must be
reduced to the lowest possible level by whatever means available. A reference file of material data
handling sheets is available to all personnel involved in the chemical analysis. Additional references
to laboratory safety are available in the Chemical Hygiene Plan.

All personnel handling environmental samples known to contain or to have been in contact with
municipal waste must follow safety practices, otherwise known as universal precautions, for handling
known disease causative agents.

. Equipment and Supplies

4.1 Refrigerators

4.2 Thermometers and Vials with DI H20
4.3 Freezers

4.4 Computer with LIMS access

4.5 Infrared Barcode Scanner

4.6 Carts

4.7 VOARacks

4.8 Data Logger

Printouts of this document may be out of date and should be considered uncontrolled. To accomplish work,

the published version of the document should be viewed online.

Document Type: SOP-Administrative Pre-Qualtrax Document ID: SOP 01-02
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5. Procedure

5.1 Sample Transfer from Login to Custody

5.1.1 Upon completion of sample Log-in (Sample Receipt and Log-In 1559), the sample
containers are designated in the LIMS as being located in “Custody”. Containers logged
in Mansfield will reflect a location designation beginning with “A2-*,

5.1.2 All samples are scanned to a specific custody location, and placed in the appropriate
freezers or refrigerators by the Login Staff.

5.1.3 Transfer of samples to Laboratory Custody.

5.1.3.1 Any sample container that is being stored in Custody Room or a Laboratory location
must be scanned to a specific Custody location. Refer to section 5.3 for scanning
procedure.

Example#1: If Voa vials are received, because these vials are located in the Voa
Laboratory they must be scanned from “CUSTODY” out to “VOA CUSTODY” prior to
putting the samples away in the Voa Fridges.

Example#2: Any soil jar received that is to be stored in the soil fridges must be
scanned to “SOIL CUSTODY”.

Example#3: Any water sample for wetchem analysis that is to be stored in the Wet
Chemistry fridges must be scanned to “WETCHEM CUSTODY”. (see exceptions
5.2.1.2.1)

5.2 Sample Storage

Sample containers are stored in specific freezers, refrigerators, or shelving units within the
Custody Room and also in some Laboratory areas. Refer to Table | for Sample Placement /
Custody Locations —Westboro.

5.21 Aqueous Samples
5.21.1 Wet Chemistry

Westboro: Samples for Wet Chemistry analyses are to be scanned to “WETCHEM
CUSTODY” and placed in the designated Wet Chemistry refrigerators located in the
Custody Room. The shelves within these refrigerators are ordered numerically in
ascending order based on the Alpha Analytical Job number.

Mansfield: Samples are placed numerically into a refrigerator in Sample
Management.

5.21.1.1 Exceptions
Samples to be analyzed for TOC, DOC, OG-1664, TPH-1664 and MCP
compliant Hexavalent Chromium have their own separate refrigerators and
the shelves are labeled according to the analysis.

5.21.2 Metals

Westboro: Samples for Metals analysis are to scanned to “METPREP CUSTODY”,
and placed on the designated Metals Shelves within the Metals Prep Laboratory and
are not refrigerated. These shelves are numbered 0 — 9. These numbers
correspond to the last number of the Alpha Job #. Samples should be placed on
these shelves in ascending order.
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e.g. If the job numberis L1401234. x , these samples are placed on Shelf #4.

Mansfield: For the Mansfield facility, samples are placed on the metals shelf in
Sample Management.

5.2.1.3 Semi-Volatiles

Westboro: Samples for Semi-Volatile analysis are to be scanned to “OPREP
CUSTODY” and placed in the designated Organic Prep refrigerators located in the
Organic Prep Laboratory. The shelves within these refrigerators are ordered
numerically in ascending order based on the Alpha Analytical Job number.

5.21.3.1 Exceptions
Samples to be analyzed for Perchlorates, and EDB/DBCP by 504 or 8011
Methods have their own separate refrigerator and the shelves are labeled
according to the analysis. This fridge is located in the Organics Laboratory.

Mansfield: For the Mansfield facility, samples are placed numerically into a
refrigerator in Sample Management.

5.2.1.4 Volatiles

Westboro: The VOA vials for Volatiles analysis are to be scanned to “VOA
CUSTODY” and placed in numerical order in the appropriately labeled refrigerators.
Areas of these refrigerators are further separated by analysis and matrix. For
instance there are Soil-8260, Water-8260, Soil-VPH/GRO, Water-VPH/GRO, and
Water-624/524 sections. These are further broken down into “A” and “B” sections
which should always be stored in separate refrigerators to reduce contamination
risk. Into the refrigerator labeled “A” place the first VOA vial of the sample set.
Accordingly, into the refrigerator labeled “B”, place the second and any subsequent
VOA vials of the sample set. All of these refrigerators are located in the Volatiles
Laboratory.

Mansfield: For the Mansfield facility, samples are placed into a refrigerator in
Volatiles department.

5.2.2 Soil/Solids/Sludges/Oil & Wipe Samples

Westboro: Soil/Solid/Sludges/Oil & Wipe samples are to be scanned to “SOIL
CUSTODY” and are placed in the designated Soil Custody refrigerators located in
the Custody Room. The shelves within these refrigerators are ordered numerically
in ascending order based on the Alpha Analytical Job number. All Sludges and Oil
samples should be bagged prior to placing in these fridges.

Mansfield: For the Mansfield facility, samples are placed numerically into a
refrigerator in Sample Management.

5.2.2.1 Exceptions:
Westboro:
Unpreserved Large Soil Vials are stored in a separate section of these voa
fridges. They are separated into sections labeled 0-9, and these sections
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5.2.3

5.2.4

5.2.5

5.2.6

correspond to the last number of the Alpha Job#. They are then further
broken down and stored in numerical, ascending order by Alpha Job#.

Encores and DI preserved Low Level Soil Vials are scanned using the
“Freezer” button in the Transaction window and stored separately in
appropriately labeled freezers. DI preserved Low Vials are always stored
laying in a horizontal position initially to ensure that they do no break during
freezing.

Voa Vials for Oils, Product, or any voa sample with strong odors should be
bagged, scanned to “COURIER FRIDGE CUSTODY” and placed in the
door of the Subcontract/Courier refrigerator located in Login Room#2.

Mansfield: For the Mansfield facility, samples are placed numerically into a freezer
in Volatiles department.

Subcontracted Samples

Samples to be subcontracted to another Laboratory for analysis are to be scanned to
“TRANSFER-SUB” and placed in the designated Subcontract/Courier refrigerator located
in Login Room#2. Shelves in this refrigerator are labeled as “Courier”, “Shipping”, and
“Mansfield”. Samples should be placed on each shelf based upon shipment method and
destination.

Extended Long Term Sample Storage

Westboro: Samples which the Client doesn’t want the requested analyses performed
until further notice, are stored together with the rest of the Alpha Job# in the appropriate
refrigerators. Samples that the client has indicated need extended storage are stored in
ambient temperatures on shelving units in Login Room#2.

If a client has requested refrigerated storage, sample containers are scanned to one of
the refrigerators specified for long term storage located in the Login Room #2. Voc's
which need extended refrigerated storage are stored in a separate HOLD refrigerator
located in Login Room#2. All soil vials preserved with reagent water or Encores must be
stored in the freezer with the ID F-14.

Mansfield: All samples rec’d on hold in the Mansfield facility are placed into
refrigerators/freezers as indicated above for soils/waters.

Air Samples

Whole air samples for volatile analysis are brought directly to the Air Laboratory, located
at our Mansfield Facility. These samples are kept at room temperature. Tedlar bags are
placed in a covered box or in a dark trash bag, without exposure to light. Samples
collected using sorbent media should be stored according to method requirements, and
locations are defined by the department conducting the analysis.

Sample Filtrates

Samples filtered in the Laboratory are assigned a new container ID and Label from the
LIMS. Sample filtrates are collected in containers appropriate for the analysis requested,
and labeled appropriately.
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5.2.7 Sample Extracts

5.2.71

5.2.7.2

5.2.7.3

TCLP Samples

Samples extracted for TCLP analysis are collected in appropriate containers, and
are assigned a new container ID and label from the LIMS. The containers have
their own separate refrigerator. This fridge is located in the Organics Laboratory.

Exception: Metals extracts are collected in containers appropriate for the analysis
requested and labeled appropriately. These extracts are stored in the Metals Prep
Laboratory on the appropriate shelves.

Organic Samples

Organic sample extracts are transferred to autosampler vials, hand-numbered and
stored in refrigerators/freezers located within the analytical laboratory areas.
Transfer of the extracts from the Organic Prep Department to the appropriate
Analytical Department is recorded in the Prep logbooks.

Metals Samples

Metals sample extracts are hand-numbered and stored in the Metals Analytical
Laboratory area. Transfer of the extracts from the Metals Prep Department to the
Metals Analytical Department is recorded in the Prep logbooks.

5.3 Sample Transfer from Custody to Individual

The LIMS is utilized to transfer a sample container out of the Custody Room.

5.3.1 Using the computer located within the Custody Room, access the LIMS, by clicking on
the “Seedpak LIMS” icon located on the Windows desktop screen.

5.3.2 A password screen will open. Type in the Username (CUSTODY) and Password
(CUSTODY) and Database (BOWZER). Then click on <Connect> to the Bowzer
database.

5.3.3 The main screen will open. From the Main Menu, select <Containers>, and then
select <Transfer>. This will open the Container Transaction screen.

Type in the appropriate Username (Each staff member is given a Username from the IT
Department to enable access the LIMS) in CAPITAL letters.

5.34 Select the appropriate department from the pull down menu where the analysis will be
performed or, if returning a sample to Custody, the location the container will be stored:

Courier Fridge Custody
Custody

Dead Room
Disposal

Freezer

F-14 CUSTODY
F-19 CUSTODY
F-20 CUSTODY
GC

GC/MS

Login

Login #2 Custody
Metals Analysis

YVVVVVVVVYVYVYYVY
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5.3.5

5.3.6

5.3.7

5.3.8

Metals Dead Custody
Metals Prep
Metprep Custody
Organic Prep
Oprep Custody

QA Fridge Custody
R-15 CUSTODY
R-25 CUSTODY
R-26 CUSTODY
R-34 CUSTODY
R-46 CUSTODY
R-48 CUSTODY
R-55 CUSTODY
R-56 CUSTODY
Relog

Return to Client
Soil Custody
Transfer-Mansfield
Transfer-Sub
Transfer-Westboro
Voa Custody

Voa Dead Fridge Custody
Wet Chemistry
Wetchem Custody

VVVVVVVVVVVVYVVVVVVVVVVYYVYY

Click the <Check Out> button.

Scan the barcoded sticker on each sample container to be removed from the Custody
Room.

When scanning is complete, click the <Done/Save> button.

Samples are now in the analyst’s custody from that department. Samples may be shared
with other analysts within this department but must be checked back in to custody by the
same department that scanned the sample out of Custody. The LIMS recognizes the
location of the sample container(s) has been changed from Custody to the selected
Department.

Any samples scanned to a specific Laboratory’s Custody location, (ie.. VOA CUSTODY)
are to be stored in that location until needed for analysis. At this time the samples should
be scanned out to an individual’s custody prior to analysis.

5.4 Sample Transfer from Individual to Custody
Once the chemist no longer requires the sample containers, they are returned to the original
Custody location that they were taken out of by using the LIMS (as per Sections 5.3.1 — Section
5.3.4).

5.4.1
5.4.2

5.4.3

Click the <Check In> Button.
Choose the appropriate Custody location from the pull down menu located next to the
word “CUSTODY”. (ie. SOIL CUSTODY)

Scan the barcoded sticker on each sample container to be returned to the Custody
Location.
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5.4.3.1 If a sample container is empty then it is returned as such. In the Status column,
change “Intact” for that particular sample container to “Empty”. (Follow RCRA
guidelines to determine if container is empty.)

54.4 When scanning is complete, click the <Done/Save> button.

5.4.5 The LIMS recognizes the location of the sample container(s) has been changed from the
Individual back to a Custody Location.

5.4.6 Sample containers are returned to the appropriate refrigerator, freezer or shelf. (See
Table I). Empty containers are placed in a trash receptacle.

5.4.6.1 Exceptions: Bacteria sample containers and TOC vials utilized for sample analysis
are placed into respective bins and shelves stored in the Custody Room, and are
not refrigerated upon completion of analyses.

5.5 Sample Transfer from Custody to Archive (Dead Room)
After a job is complete and a final report has been sent to the Client, all sample containers are
transferred from Custody to the Dead Room.

If the job has not yet been invoiced/reported to the Client, a window will pop up that says “Job
has not been invoiced, containers may still be needed by chemists.” Click <Reject> button and
return samples to appropriate custody refrigerator.

If samples need to be held for extended long term storage, or containers returned to the Client,
a window will pop up that says “STOP SCANNING. Disposal question answered with an N.”
These containers are separated from the rest of the samples so they can be assessed by the
Sample Custody staff. They will then be put on the specified shelves or refrigerators for long
term storage, or returned to the client. Refer to section (5.2.4).

5.6 Refrigerators and Freezers
The Industrial refrigerators undergo semiannual preventative maintenance/cleaning by an
outside vendor to ensure peak performance. If a refrigerator is ever taken out of use and/or
requires repairs this information is documented in the Refrigerator Maintenance Logbook
located in the Login Department. For the Mansfield facility, any maintenance/issues with the
refrigerators are listed on the daily temperature tracking sheet in the comment section.

5.6.1 Temperature Check

Each refrigerator or freezer contains a thermometer or thermocouple for the datalogger.
The temperature is checked and recorded on a daily basis to ensure the appropriate
temperature. The refrigerators must be at a temperature of < 6 degrees Celsius, but > 2
degrees Celsius. The temperature is still within acceptable criteria if it drops below 2° and
the samples are not frozen. The freezer must be at a temperature of less than -7
degrees Celsius but greater than -20 degrees Celsius. Periodic adjustment to
temperature controls are made as necessary.

5.6.1.1 Data Logger — Westboro and Mansfield
The majority of the freezers and refrigerators are connected to the Data Logger by a
numbered thermocouple.

Refer to Form No.: 08-104 for a Westboro listing of refrigerators and freezers and
the corresponding datalogger input number.

Refer to Form No.: 108-27 for a Mansfield listing of refrigerators and freezers and
the corresponding datalogger input number.
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The Data Logger is programmed to continuously record the temperature of each
refrigerator or freezer. The temperatures recorded from the Data Logger are verified
once each day by a Login/Custody Staff member to ensure that temperatures are
within acceptance criteria. See Data Logger Operation SOP document #1747.

5.6.1.2 Manual Temperature Check

Westboro

All freezers and Refrigerators in the Westboro facility are connected to the Data
Logger. In the case of a new refrigerator/freezer being installed, or issues with the
Data Logger, then they would be manually checked on a daily basis by a
representative of the department where the fridge is located and recorded in the
Refrigerator/Freezer Temperature Logbook (Form No.: 08-05), to ensure that
temperatures are within acceptance criteria. Refer to Work Instruction #14006 on
instruction on how to use Min/Max Thermometers and record temperatures
manually.

Mansfield

Refrigerators or freezers not connected to the Data Logger are manually checked
on a daily basis and the temperature recorded on temperature sheets, to ensure
that temperatures are within acceptance criteria.

6. Quality Control and Operational Assessment

6.1

Calibration

6.1.1 Thermometers

The thermometers in each refrigerator or freezer are calibrated prior to use and on an
annual basis by the QA Department. Records are maintained on file by the QA
Department.

6.1.2 DatalLogger

The Data Logger is calibrated by an outside vendor. See Data Logger Operation SOP
document#1747.

7. Corrective Actions

7.1

Broken Sample Containers

If at any time a sample container is broken, a Login/Custody Staff member must be notified
immediately. The Login/Custody Staff member changes the container status in the LIMS from
“Intact” to “Broken” and determines whether the entire sample has been compromised or if any
can be saved.

7.1.1 Refer to Cleanup and Disposal of Broken Samples (2691).

7.2 Improper Temperature

If any of the refrigerators or freezer are above or below the required temperature (Section
5.7.1), the doors are checked to ensure they are closed properly. The temperature is checked
again within three hours. It is necessary to determine if there is a real problem with the
equipment or if doors were recently opened by chemists retrieving or returning samples. If it is
determined that there is a problem with the refrigerator or freezer then all samples must be
removed from that refrigerator or freezer and placed in another appropriate refrigerator or
freezer. This ensures that the integrity of the samples is maintained. An outside vendor is
contacted for service.
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8. Attachments

Table I: Sample Placement / Custody Locations —Westboro
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TABLE I: SAMPLE PLACEMENT / CUSTODY LOCATIONS - Westboro

8260 VPH-standard & deluxe
624 TPH-GRO

524.2 THM-524 .2

8021 TCLP/SPLP-8260

All Voa Vials that have been utilized for sample analysis.

(OPREP CUSTODY) Organic Prep Laboratory (water/liquids) (R-16 & R-27)

8082 625 Phthalates

8081 8270 TPH-8100

608 AEXT HERB

BNEXT ETPH PAH

TPH-DRO EPH-standard & deluxe

(R-46 Custody) Organics Laboratory (R-47 CUSTODY) Organics Laboratory
Perc-8330 Organic TCLP Extracts

PERC-332

504 Vials

8011 Vials

(WETCHEM CUSTODY) Custody Room (R-30,R-33,R-37,R38 & R-39)

Water and Liquid samples only.

(R-56 CUSTODY) Custody Room (R-34 CUSTODY) Wetchem Laboratory
TOC Vials 0G-1664

DOC Vials TPH-1664

Hexcr Soils

Includes all soils, sludges, solid materials, oils, wipes, unknown liquids, mixed liquids, solvents, etc.
Sludges and Oils must be placed into a ziploc bags.
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TABLE I: SAMPLE PLACEMENT / CUSTODY LOCATIONS — Westboro (cont.)

(METPREP CUSTODY) Metals P Lal I (Shelving Units)
Total Metals Soluble Metals
TCLP Metals (pre-extracted Liquid TCLP)
SPLP Metals (pre-extracted Liquid SPLP)

(METALS DEAD CUSTODY) v R Shelving Units)

All water and Liquid samples that have been utilized for sample analysis.

(FREEZER) Volatiles Laboratory (F-11 & F-15) VOA HOLD FREEZER (F-14) Custody Rm
8260 Reagent Water vials 8260 Reagent Water Vials (hold)
5g/25g Encores 5g/25g Encores (hold)

All samples that client’s have requested be held chilled

for longer than the 21 Day standard disposal period.

(LOGIN #2 CUSTODY and LOGIN #3 CUSTODY) Shelving
All samples requiring extended storage

at ambient temperatures.

All VOCs requiring extended refrigerated storage, with the
Exception of DI H20 preserved Vials and Encores.

VOA HOLD FREEZER (F-14) Custody Room

8260 Reagent Water Vials and 5g/25g Encores requiring extended storage.
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Hot Block Digestion

For Aqueous Samples

Reference Methods: EPA 200.7, Code of Federal Regulations 40, Part 141 and Part 136, Revision 4.4,
May 1994; EPA 200.8, Environmental Monitoring Systems Laboratory Office of
Research and Development U.S. EPA Cincinnati, OH Rev 5.4; Method 3005A, SW-
846, Test Methods for Evaluating Solid Waste: Physical/Chemical Methods, EPA
SW-846, Update I, 1992. EPA 6010B, SM2340B, Hardness by Calculation,
Standard Methods for the Examination of Water and Wastewater. APHA-AWWA-
WPCF, 18th Edition. 1992; Method 6020 Test Methods for Evaluating Solid Waste:
Physical/Chemical Methods, EPA SW-846 Draft Update UVA, May 1998.

1. Scope and Application

Matrices: This method is appropriate for the digestion of all influents, effluents, surface waters,
monitoring wells, liquids, drinking waters, furnace metals and soluble metals.

Definitions: See Alpha Laboratories Quality Manual Appendix A.

The data report packages present the documentation of any method modification related to the
samples tested. Depending upon the nature of the modification and the extent of intended use, the
laboratory may be required to demonstrate that the modifications will produce equivalent results for
the matrix. Approval of all method modifications is by one of the following laboratory personnel
before performing the modification: Area Supervisor, Metals Manager, Laboratory Services Manager,
Laboratory Director, or Quality Assurance Officer.

This method is restricted to use by or under the supervision of trained analysts. Each analyst must
demonstrate the ability to generate acceptable results with this method by performing an initial
demonstration of capability.

2. Summary of Method

Aqueous samples and appropriate QC samples are poured into 50mL digestion cups. Acid is added
to the cup and the samples are reduced at 90-95 °C. The samples are then brought up to a final
volume of 50mL, and are ready for analysis by ICP or ICP-MS.

2.1 Method Modifications from Reference

Using 50mL for sample volume and final volume, not 100mL.

3. Reporting Limits

Reporting Limit information may be found in the analytical method SOPs.

4. Interferences

Potential interferences that may be encountered during analysis are discussed in the individual
analytical methods.
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5. Health and Safety

The toxicity or carcinogenicity of each reagent and standard used in this method is not fully
established; however, each chemical compound should be treated as a potential health hazard.
From this viewpoint, exposure to these chemicals must be reduced to the lowest possible level by
whatever means available. A reference file of material data handling sheets is available to all
personnel involved in the chemical analysis. Additional references to laboratory safety are available
in the Chemical Hygiene Plan.

All personnel handling environmental samples known to contain or to have been in contact with
municipal waste must follow safety practices for handling known disease causative agents. This
includes wearing personal protective equipment such as a lab coat, safety glasses, gloves and
respirator (as necessary).

6. Sample Collection, Preservation, Shipping and Handling

6.1 Sample Collection
Samples are collected in plastic bottles.

6.2 SamplePreservation

If samples are for soluble metals analysis, filtration must take place prior to preservation with
1:1 HNO3 to a pH < 2. Soluble samples must be held at pH < 2 for at least 24 hours prior to
digestion if not preserved at the time of filtration.

Samples for total metals analysis are preserved with 1:1 HNOs; to a pH < 2. Non-potable
water samples must be held at pH <2 for at least 24 hours prior to digestion if not preserved
at the time of collection.

6.3 Sample Shipping

No special shipping requirements.

6.4 Sample Handling

Samples are stored at room temperature. Samples for soluble metals analysis should be
filtered and preserved within 24 hours of collection.

6.4.1 Sample Filtration for soluble metals: Obtain a 250mL plastic bottle for each sample to
be filtered plus one for the filter blank. Put preprinted labels on each bottle and place in
glass jars of filtration apparatus. Screw caps on and attach filter funnel. Pour desired
amount of sample into filter funnel and turn vacuum on. Filter blank uses DI water.
Preserve samples and blank with 1:1HNO3 to a pH<2. Record in Sample Handling
logbook.
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7. Equipment and Supplies

7.1 Hot Block Apparatus: Calibrated annually by outside vendor to maintain sample
temperature of 95°C.

7.2 Digestion cups: 50mL volume, polypropylene

7.3 Watch Glass: Polypropylene to cover the digestion cups during digestion.

7.4 Threaded Caps: To cover digestate following digestion

7.5 Volumetric Glassware: Various sizes of class A volumetric flasks and pipets, as needed
7.6 Whatman 41 Filters

7.7 pH Indicator Strips

7.8 Vacuum Filtration Apparatus: For filtering samples for soluble metals

7.9 0.45um Filter Funnel: 100mL volume

7.10 250mL plastic bottles

8. Reagents and Standards

8.1 Analytical Standards: All standards shall be prepared according to the appropriate
method of analysis.

8.2 Trace Nitric Acid (tHNO3)

8.21 Trace-grade tHNO3: Store at room temperature in hood. Manufacturer's recommend
expiration, if none then no expiration.

8.2.2 1:1tHNO;: 500mL tHNO3 diluted to 1 liter with DI water. Store at room temperature in
hood. Manufacturer’'s recommend expiration, if none then no expiration.

8.3 Trace Hydrochloric Acid (tHCI)

8.3.1 Trace-grade tHCI: Store at room temperature in hood. Manufacturer's recommend
expiration, if none then no expiration.

8.4 1:1tHCI: 500mL tHCI diluted to 1 liter with DI water. Store at room temperature in hood.
Manufacturer’'s recommend expiration, if none then no expiration.

8.5 Deionized Water (DI)
8.6 Standard Spiking Solutions

Store at room temperature. Standards expire upon manufacturer's specified date.

8.6.1 IPS: To a 500mL volumetric flask, add 100mL DI water and 25mL of tHNO3. Add
50.0mL of the well-shaken, room temperature, ICP Spike Standard #1 (Section 8.5.5),
25.0mL of 1000ppm Antimony standard, and 2.5mL of 1000ppm Cadmium standard.
Bring to volume with DI water.
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8.6.2

8.6.3

8.6.4
8.6.5

8.6.6

0.5mL of this solution per 50mL of sample volume will yield the following concentrations
in the spiked sample: 2ppm Aluminum, 2ppm Barium, 0.05ppm Beryllium, 0.2ppm
Chromium, 0.5ppm Cobalt, 0.25ppm Copper, 1.0ppm Iron, 0.5ppm Manganese, 0.5ppm
Nickel, 0.05ppm Silver, 0.5ppm Vanadium, 0.5ppm Zinc.

FPS: To a 500mL volumetric flask, add 200mL of DI water and 25mL of tHNO3. Add
3mL of the well-shaken, room temperature ICP Spike Standard #3 (Section 8.5.6) and
add 25mL of1000ppm Lead standard. Bring to volume with DI water.

0.5mL of this solution per 50mL of sample volume will yield the following concentrations
in the spiked sample: 0.12ppm Arsenic, 0.05ppm Cadmium, 0.12ppm Selenium,
0.12ppm Thallium, and 0.51ppm Lead.

MIX: To a 500mL volumetric flask add 50mL of DI water and 25mL of tHNOS3.
Add50mL of each of the following stock standards: 1000ppm Boron, 10,000ppm
Calcium, 10,000ppm Magnesium, 1000ppm Molybdenum, 10,000ppm Potassium,
1000ppm Strontium, 10,000ppm Sodium, 1000ppm Titanium, and 1000ppm Tin. Bring
to volume with DI water.

0.5mL of this solution per 50mL of sample volume will yield the following concentrations
in the spike sample: 1.0ppm Boron, 10ppm Calcium, 10ppm Magnesium, 1.0ppm
Molybdenum, 5ppm Potassium, 1.0ppm Strontium, 10ppm Sodium, 1.0 Titanium.

1000ppm Standards of individual metals

ICP Spike Standard #1: Purchased commercially prepared, with a certificate of
analysis. Contains the following: 2000ppm Aluminum, 2000ppm Barium, 50ppm
Beryllium, 200ppm Chromium, 500ppm Cobalt, 250ppm Copper, 1000ppm Iron,
500ppm Manganese, 500ppm Nickel, 50ppm Silver, 500ppm Vanadium, 500ppm Zinc.

ICP Spike Standard #3: Purchased commercially prepared, with a certificate of
analysis. Contains the following 2000ppm Arsenic, 50ppm Cadmium, 500ppm Lead,
2000ppm Selenium, 2000ppm Thallium.

9. Quality Control

The laboratory must maintain records to document the quality of data that is generated. Ongoing
data quality checks are compared with established performance criteria to determine if the results
of analyses meet the performance characteristics of the method.

9.1 Blank(s)
A minimum of one blank must be digested for every sample batch of 20 samples or less.
9.2 Laboratory Control Sample (LCS)

Use 50mL of DI water. Add 0.5mL each of IPS Spiking Solution (Section 8.5.1), FPS Spiking
Solution (Section 8.5.2), and MIX Spiking Solution (Section 8.5.3). If the desired metal is not
included in the spiking solution, add 50uL of desired metal standard stock 1000ppm solution.
An LCS must be digested for every sample batch of 20 samples or less.

9.3 Initial Calibration Verification (ICV)
Not applicable to this preparatory method.
9.4 Continuing Calibration Verification (CCV)

Not applicable to this preparatory method.
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9.5 Matrix Spike

A matrix spike is performed for each sample matrix. A minimum of one matrix spike must be
analyzed for each batch of ten (10) or less wastewater or drinking water samples to be
digested for methods 200.7 and 200.8. A minimum of one matrix spike shall be performed for
each batch of twenty (20) or less groundwater or monitoring well samples. Add 0.5mL each of
IPS Spiking Solution (Section 8.5.1), FPS Spiking Solution (Section 8.5.2), and MIX Spiking
Solution (Section 8.5.3). If the desired metal is not included in the spiking solution, add 50uL
of desired metal standard stock 1000ppm solution.

9.6 LaboratoryDuplicate

Each batch of ten (10) or less wastewater or drinking water samples to be digested for methods
200.7 and 200.8 will include a duplicate sample. A minimum of one sample duplicate shall be
performed for each batch of twenty (20) or less groundwater or monitoring well samples.

9.7 Method-specific Quality Control Samples
None.

9.8 Method Sequence
« Determine which samples will be used for batch QC

« Record sample pH for those samples to be analyzed for Methods 200.7 and/or 200.8
o Pour 50mL sample into a digestion cup

« Add spike solution to samples, as appropriate

e Add 1 mL of 1:1 tHNO3z and 0.5 mL of 1:1 tHCI

« Heat on hot block at 90-95 °C until the volume evaporates down to 45mL and there is no
further color change.

o Bring samples to 50mL volume with DI water. Filter any digestates containing sediment.

10. Procedure

10.1 Equipment Set-Up

10.1.1 Inspect all samples and determine QC duplicate (DUP) and matrix spike (MS). This
decision is normally based upon client sample content history and analytes requested.
The ideal sample for QC is one that has both ample volume and the most requested
analytes of all the samples in the batch. Known field blanks or equipment blanks must
be avoided for use as QC samples.

10.1.2 One spike and one duplicate must be performed per batch of twenty (20) or less
groundwater or monitoring well samples. One spike and one duplicate must be
performed for every ten (10) or less samples to be digested for Methods 200.7 and
200.8.

10.1.3 Each batch must have a Prep Blank Water (PBW) and a Laboratory Control Sample
Water (LCS).
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10.1.4 Sample Preparation for Digestion

10.1.41

Obtain one 50mL polypropylene digestion vessel for each sample and QC sample

to be digested. Labelling of the the vessels at the time of digestion processing
with the last 5 digits of the sample number across the top 1/3 of the cup and

10.1.4.2

below write “T” for total metals, “S” for soluble metals. Additionally, if the sample
is being re-prepped, note this on the vessel. All matrix spikes and LCSs get a
black line on top of tube to indicate that it will be spiked.

Using the Preprinted Hot Block lab notebook, fill in appropriate spaces for date,

analyst, products, acid type(s), MS/LCS spiking information. Place a pre-printed

10.1.4.2.1

10.1.4.2.2

10.1.4.2.3

10.1.4.2.4

10.1.4.2.5

label with the lot numbers on the top right hand corner.

Place all samples on a lab cart, lined up in the order recorded in the logbook.
Samples to be analyzed by Methods 200.7 and 200.8 must have the pH verified
in the original container as being <2. Using a clean disposable transfer pipet,
place a drop of sample onto a pH strip.

The pH results are recoded in the logbook with a mark be those below 2 and
“no” for those that are above 2. If the sample pH is >2 preserve the sample in
the original bottle with 1:1 HNO3 and hold for 24 hours before continuing with
this method digestion.

Individually label a digestion vessel, shake and pour 50mL of each sample into
a vessel. 50mL of DI water is used for the Blank (PBW) and LCS.

Any sample dilutions must be performed based upon initial knowledge of
sample concentration or if the sample is soapy, opaque, darkly colored or
foamy. Dilutions up to 10x are prepared directly in the digestion cup, utilizing
the graduated markings as a guide. Otherwise, for dilutions > 10x, volumetric
glassware is used.

Note the Color and Clarity of each sample in the appropriate columns in the
laboratory notebook. Clarity is used to describe any sediment the sample may
contain cloudiness or opaqueness.

Add 1 mL of 1:1 HNO3 and 0.5 mL of 1:1 HCI and place the sample in the
digestion block preheated at 90-95 °C.

Hardness: If samples require Hardness analysis then perform the following:

10.1.4.2.51 Determine if there is any sediment in the sample. If there is
none, then simply decant the sample into the cup without
shaking.

10.1.4.2.5.2 If the sample does contain sediment and the only requested
analyte is Hardness, then let the sample settle and decant only
the top layer, avoiding the sedimentary layer.

10.1.4.2.5.3 If other analytes are requested on the sample, first decant 50mL
off the top layer into a tube marked with the sample number and
“Ha” below. Then shake the sample and pour it into a second
tube labeled with the sample number. The first tube will be used
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for the Hardness analysis, and the second tube will be used for
the analysis of the other analytes requested.

10.1.4.2.6 Spike all matrix spikes and LCS samples with 0.5 mL of each IPS, FPS, and
MIX spiking solutions. Additionally, 50uL of the any individual 1000ppm metal
standard is added if the requested metal is not included in the spiking solutions.

10.1.4.2.7 Heat samples at evaporate the samples down to 45 mL and there is no further
color change.

10.1.4.2.8 All Hot Block samples are brought up to a 50mL final volume.

10.2 Initial Calibration

Not applicable to this preparatory method.

10.3 Equipment Operation and Sample Processing
10.3.1 Sample Digestion

10.3.1.1 The sample cups are placed on the hot block set to a temperature of 95 °C. Each
cup is covered with a ribbed polypropylene watch glass and remains on the hot
block until the volume evaporates down to 45mL and there no further color
change. Record in the laboratory notebook the time sample digestion began and
the time the samples are taken off the hot block unit. Record the hot block
temperature in the logbook.

10.3.1.2 Upon completion of the digestion, the samples are removed from the hot block
and allowed to cool to room temperature. For each tube, the ribbed watch glass
cover must be rinsed with a small amount of DI water to incorporate any
condensate back into the digestate. Samples are then brought up to a final
volume of 50mL using DI water.

All digestates that are suspended sediment-free are capped and are ready for
instrumental analysis. If any samples contain suspended sediment, they are
filtered using a Whatman 41 filter. The sample is then capped and is ready for
instrumental analysis.

10.4 Continuing Calibration

Not applicable to this preparatory method.

10.5 Preventative Maintenance

The Hot Block temperature is calibrated on an annual basis by an instrument service
company. Certificates are kept on file.

11. Data Evaluation, Calculations and Reporting
Refer to the analytical method SOPs.
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12. Contingencies for Handling Out-of-Control Data or Unacceptable
Data

Holding time exceedence and improper preservation are noted on the nonconformance report
form.

Perform routine preventative maintenance following manufacturer's specification. Record all
maintenance in the instrument logbook.

Review of standards, blanks and standard response for acceptable performance occurs for each
batch of samples. Record any trends or unusual performance on a nonconformance action form.

If any QC parameter falls outside the designated acceptance range, the laboratory performance for
that parameter is judged to be out of control, and the problem must be immediately identified and
corrected. Immediate corrective action includes reanalyzing all affected samples by using any
retained sample before the expiration of the holding time.

13. Method Performance

13.1 Method Detection Limit Study (MDL) / Limit of Detection Study (LOD) /
Limit of Quantitation (LOQ)

The laboratory follows the procedure to determine the MDL, LOD, and/or LOQ as outlined
in Alpha SOP/1732. These studies performed by the laboratory are maintained on file for
review.

13.2 Demonstration of Capability Studies
Refer to Alpha SOP/1739 for further information regarding IDC/DOC Generation.
13.2.1 Initial (IDC)

The analyst must make an initial, one-time, demonstration of the ability to generate
acceptable accuracy and precision with this method, prior to the processing of any
samples.

13.2.2 Continuing (DOC)

The analyst must make a continuing, annual, demonstration of the ability to
generate acceptable accuracy and precision with this method.

14. Pollution Prevention and Waste Management

Refer to Alpha’s Chemical Hygiene Plan and Waste Management and Disposal SOP for further
pollution prevention and waste management information.

15. Referenced Documents
Chemical Hygiene Plan
SOP #1732 MDL/LOD/LOQ Generation
SOP# 1739 IDC/DOC Generation
SOP# 1728 Waste Management and Disposal

16. Attachments

None.
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Inductively Coupled Plasma - Atomic Emission Spectrometry

Reference Method No.: Method 6010C SW-846, Test Methods for Evaluating Solid Waste: Physical/Chemical
Methods, EPA SW-846, Update IV, February 2007.

SM 2340B, Hardness by Calculation, Standard Methods for the Examination of Water and Wastewater, APHA-
AWWA-WPCF, 21 Edition, 1997.

1. Scope and Application

Matrices: Digestates from all matrices.
Definitions: See Alpha Laboratories Quality Manual Appendix A

Inductively coupled plasma-atomic emission spectrometry (ICP-AES) determines trace elements,
including metals, in solution. The method is applicable to all of the elements listed in Table 1. All
matrices, excluding filtered groundwater samples but including ground water, aqueous samples,
TCLP and EP extracts, industrial and organic wastes, soils, sludge, sediments, and other solid
wastes, require digestion prior to analysis. Groundwater samples that have been prefiltered and
acidified will not need acid digestion unless chemical interferants are suspected. Samples which are
not digested must either use an internal standard or be matrix matched with the standards. Refer to
Metals Preparation SOPs for the appropriate digestion procedures.

Table 1 lists the elements for which this method is applicable. Detection limits, sensitivity, and the
optimum and linear concentration ranges of the elements can vary with the wavelength,
spectrometer, matrix and operating conditions. Table 1 lists the recommended analytical
wavelengths for the elements in clean aqueous matrices. Table 3 lists the Reported Detection Limits.
The reported detection limit data may be used to estimate instrument and method performance for
other sample matrices. Elements other than those listed in Table 1 may be analyzed by this method
if performance at the concentration levels of interest (see Section 9) is demonstrated.

Users of the method should state the data quality objectives prior to analysis and must document
and have on file the required initial demonstration performance data described in the following
sections prior to using the method for analysis.

The data report packages present the documentation of any method modification related to the
samples tested. Depending upon the nature of the modification and the extent of intended use, the
laboratory may be required to demonstrate that the modifications will produce equivalent results for
the matrix. Approval of all method modifications is made by one of the following laboratory
personnel before performing the modification: Area Supervisor, Metals Manager, Laboratory
Services Manager, Laboratory Director, or Quality Assurance Officer.

Use of this method is restricted to spectroscopists who are knowledgeable in the correction of
spectral, chemical, and physical interferences described in this method. Each analyst must
demonstrate the ability to generate acceptable results with this method by performing an initial
demonstration of capability, analyzing a proficiency test sample and completing the record of
training.

After initial demonstration, ongoing demonstration is based on acceptable laboratory performance of
at least a quarterly laboratory control sample or acceptable performance from an annual proficiency
test sample. A major modification to this procedure requires demonstration of performance. The
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identification of major method modification requiring performance demonstration is directed by the
QA Officer and Laboratory Director on a case-by-case basis.

2. Summary of Method

Prior to analysis, samples must be solubilized or digested using appropriate Sample Preparation
Methods. When analyzing groundwater samples for dissolved constituents, acid digestion is not
necessary if the samples are filtered and acid preserved prior to analysis.

This method describes multielemental determinations by ICP-AES using sequential or simultaneous
optical systems and axial or radial viewing of the plasma. The instrument measures characteristic
emission spectra by optical spectrometry. Samples are nebulized and the resulting aerosol is
transported to the plasma torch. Element-specific emission spectra are produced by a radio-
frequency inductively coupled plasma. The spectra are dispersed by a grating spectrometer, and
the intensities of the emission lines are monitored by photosensitive devices. Background
correction is required for trace element determination. Background must be measured adjacent to
analyte lines on samples during analysis. The position selected for the background-intensity
measurement, on either or both sides of the analytical line, will be determined by the complexity of
the spectrum adjacent to the analyte line. In one mode of analysis the position used must be as free
as possible from spectral interference and must reflect the same change in background intensity as
occurs at the analyte wavelength measured. Background correction is not required in cases of line
broadening where a background correction measurement would actually degrade the analytical
result. The possibility of additional interferences named in Section 4.0 must also be recognized and
appropriate corrections made; tests for their presence are described in Section 9.4.4. Alternatively,
users may choose multivariate calibration methods. In this case, point selections for background
correction are superfluous since whole spectral regions are processed.

This SOP includes the manual calculations for Total Hardness and Calcium Hardness, according to
SM 2340B.

2.1 Method Modifications from Reference

None.

3. Reporting Limits
Refer to Table 3 for method Reporting Limits.

4. Interferences

4.1 Spectral

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

4.1.1 Background emission and stray light can usually be compensated for by subtracting the
background emission determined by measurements adjacent to the analyte wavelength
peak. Spectral scans of samples or single element solutions in the analyte regions may
indicate when alternate wavelengths are desirable because of severe spectral
interference. These scans will also show whether the most appropriate estimate of the
background emission is provided by an interpolation from measurements on both sides
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of the wavelength peak or by measured emission on only one side. The locations
selected for the measurement of background intensity will be determined by the
complexity of the spectrum adjacent to the wavelength peak. The locations used for
routine measurement must be free of off-line spectral interference (interelement or
molecular) or adequately corrected to reflect the same change in background intensity
as occurs at the wavelength peak. For multivariate methods using whole spectral
regions, background scans must be included in the correction algorithm. Off-line
spectral interferences are handled by including spectra on interfering species in the
algorithm.

4.1.2 To determine the appropriate location for off-line background correction, the user must

413

scan the area on either side adjacent to the wavelength and record the apparent
emission intensity from all other method analytes. This spectral information must be
documented and kept on file. The location selected for background correction must be
either free of off-line interelement spectral interference or a computer routine must be
used for automatic correction on all determinations. If a wavelength other than the
recommended wavelength is used, the analyst must determine and document both the
overlapping and nearby spectral interference effects from all method analytes and
common elements and provide for their automatic correction on all analyses. Tests to
determine spectral interference must be done using analyte concentrations that will
adequately describe the interference. Normally, 100 mg/L single element solutions are
sufficient; however, for analytes such as iron that may be found at high concentration, a
more appropriate test would be to use a concentration near the upper analytical range
limit.

Spectral overlaps may be avoided by using an alternate wavelength or can be
compensated by equations that correct for interelement contributions. Instruments that
use equations for interelement correction require the interfering elements be analyzed at
the same time as the element of interest. When operative and uncorrected, interferences
will produce false positive determinations and be reported as analyte concentrations.
More extensive information on interferant effects at various wavelengths and resolutions
is available in reference wavelength tables and books. Users may apply interelement
correction equations determined on their instruments with tested concentration ranges to
compensate (off line or on line) for the effects of interfering elements. For multivariate
methods using whole spectral regions, spectral interferences are handled by including
spectra of the interfering elements in the algorithm. The interferences listed are only
those that occur between method analytes. Only interferences of a direct overlap nature
are listed. These overlaps were observed with a single instrument having a working
resolution of 0.035 nm.

When using interelement correction equations, the interference may be expressed as
analyte concentration equivalents (i.e. false analyte concentrations) arising from 100
mg/L of the interference element. For example, assume that As is to be determined (at
193.696 nm) in a sample containing approximately 10 mg/L of Al. 100 mg/L of Al would
yield a false signal for As equivalent to approximately 1.3 mg/L. Therefore, the presence
of 10 mg/L of Al would result in a false signal for As equivalent to approximately 0.13
mg/L. The user is cautioned that each instrument may exhibit somewhat different levels
of interference. The interference effects must be evaluated for each individual
instrument since the intensities will vary.
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4.1.7

Major known interferences are Fe, Al, Ca, Mg, V, Ni, Cu, and Cr. To minimize any of
these interferences, every analyte is analyzed on each instrument at or near its linear
range and corrected for these interferences. This is done on an annual basis, and data
is kept on file.

Interelement corrections will vary for the same emission line among instruments because
of differences in resolution, as determined by the grating, the entrance and exit slit
widths, and by the order of dispersion. Interelement corrections will also vary depending
upon the choice of background correction points. Selecting a background correction
point where an interfering emission line may appear must be avoided when practical.
Interelement corrections that constitute a major portion of an emission signal may not
yield accurate data. Users must not forget that some samples may contain uncommon
elements that could contribute spectral interferences.

The interference effects must be evaluated for each individual instrument whether
configured as a sequential or simultaneous instrument. For each instrument, intensities
will vary not only with optical resolution but also with operating conditions (such as
power, viewing height and argon flow rate). When using the recommended
wavelengths, the analyst is required to determine and document for each wavelength
the effect from referenced interferences as well as any other suspected interferences
that may be specific to the instrument or matrix. The analyst is encouraged to utilize a
computer routine for automatic correction on all analyses.

The primary wavelength for each analyte is based upon the instrument manufacturer’s
recommendations. An alternate wavelength is chosen if there is an indication of
elevated background or overlap of another spectral wavelength. The wavelength for
each analyte must be as free from interferences as possible.

If the correction routine is operating properly, the determined apparent analyte(s)
concentration from analysis of each interference solution must fall within a specific
concentration range around the calibration blank. The concentration range is calculated
by multiplying the concentration of the interfering element by the value of the correction
factor being tested and divided by 10. If after the subtraction of the calibration blank the
apparent analyte concentration falls outside of this range in either a positive or negative
direction, a change in the correction factor of more than 10% should be suspected. The
cause of the change must be determined and corrected and the correction factor
updated. The interference check solutions must be analyzed more than once to confirm
a change has occurred. Adequate rinse time between solutions and before analysis of
the calibration blank will assist in the confirmation.

When interelement corrections are applied, their accuracy must be verified, daily, by
analyzing spectral interference check solutions. If the correction factor or multivariate
correction matrices tested on a daily basis (by running a check solution on each
analytical run) are found to be within 20% criteria for 5 consecutive days, analysis may
be extended to a weekly basis. Also, if the nature of the samples analyzed is such that
they do not contain concentrations of the interfering elements greater than the reported
detection limit, daily verification is not required. All interelement spectral correction
factors or multivariate correction matrices are verified and updated on an annual basis
or when an instrumentation change, such as in the torch, nebulizer, injector, or plasma
conditions occurs. The standard solution must be inspected to ensure that there is no
contamination that may be perceived as a spectral interference.
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4.1.10 When interelement corrections are not used, verification of absence of interferences is
required.

4.1.10.1 One method is to use a computer software routine for comparing the
determinative data to limits, files for notifying the analyst when an interfering
element is detected in the sample at a concentration that will produce either
an apparent false positive concentration, (i.e., greater than) the analyte
instrument detection limit, or false negative analyte concentration, (i.e., less
than the lower control limit of the calibration blank defined for a 99%
confidence interval).

4.1.10.2 Another method is to analyze an Interference Check Solution(s) which contains
similar concentrations of the major components of the samples (>10 mg/L) on
a continuing basis to verify the absence of effects at the wavelengths selected.
These data must be kept on file with the sample analysis data. If the check
solution confirms an operative interference that is >20% of the analyte
concentration, the analyte must be determined using (1) analytical and
background correction wavelengths (or spectral regions) free of the
interference, (2) by an alternative wavelength, or (3) by another documented
test procedure.

4.2 Physical

Physical interferences are effects associated with the sample nebulization and transport
processes. Changes in viscosity and surface tension can cause significant inaccuracies,
especially in samples containing high dissolved solids or high acid concentrations. If physical
interferences are present, they must be reduced by diluting the sample, using a peristaltic pump,
use of an internal standard or by using a high solids nebulizer. Another problem that can occur
with high dissolved solids is salt buildup at the tip of the nebulizer, affecting aerosol flow rate and
causing instrumental drift. The problem can be controlled by wetting the argon prior to
nebulization, using a tip washer, using a high solids nebulizer or diluting the sample. Also, it has
been reported that better control of the argon flow rate, especially to the nebulizer, improves
instrument performance: this may be accomplished with the use of mass flow controllers. The
test described in Section 10.3.4.1 will help determine if a physical interference is present.

4.3 Chemical

Chemical interferences include molecular compound formation, ionization effects, and solute
vaporization effects. Normally, these effects are not significant with the ICP technique, but if
observed, can be minimized by careful selection of operating conditions (incident power,
observation position, and so forth), by buffering of the sample, by matrix matching, and by
standard addition procedures. Additionally, if filtered samples are found to have an organic or
sulfur like odor they are processed by heating after the addition of the acids to matrix match.
Chemical interferences are highly dependent on matrix type and the specific analyte element.

4.4 Memory
Memory interferences result when analytes in a previous sample contribute to the signals
measured in a new sample. Memory effects can result from sample deposition on the uptake
tubing to the nebulizer and from the build up of sample material in the plasma torch and spray
chamber. The site where these effects occur is dependent on the element and can be minimized
by flushing the system with a rinse blank between samples. The possibility of memory
interferences must be recognized within an analytical run and suitable rinse times must be used
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to reduce them. The rinse times necessary for a particular element must be estimated prior to
analysis. This may be achieved by aspirating a standard containing elements at a concentration
ten times the usual amount or at the top of the linear dynamic range. The aspiration time for this
sample must be the same as a normal sample analysis period, followed by analysis of the rinse
blank at designated intervals. The length of time required to reduce analyte signals to within a
factor of two of the method detection limit must be noted. Until the required rinse time is
established, this method suggests a rinse period of at least 60 seconds between samples and
standards. If a memory interference is suspected, the sample must be reanalyzed after a rinse
period of sufficient length. Alternate rinse times may be established by the analyst based upon
their DQOs.

4.5 Other Interferences

4.5.1 Users are advised that high salt concentrations can cause analyte signal suppressions
and confuse interference tests. If the instrument does not display negative values, fortify
the interference check solution with the elements of interest at 0.5 to 1 mg/L and
measure the added standard concentration accordingly. Concentrations must be within
20% of the true spiked concentration or dilution of the samples will be necessary. In the
absence of measurable analyte, overcorrection could go undetected if a negative value
is reported as zero.

5. Health and Safety

The toxicity or carcinogenicity of each reagent and standard used in this method is not fully
established; however, each chemical compound must be treated as a potential health hazard. From
this viewpoint, exposure to these chemicals must be reduced to the lowest possible level by
whatever means available. A reference file of material data handling sheets is available to all
personnel involved in the chemical analysis. Additional references to laboratory safety are available
in the Chemical Hygiene Plan.

All personnel handling environmental samples known to contain or to have been in contact with
municipal waste must follow safety practices for handling known disease causative agents.

6. Sample Collection, Preservation, Shipping and Handling

6.1 Sample Collection
Samples are collected in plastic bottles.

6.2 Sample Preservation

Samples for Total Metals are preserved with 1:1 Nitric acid to a pH of <2.

If samples are for Soluble Metals, they must not be preserved prior to filtration. They are
preserved with 1:1 Nitric acid to a pH of <2 post-filter.

6.3 Sample Shipping

No special shipping requirements.
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6.4 Sample Handling

Samples to be analyzed for soluble metals, that have not been filtered, must be filtered and
preserved within 24 hours of sample collection.

Preserved samples have a hold time of 6 months, and are stored at ambient temperature.

7. Equipment and Supplies

7.1 Inductively coupled argon plasma emission spectrometer:
e Thermo Scientific ICAP Duo 6500 (Trace4, Trace5, Trace6)

7.1.1 Computer-controlled emission spectrometer with background correction.
7.1.2 Radio-frequency generator compliant with FCC regulations.

7.1.3 Optional mass flow controller for argon nebulizer gas supply.

7.1.4 Optional peristaltic pump.

7.1.5 Optional Autosampler.

7.1.6 Argon gas supply - high purity.

7.2 Volumetric flasks of suitable precision and accuracy.

7.3 Volumetric pipets of suitable precision and accuracy.

8. Standards and Reagents

Reagent semiconductor and/or trace grade chemicals shall be used in all tests. Unless otherwise
indicated, it is intended that all reagents shall conform to the specifications of the Committee on
Analytical Reagents of the American Chemical Society, where such specifications are available.
Other grades may be used, provided it is first ascertained that the reagent is of sufficiently high purity
to permit its use without lessening the accuracy of the determination. If the purity of a reagent is in
question, analyze for contamination. If the concentration of the contamination is less than the MDL
then the reagent is acceptable.

8.1 Hydrochloric acid (conc), HCI. Stored at room temperature in acid resistant cabinet.
Expiration date if defined by vendor.

8.2 Hydrochloric acid (1:1), HCI. Add 500 mL concentrated HCI to 400 mL DI water and
dilute to 1 liter in an appropriately sized beaker. Stored at room temperature in polypropylene
bottle, expiration date if defined by vendor..

8.3 Nitric acid (conc), HNOs. Stored at room temperature in acid resistant cabinet.
Expiration date if defined by vendor.
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8.4

8.5

8.6

8.7

8.8

Nitric acid (1:1), HNOs. Add 500 mL concentrated HNO3 to 400 mL DI water and dilute to
1 liter in an appropriately sized beaker. Stored at room temperature in polypropylene bottle,
expiration date if defined by vendor..

Reagent Water. All references to water in the method refer to reagent water unless
otherwise specified. Reagent water will be interference free. Refer to Chapter One for a
definition of reagent water.

Standard stock solutions may be purchased or prepared from ultra- high purity grade
chemicals or metals (99.99% pure or greater). All stock standards are ordered through 1SO
and American Association for Lab Accreditation vendors. All standards are in aqueous
solutions and are generally at concentrations of 1000ppm and 10,000ppm.

Mixed calibration standard solutions

Prepare mixed calibration standard solutions by combining appropriate volumes of the stock
solutions in volumetric flasks. Add the appropriate types and volumes of acids so that the
standards are matrix matched with the sample digestates. Care must be taken when
preparing the mixed standards to ensure that the elements are compatible and stable together.
Transfer the mixed standard solutions to FEP fluorocarbon or previously unused polyethylene
or polypropylene bottles for storage. Fresh mixed standards must be prepared, as needed,
with the realization that concentration can change on aging.

NOTE: If the addition of silver to the recommended acid combination results in an initial
precipitation, add 15 mL of water and warm the flask until the solution clears. Cool and dilute to
100 mL with water. For this acid combination, the silver concentration must be limited to 2
mg/L. Silver under these conditions is stable in a tap-water matrix for 30 days. Higher
concentrations of silver require additional HCI.

Additionally, sulfur standards are stand-alone single element standards and therefore are not to
be combined in a mixed calibration standard solution.

Blanks

Two types of blanks are required for the analysis for samples. The calibration blank is used in
establishing the analytical curve, and the method blank is used to identify possible
contamination resulting from varying amounts of the acids used in the sample processing.

8.8.1 The calibration blank is prepared by acidifying reagent water to the same concentrations

of the acids found in the standards. Prepare a sufficient quantity to flush the system
between standards and samples. The calibration blank will also be used for all initial (ICB)
and continuing calibration blank (CCB) determinations (see Sections 10.2 and 10.4).
Refer to Section 10.4.1.2 for acceptance criteria and/or corrective actions.

8.8.2 The method blank must contain all of the reagents in the same volumes as used in the

processing of the samples. The method blank must be carried through the complete
procedure and contain the same acid concentration in the final solution as the sample
solution used for analysis. Refer to Section 9.1 for acceptance criteria and/or corrective
actions.
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8.9 The Initial Calibration Verification Standard (ICV) and the Continuing
Calibration Verification Standard (CCV)

These ICV is prepared by the analyst by combining compatible elements from a standard
source different than that of the calibration standard. The CCV is prepared from the same
source as the calibration standards and must be at a concentration near the mid-point of the
calibration curve. At the laboratory's discretion, an ICV may be used in lieu of the continuing
calibration verifications. If used in this manner, the ICV must be at a concentration near the
mid-point of the calibration curve.

8.9.1 Low Level Initial Calibration Verification Standard (LLICV) and the Low Level
Continuing Calibration Verification Standard (LLCCV)
These standards are actually a series of standards (typically 3) that are at or below the RL for
the respective elements included in the calibration sequence. They are prepared from the
same source as the calibration standards but at the laboratory's discretion may be from a
second source from the calibration.

8.10 Interference Check Solution

These solutions are prepared to contain known concentrations of interfering elements that will
provide an adequate test of the correction factors. Spike the sample with the elements of
interest. In the absence of measurable analyte, overcorrection could go undetected because a
negative value could be reported as zero. If the particular instrument will display overcorrection
as a negative number, this spiking procedure will not be necessary.

8.11 CRI

The CRI is an ICP standard that is analyzed at a concentration of 2 - 5 times each element’s
RDL. The CRI must be recovered within 70-130% of its true value. If the CRI does not meet
these criteria, it is remade and reanalyzed. If the CRI fails a second time, the analysis is
terminated, the problem determined and corrected. The instrument is then recalibrated.

CRI solutions are made for each type of instrument.

8.11.1 CRI Stock Standard Solution, for the TJA Trace instruments

To a 500mL volumetric flask, add 200mL DI water and 50mL of 1:1 HNO3. Add the
following volumes of each certified 1000ppm stock standard:

Pb 0.9mL Ni 1.6 mL
Se 0.4 mL Ag 0.4 mL
Sb 2.0mL Tl 0.4 mL
As 0.4 mL \Y, 2.0mL
Ba 0.8 mL Zn 0.8 mL
Be 0.2mL Al 8.0 mL
Cd 0.2mL Ca 8.0mL
Co 2.0mL Mg 8.0 mL
Cr 0.4 mL B 2.0mL
Cu 1.0mL Sr 0.4 mL
Fe 4.0mL Ti 0.4 mL
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0.4 mL

And the following volumes of each certified 10000ppm stock standard:

Mn 0.6 mL
Mo 2.0mL
K 10.0 mL
Na 10.0 mL
Si 2.0mL
S 2.0mL

Bring to volume of 500mL with DI water. This solution expires 12 months after the date of

preparation.

8.11.1.1 CRI Working Standard Solution

To a 1L volumetric flask, add 25mL of CRI Stock Standard Solution (Section
8.11.1). Bring to volume with DI water. This solution will contain elements in

the following concentrations:

Pb
Se
Sb
As
Ba
Be
Cd
Co
Cr
Cu
Fe
Mn
Mo
Ni
S

0.045 ppm
0.02 ppm
0.10 ppm
0.02 ppm
0.04 ppm
0.01 ppm
0.01 ppm
0.10 ppm
0.02 ppm
0.05 ppm
0.20 ppm
0.03 ppm
0.10 ppm
0.08 ppm
1.0 ppm

Ag
Tl
\%
Zn
Al
Ca
Mg
B
Sr
Ti
Sn
K
Na
Si

0.02 ppm
0.02 ppm
0.10 ppm
0.04 ppm
0.40 ppm
0.40 ppm
0.40 ppm
0.10 ppm
0.02 ppm
0.02 ppm
0.02 ppm
5.0 ppm

5.0 ppm

1.0 ppm

8.12 Reporting Limit (RL) Verification Standard (LLICV/LLCCV)

The RL standard consists of a series of standards that are analyzed after the initial
calibration verification (LLICV) and at the end of each run (LLCCV). Optionally, the LLCCV
may be run every 10 samples with the CCV, CCB pair to eliminate the need for excessive
reruns when low level instrument stability is questioned. These standards are at or below
the RL included in the multi-point calibration sequence. The acceptance criteria are 70-
130% to establish the RL for each analyte. The following standards are analyzed.

0.005 mg/L Ag, As, Be, Cd

0.010 mg/L B, Ba, Co, Cr, Cu, Mn, Mo, Ni, Pb, Se, Sn, Sr, Ti, TI, V

0.050 mg/L Al, Sb, Fe, Zn, Ca, Mg, K, Na
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9. Quality Control

The laboratory must maintain records to document the quality of data that is generated. Ongoing
data quality checks are compared with established performance criteria to determine if the results
of analyses meet the performance characteristics of the method.

9.1 Blank(s)

Employ a minimum of one method blank per sample batch to determine if contamination or any
memory effects are occurring. A method blank is a volume of reagent water carried through the
same preparation process as a sample.

The method blank results must be less than the reported detection limit (RDL) for all analytes
of concern. If the results of the method blank exceed the RDL for any analyte, perform re-
analysis of a new aliquot of the method blank.

If the results continue to exceed the RDL, proceed as follows:

If all of the samples for the analyte are non-detected, and the method blank is at or above the
RDL, no action is required.

If one or more associated samples for that analyte have positive results at or above the RDL,
those samples must be considered to be out of control, and are re-digested and reanalyzed.

9.2 Laboratory Control Sample (LCS)

Analyze one LCSW/SRM per sample batch. A LCS/SRM sample is a spiked volume of reagent
water that is brought through the entire preparation and analytical process. The LCSW must
have a % Recovery of £ 20% within the actual value or within vendor control limits (95%
confidence limits) for the solid SRM.
If the LCSW or SRM % Recovery is outside the acceptable limits as stated in Table 2, or
outside any vendor control limits, the LCS is rerun once. If upon reanalysis the LCS is still out
of control, the failed analytes are re-prepped and re-analyzed. Otherwise, a nonconformance
report form is raised to document the exact problem and this form is then authorized by the
QA/QC Director and/or the Laboratory Manager(s).

9.3 Initial Calibration Verification (ICV)

For all analytes and determinations, the laboratory must analyze an ICV (Section 8.9), and a
calibration blank (ICB, Section 8.8.1), immediately following daily calibration. The results of
the ICV are to agree within 10% of the expected value; if not, re-analyze once, if still failing
terminate the analysis, correct the problem, and recalibrate the instrument.

9.4 Continuing Calibration Verification (CCV)

A calibration blank (CCB, Section 8.8.1) and a calibration verification standard (CCV, Section
8.9) must be analyzed after every tenth sample and at the end of the sample run. Analysis of
the calibration verification (CCV) must verify that the instrument is within 10% of the calibration
with the relative standard deviation < 5% from replicate (minimum of two) integrations.

Immediate corrective action for a failing CCV/CCB includes reanalyzing the failing standard. If
the standard passes the second time then the analysis may be continued. The batch sheet is
noted. If the standard fails again, instrument maintenance must be performed and the
CCV/CCB standard is reanalyzed. If the standard passes, then all samples run after the last
passing CCV/CCB pair must be re-analyzed.
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If the standard fails after instrument maintenance, the instrument is recalibrated. A new
ICV/ICB is performed, and all previous data after the last passing CCV/CCB is reanalyzed.

9.5 Matrix Spike

Analyze matrix spike samples at a frequency of one per matrix batch. A matrix spike sample is
a sample brought through the entire sample preparation and analytical process.

9.5.1 The percent recovery is to be calculated as follows:

% Recovery = MS - S x 100
C

where:
MS = Matrix Spike value
S = Sample value.
C = Concentration of the Spiking solution.

9.5.2 If the Matrix Spike falls outside of the limits as stated in Table 2, or outside any
historical documentation for analytes of interest a post analytical spike is performed for
the failed analytes. The same sample from which the MS/MSD aliquots were prepared
should be spiked with a post digestion spike at a minimum level of 10 times and a
maximum of 100 times the lower limit of quantitation. The acceptable % Recovery of the
post analytical spike is 80-120%. A nonconformance is noted in the LIMS and approved
in secondary peer review and/or by the Metals Manager.

9.5.3 If the Post Spike fails the dilution test should be performed. If the analyte
concentration is sufficiently high (minimally, a factor of 10 above the lower limit of
quantitation after dilution), an analysis of a 1:5 dilution should agree within + 10% of the
original determination. If not, then a chemical or physical interference effect should be
suspected.

9.6 LaboratoryDuplicate

A duplicate sample is analyzed once per matrix batch. This sample is brought through the
entire sample preparation and analytical process.

9.6.1 The relative percent difference between duplicate determinations is to be
calculated as follows:

RPD = |D,-Dz x 100
(|D, +D2|)/2

where:
RPD = relative percent difference.
D, = first sample value.
D> = second sample value (replicate).

9.6.2 If the Duplicate falls outside of the limits as stated in Table 2, or outside any
historical documentation and the concentrations of the failing analytes are less
than 5x the RL or a matrix interference is found a nonconformance is noted in the
LIMS and approved in secondary peer review and/or by the Metals Manager.
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9.7 Method-specific Quality Control Samples
9.7.1 Interference Check Standards

A check solution is analyzed once daily. One solution (ICSA) has only elevated
concentrations of Fe, Al, Ca, Mg to ensure no interferences occur. The concentrations of the
analytes of interest must have an absolute value of <2X RL. The other check solution
(ICSAB) is the same solution spiked with a known amount of each analyte. These solutions
are analyzed at the beginning of the first analytical run of the day.

If the analytes of interest in the ICSAB solution falls outside the acceptable limits of 80 —
120% of the true value, the solutions may be rerun once. The high level interferences are
not evaluated for recovery just as in the ICSA. If the problem persists take corrective action
which may include re-evaluation of the inter-element correction values (IECs). The
instrument calibration routine must then be performed and confirmed by the ICV/ICB pair
and the ICSA/ICSAB re-analyzed before proceeding with analysis. Otherwise, the
nonconformance issue is raised to the Department Supervisor and/or the QA Department.

9.7.2 Reporting Limit (RL) Verification Standard (LLICV/LLCCV)

9.8

The RL standards are actually a series of standards that are analyzed at the beginning and
at the end of each run. The lowest of the RL standards may be used to evaluate the
sensitivity of reportable elements under method 6010C. This may be a low level client-
specific analysis, or it may be the standard reporting limits for an aqueous sample or a
soil/solid material. The standards must have a percent recovery of 70-130%. If an element
fails the acceptance criteria to establish a specific RL, the RL standard may be re-analyzed.
If the element failure continues, then either re-calibrate the instrument and rerun the
affected samples or analyze the affected samples on another instrument with a passing RL
verification standard for the element(s) of interest.

Method Sequence

o Calibration of instrument

« Initial Calibration Verification Standard

o Initial Calibration Blank

e LLICV

o Interference Check Solution A

« Interference Check Solution AB

« CRI

« Continuing Calibration Verification Standard
« Continuing Calibration Blank

e samples

o Continuing Calibration Verification Standard

o  Continuing Calibration Blank
o Samples

« LLCCV
« Continuing Calibration Verification Standard
o  Continuing Calibration Blank
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10. Procedure

10.1 Equipment Set-up

10.1.1 Sample Preparation
Preliminary treatment of most matrices is necessary because of the complexity and
variability of sample matrices. Groundwater samples which have been prefiltered and
acidified will not need acid digestion. Samples which are not digested must either use an
internal standard or be matrix matched with the standards.

10.1.2 Instrument Set-Up
Set up the instrument with proper operating parameters established as detailed below.
The instrument must be allowed to become thermally stable before beginning (usually
requiring at least 30 minutes of operation prior to calibration).

Startup Procedures

For iCAP Duo 6500

e Turn on power to the chiller

¢ Click on ThermoSpec Icon; enter analyst initials in login screen
e Click on Plasma icon to start instrument

e Allow to warm up for 30 minutes

e Enter analytical workgroup number (obtained from LIMS) globally under the
Instrument menu by selecting Tools, then Options, then Analyst.

e Click on the Sequence tab and enter the sequence by selecting New
Autosampler Table, Add Sequence, Add # of spaces.

e Enter the sample locations and IDs

¢  Press Run Auto-Session button (») in menu bar.

10.1.2.1 Specific wavelengths are listed in Table 1. Other wavelengths may be
substituted if they can provide the needed sensitivity and are corrected for
spectral interference. The instrument and operating conditions utilized for
determination must be capable of providing data of acceptable quality to the
program and data user.

Operating conditions for axial plasma will vary from 1100 — 1500 watts forward
power, 15-19 Liters/min argon coolant flow, 0.5 — 0.7 L/min argon nebulizer flow,
140 — 200 rpm pump rate and a default 1 minute preflush time and 10 second
measurement time is recommended for all simultaneous instruments.

10.1.2.2 The plasma operating conditions need to be optimized prior to use of the
instrument. This routine is not required on a daily basis, but only when first
setting up a new instrument or following a change in operating conditions. The
following procedure is recommended or follow manufacturer's recommendations.
The purpose of plasma optimization is to provide a maximum signal to
background ratio for some of the least sensitive elements in the analytical array.
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The use of a mass flow controller to regulate the nebulizer gas flow or source
optimization software greatly facilitates the procedure.

10.1.2.2.1

10.1.2.2.2

10.1.2.2.3

10.1.2.2.4

10.1.2.2.5

The Thermo ICP’s typically use a Meinhard Nebulizer. The nebulizer flow
for each instrument is 1.0 +/- 0.2 mL/min.

The 6500 Duo instruments automatically perform a wavelength check at
start up without user interaction.

The instrument operating condition finally selected as being optimum must
provide the lowest reliable instrument detection limits and method detection
limits.

If either the instrument operating conditions, such as incident power or
nebulizer gas flow rate are changed, or a new torch injector tube with a
different orifice internal diameter is installed, the plasma and argon
pressures must be reoptimized.

After completing the initial optimization of operating conditions, but before
analyzing samples, the laboratory must establish and initially verify an
interelement spectral interference correction routine to be used during
sample analysis. A general description concerning spectral interference
and the analytical requirements for background correction in particular are
discussed in the section on interferences. Criteria for determining an
interelement spectral interference is an apparent positive or negative
concentration for the analyte that falls within £ the RDL. The upper control
limit is the analyte instrument detection limit. Once established, the entire
routine is periodically verified annually. In between that time, IEC’s are
done on a need be basis per analyte. Only a portion of the correction
routine must be verified more frequently or on a daily basis. Initial and
periodic verification of the routine must be kept on file. Special cases
where continual verification is required are described elsewhere.

10.1.2.3 Sensitivity, instrumental detection limit, precision, linear dynamic range, and
interference effects must be established for each individual analyte line on each
particular instrument. All measurements must be within the instrument linear
range where the correction equations are valid.

10.1.2.3.1

10.1.2.3.2

10.1.2.3.3

Method detection limits must be established for all wavelengths utilized for
each type of matrix commonly analyzed. The matrix used for the MDL
calculation must contain analytes of known concentrations within 3-5 times
the anticipated detection limit.

Determination of limits using reagent water MDLs represent a best case
situation and do not represent possible matrix effects of real world samples.

If additional confirmation is desired, reanalyze the seven replicate aliquots
on two more non-consecutive days and again calculate the method
detection limit values for each day. An average of the three values for each
analyte may provide for a more appropriate estimate.

Printouts of this document may be out of date and should be considered uncontrolled. To accomplish work,
the published version of the document should be viewed online.
Document Type: SOP-Technical Pre-Qualtrax Document ID: SOP 06-01



Alpha Analytical, Inc. ID No.:2144

Facility: Westborough Revision 7
Department: Metals Analysis Published Date:11/20/2014 2:03:22 PM
Title: Inductively Coupled Plasma Atomic Emission Spectrometry EPA 6010 Page 16 of 24

10.1.2.3.4 The upper limit of the linear dynamic range must be established for each
wavelength utilized by determining the signal responses from a minimum
for three, preferably five, different concentration standards across the
range. One of these must be near the upper limit of the range. The ranges
which may be used for the analysis of samples must be judged by the
analyst from the resulting data. The data, calculations and rationale for the
choice of range made must be documented and kept on file. The upper
range limit must be an observed signal no more than 10% below the level
extrapolated from lower standards. Determined analyte concentrations that
are above the upper range limit must be diluted and reanalyzed. The
analyst must also be aware that if an interelement correction from an
analyte above the linear range exists, a second analyte where the
interelement correction has been applied may be inaccurately reported.
New dynamic ranges must be determined whenever there is a significant
change in instrument response. The linear dynamic range is checked on an
annual basis. For those analytes that are known interferences, and are
present at above the linear range, the analyst must ensure that the
interelement correction has not been inaccurately applied.

NOTE: Many of the alkali and alkaline earth metals have non-
linear response curves due to ionization and self- absorption
effects. These curves may be used if the instrument allows;
however the effective range must be checked and the second
order curve fit must have a correlation coefficient of 0.995
or better. Third order fits are not acceptable. These non-linear
response curves must be revalidated and recalculated
every six months. These curves are much more sensitive to
changes in operating conditions than the linear lines and
must be checked whenever there have been moderate
equipment changes.

10.1.2.4 The analyst must (1) verify that the instrument configuration and operating
conditions satisfy the analytical requirements and (2) maintain quality control data
confirming instrument performance and analytical results.

10.2 Initial Calibration

Calibrate the instrument according to the instrument manufacturer's recommended procedures,
using the typical mixed calibration standard solutions described in Section 8.7. Flush the system
with the calibration blank (Section 8.8.1) between each standard or as the manufacturer
recommends. (Use the average intensity of multiple exposures for both standardization and
sample analysis to reduce random error.) The calibration curve consists of a calibration blank,
RL standard and a high level standard. Calibration curve verification is accomplished through
the analysis of the ICV, LLICV and CRI standards.

10.3 Equipment Operation and Sample Processing

10.3.1 For all analytes and determinations, the laboratory must analyze an ICV (Section 8.9),
and a calibration blank (ICB, Section 8.8.1), immediately following daily calibration.

A calibration blank (CCB, Section 8.8.1) and a calibration verification standard (CCV,
Section 8.9) must be analyzed after every tenth sample and at the end of the sample run.
Analysis of the calibration verification (CCV) must verify that the instrument is within 10%
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10.3.2

10.3.3

10.3.4

of the calibration with the relative standard deviation < 5% from replicate (minimum of
three) integrations.

If the calibration cannot be verified within the specified limits, the sample analysis must
be discontinued, the cause determined and the instrument recalibrated. All samples
following the last acceptable ICB, ICV, CRI, CCV or CCB must be reanalyzed. The
analysis data for the calibration blank, check standard, and ICV or CCV must be kept on
file with the sample analysis data.

Rinse the system with the calibration blank solution (Section 8.8.1) before the analysis of
each sample. The suggested default rinse time is one minute. Each ICP instrument may
establish a reduction in this rinse time through a suitable demonstration.

Dilute and reanalyze samples that exceed the linear calibration range or use an
alternate, less sensitive line for which quality control data is already established.

If less than acceptable accuracy and precision data are generated a series of tests are
performed prior to reporting concentration data for analyte elements. At a minimum,
these tests should be performed with each batch of samples prepared/analyzed with
corresponding unacceptable data quality results. These tests, as outlined in Sections
10.3.4.1 and 10.3.4.2, will ensure that neither positive nor negative interferences are
operating on any of the analyte elements to distort the accuracy of the reported values.

10.3.4.1 Post Digestion Spike Addition: If the matrix spike recoveries are unacceptable an

analyte spike added to a portion of a prepared sample, or its dilution, must be run,
recovery limits equal to 80% to 120% of the known spike value. The spike addition
must produce a minimum level of 10 times and a maximum of 100 times the
instrumental detection limit. If the spike is not recovered within the specified limits, a
dilution test (10.3.4.2) should be performed. If both the MS/MSD and post spike fail
then a matrix effect must be suspected.

10.3.4.2 Dilution Test: If the analyte concentration is sufficiently high (minimally, a factor of

10 above the lower limit of quantitation after dilution), an analysis of a 1:5 dilution
must agree within £ 10% of the original determination. If not, a chemical or physical
interference effect must be suspected.

10.3.5 CAUTION: If spectral overlap is suspected, use of computerized compensation, an

alternate wavelength, or comparison with an alternate method is recommended.

10.4 Continuing Calibration

10.4.1

Check calibration with an ICV following the initial calibration (Section 8.9). Verify
calibration with the Continuing Calibration Verification (CCV) Standard (Section 8.9) at
the end of the initial calibration sequence (ICV, ICB, ICSA, ICSAB, CRI, project specific
RDL standards), after every ten samples, and at the end of an analytical run. At the
laboratory's discretion, an ICV may be used in lieu of the continuing calibration
verifications. If used in this manner, the ICV must be at a concentration near the
mid-point of the calibration curve. Use a calibration blank (Section 8.8.1) immediately
following daily calibration, after every 10 samples and at the end of the analytical run.

A CRI (Section 8.11) must be analyzed after the ICSAB. The concentration of the CRI is
2 — 5 times that of each element’'s RDL. The linearity of the instrument is confirmed on
an annual basis by an LDR standard at +/-10% recovery.
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10.4.1.1  The results of the ICV are to agree within 10% of the expected value, and CCVs
are to agree within 10% of the expected value; if not, terminate the analysis,
correct the problem, and recalibrate the instrument.

10.4.1.2 The results of the calibration blank are to agree within three times the IDL. If not,
repeat the analysis two more times and average the results. If the average is not
within three standard deviations of the background mean, terminate the analysis,
correct the problem, recalibrate, and reanalyze the previous 10 samples. If the
blank is less than 1/10 the concentration of the action level of interest, and no
sample is within ten percent of the action limit, analyses need not be rerun and
recalibration need not be performed before continuation of the run.

10.4.1.3 The results of the CRI must be within 30% of the true value. If they are not,
correct the problem and recalibrate the instrument. (Any element may be
analyzed on a different ICP that has passed the CRI.)

10.4.2 Verify the interelement and background correction factors at the beginning of each
analytical run. Do this by analyzing the ICSA/ICSAB (Section 8.10). Results must be
within 80 — 120% of the true value for the analytes of interest in the ICSAB.

10.4.3 When low-level sensitivity is required, a check standard at the requested limit of
quantitation is analyzed to confirm the reported detection limit (RDL). This is performed
on a project-by-project basis.

10.5 Preventive Maintenance

Whenever instrument maintenance is performed, it is noted in the instrument's Maintenance
Logbook.

10.5.1 Daily

Inspect the nebulizer pump tubing from the Autosampler to the Nebulizer. Replace if
necessary.

10.5.2 Monthly or as needed

Remove the torch, “shot glass”, nebulizer and spray chamber. Clean each with 10% Nitric
Acid and rinse with tap water. Coat the inside of the spray chamber and shot glass with
concentrated Sulfuric Acid and soak for one hour, then rinse well with DI water. Soak the
torch and nebulizer in aqua regia overnight, then rinse with DI water.

10.5.3 Every 6 months
Preventive Maintenance is performed by the Vendor or in-house personnel as follows:
* check the cooling system
* flush/refill the chiller with distilled water and antibacterial conditioner
* clean the instrument to regain intensity

e clean/replace air filters.
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11. Data Evaluation, Calculations and Reporting

111 If dilutions were performed, the appropriate factors must be applied to sample values.  All
results must be reported with up to three significant figures.

11.2  Soil samples
Soil samples are calculated as follows:

Sample weight (grams)
A =

Final Volume (mL)

Concentration of analyte (mg/L)

B (concentration in mg/Kg) =
A

11.2.1 Dry weight correction
The LIMS calculates the dry weight correction, however it is calculated as follows:

Final concentration in mg/Kg dry weight = =semeeemmneees
% Solids

11.3 Liquid samples
Liquid samples are calculated as follows:

Final Volume (mL)
Dilution Factor =

Sample Volume (mL)

Final concentration in mg/L = Concentration of analyte (mg/L) x Dilution Factor

11.4 Calculations for Hardness
The method for determining hardness is to compute it from the results of separate

determinations of Calcium and Magnesium on aqueous samples.
11.4.1 Total Hardness
Total Hardness, mg equivalent CaCQOgs/L = [2.497 (Ca, mg/L)] + [4.118 (Mg, mg/L)]

11.4.2 Calcium Hardness

Calcium Hardness, mg equivalent CaCOa3/L = [2.497 (Ca, mg/L)]
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12. Contingencies for Handling Out-of-Control Data or Unacceptable
Data

Also refer to Section 9 for Quality Control and acceptance criteria.

If the ICSA or ICSAB is outside of the 80 — 120% recovery window, then the standard is reanalyzed.
If the standard failure continues, the IECs for the element/elements in question are reviewed and
recalculated if necessary.

Immediate corrective action for a failing CCV/CCB includes reanalyzing the failing standard. If the
standard passes the second time then the analysis may be continued. The raw data is noted. If the
standard fails again, the problem must be found and corrected. The CCV/CCB standard is remade
and reanalyzed. If the standard passes, then the data that had failed up to the previous passing
standard is reanalyzed.

If the standard fails after instrument maintenance, the instrument is recalibrated. A new ICV/ICB is
performed, and all previous data that had failed up to the previous passing CCV/CCB is reanalyzed.

The procedure outline above is also conducted for a failing LCS or Method Blank.

If the Matrix Spike does not meet acceptance criteria, a Post Spike is performed. The recovery must
be within 80-120% of the true value for aqueous samples and within 80-120% of the true value for
soil samples. If these criteria are met, then the Matrix Spike data is reported, with the post spike
narrated on the final report. If the post spike fails the acceptance criteria, the Department Manager
is notified to determine what type of matrix interference is present, and whether a serial dilution must
be performed.

If sample Duplicates are outside of the acceptance criteria, the analyst examines the sample for
homogeneity. If the sample is not homogenous, this is narrated on the final report. Clean,
homogenous samples are redistilled and reanalyzed within holding time.

Sample nonconformance regarding a Matrix Spike recovery or a duplicate %RSD is narrated on the
final report along with the corrective action(s) taken.

If the ICSA or the ICSAB are outside of the 80-120% window then the standard in question must be
re-analyzed. If the standard failure continues, then check the IECs for the element(s) in question
and re-calculate and recalibrate the instrument. The instrument is recalibrated, verified with the
ICV/ICB and the ICSA/ICSAB are then re-analyzed. If the standard failure repeats, then a fresh
standard is prepared and re-analyzed. If failure continues notify the Department Supervisor.

The RL standards must have a % Recovery of 70-130%. If an element fails the acceptance criteria,
the RL standards may be re-analyzed if the element must be included in the analytical event. If the
element failure continues, then either re-calibrate the instrument and rerun the affected samples or
analyze the sample on another instrument.

If the CRI (low level check standard), is recovered outside of the 70-130% window, the standard may
be re-analyzed if the element must be included in the analytical event. If the element failure
continues, then either re-calibrate the instrument or analyze the sample on another instrument.
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13. Method Performance

13.1 Method Detection Limit Study (MDL) / Limit of Detection Study (LOD) /
Limit of Quantitation (LOQ)

The laboratory follows the procedure to determine the MDL, LOD, and/or LOQ as outlined in
Alpha SOP/08-05. These studies performed by the laboratory are maintained on file for review.

13.2 Demonstration of Capability Studies
Refer to Alpha SOP/08-12 for further information regarding IDC/DOC Generation.
13.2.1 Initial (IDC)

The analyst must make an initial, one-time, demonstration of the ability to generate
acceptable accuracy and precision with this method, prior to the processing of any
samples.

13.2.2 Continuing (DOC)

The analyst must make a continuing, annual, demonstration of the ability to generate
acceptable accuracy and precision with this method.

14. Pollution Prevention and Waste Management

Refer to Alpha’s Chemical Hygiene Plan and Waste Management and Disposal SOP for further
pollution prevention and waste management information.

15. Referenced Documents
Chemical Hygiene Plan
SOP #1732 MDL/LOD/LOQ Generation
SOP# 1739 IDC/DOC Generation
SOP# 1728 Waste Management and Disposal

16. Attachments

TABLE 1: Element Wavelengths
TABLE 2: Precision and Accuracy Acceptance Criteria

TABLE 3: Reporting Limits
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TABLE 1
ELEMENT WAVELENGTHS
6500 Duo
wavelength

Element (nm)

Pb 220.3

Se 196.0

Sb 206.8

As 189.0

Ba 4554

Be 313.0

Cd 214 .4

Co 228.6

Cu 324.7

Cr 267.7

Fe 259.9

Mn 257.6

Mo 202.0

Ni 231.6

Ag 328.0

TI 190.8

Vv 292.4

Zn 206.2

Al 396.1

Ca 315.8

Mg 279.0

B 208.9

Si 212.9

Sn 189.9

Sr 421.5

Ti 334.9

Bi 223.0

Na 589.5

K 766.4

S 180.7
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TABLE 2

PRECISION AND ACCURACY ACCEPTANCE CRITERIA

o Aqueous a0
%o Ricc::osvery % Igeh:gvery Soil Asgﬁncovery Duplicate
Lower Upper Lower Upper Lower Upper .
Element Control Cor:lr':rol Control Cor:f:rol Control Cor:lr':rol Ag::::gs %S;;ID

Limit Limit Limit Limit Limit Limit
Aluminum 80 120 75 125 29 171 20 20
Antimony 80 120 75 125 4 196 20 20
Arsenic 80 120 75 125 81 119 20 20
Barium 80 120 75 125 83 118 20 20
Beryllium 80 120 75 125 83 117 20 20
Boron 80 120 75 125 70 129 20 20
Cadmium 80 120 75 125 82 117 20 20
Calcium 80 120 75 125 83 117 20 20
Chromium 80 120 75 125 80 119 20 20
Cobalt 80 120 75 125 83 117 20 20
Copper 80 120 75 125 83 117 20 20
Iron 80 120 75 125 51 150 20 20
Lead 80 120 75 125 80 120 20 20
Magnesium 80 120 75 125 74 126 20 20
Manganese 80 120 75 125 83 117 20 20
Molybdenum 80 120 75 125 81 119 20 20
Nickel 80 120 75 125 82 117 20 20
Potassium 80 120 75 125 74 126 20 20
Sulfur 80 120 75 125 NA NA 20 20
Selenium 80 120 75 125 80 120 20 20
Silica (SiOy) 80 120 75 125 NA NA 20 20
Silver 80 120 75 125 66 134 20 20
Sodium 80 120 75 125 74 127 20 20
Strontium 80 120 75 125 80 120 20 20
Thallium 80 120 75 125 79 120 20 20
Tin 80 120 75 125 69 131 20 20
Titanium 80 120 75 125 82 118 20 20
Vanadium 80 120 75 125 79 121 20 20
Zinc 80 120 75 125 82 119 20 20
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TABLE 3
REPORTING LIMITS

Element Aqueous Soil
(mglL) (mg/Kg)
ALUMINUM 0.10 4.0
ANTIMONY 0.05 2.0
ARSENIC 0.005 0.40
BARIUM 0.01 0.40
BERYLLIUM 0.005 0.20
BORON 0.03 1.2
CADMIUM 0.005 0.40
CALCIUM 0.10 4.0
CHROMIUM 0.01 0.40
COBALT 0.02 0.80
COPPER 0.01 0.40
IRON 0.05 2.0
LEAD 0.01 2.0
MAGNESIUM 0.10 4.0
MANGANESE 0.01 0.40
MOLYBDENUM 0.05 2.0
NICKEL 0.025 1.0
POTASSIUM 2.5 100
SULFUR 0.25 10
SELENIUM 0.01 0.80
SILICON 0.50 20
SILVER 0.007 0.40
SODIUM 2.0 80
STRONTIUM 0.01 2.0
THALLIUM 0.02 0.80
TIN 0.05 4.0
TITANIUM 0.01 0.40
VANADIUM 0.01 0.40
ZINC 0.05 2.0
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Metals by Inductively Coupled Plasma

References: EPA 200.7, Inductively Coupled Plasma Atomic Emission Spectrometric Method for Trace
Element Analysis of Water and Wastes. Code of Federal Regulations 40, Part 141 and Part
136, Revision 4.4, May 1994.

EPA 200.7, Determination of Metals and Trace Elements in Water and Wastes by
Inductively Coupled Plasma — Atomic Emission Spectrometry. Revision 4.4 EMMC Version.

SM 2340B, Hardness by Calculation, Standard Methods for the Examination of Water and
Wastewater, APHAAWWA-WPCF, 21st Edition, 1997.

1. Scope and Application

Matrices: Wastewater, Water, Solids
Definitions: See Alpha Laboratories Quality Manual Appendix A
Regulatory Parameter List 200.7 and 6010B:

Parameter CAS Parameter CAS
Aluminum (Al) 7429-90-5 Manganese (Mn) 7439-96-5
Antimony (Sb) 7440-36-0 Molybdenum (Mo) 7439-98-7

Arsenic (As) 7440-38-2 Nickel (Ni) 7440-02-0
Barium (Ba) 7440-39-3 Phosphorus (P) 7723-14-0
Beryllium (Be) 7440-41-7 Potassium (K) 7440-09-7
Boron (B) 7440-42-8 Selenium (Se) 7782-49-2
Cadmium (Cd) 7440-43-9 Silica (SiO) 7631-86-9
Calcium (Ca) 7440-70-2 Silver (Ag) 7440-22-4
Chromium (Cr) 7440-47-3 Sodium (Na) 7440-23-5
Cobalt (Co) 7440-48-4 Strontium (Sr) 7440-24-6
Copper (Cu) 7440-50-8 Thallium (T1) 7440-28-0
Iron (Fe) 7439-89-6 Tin (Sn) 7440-31-5

Lead (Pb) 7439-92-1 Titanium (Ti) 7440-32-6
Lithium (Li) 7439-93-2 Vanadium (V) 7440-62-2
Magnesium (Mg 7439-95-4 Zinc (Zn) 7440-66-6

Inductively coupled plasma-atomic emission spectrometry (ICP-AES) determines metals and some
nonmetals in solution. This method is a consolidation of existing methods for water, wastewater, and
solid wastes. The parameters listed in this method are regulated under the Safe Drinking Water
Action (SDWA), Clean Water Act (CWA) and the Resource Conservation and Recovery Act (RCRA).

This is an inductively coupled argon plasma (ICP) method applicable to the determination of the
parameters listed above in drinking water, source water and raw water as provided under 40 CFR
Part 141.23, municipal and industrial discharges as provided under 40 CFR Part 136.1. Separate
SOPs for the digestion of the sample designate the appropriate acids, matrix and quality control
samples for the sample matrix and parameters of interest. The parameter list is extended to add
metals commonly requested by clients for water samples such as groundwater, surface water and
process waters and for solid waste samples such as soil, sludge and other acid digestible materials.
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For the determination of total recoverable parameters in aqueous and solid samples a digestion is
required prior to analysis when the parameters are not in solution (e.g., soils, sludges, sediments
and aqueous samples that may contain particulate and suspended solids). Aqueous samples
containing suspended or particulate material >1% (w/v) must be digested as a solid type sample.

For drinking water and soluble metals analysis, the method determines certain metal and metalloid
contaminants. Samples are analyzed directly by pneumatic nebulization without acid digestion if the
sample has been properly preserved with acid and has a turbidity of <1 NTU at the time of analysis.
This determination procedure is referred to as "direct analysis". However, in the determination of
some primary drinking water metal contaminants, preconcentration of the sample may be required
before analysis in order to meet drinking water acceptance performance criteria.

The data report packages present the documentation of any method modification related to the
samples tested. Depending upon the nature of the modification and the extent of intended use, the
laboratory may be required to demonstrate that the modifications will produce equivalent results for
the matrix. Approval of all method modifications is by one of the following laboratory personnel
before performing the modification: Area Supervisor, Metals Manager, Laboratory Director, or Quality
Assurance Officer.

This method is restricted to use by or under the supervision of analysts experienced in the operation
of the ICP and in the interpretation of ICP data. Each analyst must demonstrate the ability to
generate acceptable results with this method by performing an initial demonstration of capability.

2. Summary of Method

The analysis described in this method involves multiple parameter determinations by ICP-AES using
simultaneous instruments. The instruments measure characteristic atomic-line emission spectra by
optical spectrometry. Samples are nebulized and the resulting aerosol is transported to the plasma
torch. Parameter specific emission spectra are produced by radio-frequency inductively coupled
plasma. The spectra are dispersed by a grating spectrometer, and the intensities of the line spectra
are monitored at specific wavelengths by a photosensitive device. Photocurrents from the
photosensitive device are processed and controlled by a computer system. A background correction
technique is required to compensate for variable background contribution to the determination of the
parameters. Background measurement is adjacent to the parameter wavelength during analysis.

Various sample processing techniques must be considered and addressed appropriately for the
parameters of interest including: direct analysis (Section 9.4), total parameters using sample
digestion techniques found in other standard operating procedures (SOPs) and control of
interferences (Section 4.0). Sample processing includes the accurate weighing or measuring of a
sample aliquot of a well mixed, homogeneous aqueous or solid sample.

For the determination of dissolved parameters (soluble metals) a filtered aqueous sample aliquot is
analyzed by direct analysis for total recoverable parameters. When the sample turbidity is <1 NTU in
drinking water samples, analyze the samples by the direct analysis for total recoverable parameters.
Direct analysis of the sample is by using the appropriate addition of nitric acid, diluting if necessary to
a predetermined volume, mixing and analyzing.

For total recoverable parameters of a solid or an aqueous sample containing undissolved material,
solubilize the parameters first by gentle refluxing with nitric acid. After cooling, the sample is made
up to volume, mixed and analyzed. If solids are present after digestion, the sample is either filtered,
centrifuged or allowed to settle overnight before analysis. More rigorous digestion techniques such
as the technique for total parameters, use sulfuric, perchloric or other acids in combination to
breakdown organic or other metal complexes.

This SOP includes the manual calculations for Total Hardness and Calcium Hardness according to
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SM 2340B.

2.1 Method Modifications from Reference

The laboratory reports the % solids at 105°C and not at the 200.7 recommended
temperature of 60°C. The percent solids are determined from a separate portion (>20 g)
of the sample that is dried to constant weight at 103-105°C. If the data user, program, or
laboratory requires that the reported percent solids be determined by drying at 60°C or
other temperature, the exception is noted on a nonconformance report and included in the
case narrative of the report.

Method 200.7 presents tables listing recoveries for a variety of matrices. These tables are
compared to in-house control limits to verify method performance. Routine testing must
meet in-house control limits.

Reported Al and Sr wavelengths differ from the reference method. Alpha reports Al at a
wavelength of 308.2, except for the Trace 4 Instrument which reports Al at a wavelength of
396.1, and Sr at a wavelength of 421.5.

3. Detection Limits

Detection limits and linear ranges for the parameters will vary with the wavelength selected, the
spectrometer, and the matrices. The laboratory follows the procedure found in 40CFR Part 136 to
determine the MDL on an annual basis. The method detection limits determined by the laboratory
are on file for review.

Table 1 provides estimated instrument detection limits for the listed wavelengths from the reference
method and the reported detection limits for the aqueous sample matrix, instrumentation, and
selected operating conditions. The reported detection limit for solid samples is calculated from the
sample weight and final volume digested.

The reported detection limit is above the laboratory calculated MDL and checked daily by analyzing a
standard near the reporting limit concentration. The MDL for a specific solid, wastewater or water
matrix may differ from those listed, depending on the nature of the interferences in the sample
matrix.

4. Interferences

4.1 Instrumental
411 SpectralInterferences

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

Background emission and stray light are compensated for by subtracting the
background emission determined by measurement(s) adjacent to the parameter
wavelength peak. Spectral scans of samples or single parameter solutions in the
parameter regions may indicate when alternate wavelengths are desirable because
of severe spectral interference. The scans determine whether the most appropriate
estimate of the background emission is provided by an interpolation from
measurements on both sides of the wavelength peak or by the measured emission
on one side or the other. The determination of the location(s) selected for the
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measurement of background intensity is by the complexity of the spectrum adjacent
to the wavelength peak. The location(s) used for routine measurement must be free
of off-line spectral interference (interelement or molecular) or adequately corrected to
reflect the same change in background intensity as occurs at the wavelength peak.

Spectral overlaps are avoided by using an alternate wavelength or are compensated
for by equations that correct for interelement contributions, which involves measuring
the interfering parameters. Some potential on-line spectral interferences observed for
the recommended wavelengths are given in Table 2. When operative and
uncorrected, these interferences will produce false-positive determinations. The
interferences listed are only those that occur between method parameters. Only
interferences of a direct overlap nature that were observed with a single instrument
having a working resolution of 0.035 nm are listed. More extensive information on
interferent effects at various wavelengths and resolutions is available in Boumans'
Tables.

Users may apply interelement correction factors determined on their instruments
within tested concentration ranges to compensate (off-line or on-line) for the effects
of interfering parameters. The analysis of spectral interference check standards (ICS)
verifies the accuracy of the interelement corrections. Interelement corrections will
vary for the same emission line among instruments because of differences in
resolution, as determined by the grating plus the entrance and exit slit widths, and by
the order of dispersion. Interelement corrections will also vary depending upon the
choice of background correction points. Selecting a background correction point
where an interfering emission line appears must be avoided when practical.
Interelement corrections that constitute a major portion of an emission signal may not
yield accurate data. Users must not forget that some samples may contain
uncommon parameters that could contribute spectral interferences.

See Section 10.4 for required spectral interference test criteria. If interelement
corrections are not used, document the information and refer to the reference method
(Section 4.1.5 Method 200.7) for information. On-going spectral interference check
standards must be analyzed to verify the absence of interelement spectral
interference or a computer software routine must be employed for comparing the
determinative data to limits files for notifying the analyst when an interfering
parameter is detected in the sample at a concentration that will produce either an
apparent false positive concentration, greater than the parameter IDL, or false
negative parameter concentration, less than the 99% lower control limit of the
calibration blank. When the interference accounts for 10% or more of the parameter
concentration, either an alternate wavelength free of interference or another
approved test procedure must be used to complete the analysis.

Physical Interferences

Physical interferences are effects associated with the sample nebulization and
transport processes. Changes in viscosity and surface tension can cause significant
inaccuracies, especially in samples containing high dissolved solids or high acid
concentrations. If physical interferences are present, they must be reduced by such
means as a high-solids nebulizer, diluting the sample, using a peristaltic pump, or
using an appropriate internal standard element.

Another problem that can occur with high dissolved solids is salt buildup at the tip of
the nebulizer, which affects aerosol flow rate and causes instrumental drift. This
problem can be controlled by a high-solids nebulizer, wetting the argon prior to
nebulization, using a tip washer, or diluting the sample. Also, it has been reported
that better control of the argon flow rates, especially for the nebulizer, improves
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instrument stability and precision; this is accomplished with the use of mass flow
controllers.

ICP-AES determines dissolved parameters in aqueous samples after suitable
filtration and acid preservation. To reduce potential interferences, dissolved solids
must be < 0.2% (w/v).

Chemical Interferences

Chemical interferences include molecular-compound formation, ionization effects,
and solute-vaporization effects. Normally, these effects are not significant with the
ICP-AES technique. If observed, they can be minimized by careful selection of
operating conditions (such as incident power and observation height), by buffering of
the sample, by matrix matching, and by standard-addition procedures. Chemical
interferences are highly dependent on matrix type and the specific parameter.

Memory Interferences

Memory interferences result when parameters in a previous sample contribute to the
signals measured in a new sample. Memory effects can result from sample
deposition on the uptake tubing to the nebulizer, and from the buildup of sample
material in the plasma torch and spray chamber. The site where these effects occur
is dependent on the parameter and is minimized by flushing the system with a rinse
blank between samples. If memory interference is suspected, the sample must be re-
analyzed after a long rinse period, using either a peristaltic pump, or an appropriate
internal standard element.

Method interferences are the result of contaminants in acids, reagents, glassware,
and other sample processing hardware. Running laboratory reagent blanks as
described in Section 9.4 and 10.2 demonstrates the system is free of contamination.
The analytical system must be free from contamination under the conditions of the
analysis.

4.2 Parameters

4.21

4.2.2

4.2.3

4.2.4

When determining boron and silica in aqueous samples, only plastic, PTFE or
quartz labware must be used from time of sample collection to completion of
analysis. For accurate determination of boron in solid samples only quartz or PTFE
beakers must be used during acid extraction with immediate transfer of an extract
aliquot to a plastic centrifuge tube following dilution of the extract to volume. When
possible, borosilicate glass must be avoided to prevent contamination of these
parameters.

Silver is only slightly soluble in the presence of chloride unless there is a sufficient
chloride concentration to form the soluble chloride complex. Therefore, low
recoveries of silver may occur in samples, spiked sample matrices and spiked blanks
or as a dissolved parameter or analyzed by "direct analysis". For this reason,
samples are digested using the total recoverable mixed acid digestion before the
determination of silver. For the analysis of wastewater samples containing higher
concentrations of silver, succeeding smaller volume, well mixed aliquots must be
prepared until the analysis solution contains <0.1 mg/L silver. The extraction of solid
samples containing concentrations of silver >50 mg/kg must be treated in a similar
manner.

The digestion of tin from solid samples must be prepared using aliquots of <1 g when
expected sample concentrations exceed 1%.

The total recoverable sample digestion procedures solubilize and hold in solution
only minimal concentrations of barium in the presence of free sulfate. For the
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analysis of barium in samples having varying and unknown concentrations of sulfate,
analysis must be completed as soon as possible after sample preparation.

5. Safety

The toxicity or carcinogenicity of each reagent and standard used in this method is not fully
established; however, each chemical compound must be treated as a potential health hazard. From
this viewpoint, exposure to these chemicals must be reduced to the lowest possible level by
whatever means available. A reference file of material data handling sheets is available to all
personnel involved in the chemical analysis. Additional references to laboratory safety are available
in the Chemical Hygiene Plan.

Specifically, concentrated nitric and hydrochloric acids present various hazards and are moderately
toxic and extremely irritating to skin and mucus membranes. Always use these reagents in a fume
hood, and if eye or skin contact occurs, flush with large volumes of water. Always wear safety
glasses or a shield for eye protection, protective clothing and observe proper mixing when working
with these reagents.

The acidification of samples containing reactive materials may result in the release of toxic gases,
such as cyanides or sulfides. Acidification of samples must be done in a fume hood.

All personnel handling environmental samples known to contain or to have been in contact with
municipal waste must follow safety practices for handling known disease causative agents.

The inductively coupled plasma is only viewed with proper eye protection from the ultraviolet
emissions.

6. Sample Collection, Preservation, and Handling

6.1 Sample Collection

Prior to the collection of an aqueous sample, consideration must be taken as to what type
of analysis is specified, (i.e. dissolved or total), so that the appropriate pretreatment or
preservation steps may be taken.

The laboratory routine practice is to collect a single 1L plastic container for aqueous
samples and 250 mL wide mouth jar for soil samples.
6.2 Sample Preservation
6.2.1 Solid samples require no chemical preservation before analysis.
6.2.2 For the determination of total parameters, the sample is preserved with 1:1 HNO3 to

pH < 2, not to exceed 10 ml of 1:1 HNO3 per liter of sample. Usually 2 ml of 1:1
HNO:s is sufficient for the preservation of drinking waters.

6.2.3 For the determination of dissolved parameters, an aliquot of the unpreserved sample
is filtered through a 0.45um membrane filter within 24 hours of the collection time,
and prior to sample digestion and analysis. The sample is filtered through a nitric
acid presoaked glass filtration apparatus. Once a sufficient volume of the filtrate is
obtained, the filtrate is preserved with 1:1 Nitric acid (HNO3) to a pH < 2. A
separate SOP lists the sample preparation technique.

6.2.4 For the determination of total recoverable parameters in aqueous samples, samples
are not filtered, but acidified with 1:1 Nitric acid to a pH < 2. Usually 3 mL of 1:1 Nitric
acid per liter of sample is sufficient for most drinking water samples.
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6.3 Sample Handling

6.3.1

6.3.2

6.3.3

Samples require ice or refrigeration from the time of collection until analysis. Cool

and maintain the sample temperature between 2 and 6 °C from time of sample
receipt until analysis.

Samples are digested and analyzed within 180 days of collection. Sample digestates
are maintained at room temperature.

Refer to the Project Information Form (PIF) for client specific sample handling,
preservation and collection criteria.

7. Equipment and Supplies
7.1 Inductively coupled argon plasma emission spectrometer:

711
71.2
713
71.4
7.1.5
7.1.6

Computer-controlled emission spectrometer with background correction.
Radio-frequency generator compliant with FCC regulations.

Optional mass flow controller for argon nebulizer gas supply.

Peristaltic pump.

Autosampler.

Argon gas supply - high purity.

7.2 Volumetric pipets: 0.5mL, 1 mL, 5mL, 10 mL Class A pipets

7.3 Volumetric flasks: 10 mL, 50 mL, 100 mL, Class A with ground glass stoppers

7.4 Autopipetter: Eppendorf, calibrated.

8. Standards and Reagents

8.1 Reagent water: Reagent water in the metals laboratory is water from the RO water
system, passed through a column of Milli-Q deionized water system in the laboratory.

8.2 Nitric acid: Concentrated, ACS grade quality and Trace Metals grade.

8.3 10% (v/v) Nitric acid: 100mL concentrated nitric acid diluted to 1 liter with reagent

water.

8.4 5% (v/v) Nitric acid: 50 mL concentrated nitric acid diluted to 1 liter with reagent

water.

8.5 1:1 Nitric acid: 500 mL concentrated nitric acid diluted to 1 liter with reagent water.

8.6 Hydrochloric acid: Concentrated, ACS grade quality and Trace Metals grade.
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8.7 Stock standard solutions: Certified stock standard solutions in nitric acid. The

8.8

certification includes the concentration, uncertainty and traceability to NIST if available.
Stock standards include calibration standards, calibration verification, laboratory controls
and spiking solutions.

Select the certified stock standards containing single parameters or multiple parameters of
interest. Record the concentration of the certified stock standards, lot number, supplier,
standard name, catalog number, expiration date, date received and receiver's initials in the
standards logbook. Record the number of containers prepared and the identifier for the
stock standard. Stock standards are initialed and dated upon receipt and certificates are
kept in a binder.

Standards are stored in plastic bottles at room temperature.

Standards must be replaced every twelve months, or sooner if comparison with check
standards indicates a problem.

Stock Standards: The stock standards are prepared at concentrations such that the
aqueous standards bracket the working range of the analytical system. Prepare the
standards using a Class A volumetric pipet, or autopipetter, to transfer the standard (mg/L)
into a volumetric flask containing reagent water (mL). Add the appropriate amount of acid
to ensure consistent standard and sample acid concentration.

The manufacturer (Inorganic Ventures, Inc.) determines the expiration date of the stock
standards. Store stock standards at room temperature.

Other standards may be purchased and prepared. The specific instructions for standard
preparation not listed in this SOP are detailed in the standard logbook at the time of
preparation.

8.8.1 ICP Calibration Stock #1 (IV-7): Al, Ba, B, Ag, Na at 100 ug/mL; K at 1000 pg/mL;

Si at 50 ug/mL

8.8.2 ICP Calibration Stock #2 (IV-19): Sb, As, Be, Cd, Ca, Cr, Co, Cu, Fe, Pb, Mg, Mn,

Mo, Ni, Se, Tl, Ti, V, Zn at 100 ug/mL

8.8.3 ICP Cal Verification #1 (IQC-007): Al, Ba, B, Ag, Na at 100 pg/mL; K at 1000

pug/mL; Siat 50 pg/mL

8.8.4 ICP Cal Verification #2(1QC-019): Sb, As, Be, Cd, Ca, Cr, Co, Cu, Fe, Pb, Mg, Mn,

Mo, Ni, Se, Tl, Ti, V, Zn at 100 ug/mL

8.8.5 ICP Ag Standard: Silver standard at 1000 pg/mL

8.8.6 ICP Al Standard: Aluminum standard at 1000 pg/mL

8.8.7 ICP Ba Standard: Barium standard at 1000 pg/mL

8.8.8 ICP B Standard: Boron standard at 1000 pug/mL

8.8.9 ICP Cd Standard: Cadmium standard at 1000 pg/mL
8.8.10 ICP Fe Standard: Iron standard at 1000 pg/mL
8.8.11 ICP K Standard:  Potassium standard at 1000 ug/mL
8.8.12 ICP Li Standard: Lithium standard at 1000 ug/mL
8.8.13 ICP Mg Standard: Magnesium standard at 1000 pug/mL
8.8.14 ICP Mo Standard: Molybdenum standard at 1000 pg/mL
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8.8.15
8.8.16
8.8.17
8.8.18
8.8.19
8.8.20
8.8.21
8.8.22
8.8.23
8.8.24
8.8.25
8.8.26
8.8.27
8.8.28
8.8.29
8.8.30
8.8.31
8.8.32
8.8.33
8.8.34
8.8.35

8.9

ICP Na Standard:

ICP P Standard:

ICP Pb Standard:

ICP S Standard:
ICP Si Standard:
ICP Sr Standard:

ICP Sn Standard:

ICP Ti Standard:

ICP Se Standard:
ICP Sb Standard:
ICP As Standard:
ICP Be Standard:
ICP Co Standard:
ICP Cu Standard:

ICP Cr Standard:

ICP Mn Standard:

ICP Ni Standard:
ICP Tl Standard:
ICP V Standard:

ICP Zn Standard:
ICP Ca Standard:

Working Standards: The working standards are prepared from the stock standards

Sodium standard at 1000 pg/mL
Phosphorus standard at 1000 pug/mL
Lead standard at 1000 pg/mL
Sulfur standard at 1000 ug/mL
Silicon standard at 1000 pg/mL
Strontium standard at 1000 pug/mL
Tin standard at 1000 pg/mL
Titanium standard at 1000 pg/mL
Selenium standard at 1000 pg/mL
Antimony standard at 1000 pg/mL
Arsenic standard at 1000 pg/mL
Beryllium standard at 1000 ug/mL
Cobalt standard at 1000 pg/mL
Copper standard at 1000 pyg/mL
Chromium standard at 1000 pg/mL
Manganese standard at 1000 pg/mL
Nickel standard at 1000 pg/mL
Thallium standard at 1000 pug/mL
Vanadium standard at 1000 pg/mL
Zinc standard at 1000 pg/mL
Calcium standard at 1000 pg/mL

and brought to final volume with 5% nitric acid solution. The working standard solutions
expire one month from the date of preparation. The CRI stock solution expires six months
from the date of preparation or prior to the manufacturer's expiration date. Working
standards are stored at room temperature.

ICP CRI Stock Standard: To a 1L volumetric flask, add 500mL DI water and 50mL
concentrated HNOs. Utilizing the 1000pug/mL individual elemental standards (Section
8.9), and an Eppendorf pipetter (Section 7.4), add the following volumes of standards
to the 1L volumetric flask. Bring to volume with DI water.

8.9.1

0.4mL: Be, Cd

0.8mL: As, Ag, Cr, Se, Sn, Tl, Sr, Bi

1.2mL: Mn

1.6mL: Ba, Zn

1.8mL: Pb
2.0mL: Cu
3.2mL: Ni

4.0mL: B, Co, Mo, Sb, V

8.0mL: Fe

16.0mL: Al, Ca, Mg

40.0mL: Si
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200mL: Na, K

8.10 Calibration Standards: The instrument calibration standard must include all
elements. Other elements may be added or single element standards may be prepared.

Record the stock standard identifier, expiration date for stock standard, acid supplier, log
number, preparation date and preparer's initials in the standards logbook. Note any
deviations from the routine preparation.

Calibration standards are stored at room temperature and are prepared weekly.
8.10.1 Instrument Cal Std: 10.0 mL V-7

10.0 mL IV-19
1.0 mL 1000 mg/L Sr, Sn stock standard
Final Volume: 1000 mL

8.11 Interference check standard (ICSA, ICSAB): The routine preparation of the ICS
uses the following multielement stock standards. The manufacturer (Absolute Standards,
Inc.) sets the expiration date for the stock standards. Store stock standards refrigerated at

4+ 2°C.

8.11.1 Stock Standards

8.11.1.1

8.11.1.2

8.11.1.3
8.11.1.4

8.11.1.5

Interference check standard (ICSA) = Al, Ca, Mg at 5000 ug/mL; Fe at 2000
pug/mL.

ICP Interference check standard #1 = B at 500 ug/mL, Ti at 1000 ug/mL, Mo
at 300 pg/mL and Si at 230 pg/mL

ICP Interference check standard #2 = Sb at 1000 pug/mL

ICP Interference check standard #3 = K at 20,000 ug/mL; As, Pb, Tl at 1000
ug/mL; Se at 500 pg/mL; Mn at 200 ug/mL; Be at 100 ug/mL; and Ag, Ba,
Cd, Cr, Co, Cu, Ni, V, Zn at 300 pg/mL

ICP Interference check standard #4 = K at 20,000 pg/mL; Ca at 15,000 pg/mL;
Fe at 12,500 ug/mL; Ba, Ni at 300 pug/mL; Mg at 7500 ug/mL; Al at 3000
pg/mL ; Na at 2500 pg/mL

8.11.2 Working Standards

The expiration date for the working solutions is six months from the date of
preparation or prior to the manufacturer's expiration date. Store at room
temperature.

Record the stock standard identifier, expiration date for the standard, date received,
opened date and receiver's initials in the standards logbook. Also note any
deviations from the routine preparation.

8.11.21

ICSA: For Trace ICP, bring 25.0 mL Interference check standard (ICSA) to a
final volume of 500mL with 5% nitric acid solution.

Final concentration: Al, Ca, Mg at 250 ug/mL and Fe at 100 ug/mL
8.11.2.2 ICSAB: For Trace ICP, add 1mL of Interference Check Solutions #1,
#2 and #3, 3mL of Interference Check Solution #4 and 1mL of 1000mg/L

stocks of Sr, Sn, Bi and Si and bring to a final volume of 1000mL with 5% nitric
acid solution.

Final concentration: Sb, As, Pb, Sr, Tl, Sn, Tiat 1.0 mg/L; Be at 0.1mg/L;
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Ba, Cd, Cr, Co, Cu, Mo, Ni, Ag, V, Zn, at 0.3 mg/L;
Mn at 0.2mg/L; K at 20mg/L; B, Se at 0.5 mg/L;
Siat 1.23mg/L; al at 9.0mg/L; Ca at 45.0mg/L;

Fe at 37.5mg/L; Mg at 22.5mg/L; and Na at 7.5mg/L

8.12 Calibration verification (CV) standard solution: The CV is also referred to as
the initial (ICV) and continuing calibration verification (CCV). This standard is from a
different lot number or manufacturer than the calibration standards. Prepare the standard
using a Class A volumetric pipet (mL), or Autopipetter, to transfer the stock standard (mg/L)
into a volumetric flask containing reagent water (mL).

Record the stock standard identifier, expiration date for the CV standard, preparation date
and preparer's initials in the standards logbook. Record the exact steps for preparing the
standard and the identifier for the CV standard.

The manufacturer (Ultra Scientific, Inc.) sets the expiration date for the stock standards.
Store stock standards at room temperature.

8.12.1 Initial Cal Verification (ICV): 5 mL IQC-007
5mL IQC-019
9.5 mL 1000 mg/L Na stock standard
0.5 mL 1000 mg/L Sr stock standard
5.0 mL 1000 mg/L Si stock standard
Final Volume: 1000 mL

8.13 Detection Limit Check (CRI): A standard prepared at or near the reporting level is
spiked into water at the time of preparation. The standard evaluates the sensitivity of the
method. The expiration date for the standard is one month from the preparation date. Store
at room temperature.

Record the stock standard identifier, expiration date, preparation date and preparer's initials
in the standards logbook. Record the exact steps for preparing the standard and the
identifier for the low level LCS. (Note: The term used for the low level check standard is
CRI. The term CRI is from the Contract Laboratory Program (CLP) for Contract Required
Instrument detection limit. The use of the term is for convention and does not imply CLP
protocols.)

8.13.1 CRI standard: To a 1L volumetric flask, add 500mL of DI water and 50mL of
concentrated HNO3. Using a calibrated pipetter, add 25mL of the CRI
Intermediate standard (Section 8.9.1) and bring to volume with DI water. This
standard will have the following concentrations of elements:

1.1 mg/L: Be, Cd

1.2 mg/L: As, Ag, Cr, Se, Sn, Sr, Tl, Ti
1.3 mg/L: Mn

0.04mg/L: Ba, Zn
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0.045mg/L: Pb

0.05mg/L: Cu

0.08 mg/L: Ni

1.1 mg/L: B, Co, Mo, Sb, V
1.2 mg/L: Fe

0.4 mg/L: Al, Ca, Mg

1.0 mg/L: Si

5.0 mg/L: K, Na

8.14 QC check sample (QCS): The reference method requires the analysis of a QCS at

least quarterly. The CCV sample is a standard run from a second source and meets the
same requirements as the QCS. Whenever a new analyst, new equipment or major
method change occurs, the CCV is analyzed in replicate (at least three samples) to verify
method performance. Record the stock standard identifier, expiration date for the QCS,
preparation date and preparer's initials in the standards logbook. Record the number of
containers prepared and the identifier for the standard. Store at room temperature.

9. Procedure

9.1

ICP Set-up and Shut-down

Set-up the instrument with proper operating parameters. (Section 9.4) The instrument must
be allowed to become thermally stable before beginning the analysis. Thermal stability
requires at least 30 minutes of operation before calibration.

Instrument Start-up steps:

Turn on chiller

Clamp peristaltic pump windings

Start computer (if not currently in operation)
Initialize plasma startup

At the end of each operating day the instrument is shut down. Instrument Shut down steps
are:

Flush the instrument for one minute with the rinse solution.
Extinguish plama by either autoshut down at end of sequence or manually

Turn of chiller once shutdown/cooldown process is complete.

Plasma Optimization: The plasma operating conditions need to be optimized prior to use of
the instrument. This routine is not required on a daily basis, but when first setting up a new
instrument or following a change in operating conditions. Follow the plasma optimization
set-up recommended by the instrument manufacturer.

The purpose of plasma optimization is to provide a maximum signal to background ratio for
some of the least sensitive elements in the analytical array. The use of a mass flow
controller to regulate the nebulizer gas flow or source optimization software greatly
facilitates the procedure.
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9.2

The mass flow controller is set to the recorded optimized flow rate per the manufacturer’'s
suggestions. In order to maintain valid spectral interelement correction routines the
nebulizer gas flow rate must be the same (< 2% change) from day to day.

Instrument Profile: The Thermo 6500 series ICP performs an automatic profile optimization
each time the software is started which requires no operator interaction.

Interelement Spectral Interference Correction: The laboratory must establish and initially
verify an interelement spectral interference correction routine to be used during sample
analysis. A general description concerning spectral interference and the analytical
requirements for background correction are discussed in the section on interferences.
Criteria for determining an interelement spectral interference is an apparent positive or
negative concentration for the analyte that falls within £ one reporting limit from zero. The
upper control limit is the analyte instrument detection limit. Once established, the entire
routine must be verified annually. A portion of the correction routine is verified on a daily
basis.

Linear Dynamic Range: The upper limit of the linear dynamic range must be established for
each wavelength by determining the signal responses from various different concentration
standards across the range. One of the standards is near the upper limit of the range. The
data, calculations and rationale for the choice of range is documented and kept on file. The
upper range limit is an observed signal no more than 10% below the level extrapolated
from lower standards. The linear Dynamic Range is evaluated once per year.

New dynamic ranges are determined whenever there is a significant change in instrument
response. For those analytes that periodically approach the upper limit, the range is
checked every six months.

NOTE: Many of the alkali and alkaline earth metals have non-linear response curves due to
ionization and self absorption effects. These curves may be used if the instrument allows;
however the effective range must be checked and the second order curve fit must have a
correlation coefficient of 0.995 or better. Third order fits are not acceptable. These non-
linear response curves must be revalidated and recalculated every six months. These
curves are much more sensitive to changes in operating conditions than the linear lines and
must be checked whenever there have been moderate equipment changes.

9.1.1 The essential peak quality control acceptance criteria listed below must be met,
otherwise the problem must be found and corrected:

Peak position in terms of wavelength: <1
Peak width at half-height: 10 +/- 10%

Peak intensity : < % the intensity since the instrument was last serviced

Initial Calibration

Assemble and prepare the instrumental system to the same operation conditions as the
sample analysis. (Section 9.4)

Calibrate the instrument according to the instrument manufacturer recommended
procedures. Calibration is performed when changes to the operating parameters (Section
9.4) are required for improved instrument performance.

Calibration is checked on a daily basis to verify proper operating conditions are maintained
by analyzing the calibration standard, calibration verification, interference check standard
and low level control sample.
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9.3

9.4

Prepare the calibration standard. Record the calibration standard identifier, concentration,
and analyst initials in the instrument analysis logbook.

At the beginning of daily analysis (every 24 hours) a single calibration standard is analyzed
after the calibration blank. Flush the system with the calibration blank before and after
calibration. The average intensity of three (3) exposures (two exposures for the Trace 4
Instrument) is used for calibration to reduce random error. The % RSD for the three
replicates must be < 5%. Multiple calibration standards may be analyzed where project
specific or client requests require bracketing the working range with daily calibration
standards. The concentration of the daily calibration standard is near the mid-point of the
working range. All parameters of interest are analyzed in the daily calibration standard.

The calibration blank results are to agree within three standard deviations of the mean
blank value. If not, repeat the analysis two more times and average the result. If the
average of the three results are not within three standard deviation of the background
mean, terminate the analysis and correct the problem.

Standardization
Prepare the calibration verification standard.

Analyze the calibration verification the same as any sample. (See Section 9.4) The initial
calibration verification (ICV) standard is analyzed after the calibration standard and after
every ten samples (CCV). Flush the system with the calibration blank before and after
every standard and sample. The average intensity of three (3) exposures is used for
calibration to reduce random error. The % RSD for the three replicates must be < 5%. The
initial calibration standard (ICV) must be within £ 5% of the true value. The continuing
calibration standard (CCV) must be recovered within 5% for wastewater analysis and within
10% for drinking water analysis. In order for the analysis to proceed, these acceptance
criteria must be met.

Record the calibration verification standard identifier, concentration, analyst initials and any
deviations to this procedure in the instrument analysis logbook.

Analyze the calibration blank (CCB) after the calibration verification standard and every ten
samples. The absolute value of the calibration blank result must be less than the reporting
limit listed in Table 1 for analysis to be acceptable.

Equipment Operation and Sample Analysis

All glassware must be acid rinsed before use. The glassware is rinsed with 50%
hydrochloric acid, then rinsed three times with reagent water, then once with 10% nitric acid
solution and then rinsed three times with reagent water.

Changes in acquisition parameters, equipment, and conditions require written authorization
from management. Demonstration of method performance based on method modifications
must be on file before sample analysis.

Calibration is acceptable if average of three individual runs is %RSD < 5% for standards
and < 25% RSD for samples. Blanks are not controlled on the basis of the %RSD of the
three replicates.

The following are the routine instrumental parameters for multielement analysis. Single
element analysis or non-routine instrumental parameters are found in the instrument
analysis data:

Incident RF power 1100 watts

Reflected RF power <5 watts
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9.5

9.6

Injector tube orifice i.d. 1 mm

Argon supply liquid argon

Argon pressure 100 psi

Sample uptake rate controlled to approximately 1 mL/min.
Rinse time default: 60 seconds

Record the sample number (standard or QC sample identifier), preparation batch identifier,
standard solution identifier, dilution, analyst initials, deviations from this procedure and
visual observations in the instrument analysis logbook.

Samples digested in a batch must include a method blank (MB), laboratory control sample
(LCS), matrix spike and duplicate sample.

Perform a preliminary data review of the sample, standards and blank performance. Note
any obvious problems in the instrument analysis logbook. If the absorbance for any
parameter exceeds the working range of the system, prepare a dilution of the sample and
reanalyze. Record the dilution in the instrument analysis logbook.

Preventative Maintenance

All preventative maintenance is performed per the manufacturer’s instructions for each
instrument, and is noted in the instrument’s Maintenance Logbook.

Calculations

When a parameter is detected, the quantitation of that parameter is based on the
absorbance from a known concentration compared to the absorbance from the unknown.

Calculate the sample concentration using the linear regression analysis supplied with the
instrument software.

Report results in mg/L without correction for blank and recovery data. Record all QC data
and report with the sample results as required by client specifications. Reported detection
limits must be corrected for the sample dilution factor.

Sample data is reported in units of mg/L for aqueous samples and mg/kg wet weight for
solid samples. Solid samples >5% solids are reported as mg/kg dry weight following solids
correction in the LIMS.

For dissolved aqueous parameters or samples analyzed by "direct analysis" report the data
generated directly from the instrument with allowance for sample dilution. Do not report
parameter concentrations below the Reporting Limits (Table 1).

For total recoverable aqueous parameters, multiply solution parameter concentrations by
the dilution factor 0.5, when 100 mL aliquot is used to produce the 50 mL final solution, and
report data. If a different aliquot volume other than 100 mL is used for sample preparation,
adjust the dilution factor accordingly. Also, account for any additional dilution of the
prepared sample solution needed to complete the determination of parameters exceeding
90% or more of the LDR upper limit. Do not report data below the determined parameter
MDL concentration or below an adjusted detection limit reflecting smaller sample aliquots
used in processing or additional dilutions required to complete the analysis.

For parameters with MDLs < 10 ug/L, round the data values to the ones place and report
parameter concentrations up to two significant figures. For parameters with MDLs > 10 pg/L
round the data values to the ones place and report parameter concentrations up to three
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significant figures. Extract concentrations for solids data must be rounded in a similar
manner.

For total recoverable parameters in solid samples, round the solution parameter
concentrations (mg/L) the same as aqueous samples. Report the data up to three
significant figures as mg/kg wet-weight basis unless specified otherwise by the program or
data user. Calculate the concentration using the equation below:

Sample Results (mg/Kg) = C *V * D
W

where:

C = Concentration in digestate (ug/L)

V = Volume of digestate (L, 100 mL =0.1L)

D = Dilution factor (undiluted = 1)

W = Weight of sample aliquot extracted (g x 0.001 = kg)

Do not report parameter data below the estimated solids MDL or an adjusted MDL because
of additional dilutions required to complete the analysis.

To report percent solids in solid samples calculate as follows:
Dw

ww

%Solids =

where:
DW = Sample weight (g) dried at 103 - 105°C.
WW = Sample weight (g) before drying

Calculations for Hardness by SM2340B

The method for determining hardness is to compute it from the results of separate determinations of
Calcium and Magnesium on aqueous samples.

Total Hardness:

Total Hardness, mg equivalent CaCQOs/L = [2.497 (Ca, mg/L)] + [4.118 (Mg, mg/L)]
Calcium Hardness:

Calcium Hardness, mg equivalent CaCQOs/L =[2.497 (Ca, mg/L)]

10. Quality Control and Data Assessment

The laboratory must maintain records to document the quality of data that is generated. Ongoing
data quality checks are compared with established performance criteria to determine if the results
of analyses meet the performance characteristics of the method. When results of sample spikes
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indicate atypical method performance, a calibration verification standard is used to confirm the
measurements were performed in an in-control mode of operation.

10.1

10.2

Demonstration of Capability

The analyst must make an initial, one-time, demonstration of the ability to generate
acceptable accuracy and precision with this method. Each time a method maodification is
made, the analyst is required to repeat the procedure.

When one or more of the parameters tested fail at least one of the acceptance criteria, the
analyst must locate and correct the source of the problem and repeat the test for failed
parameters of the method.

Repeated failure confirms a general problem with the measurement system or analytical
technique of the analyst. If the failure repeats, locate and correct the source of the problem
and repeat the test for all parameters listed in the method.

Blanks

The instrument and method blanks must be less than the absolute value of reporting
detection limit

Analyze an acid blank each day to demonstrate that interferences from the instrumental
system are under control. The acid blank must contain the same acid concentration as the
standards and samples. Do not begin analysis, if parameters are found in the instrument
blank at or above the reporting limit.

The possibility of memory interferences must be recognized within an analytical run and
suitable rinse times must be used to reduce them. The rinse times necessary for a
particular parameter must be estimated prior to analysis. This may be achieved by
aspirating a standard containing parameters corresponding to either their LDR or a
concentration ten times those usually encountered. The aspiration time must be the same
as a normal sample analysis period, followed by analysis of the rinse blank at designated
intervals. The length of time required to reduce parameter signals to within a factor of two
of the method detection limit, must be noted. Until the required rinse time is established,
this method requires a rinse period of at least 60 seconds between samples and standards
unless proven otherwise through experimentation.

Analyze a method blank from the same preparation batch as the samples. If parameters
are found in the method blank, at less than the reporting limit, report the data without
qualification. If the parameter in the method blank is above the reporting limit, note the
information on a non-conformance form to determine corrective action for all samples in the
batch. Data is only reported with qualification when the method blank indicates possible
contamination in the system.

10.3 Calibration Verification and Laboratory Control Samples (LCS)

Demonstrate through the analyses of the initial calibration verification (ICV) standard that
the operation of the measurement system is in control. The frequency of the analyses is
equivalent to 5% of all samples analyzed. % Recovery of the ICV must be within £ 5% of
the true value.

Analyze the CCV to verify the measured concentration for each parameter. The
concentration must be recovered within 10% for non-potable wastewater, surface water,
domestic water analysis and drinking water analysis.

If the concentration for a parameter does not fall within the range in this second test,
instrument maintenance must be performed to determine the cause of the failure. A
second CCV standard with all parameters may be analyzed immediately. The second CCV
standard must not fail the acceptance criteria for all parameters.
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10.4

10.5

Compare the measured concentration for the digested LCS with in-house performance
data. The percent recovery must be within 85-115% for aqueous samples and 80-120% for
soil/solid samples. The LCS is prepared with each digestion batch (every 20 samples).

If the recovery of any such parameter falls outside the designated range, the laboratory
performance for that parameter is judged to be out of control, and the problem must be
immediately identified and corrected, prior to sample analysis. A nonconformance form is
completed.

Interference Check Standards

The ICSA compounds must be less than the Reporting limit for all analytes . The reported
values for the ICSAB for any analyte of interest must be within +20% of the true value;
major interferents are not evaluated (Ca, Fe, Mg, K, or Na). If the ICSA or ICSAB fail a
nonconformance report must be written. Data is not be reanalyzed, unless approval from
the laboratory director is authorized and the data is qualified to the client.

The interference effects must be evaluated for each individual instrument whether
configured as a sequential or simultaneous instrument. For each instrument, intensities will
vary not only with optical resolution but also with operating conditions (such as power and
argon flow rate). The analyst determines and documents for each wavelength in Table 1
the effect from the known interferences given in Table 2, and utilizes a computer routine for
their automatic correction on all analyses. To determine the appropriate location for off-line
background correction, the user must scan the area on either side adjacent to the
wavelength and record the apparent emission intensity from all other method parameters.
This spectral information must be documented and kept on file.

The location selected for background correction must be either free of off-line interelement
spectral interference or a computer routine must be used for their automatic correction on
all determinations. If a wavelength other than the recommended wavelength is used, the
user must determine and document both the on-line and off-line spectral interference effect
from all method parameters and provide for their automatic correction on all analyses.
Tests to determine the spectral interference must be done using parameter concentrations
that will adequately describe the interference. Normally, 100 mg/L single parameter
solutions are sufficient, however, for parameters such as iron that may be found at high
concentration a more appropriate test would be to use a concentration near the upper limit
of the linear dynamic range.

Matrix Spike

Spike and analyze a minimum of 10% of all samples to monitor and evaluate laboratory
data quality.

The concentration of the spike should be at one to five times higher than the sample
concentration or at the client requested action level.

Calculate the matrix spike recovery. The recovery must be within £20% or the in-house
generated limits for each parameter. If any individual percent recovery falls outside the
designated range for recovery (R), that parameter has failed the acceptance criteria. A
nonconformance report form is completed to ensure client notification and reporting. A post
digestion spike may be performed by adding the same concentration standard to the
digested sample. The percent recovery for the post digestion spike is calculated to identify
possible sources of the interference. The post digestion spike results are narrated on the
final report along with the original failed spike recovery.
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10.6 Duplicates

Analyze a duplicate sample or reagent water spike at a minimum of 10% of the samples.
The percent RPD is determined. The laboratory generated limits for RPD must be met or
documented as to the reasons for deviation.

10.7 Detection Limit Check (CRI) Standard

10.8

10.9

A CRI Standard is prepared per Section 8.13, and analyzed following the interference
check standards, ICSA and ICSB, at the beginning of the analytical sequence. Acceptable
recovery is £ 20% from the true value. If this standard fails for any element, refer to
Section 12 for corrective actions.

Control Limits

The laboratory maintains performance records to document the quality of data that is
generated. Method accuracy for samples is assessed and records maintained.

Control limits for the method parameters are maintained by the QC staff. The control limits
are calculated based on in-house performance data. The limits are compared to the control
limits found in the reference method 200.7 Table 4 to 9. The in-house calculated limits
must be within the acceptance limits listed in Table 9 of 200.7.

Analytical Sequence
The analytical sequence is:

Instrument Blank (IB)
Instrument Calibration Standard(s)

Calibration Verification Standard (ICV) - second source different concentration (5% of
true)

Calibration Blank (ICB)

Interference check standard A (ICSA) (20% of true)
Interference check standard B (ICSB) (20% of true)
Detection Limit Check (CRI)

Low Level Checks: 2.5, 5.0, 10.0, 50.0 ppb
Continuing calibration verification (CCV) (10% of true)
Continuing calibration blank (CCB)

Sample 1to 10

(Includes method blank, field blank, sample matrix spike, sample duplicate and spiked
blank)

ccv

CCB

Sample 1to 10
CRI

ccv

CCB
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11. Method Performance

12.

13.

14

The method detection limit (MDL) is defined as the minimum concentration of a substance that can
be measured and reported with 99% confidence that the value is above zero. The detection limits
listed in Table 1 were obtained using reagent water. The MDL actually achieved in a given analysis
will vary depending on instrument sensitivity and matrix effects.

The MDL for solid samples is based on the weight and digestion volume. The aqueous MDLs are
used to calculate the solid sample Method detection limit. The solid samples Reporting limits are
based on the aqueous sample reporting limit (Table 1) multiplied by the solid sample preparation
factor. (final volume/sample weight). The reporting limits for solids may be estimated from the
reporting limits in Table 1. The typical sample weight is 5 grams with a final volume of 200 mL.

Method performance data is on file in the laboratory QC department. Comparison of method
performance data for the laboratory to the reference method criteria occurs when laboratory in-house
acceptance limits are generated. In-house generated data must be within the specifications of the
reference method or the analysis is not continued until corrective action is completed.

Corrective Actions
Holding time exceedence and improper preservation are noted on the nonconformance report form.

Perform routine preventative maintenance following manufacturer's specification. Record all
maintenance in the instrument logbook.

Review of standards, blanks and standard response for acceptable performance occurs for each
batch of samples. Record any trends or unusual performance on a nonconformance action form.

If the CCV or LCS recovery of any parameter falls outside the designated acceptance range, the
laboratory performance for that parameter is judged to be out of control, and the problem must be
immediately identified and corrected. The analytical result for that parameter in the unspiked
samples is suspect and is only reported for regulatory compliance purposes with the appropriate
nonconformance action form. Immediate corrective action includes reanalyzing all affected samples
by using any retained sample before the expiration of the holding time.

If the CRI fails ( > £ 20% from the true value), then the CRI is re-analyzed. If the failing element is
not to be used in the analysis package, then this is noted on the raw data package. If the element(s)
is needed in the analysis package, and the re-analysis fails, then the analysis stops and the
instrument is recalibrated, and the CRI reanalyzed. If the failure continues, the Inorganics
Supervisor is notified to identify and correct the problem.

Pollution Prevention
See Chemical Hygiene Plan for pollution prevention operations.

Waste Management
See Chemical Hygiene Plan for waste handling and disposal.

15. Attachments

Table 1: Detection Limits
Table 2: Interferent Listing

Printouts of this document may be out of date and should be considered uncontrolled. To accomplish work,

the published version of the document should be viewed online.

Document Type: SOP-Technical Pre-Qualtrax Document ID: SOP 06-04



Alpha Analytical, Inc. ID No.:2149

Facility: Westborough Revision 6
Department:Metals Analysis Published Date:7/27/2015 9:33:47 AM
Title: EPA 200.7 Page 21 of 22

Table 1 Detection Limits

Wavelength Standard Reported
Parameter Detection Limits
(ng/L)

Trace Trace

Aluminum (Al) 308.2 100

Aluminum (Al) 396.1 100

Trace 4 Instrument

Antimony (Sb) 206.8 50
Arsenic (As) 189.0 5
Barium (Ba) 493 .4 10
Beryllium (Be) 313.0 5
Boron (B) 249.6 30
Cadmium (Cd) 226.5 5

Calcium (Ca) 317.9 100
Chromium (Cr) 267.7 10
Cobalt (Co) 228.6 20
Copper (Cu) 324.7 10
Iron (Fe) 2714 50
Lead (Pb) 220.3 10

Magnesium (Mg) 279.0 100
Manganese (Mn) 257.6 10
Molybdenum (Mo) 202.0 50
Nickel (Ni) 231.6 25

Potassium (K) 766.4 2500
Selenium (Se) 196.0 10

Silica (SiOz2) 288.2 500
Silver (Ag) 328.0 7

Sodium (Na) 588.9 2000
Strontium (Sr) 4215 10
Thallium (T1) 190.8 20
Titanium (Ti) 337.2 10
Vanadium (V) 292.4 10
Zinc (Zn) 213.8 50

Calculated Method Detection Limits are on file in the QC Department.
{Method modification: Al and Sr wavelength differs from reference method}
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Table 2 - Interferent Listing

Analyte | Wavelength Interferent
(nm)

Ag 328.068 Ce, Ti, Mn

Al 308.215/ V,Mo,Ce,Mn
396.1

As 193.759 V,Al,Co,Fe,Ni
B 249.678 None

Ba 493.409 None

Be 313.042 V,Ce

Ca 315.887 Co,Mo,Ce

Cd 226.502 Ni,Ti,Fe,Ce

Ce 413.765 None

Co 228.616 Ti,Ba,Cd,Ni,Cr,Mo,Ce
Cr 205.552 Be,Mo,Ni

Cu 324.754 Mo, Ti

Fe 259.940 None
K 766.491 None
Li 670.784 None

Mg 279.079 Ce

Mn 257.610 Ce

Mo 203.844 Ce

Na 588.995 None
Ni 231.604 Co, Tl
P 214.914 Cu,Mo

Pb 220.353 Co,Al,Ce,Cu,Ni,Ti,Fe
Sb 206.833 Cr,Mo,Sn,Ti,Ce,Fe
Se 196.099 Fe

SiO; 251.611 None

Sn 189.980 Mo, Ti,Fe,Mn,Si
Sr 421.552 None
TI 190.864 Ti,Mo,Co,Ce,Al,V,Mn
Ti 334.941 None
V 292.402 Mo, Ti,Cr,Fe,Ce
Zn 213.856 Ni,Cu,Fe
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Nitrogen, Ammonia

Reference Methods: SM4500 NHs-BH, Standard Methods for the Examination of Water and
Wastewater, APHA-AWWA-WPCF, 21% Edition, 1997.

Method 350.1, Methods for the Chemical Analysis of Water and Wastes, EPA
600/ 4-82-055, Revision 2.0, August 1993.

Method 10-107-06-1-A, Methods for Automated lon Analyzers, May 20, 1998.

1. Scope and Application

Matrices: Ammonia nitrogen can be determined in potable, surface, and saline waters as well as
domestic and industrial wastewaters and in soils.

Definitions: See Alpha Laboratories Quality Manual Appendix A.

The data report packages present the documentation of any method modification related to the
samples tested. Depending upon the nature of the modification and the extent of intended use, the
laboratory may be required to demonstrate that the modifications will produce equivalent results for
the matrix. Approval of all method modifications is by one of the following laboratory personnel
before performing the modification: Area Supervisor, Laboratory Services Manager, Laboratory
Director, or Quality Assurance Officer

This method is restricted to use by or under the supervision of analysts experienced in the operation
of the Tecator and/or Lachat Instrument and in the interpretation of Lachat data. Each analyst must
demonstrate the ability to generate acceptable results with this method by performing an initial
demonstration of capability.

In waters and wastewaters the forms of nitrogen of greatest interest are, in order of decreasing
oxidation state: nitrate, nitrite, ammonia, and organic nitrogen. All these forms of nitrogen, as well
as nitrogen gas (N2), are biochemically interconvertible and are components of the nitrogen cycle.
They are of interest for many reasons. Organic nitrogen is defined functionally as organically bound
nitrogen in the trinegative oxidation state. It does not include all organic nitrogen compounds.
Analytically, organic nitrogen and ammonia can be determined together and have been referred to
as “kjeldahl nitrogen,” a term that reflects the technique used in their determination. Organic
nitrogen includes such natural materials as proteins and peptides, nucleic acids and urea, and
numerous synthetic organic materials. Typical organic nitrogen concentrations vary from a few
hundred micrograms per liter in some lakes to more than 20mg/L in raw sewage.

Ammonia is present naturally in surface and wastewaters. Its concentration generally is low in
groundwaters because it adsorbs to soil particles and clays and is not leached readily from soils. It
is produced largely by deamination of organic nitrogen containing compounds and by hydrolysis of
urea. At some water treatment plants ammonia is added to react with chlorine to form a combined
chlorine residual.

In the chlorination of wastewater effluents containing ammonia, virtually no free residual chlorine is
obtained until the ammonia has been oxidized. Rather, the chlorine reacts with ammonia to form
mono- and dichloramines. Ammonia concentrations encountered in water vary from less than 10ug
ammonia nitrogen/L in some natural surface and groundwaters to more than 30mg/L in some
wastewaters.

In this discussion, organic nitrogen is referred to as organic N, nitrate nitrogen as NOz-N, nitrite
nitrogen as NO2-N, and ammonia nitrogen as NH3-N.
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5.

2. Summary of Method

The sample is buffered at pH 9.5 with a borate buffer to decrease hydrolysis of cyanates and organic
nitrogen compounds. It is distilled into a solution of boric acid. The ammonia in the distillate is
determined colorimetrically by the phenate method.

The phenate method is base on the Berthelot reaction. Ammonia reacts with alkaline phenol, then
with sodium hypochlorite to form indophenol blue. Sodium nitroprusside (nitroferricyanide) is added
to enhance sensitivity. The absorbance of the reaction product is measured at 630nm, and is directly
proportional to the original ammonia concentration.

2.1 Method Modifications from Reference

Method was modified to include soil sample distillation. Samples are buffered at pH 9.5. pH is
checked using pH paper 7.5-14 ( not pH meter)

Detection Limits

The laboratory follows the procedure found in 40CFR Part 136 to determine the MDL on an annual
basis. The method detection limits determined by the laboratory are on file for review.

The RDL is determined to be 0.075mg/L based on a 100mL sample size for waters and 7.5 mg/kg
based on 1g of soil material used for distillation.

Interferences

Most of the following interferences refer to the direct analysis of a water sample. The distillation steps
remove most of these interferences.

4.1 Instrument

Samples with a high concentration of NHs may carry-over into the next sample and therefore yield
false high results in that next sample. If a sample with a low concentration follows a sample with a
high concentration, re-analyze the low sample to ensure results are accurate.

4.2 Parameters
4.21 Glycine, urea, glutamic acid, cyanates, and acetamide hydrolyze very slowly in solution
on standing but, of these, only urea and cyanates will hydrolyze on distillation at pH of
9.5. Hydrolysis amounts to about 7% at this pH for urea and about 5% for cyanates.
Some of the organic compounds that may interfere, such as formaldehyde, may be
eliminated by boiling off at a low pH before nesslerization. Remove residual chlorine by
sample pretreatment.

4.2.2 Color and turbidity of the sample distillate may interfere with analysis. These interferences
are removed by manual filtration of the distillate prior to Lachat analysis, or by dilution of
the sample prior to distillation.

Safety

The toxicity or carcinogenicity of each reagent and standard used in this method is not fully
established; however, each chemical compound should be treated as a potential health hazard.
From this viewpoint, exposure to these chemicals must be reduced to the lowest possible level by
whatever means available. A reference file of material data handling sheets is available to all
personnel involved in the chemical analysis. Additional references to laboratory safety are available
in the Chemical Hygiene Plan.
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Note: Phenol used in this method is hazardous and general laboratory safety practices must be
observed.

All personnel handling environmental samples known to contain or to have been in contact with
municipal waste must follow safety practices for handling known disease causative agents.

6. Sample Collection, Preservation, and Handling

6.1 Sample Collection
The most reliable results are obtained on fresh samples. Use plastic or glass containers.

6.2 Sample Preservation

If prompt analysis is impossible, preserve samples with approximately 0.8mL concentrated
H.SO4/L sample. The pH of the acid-preserved samples should be <2. (Some wastewaters may
require more concentrated H,SO4 to achieve this pH.) Store samples at 4°C.

Soils samples are received without preservation and stored at 4°C

6.3 Sample Handling

Samples (both waters and soils) are analyzed within 28 days after collection.

7. Equipment and Supplies

7.1 Distillation apparatus: Tecator Instruments Automatic Distillation Unit.  Follow the
instrument manufacturer’s instructions for proper operation.

7.2 pH Strips: Range 7.5 to 14 units.

7.3 250mL Disposable Polypropylene cups with covers.
7.4 Automated lon Analyzer: Lachat Instruments.

7.5 Helium gas, He: 140kPa (20 Ib/in?).

7.6 Volumetric flasks, various volumes.

7.7 Pipets, various volumes.

7.8 Analytical Balance

7.9 Centrifuge Tubes: 50mL volume.
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8. Standards and Reagents

8.1

8.2

8.3

8.4

8.5

8.6

8.7

8.8

8.9

Borate buffer solution: Add 88mL 0.1N NaOH solution to 500mL of approximately
0.025M sodium tetraborate (Na>B4O7) solution (9.5g Na;B4O7'10 H,O/L) and dilute to 1L with
DI water. Store at room temperature. Expires one month from date of preparation.

Sodium thiosulfate (dechlorinating reagent): Dissolve 0.35g NayS,03°5H,0 in DI
water and dilute to 100mL. Prepare fresh daily as needed.

Neutralization agents: Prepare with DI water:

8.3.1 Sodium hydroxide, NaOH, 6N: In a 1L volumetric flask, carefully mix 240g of NaOH
(Section 8.11) pellets with 500mL DI water. Dissolve and bring to volume with DI water.
Store at room temperature. Expires one month from date of preparation.

8.3.2 Sulfuric acid, H2S04, 10%: To a 1L volumetric flask, add 500mL DI water. Carefully
add 100mL of concentrated Sulfuric Acid (Section 8.12). Bring to volume with DI water.
Store at room temperature. Expires one month from date of preparation.

Sodium Phenolate: CAUTION! Wear gloves. Phenol causes severe burns and is
rapidly absorbed into the body through the skin. In a 1L volumetric flask, dissolve 88mL of
88% liquified phenol or 83g crystalline phenol (CsHsOH) in approximately 600mL DI water.
While stirring, slowly add 32g sodium hydroxide (NaOH). Cool, dilute to the mark, and invert
three times. Do not degas this reagent. Store at room temperature. Expires one month from
date of preparation.

Sodium Hypochlorite (approximate 2.6%): In a 500mL volumetric flask, dilute 250mL
Regular Chlorine bleach [5.25% sodium hypochlorite (NaOCI)] to the mark with DI water.
Invert three times to mix. Store at room temperature. Expires one month from date of
preparation.

Sodium Nitroprusside (coloring agent): In a 1L volumetric flask, dissolve 3.50g
sodium nitroprusside (Sodium Nitroferricyanide [NazFe(CN)sNO2-H20] ) dilute to the mark with
DI water. Degas with helium to prevent bubble formation. Use He at 140kPa (20 Ib/in’)
through a helium degassing tube. Bubble He vigorously through the solution for one minute.
Store refrigerated at 4 £ 2 °C. Expires one month from date of preparation.

Boric 1.5% Boric Acid Solution: To a 1000mL volumetric flask add 15g Boric Acid.
Dilute to the mark with DI water. Store at room temperature. Expires one month from date of
preparation.

0.2% Boric Acid Solution (Carrier Solution): To a 2L volumetric flask, dissolve 4g
Boric Acid (H3zBO3) in DI water. Degas by bubbling vigorously with Helium for one minute.
Store at room temperature. Expires one month from date of preparation.

Stock Standard, 1000ppm as NH3 (for calibration and spike solutions):
Commercially prepared. Certificate of analysis is required. Store refrigerated at 4 £ 2 °C.
Expires upon manufacturer’s specified date.

8.9.1 Intermediate Calibration Stock Standard, 100ppm as NHi: To a 100mL volumetric
flask, add 10.0mL of Stock Standard (Section 8.9) and dilute to the mark with 0.2%
Boric Acid solution (Section 8.8). Invert three times. Store refrigerated at 4 £ 2 °C.
Expires one month from date of preparation.

8.9.1.1 Nine Working Calibration Standards: The following standards are prepared in
volumetric flasks fresh each day of use:
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8.9.1.1.1

8.9.1.1.2

8.9.1.1.3

8.9.1.14

8.9.1.1.5

8.9.1.1.6

8.9.1.1.7

8.9.1.1.8

8.9.1.1.9

8.9.1.1.10

20.0ppm: 40mL of 100ppm standard (Section 8.9.1) to 200mL with
0.2% Boric Acid solution (Section 8.8).

10.0ppm: 20mL of 100ppm standard (Section 8.9.1) to 200mL with
0.2% Boric Acid solution (Section 8.8). Prepare fresh each day of use.

8.00ppm: 8mL of 100ppm standard (Section 8.9.1) to 100mL with 0.2%
Boric Acid solution (Section 8.8).

4.00ppm: 8mL of 100ppm standard (Section 8.9.1) to 200mL with 0.2%
Boric Acid solution (Section 8.8).

2.00ppm: 2mL of 100ppm standard (Section 8.9.1) to 100mL with 0.2%
Boric Acid solution (Section 8.8).

1.00ppm: 1mL of 100ppm standard (Section 8.9.1) to 100mL with 0.2%
Boric Acid solution (Section 8.8).

0.400ppm: 4mL of 20ppm standard (Section 8.9.1.1.1) to 200mL with
0.2% Boric Acid solution (Section 8.8).

0.200ppm: 1mL of 20ppm standard (Section 8.9.1.1.1) to 100mL with
0.2% Boric Acid solution (Section 8.8). Alternately, this standard may be
prepared utilizing autodilution of the 20ppm standard on the
autosampler.

0.100ppm: 1mL of 20ppm standard (Section 8.9.1.1.1) to 200mL with
0.2% Boric Acid solution (Section 8.8). Alternately, this standard may be
prepared utilizing autodilution of the 20ppm standard on the
autosampler.

0.050ppm: 20mL of 0.100ppm standard (Section 8.9.1.1.8) to 40mL
with 0.2% Boric Acid solution (Section 8.8). Alternately, this standard
may be prepared utilizing autodilution of the 20ppm standard on the
autosampler.

8.9.1.2 Continuing Calibration Standards:

8.9.1.21

8.9.1.2.2

0.400ppm Low CCV: 4mL of 20ppm standard (Section 8.9.1.1.1) to
200mL with 0.2% Boric Acid solution (Section 8.8).

4.00ppm Hi CCV: 8mL of 100ppm standard (Section 8.9.1) to 200mL
with 0.2% Boric Acid solution (Section 8.8).

8.9.2 Spiking solution, 200ppm as NHis: To a 100mL volumetric flask add 20mL of
1000ppm Stock Standard (Section 8.9) and dilute to the mark with DI water.

8.10 Stock Standard Solution, 1000ppm as NHs (for ICV and LCS): Commercially
prepared. Certificate of analysis is required. This must be from a different source than that
used for Stock Standard (Section 8.9). Store refrigerated at 4 £ 2 °C. Expires upon
manufacturer’s specified date.

8.10.1 Initial Calibration Verification Standards (ICV):

8.10.1.1Hi ICV, 10ppm: To a 100mL volumetric flask add 1mL of 1000ppm standard
(Section 8.10). Dilute to the mark with 0.2% Boric Acid Solution (Section 8.8).
Expires one month from date of preparation.
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8.10.1.2Hi ICV, 8.0ppm: To a 100mL volumetric flask add 0.8mL of 1000ppm standard

(Section 8.10). Dilute to the mark with 0.2% Boric Acid Solution (Section 8.8).
Expires one month from date of preparation

8.10.1.3Low ICV, 1.0ppm: To a 100mL volumetric flask add 10mL of 10ppm ICV

(Section 8.10.1.1). Dilute to the mark with 0.2% Boric Acid Solution (Section 8.8).
Expires one month from date of preparation.

8.10.2 LCS solution, 200ppm as NHs: To a 100mL volumetric flask add 20mL of 1000ppm
Stock Standard (Section 8.10) and dilute to the mark with DI water. Store refrigerated
at4 = 2 °C. Expires one month from date of preparation.

8.11 NaOH Pellets: ACS Grade. Store well sealed at room temperature. This salt does not
have an expiration date.

8.12 Sulfuric Acid (Concentrated): Store at room temperature.  Expires upon
manufacturer’s specified date. Use extreme caution when handling.

8.13 Ottawa sand: store at room temperature. Expires upon manufacturer’s specified date.

9. Procedure

9.1 SET-UP

9.1.1

9.1.2

Prior to analysis, organize samples in order from low to high odor.

Clean 250mL Tecator tubes by rinsing twice with approximately 0.5mL of 6N
NaOH solution and 100mL RO water. Rinse twice again with DI water.

9.2 Initial Calibration
Calibrate the Lachat ion analyzer according to manufacturer’s instructions.

9.21

Calibration

Two boards are used to calibrate the Lachat instrument. Each curve has 7
calibration points. The correlation coefficient of each curve must be > 0.995,
otherwise re-calibration is necessary. Prepare standard curves by plotting the
peak areas of standards processed through the manifold against NHs-N
concentrations in standards.

9.2.1.1 Channel 1 is used to generate a calibration curve on the low range from
0.00 — 2ppm.

9.2.1.2 Channel 2 is used to generate a calibration curve on the high range from
0 —20ppm.

Alternative method: One board can be used to calibrate the Lachat instrument. 10
point calibration curve will be used with calibration standards 10.0, 8.0, 4.0, 2.0,
1.0,04, 0.2, 0.1, 0.05 mg/l each and blank. The correlation coefficient must be >
0.995, otherwise re-calibration is necessary. Prepare standard curves by plotting
the peak areas of standards processed through the manifold against NHs-N
concentrations in standards
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9.2.2 Initial Calibration Verification (ICV)
Prior to sample analysis, an ICV is analyzed at 1.0ppm to verify the low
calibration curve on Channel 1. Another ICV is analyzed at 10ppm to verify the
high calibration curve on Channel 2. Both ICVs must yield results £ 10% of their
true value, otherwise re-calibration is necessary.

Note: if instrument is calibrated using one board calibration, then both ICV’s (Low and High),
will be evaluated and high ICV will be 8.0 mg/I ICV standard (Section 8.10.1.2)

9.2.3 Initial Calibration Blank (ICB)
Following the ICV is the analysis of an ICB. The ICB consists of an aliquot of
0.2% Boric Acid (Section 8.8). Results must be less than the Reporting Limit.

9.3 Standardization (Continuing Calibration Verification)
Analyze the following after every 10 samples and at the completion of analysis:

0.400ppm Low CCV, (Section 8.9.1.2.1)
4.0ppm Hi CCV, (Section 8.9.1.2.2)
Blank, 0.2% Boric Acid Solution. (Section 8.8)

9.4 Equipment Operation and Sample Analysis
9.4.1 Sample preparation
9.4.1.1 Sample Aliquots

9.4.1.1.1 Aqueous Samples
Add 100mL dechlorinated sample or a portion diluted to
100mL with DI water, to pre-washed Tecator tubes that are
numbered to correspond with the samples.

9.4.1.1.1 Soil Samples
One gram of a well-homogenized sample is weighed out into
a centrifuge tube (record weight in notebook). The sample is
then transferred into a Tecator tube with 100 mL of DI.

9.41.1.2 QC Samples
In a similar manner, prepare the QC samples to be distilled
with the batch (refer to Sections 10.2.1, 10.3, 10.5 and
10.8).

9.4.1.2 Add approximately 1.0mL of Na>S,Os3 to each tube, followed by 5.0mL of
Borate Buffer solution.

9.4.1.21 Aqueous Samples
Add small amounts of 6N NaOH until the pH is adjusted to
9.5.

9.4.1.2.2 Soil Samples
No pH adjustment is needed.
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9.4.2 Distillation

9.4.21

9.4.2.2,

Equipment preparation: To clean any prior contamination, first rinse
the Tecator distillation unit by running a series of 3 rinse tubes. The first
rinse containing 90mL DI and 10mL 6N NaOH. The second and third
rinses are with100mL DI and 0.5mL 6N NaOH.

Distillation: Begin by distilling rinse tubes, Blank, Low and Hi LCS, and
then Samples and QC Samples using the Tecator Instruments Automatic
Distillation Unit according to the manufacturer’s instructions.

Distillate is collected from the Tecator unit in 250mL disposable
polypropylene cups that contain 20mL of 1.5% Boric acid (Section 8.7).
Distillation is complete after collection of approximately 140mL. Fill each
cup to 150mL with DI water. Cover and store at 1-4° C if Lachat analysis
is to be delayed.

9.4.3 Ammonia analysis of distillate: Follow the manufacturer’s instructions for the
proper operation of the Lachat ion analyzer. The following are specific notes for

this analysis.
Sample throughput: 90 samples/hr; 40sec/sample
Pump speed: 35
Cycle period: 40s
Inject to start of peak period: 25s
Inject to end of peak period: 63ts

9.4.4 System Notes:

9.4.41

9.4.4.2

9.44.3

9.4.4.4

Allow 15 minutes for heating unit to warm up to 60°C.
System IV GAIN: 175 X 1

If standards are not distilled, samples should be multiplied by 1.5 to
correct for the increase in volume after the distillation.

If baseline drifts, peaks are too wide, or other problems with precision
arise, clean the manifold by the following procedure:

9.4.4.41 Place all reagent lines in deionized water and pump to clear

reagents (2-5 minutes).

9.4.44.2 Place reagent lines and carrier in 1M hydrochloric acid (1
volume concentrated HCI added to 11 volumes of deionized
water) and pump for several minutes.

9.4.4.4.3 Place all lines in deionized water and pump until the HCI is
thoroughly washed out.

94444 Resume pumping reagents.
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9.4.4.4.5 If sample distillate is colored or turbid, discard the sample
distillate and re-distill the original sample at a higher dilution

(Sections 9.4.1 and 9.4.2).

If there is not sufficient original sample volume for re-
distillation, the colored/turbid distillate may be filtered
through a 0.45um filter and diluted on the Lachat instrument.

Manifold Diagram:
CARRIER is helium degassed 0.2% Boric Acid Solution.
1”is 70.0cm of tubing on a 1” coil support

APPARATUS: Standard valve, flow cell, and detector head

Pllj:':;ﬂwl:\;\(l):t,er modules are used. The box shows 650cm of heated
—» ToWash tubing. All manifold tubing is 0.8mm (0.032”) i.d.
From Wash Bath Fill This is 5.2uL/cm.
Bath Drain [ —»p To Waste
uUrange Nitroprusside
Black Hypochlorite
Orange Phenolate {
Carrier Red 0.2% Boric Acid Solution 1" 1” 17
ANEAN
2 3 60°
Carrier Gray
4 Sample Loop=Microloop
Sample To port 6 of next Filter: 630nm To
Green valve or waste flow cell
6 5

9.5 Preventative Maintenance
9.5.1 Alllines are flushed at the end of each run.

9.5.2 All equipment is kept clean.
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9.6 Calculations

Compute sample NHs3-N concentration by comparing sample peak areas with standard
curve, as determined by the Lachat instrument software.

9.6.1 If the sample has a concentration of less than 2ppm, calculate results by

using the low curve generated on Channel 1.

9.6.2 If the sample concentration is greater than 2ppm but less than 20ppm,

calculate results by using the high curve generated on Channel 2.

9.6.3 If the concentration is greater than 20ppm, dilute the sample and reanalyze.

NOTE: For soil samples Lachat reading is multiplied by extraction volume (150ml)
and divided by sample weight (the exact weight is used as recorded in the laboratory
notebook). Calculations are done using Lachat software.

10. Quality Control and Data Assessment

The laboratory must maintain records to document the quality of data that is generated. Ongoing
data quality checks are compared with established performance criteria to determine if the results of
analyses meet the performance characteristics of the method. When results of sample spikes
indicate atypical method performance, a calibration verification standard is used to confirm the
measurements were performed in an in-control mode of operation.

10.1 Demonstration of Capability

The analyst must make an initial, one-time, demonstration of the ability to generate
acceptable accuracy and precision with this method. Each time a method maodification is
made, the analyst is required to repeat the procedure.

When one or more of the parameters tested fail at least one of the acceptance criteria, the
analyst must locate and correct the source of the problem and repeat the test for failed
parameters of the method.

Repeated failure confirms a general problem with the measurement system or analytical
technique of the analyst. If the failure repeats, locate and correct the source of the problem
and repeat the test for all parameters listed in the method.

10.2 Blank
10.2.1

10.2.2

The Distillation Blank is 100 mL DI for waters or 1g of Ottawa sand for soils.
Distill one per batch of 20 samples or less. Results for the Distillation Blank must
be less than the Reporting Limit. If results for the Distillation Blank are greater
than the reporting limit, and all sample results for the batch are greater than 10x
the Blank result, sample results may be reported with a narrative to be included
on the final report. Otherwise, all samples must be redistilled and reanalyzed.

The Analytical Blank (ICB) for the Lachat analysis is not distilled and is 0.2%
Boric Acid Solution (Section 8.8).

The ICB is run after the initial calibration verification standards (ICV) and another
is run after the continuing calibration standards (CCV).

If results for the Analytical Blank are greater than the reporting limit, the ICB is
reinjected. If failure continues the instrument must be recalibrated. Samples are
not to be analyzed until an acceptable ICB is obtained.
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10.3 Laboratory Control Samples (LCS)

10.3.1 Distillation: Distill a Low and a Hi LCS with each batch of 20 samples or less.
Recovery of the LCSs must be within Control Chart limits. If recovery is outside of
this range, the standard is reanalayzed once. If recovery still fails criteria, the
entire sample batch must be redistilled and reanalyzed.

10.3.1.1  Low 2ppm LCS: Add 1mL of 200ppm LCS solution (Section 8.10.2) to
100mL DI for waters or for 1.0g of Ottawa sand for soils. This is used
for the Low 0 — 2ppm curve.

10.3.1.2 Hi 20ppm LCS: Add 10mL of 200ppm LCS solution (Section 8.10.2) to
100mL DI for waters or for 1.0g of Ottawa sand for soils. This is used for
the Hi 2 —20ppm curve.

10.4 Initial Calibration Verification Standards

10.4.1 Lachat Analysis: The ICVs are not distilled. Analyze the following Hi and Low
ICVs after calibration of the Lachat instrument. Recoveries must be within 10% of
the true value. If results are outside of this range, the ICV may be reinjected once.
If failure continues, recalibration of the instrument is necessary. Samples are not to
be analyzed until acceptable ICV results are obtained.

10.4.1.1Low ICV, 1.0ppm (Section 8.10.1.2)

10.4.1.2Hi ICV, 10ppm (Section 8.10.1.1). HI ICV will be 8.0 ppm (Section
8.10.1.2) in case of one board calibration.
10.5 Continuing Calibration Verification Standards

10.5.1 Lachat Analysis: The CCVs are not distilled. Analyze the following Low and Hi
CCVs after every ten samples and at the completion of analysis. Recoveries must
be within 10% of the true value.

If recoveries fall outside of this range, the CCV is reanalyzed. If recovery is
acceptable, the analysis may continue. If recovery is again unacceptable, the
cause for the failure is determined and corrected, and the instrument is
recalibrated. All samples that were analyzed since the last CCV that was within
range are reanalyzed.

10.5.1.1 0.4ppm Low CCV (Section 8.9.1.2.1)
10.5.1.2 4.0ppm Hi CCV (Section 8.9.1.2.2)

10.6 Interference Check Standards
None.
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10.7 Matrix Spike

One per batch of 20 samples or less. Prior to distillation, use 2mL of 200ppm Intermediate
Stock Standard (Section 8.9.2) per 100mL of sample for waters or 1.0g of sample for soils.
Recovery of the Matrix Spike must be within Control Chart limts. If the recovery is outside
of acceptance criteria, and the LCS is within acceptance criteria, matrix interference may
be assumed. The associated data is reported with a narrative to be included on the final
report.

10.8 Duplicates

Distill one duplicate sample per batch of 20 samples or less. The %RPD for the duplicate
sample must be within Control Chart limits. If results are outside of the acceptance criteria,
a narrative to be included on the final report.

10.9 Control Limits

The laboratory maintains performance records to document the quality of data that is
generated. Method accuracy for samples is assessed and records maintained.

Control limits for the method parameters are generated. The control limits are calculated
based on in-house performance data. The limits are compared to the control limits found in
the reference method.

10.10 Analytical Sequences
10.10.1 Distillation Sequence:

3 Rinse tubes
Blank
LowLCS

Hi LCS

Rinse
Samples
Rinse after suspected high samples
Duplicate
Spike

Rinse
Shut-Down

10.10.2 Lachat Analytical Sequence:

Instrument Calibration

CCV: Low, Hi,CCB

Low ICV

Hi ICV

IC Blank

Samples

CCV: Low, Hi, CC Blank every 10 samples and at completion of analysis
Shut-Down
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11. Method Performance

11.1 Method Detection Limit Study (MDL) / Limit of Detection Study (LOD) /
Limit of Quantitation (LOQ)

The laboratory follows the procedure to determine the MDL, LOD, and/or LOQ as outlined in
Alpha SOP/1732. These studies performed by the laboratory are maintained on file for review.

11.2 Demonstration of Capability Studies
Refer to Alpha SOP/1734, 1739 for further information regarding IDC/DOC Generation.
11.2.1 Initial (IDC)

The analyst must make an initial, one-time, demonstration of the ability to generate
acceptable accuracy and precision with this method, prior to the processing of any
samples.

11.2.2  Continuing (DOC)

The analyst must make a continuing, annual, demonstration of the ability to generate
acceptable accuracy and precision with this method.

12. Corrective Actions

Holding time exceedence, improper preservation and observed sample headspace are noted on the
nonconformance report form.

Perform routine preventative maintenance following manufacturer's specification. Record all
maintenance in the instrument logbook.

Review of standards, blanks and standard response for acceptable performance occurs for each
batch of samples. Record any trends or unusual performance on a nonconformance action form.

If the CV or LCS recovery of any parameter falls outside the designated acceptance range, the
laboratory performance for that parameter is judged to be out of control, and the problem must be
immediately identified and corrected. The analytical result for that parameter in the unspiked
samples is suspect and is only reported for regulatory compliance purposes with the appropriate
nonconformance action form. Immediate corrective action includes reanalyzing all affected samples
by using any retained sample before the expiration of the holding time and/or recalibration of the
instrument.

13. Pollution Prevention

NOTE: Lachat Phenol waste is hazardous and must be disposed of in “Hazmat” Lachat
waste drums.

See Chemical Hygiene Plan for pollution prevention operations.

14. Waste Management
See Chemical Hygiene Plan for waste handling and disposal SOP/1728
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1.

Alkalinity, Titration Method

Reference Methods: Method 2320 B, Standard Methods for the Examination of Water and
Wastewater, APHA-AWWA-WPCF, 21% Edition, 1997.

Scope and Application

Matrices: This method is applicable to water matrices.

Definitions: See Alpha Laboratories Quality Manual Appendix A.

The alkalinity of a water is its acid-neutralizing capacity. It is the sum of all the titratable bases. The
measured value may vary significantly with the end-point pH used. Alkalinity is a measure of an
aggregate property of water and can be interpreted in terms of specific substances only when the
chemical composition of the sample is known.

Alkalinity is significant in many uses and treatments of natural waters and wastewaters. Because
the alkalinity of many surface waters is primarily a function of carbonate, bicarbonate, and hydroxide
content, it is taken as an indication of the concentration of these constituents. The measured values
also may include contributions from borates, phosphates, silicates, or other bases if these are
present. Alkalinity in excess of alkaline earth metal concentrations is significant in determining the
suitability of a water for irrigation. Alkalinity measurements are used in the interpretation and control
of water and wastewater treatment processes. Raw domestic wastewater has an alkalinity less
than, or only slightly greater than, that of the water supply. Properly operating anaerobic digesters
typically have supernatant alkalinities in the range of 2000 to 4000mg calcium carbonate (CaCO3)/L.

The data report packages present the documentation of any method modification related to the
samples tested. Depending upon the nature of the modification and the extent of intended use, the
laboratory may be required to demonstrate that the modifications will produce equivalent results for
the matrix. Approval of all method modifications is by one of the following laboratory personnel
before performing the modification: Area Supervisor, Laboratory Director, or Quality Assurance
Officer.

This method is restricted to use by or under the supervision of trained analysts. Each analyst must
demonstrate the ability to generate acceptable results with this method by performing an initial
demonstration of capability.

Summary of Method

Hydroxyl ions present in a sample as a result of dissociation or hydrolysis of solutes react with
additions of standard acid. Alkalinity thus depends on the end-point pH used, and for total alkalinity
a pH of 4.5 is used for the end-point.

When alkalinity is due entirely to carbonate or bicarbonate content, the pH at the equivalence point
of the titration is determined by the concentration of carbon dioxide (CO;) at that stage. Carbon
dioxide concentration depends, in turn, on the total carbonate species originally present and any
losses that may have occurred during titration. “Phenolphthalein alkalinity” is the term traditionally
used for the quantity measured by titration to pH 8.3 irrespective of the colored indicator used in the
determination.
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The results obtained from the phenolphthalein and total alkalinity determinations offer a means for
stoichiometric classification of the three principal forms of alkalinity present in many waters. The
classification ascribes the entire alkalinity to bicarbonate, carbonate, and hydroxide, and assumes
the absence of other (weak) inorganic or organic acids, such as silicic, phosphoric, and boric acids.
It further presupposes the incompatibility of hydroxide and bicarbonate alkalinities. Because the
calculations are made on a stoichiometric basis, ion concentrations in the strictest sense are not
represented in the results, which may differ significantly from actual concentrations, especially at a
pH > 10.

2.1 Method Modifications from Reference
The reporting limit for this method is less than that in the Reference Method.

0.02N NaOH (Sodium Hydroxide) is used for LCS instead of 0.05N Na2CO3 (Potassium
Carbonate) for LCS. All reagents are commercially prepped and have certificate of analysis.

3. Detection Limits

The laboratory follows the procedure found in 40CFR Part 136 to determine the MDL on an annual
basis. The method detection limits determined by the laboratory are on file for review.

The reported detection limitis 2.0mg/L.

4. Interferences

Soaps, oily matter, suspended solids, or precipitates may coat the glass electrode and cause a
sluggish response. Allow additional time between titrant additions to let the electrode come to
equilibrium or clean the electrode between samples.

5. Safety

The toxicity or carcinogenicity of each reagent and standard used in this method is not fully
established; however, each chemical compound should be treated as a potential health hazard.
From this viewpoint, exposure to these chemicals must be reduced to the lowest possible level by
whatever means available. A reference file of material data handling sheets is available to all
personnel involved in the chemical analysis. Additional references to laboratory safety are available
in the Chemical Hygiene Plan.

All personnel handling environmental samples known to contain or to have been in contact with
municipal waste must follow safety practices for handling known disease causative agents.

6. Sample Collection, Preservation, and Handling

6.1 Sample Collection

Samples for Alkalinity analysis are collected in exclusive plastic or glass bottles, with
Alkalinity as the only analysis from the bottle. The bottles are filled completely, without any
headspace, and capped tightly. The sample container is not opened until the time of
analysis.

6.2 Sample Preservation
Store at 4 + 2°C.
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6.3 Sample Handling

The sample holding time is 14 days from collection. Initial sample pH measurement is
documented during the beginning of alkalinity analysis. The pH results are included on the
printout with the Alkalinity data.

7. Equipment and Supplies

71

7.2

7.3
7.4
7.5
7.6

1.7

DL58 Mettler Toledo Titrator: with Rhondo 60 autosampler, pH meter and stirplate.

Combination Electrode: Incorporates measuring and referenced functions; solid,
gel-type filling material.

Computer: with related accessories. LabXLight software, version 1.00.000
Pipets: Volumetric, various volumes; or Eppendorf pipets, various volumes.
Flasks: Volumetric, various volumes.

Kimwipes.

Plastic Cups: Mettler Toledo brand, 100mL volume.

8. Standards and Reagents

8.1 Standard Sulfuric Acid, 0.1N: A commercially prepared standard solution which has

8.2

8.3

8.4

8.5

8.6

been standardized against a NIST standard. A certificate of analysis is kept on file. Store
at room temperature. Expires upon manufacturer’s specified date.

Standard Sulfuric Acid, 0.02N: A commercially prepared standard solution which
has been standardized against a NIST standard. A certificate of analysis is kept on file.
Store at room temperature. Expires upon manufacturer’s specified date.

Sodium Hydroxide Solution, 0.1N: A commercially prepared solution. A
certificate of analysis is kept on file. Store at room temperature. Expires upon
manufacturer’s specified date.

Sodium Hydroxide Solution, 0.02N: A commercially prepared solution. A
certificate of analysis is kept on file. Store at room temperature. Expires upon
manufacturer’s specified date.

Sodium Hydroxide Solution, 0.5N: A commercially prepared solution. A
certificate of analysis is kept on file. Store at room temperature. Expires upon
manufacturer’s specified date.

pH Buffer Solutions: pH 4 and pH 10; two sources/Lot numbers of pH 7. Use to
calibrate pH meter. Store at room temperature. Expires upon manufacturer’s specified
date.
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9. Procedure
9.1 SET-UP

Calibrate the pH meter of the Mettler/Toledo Titrator each day prior to use. Follow the
manufacturer’s instructions for calibration, using pH 4, pH 7, and pH 10. Buffer solutions.
Validate the calibration by using a second source pH 7 Buffer. The results must be within +
0.05 pH units, otherwise recalibration is necessary.

9.2 Equipment Operation and Sample Analysis

9.21

9.2.2

9.2.3

9.24
9.2.5

9.2.6

9.2.7

9.2.8

Shake sample and pour 50mL into a plastic Mettler-Toledo cup. Place cups into the
Rhondo autosampler.

Ensure that the Autotitrator is in “Remote Control” mode and that the rinse bottle is
full of DI water and titrant bottle is full of standard acid (one from Section 8.1 — 8.2).

Open LabX software package. Click “Open View” on the Titrator. Choose
appropriate method:

9.2.3.1 Meth .3” — Total Alkalinity for Total Alkalinity determination
9.2.3.2 Meth .4” — 2 Step Alkalinity for other types of alkalinity determinations.
Purge the buret of any air bubbles present.

With a right click on the computer mouse, select “New Sample Series”. Type series
ID and the sample ID to be analyzed. Click on the “Save” button.

The Series ID will appear in the “Samples” column. Click on that Series ID and using
a right mouse-click, select “Run” from the drop-down menu.

After the Run is complete, check for printout results. The initial sample pH results are
included on the data printout and are available upon request.

NOTE: Only 30mL of titrant may be used. If samples use more than 30mL of titrant,
sample dilution and reanalysis are necessary. Dilutions are prepared by using a
known amount of standard acid and then titrating a smaller volume of sample.

9.3 Preventative Maintenance

9.3.1
9.3.2

9.3.3

The pH electrode is replaced as necessary.

Prior to each analytical run, the Autotitrator buret is checked and purged of any air
bubbles present.

Autotitrator buret is checked quarterly by the QA department to ensure accuracy.

9.4 Calculations

9.4.1

Alkalinity, mg CaCOas/L = Ax N x 50,000

mL sample
where:
A = mL of the standard acid titrated
N = normality of the standard acid
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9.4.2 Calculation of Alkalinity Relationships: The mathematical conversion of the
results is shown in Table 1.

9.4.2.1 Carbonate (CO3) Alkalinity is present when phenolphthalein alkalinity is not
zero but is less than total alkalinity.

9.4.2.2 Hydroxide (OH) Alkalinity is present if phenolphthalein alkalinity is more than
half the total alkalinity.

9.4.2.3 Bicarbonate (HCOs3) Alkalinity is present if phenolphthalein alkalinity is less
than half the total alkalinity.

9.4.2.4 Carbon Dioxide (CO3)

9.4.241 Free CO;is present if the total Alkalinity of a water is due almost
entirely to hydroxides, carbonates or bicarbonates, and Total
Dissolved Solids is not greater than 500mg/L.
mg Free CO,/L =2.0 x Bx 10&°"
Where:
B = Bicarbonate alkalinity, mg CaCOs/L
9.4.24.2 Total CO; is calculated from the Free COg, bicarbonate alkalinity and
carbonate alkalinity.
mg Total CO/L=[A + 044 (2B + C)]
Where:
A =mg free CO/L (Section 9.4.2.4.1) B
= Bicarbonate alkalinity, mg CaCOs/L C
= Carbonate alkalinity, mg CaCOa/L
Table 1: Alkalinity Relationships
Result of Hydroxide Carbonate Bicarbonate
Titration Alkalinity as | Alkalinity as Concentration
CaCO3 CaCO3 as CaCO3
P=0 0 0 T
P<»%T 0 2P T-2P
P=%T 0 2P
P>%T 2P-T 2(T-P)
P=T T 0 0

Key: P = Phenolphthalein Alkalinity
T = Total Alkalinity
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10. Quality Control and Data Assessment

The laboratory must maintain records to document the quality of data that is generated. Ongoing
data quality checks are compared with established performance criteria to determine if the results of
analyses meet the performance characteristics of the method. When results of sample spikes
indicate atypical method performance, a calibration verification standard is used to confirm the
measurements were performed in an in-control mode of operation.

10.1 Demonstration of Capability

The analyst must make an initial, one-time, demonstration of the ability to generate
acceptable accuracy and precision with this method. Each time a method modification is
made, the analyst is required to repeat the procedure.

When the parameter tested fails at least one of the acceptance criteria, the analyst must
locate and correct the source of the problem and repeat the test.

Repeated failure confirms a general problem with the measurement system or analytical

technique of the analyst. If the failure repeats, locate and correct the source of the problem
and repeat the test.

10.2 Blank

Analyze one Blank per batch of 20 samples or less. The Blank consists of 50mL of DI
water. Blank results must be less than the reported detection limit. No samples may be
analyzed until an acceptable Blank is obtained.

10.3 Laboratory Control Samples (LCS)
Analyze one LCS per batch of 20 samples or less.

A 100ppm LCS is prepared by adding 5mL of 0.02N Sodium Hydroxide solution (Section
8.4) to 45mL of DI water. The LCS must be recovered within control limits generated by
QA. If the LCS falls outside of acceptance criteria, it is reprepared and reanalyzed. If
failure continues, the titrator is rinsed and the LCS analyzed again. No samples may be
analyzed until an acceptable LCS recovery is obtained.

10.4 Matrix Spike
Analyze one matrix spike per batch of 20 samples or less.

A 100mg/L spike is prepared by adding 1.0mL of 0.1 N Sodium Hydroxide solution
(Section 8.3) to 50mL of sample. The MS recovery must be within control limits. If the MS
is outside of acceptance criteria, the sample and its spike are reanalyzed. If failure
continues, report the data with a narrative to be included on the final report.

10.5 Duplicates
Analyze one sample in duplicate per batch of 20 samples or less.
The %RPD between the sample and its duplicate must within control limits. If %RPD is

outside of acceptance criteria the sample and its duplicate are reanalyzed. If failure
continues, report the data with a narrative to be included on the final report.

Printouts of this document may be out of date and should be considered uncontrolled. To accomplish work,
the published version of the document should be viewed online.

Document Type: SOP-Technical Pre-Qualtrax Document ID: SOP 07-22



Alpha Analytical, Inc. ID No.:2213

Facility: Westborough Revision 6
Department:Wet Chemistry Published Date:8/14/2015 3:48:49 PM
Title: Alkalinity, Titration Method Page 7 of 8

10.6 Continuing Calibration

A Continuing Calibration Verification (CCV) (equivalent to the LCS) and a Continuing
Calibration Blank (CCB) pair is analyzed at the end of each analytical run to ensure that
calibration is still valid.

Acceptance criteria for the CCV are 90-110% of the true value. If the CCV fails these
criteria, all samples in the associated batch are reanalyzed.

The CCB must be less than the RL of 2.0mg/L. If the CCB fails these criteria but the
associated sample concentrations are non-detect, the sample results are reported with a
narrative. If the CCB fails these criteria but the associated sample concentrations are
greater than 10x the Reporting Limit, the sample results are reported with a narrative.
Otherwise, if the CCB fails, all samples in the associated batch are reanalyzed.

10.7 Control Limits

The laboratory maintains performance records to document the quality of data that is
generated. Method accuracy for samples is assessed and records maintained.

Control limits for the method parameters are generated by the QC staff. The control limits
are calculated based on in-house performance data. The limits are compared to the
control limits found in the reference method.

10.8 Analytical Sequence

. Calibrate the pH meter and verify calibration with second source standard.
J Measure the sample and QC sample aliquots.
. Titrate to the pH endpoint on the autotitrator.

o Calculate the results.

11. Method Performance

The method detection limit (MDL) is defined as the minimum concentration of a substance that can
be measured and reported with 99% confidence that the value is above zero.

Method performance data is on file in the laboratory QC department. Comparison of method
performance data for the laboratory to the reference method criteria occurs when laboratory in-house
acceptance limits are generated. In-house generated data must be within the specifications of the
reference method or the analysis is not continued until corrective action is completed.

12. Corrective Actions
Holding time exceedence and improper preservation are noted on the nonconformance report form.

Review of LCSs, blanks, spikes and duplicates occur for each batch of samples. Record any trends
or unusual performance on a nonconformance action form.

If the LCS recovery falls outside the designated acceptance range, the laboratory performance is
judged to be out of control, and the problem must be immediately identified and corrected. The
analytical result in the unspiked samples is suspect and is only reported for regulatory compliance
purposes with the appropriate nonconformance action form. Immediate corrective action includes
reanalyzing all affected samples by using any retained sample before the expiration of the holding
time.
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13. Pollution Prevention

See Chemical Hygiene Plan for pollution prevention operations.

14. Waste Management

See Chemical Hygiene Plan for waste handling and disposal.
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Determination of Inorganic Anions
by lon Chromatography

Reference Methods: EPA 300.0, Methods for the Determination of Inorganic Substances in
Environmental Samples, EPA/600/R-93/100, August, 1993.

Method 9056, SW-846, Test Methods for Evaluating Solid Waste:
Physical/Chemical Methods, EPA SW-846, Update IIl, 1997.

1. Scope and Application

Matrices: Drinking water, surface water, mixed domestic and industrial wastewaters, groundwater,
reagent waters, solids (after extraction) leachates (when no acetic acid is used).

Definitions: See Alpha Laboratories Quality Manual Appendix A.

Regulatory Parameter List:

Parameter

Bromide
Chloride
Fluoride
Nitrate — N
Sulfate

The data report packages present the documentation of any method modification related to the
samples tested. Depending upon the nature of the modification and the extent of intended use, the
laboratory may be required to demonstrate that the modifications will produce equivalent results for
the matrix. Approval of all method modifications is by one of the following laboratory personnel
before performing the modification: Area Supervisor, Laboratory Services Manager, Laboratory
Director, or Quality Assurance Officer.

This method is restricted to use by or under the supervision of analysts experienced in use of ion
chromatography and in the interpretation of ion chromatograms. Each analyst must demonstrate the
ability to generate acceptable results with this method by performing an initial demonstration of
capability.

2. Summary of Method

A small volume of sample is introduced into an ion chromatograph. The anions are separated and
measured, using a system comprised of a guard column, analytical column, suppressor device, and
conductivity detector.

2.1 Method Modifications from Reference

Use of other eluents that improve method performance are minor modifications of the
method and are considered by the method to be acceptable.

3. Detection Limits

The laboratory follows the procedure found in 40CFR Part 136 to determine the MDL on a semi-
annual basis. The method detection limits determined by the laboratory are on file for review.
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4. Interferences

4.1

4.2

4.3

4.4

4.5

4.6

4.7

Interferences can be caused by substances with retention times that are similar to and
overlap those of the anion of interest. Large amounts of an anion can interfere with the
peak resolution of an adjacent anion. Sample dilution and/or fortification can be used to
solve most interference problems associated with retention times.

Method interferences may be caused by contaminants in the reagent water, reagents,
glassware, and other sample processing apparatus that lead to discrete artifacts or
elevated baseline in ion chromatograms.

Samples that contain particles larger than 0.45 microns and reagent solutions that contain
particles larger than 0.20 microns require filtration to prevent damage to instrument
columns and flow systems.

Any anion that is not retained by the column or only slightly retained will elute in the area of
fluoride and interfere. Known coelution is caused by carbonate and other small organic
anions. At concentrations of fluoride above 1.5mg/L, this interference may not be
significant, however, it is the responsibility of the user to generate precision and accuracy
information in each sample matrix.

The acetate anion elutes early during the chromatographic run. The retention times of the
anions also seem to differ when large amounts of acetate are present. Therefore, this
method is not recommended for leachates of solid samples when acetic acid is used for pH
adjustment.

The quantitation of unretained peaks should be avoided, such as low molecular weight
organic acids (formate, acetate, propionate, etc.) which are conductive and coelute with or
near fluoride and would bias the fluoride quantitation in some drinking and most waste
waters.

Any residual chlorine dioxide present in the sample will result in the formation of additional
chlorite prior to analysis. If any concentration of chlorine dioxide is suspected in the
sample, purge the sample with an inert gas (argon or nitrogen) for about five minutes or
until not chlorine dioxide remains.

5. Safety

The toxicity or carcinogenicity of each reagent and standard used in this method is not fully
established; however, each chemical compound should be treated as a potential health hazard.
From this viewpoint, exposure to these chemicals must be reduced to the lowest possible level by
whatever means available. A reference file of material data handling sheets is available to all
personnel involved in the chemical analysis. Additional references to laboratory safety are available
in the Chemical Hygiene Plan.

All personnel handling environmental samples known to contain or to have been in contact with
municipal waste must follow safety practices for handling known disease causative agents.

Sulfuric acid used in this method has the potential to be highly toxic or hazardous.

6. Sample Collection, Preservation, and Handling

6.1

6.2

Sample Collection

Samples are collected in glass or plastic bottles of sufficient volume to allow replicate
analyses of the anions of interest.

Sample Preservation
Samples are refrigerated at 4°C.
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6.3 Sample Handling

The sample holding time is 48 hours for the following anions: Nitrate —N.

The sample holding time is 28 days for the following anions: Bromide, Chloride, Fluoride,
and Sulfate.

7. Equipment and Supplies

7.1 Balance: Analytical, capable of weighing to 0.0001g.

7.2 lon Chromatograph: Analytical system (Dionex ICS-2000) complete with ion
chromatograph and all required accessories including syringes, autosampler, analytical
columns, compressed gasses and detectors.

7.21

7.2.2

7.2.3

7.24
7.2.5

Anion guard column: AG-18 (Dionex PN 060551) A protector of the separator
column. If omitted from the system the retention times will be shorter. Usually
packed with a substrate the same as that in the separator column.

Anion analytical column: AS-18 (Dionex PN 060549). This column produces the
separation shown in Figure 1.

Anion supressor: ASRS Ultra Il 4mm (PN 061561). The supressor column is
packed with a high capacity cation exchange resin that is capable of converting the
eluent and separated anions to their respective acid forms.

Detector: DS6 (PN 057985) Temperature controlled, heated conductivity cell

Eluent Generator: EG40 (Dionex PN 058900) Prepares the eluent electronically,
controlled by the software; equipped with KOH cartridge.

7.3 Software: The Dionex IC Instrument uses Chromeleon Software.

7.4 0.45um Membrane Filter Syringes.

7.5 Volumetric Flasks: Various volumes.

7.6 Volumetric Pipets: Various volumes.

7.7 0.5mL Vials with Caps: Dionex PN 038142.

8. Standards and Reagents

Note: All analytical standards used for calibration and calibration verification must be traceable to
NIST. Each standard is recorded in a Logbook and unique ID is assigned to each standard. The
unique IDs must also be included in all analytical sequences.

8.1 Reagent Water: Deionized water, free of the anions of interest. Water should contain
particles no larger than 0.20 microns.
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8.2 Eluent Solution: 32mM KOH, Prepared by the Eluent Generator.

8.3 Stock Calibration / ICV Standard Solutions, 1000mg/L (1mg/mL): Stock
standards for all analytes are usually purchased as certified solutions. Certificates of
analysis are kept on file.

However, if it is necessary, the Stock Solutions may be prepared from ACS reagent grade
materials (dried at 105°C for 30 minutes) as listed below. The ICV Standards must be
prepared from a different source than the calibration standards.

NOTE: Stock calibration/ ICV standards are stable for at least six months when stored at

4°C.
8.3.1

8.3.2

8.3.3

8.3.4

8.3.5

8.3.6

8.3.7

8.3.8

8.3.9

Dilute working standards are prepared weekly.
Standard 1: Fluoride Stock Standard, 1000mg F'/L

In a 250mL volumetric flask, dissolve 0.5526g of sodium fluoride (NaF, CASRN 7681-
49-4) in about 200mL reagent water. Dilute to the mark with reagent water, and
invert to mix.

Standard 2: Fluoride Stock Standard, 100mg F/L

In a 250mL volumetric flask, pipet 25mL of Standard 1, dilute to the mark with
reagent water, and invert to mix.

Standard 3: Chloride Stock Standard, 1000mg CI/L

In a 250mL volumetric flask, dissolve 0.4121g of sodium chloride (NaCl, CASRN
7647-14-5) in about 200mL reagent water. Dilute to the mark with reagent water, and
invert to mix.

Standard 4: Bromide Stock Standard, 1000mg Br/L

In a 250mL volumetric flask, dissolve 0.3219g of sodium bromide (NaBr, CASRN
7647-15-6) in about 200mL reagent water. Dilute to the mark with reagent water, and
invert to mix.

Standard 5: Bromide Stock Standard, 100mg Br/L

In a 250mL volumetric flask, pipet 25mL of Standard 4, dilute to the mark with
reagent water, and invert to mix.

Standard 8: Nitrate Stock Standard, 1000mg NO ;-N /L

In a 250mL volumetric flask, dissolve 1.5170 g of sodium nitrate (NaNO3;, CASRN
7631-99-4) in about 200mL reagent water. Dilute to the mark with reagent water, and
invert to mix.

Standard 9: Nitrate Stock Standard, 100mg NO ;-N /L

In a 250mL volumetric flask, pipet 25mL of Standard 8, dilute to the mark with
reagent water, and invert to mix.

Standard 12: Sulfate Stock Standard, 1000mg SO, % /L

In a 250mL volumetric flask, dissolve 0.4535 g of anhydrous dibasic, potassium
sulfate (K2SO4, CASRN 7778-80-5) in about 200mL reagent water. Dilute to the
mark with reagent water, and invert to mix.

Stock Bromide Standard, 1000ppm

Commercially available. Certificate of analysis required and kept on file. Use
separate sources for the ICV and Calibration standards listed below.
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8.3.9.1 ICV Bromide Standard, 100ppm

In a 100mL volumetric flask, add 1mL of Stock 1000ppm Bromide standard
(Section 8.4.13). Bring to volume with reagent water.

8.4 Working Mixed Stock Standard A (Calibration Stock)

In a 200mL volumetric flask, transfer using volumetric pipets, 2mL each of Standards
Bromide 1000ppm and Nitrate 1000ppm; 20mL of Chloride 1000ppm and Fluoride 100ppm

(Section 8.3). Dilute to the mark with reagent water and invert to mix. Store at 4 £ 2°C for
up to one month.

This makes Standard A containing F°, CI, NOZ' -N, Br, NO; -N and SO A Z at the
concentrations of 10, 100, 10, 10 and 200ppm respectively.
8.4.1 Analyte Matrix Spike Solution

Volumetrically prepare the spike solution by bringing 1.0 mL of the calibration stock
standard (Section 8.4) up to a 25mL final volume with the sample.

8.5 Working Mixed Standards B through G (Calibration Curve)

8.6

Working mixed standards B through F are prepared by diluting Standard A as summarized
in the following Table. These are prepared fresh as needed for calibration.

Std. | Std.A | Final
(mL) Vol.
mL
(mb) | o | Br | NO,-NTs0,2
B 5 10 50 | 500 | 5.0 50 | 100.0
c 50 25 20 | 200 | 2.0 20 | 400
D | 125 25 05 | 50 | 05 05 10.0
E 05 25 02 | 20 | 02 02 40
F ! OfDStd 10 005 | 05 | 005 | 005 1.0
0.5 of
¢ | 2o 10 | 0025| 025 |0025| 0025 | 05

Example: To make up Standard B, take 25mL of Standard A in a 10mL volumetric flask
and dilute to the mark with reagent water.

Note: The dynamic range for the method is two orders of magnitude. The
concentrations for the standards could be changed to bracket the concentrations of the
samples to be analyzed.

ICV Stock Standard (Second Source Verification)

To a 200mL volumetric flask add 20mL of the following standards: Chloride 1000ppm and
Sulfate 1000ppm, and 2mL of Fluoride 1000ppm, Bromide 1000ppm and Nitrate 1000ppm
(Section 8.3). Dilute to volume with reagent water.

Printouts of this document may be out of date and should be considered uncontrolled. To accomplish work,

Document Type: SOP-Technical

the published version of the document should be viewed online.
Pre-Qualtrax Document ID: SOP 07-23



Alpha Analytical, Inc. ID No.:2214

Facility: Westborough Revision 5

Department: Wet Chemistry Published Date:8/14/2015 3:49:39 PM

Title: Determination of Inorganic Anions by lon Chromatography Page 6 of 11
8.6.1 ICV Working Standard / LCS Solution

In a 25mL volumetric flask, add 2mL of the ICV Stock Standard. Bring to volume with
reagent water. Store at4 + 2°C. Prepare weekly.

ICV working standard will have the following concentrations: 0.8 mg/L for Fluoride,
Nitrate and Bromide; 8.0 mg/L for Chloride and Sulfate.

8.7 CCV Working Solution

The CCV Working Solution is made by diluting 2.5 ml of Mixed Stock Standard A up to 25
ml of DI Section 8.4. Final concentrations are: 1.0 mg/L for Fluoride, Nitrate and Bromide;
10.0 mg/L for Chloride and 20.0mg/I for Sulfate. Store at4 + 2°C. Prepare weekly.

9. Procedure
9.1 SET-UP

9.1.1

Determination of Linear Calibration Range (LCR)

The LCR must be determined initially and verified every six months or whenever a
significant change in instrument response is observed or expected. The initial
demonstration of linearity must use sufficient standards to ensure that the resulting
curve is linear. The verification of linearity must use a minimum of a blank and three
standards. If any verification data exceeds the initial values by + 10%, linearity must
be reestablished. If any portion of the range is shown to be nonlinear, sufficient
standards must be used to clearly define the nonlinear portion.

Prime Pump: The pump must be primed prior to analysis, to ensure that there is no
gas entering the column.

Monitor Baseline: From the main Panel screen, press the “Startup” Button. This
will turn on, in order, the pump, the eluent generator, and the conductance cell.
Allow the instrument to warm up for 10 — 20 minutes to ensure the baseline is stable
and flat.

While the baseline stabilizes, the sample sequence can be written and the
autosampler may be loaded.

When the baseline is stabilized, the sample sequence may be loaded into the
analytical run, and started from the Chromeleon software.

Operating Conditions: Dionex IC Instrument
Eluent Concentration: 32mM KOH
Flow rate: 1.0mL /minute
Injection volume: 100uL
ASRS: ON
Conductivity Cell Temperature: 30 °C

Monitor instrument stability: Prior to QC sample and sample analysis, analyze a
DI water blank to ensure the instrument is stable.

Sample filtration: Autosampler vials are equipped with a filter. If additional filtration
is necessary, samples may be filtered through a 0.45um membrane filter attached to
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a syringe. NOTE: If samples require filtration, all associated batch QC samples
must also be filtered.

9.1.9 Extraction of solid materials : Add a volume of reagent water equal to 10 times the
weight of dry solid material taken as a sample. This slurry is mixed for 10 minutes
using a magnetic stirring device. Filter the resulting slurry before injecting using a
0.45u membrane filter attached to a syringe. Care should be taken to show that
good recovery and identification of peaks is obtained with the user's matrix through
the use of matrix spikes (Section 10.5).

9.2 Calibration Curve Generation

For each analyte of interest, prepare calibration standards at a minimum of three
concentration levels and a blank by adding accurately measured volumes of one or more
stock standards (Section 8.5) to a volumetric flask and diluting to volume with reagent
water. If a sample analyte concentration exceeds the calibration range, the sample may be
diluted to fall within the range.

Using injections of 100uL of each calibration standard, tabulate peak height or area
responses against the concentration. The results are used to prepare a calibration curve
for each analyte. During this procedure, retention times must be recorded.

The calibration curve for each analyte is prepared by plotting instrument response against
the standard concentration. A correlation coefficient of 0.995 or greater is considered
acceptable for all analytes.

9.2.1 Initial Calibration Verification (ICV/LCS): The calibration curve must be verified on
each working day, and after every 20 samples. The ICV/LCS sample is prepared
from a different source than that used for the calibration standards (Section 8.6). If
the response or retention time for any analyte varies from the expected values by
more than + 10%, the analysis must be repeated, using fresh calibration standards.
If the results are still more than = 10%, a new calibration curve must be prepared for
that analyte.

9.3 Standardization (Continuing Calibration Verification)

This standard (Standard D: Section 8.5) is prepared weekly. The CCV is analyzed at the
beginning of each run, after every tenth sample, and at the end of the sample run. The %
Recovery of this standard must be within + 10% of the calibration standard. Refer to
Section 10.3 if % Recovery falls outside of the acceptance range.

9.4 Equipment Operation and Sample Analysis

9.41 An automated constant volume injection system is used. Load and inject a fixed
amount of well-mixed sample. Flush injection loop thoroughly, using each new
sample. Use the same size loop for standards and samples. Record the resulting
peak size in area or peak height units.

9.4.2 The width of the retention time window used to make identifications should be based
upon measurements of actual retention time variations of standards over the course
of a day. Three times the standard deviation of a retention time can be used to
calculate a suggested window size for each analyte. However, the experience of the
analyst should weigh heavily in the interpretation of chromatograms.

9.4.3 If the response for the peak exceeds the working range of the system, dilute the
sample with an appropriate amount of reagent water and reanalyze.
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9.4.4 If the resulting chromatogram fails to produce adequate resolution, or if identification
of specific anions is questionable, fortify the sample with an appropriate amount of
standard and reanalyze.

Note: Retention time is inversely proportional to concentration. Nitrate and sulfate
exhibit the greatest amount of change, although all anions are affected to some
degree. In some cases this peak migration may produce poor resolution or
identification.

9.5 Preventative Maintenance

Follow the Preventative Maintenance Schedule as outlined on the Dionex ICS-2000
CDROM.

As Needed
« Check the eluent reservoir to see if it needs to be refilled.

Daily

» Check the ICS-2000 component mounting panel for leaks or spills. Wipe up spills.
Isolate and repair leaks. Rinse off any dried eluent with reagent water.

» Check the waste container daily and empty when needed.

Weekly

» Once a week, check fluid lines for crimping or discoloration. Relocate any pinched
lines. Replace damaged lines.

« Check the junctions between the pump heads and the pump casting for evidence of
liquid leaks. If piston seal wash tubing is not connected, check the drain tubes at the
rear of the pump heads for evidence of moisture. Normal friction and wear may
gradually result in small liquid leaks around the piston seal. If unchecked, these leaks
can gradually contaminate the piston housing, causing the pump to operate poorly. If
leaks occur, replace the piston seals.

« Check the end-line filter (PN 045987) and change if needed. When new, end-lline
filters are pure white. If the system is in continuous operation, change the end-line
filter weekly, or whenever it becomes discolored. Replace the filter more often if
bacterial buildup is visible or if the eluent does not contain solvent.

NOTE: It is especially important to regularly replace end-line filters when using aqueous
eluents, which may contaminate the filter with bacteria or algae. The bacterial
buildup may not be visible.

Yearly (performed by Dionex technician)

« Calibrate the cell.

» Calibrate the vacuum degas assembly

» Replace the pump piston rinse seals and piston seals.

9.6 Calculations

9.6.1 Compute the sample concentration by comparing sample response with the standard
curve. Multiply the result by the appropriate dilution factor.

9.6.2 Report only those values that fall between the lowest and the highest calibration
standards. Samples exceeding the highest standard should be diluted and
reanalyzed.
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10. Quality Control and Data Assessment

The laboratory must maintain records to document the quality of data that is generated. Ongoing
data quality checks are compared with established performance criteria to determine if the results
of analyses meet the performance characteristics of the method. When results of sample spikes
indicate atypical method performance, a calibration verification standard is used to confirm the
measurements were performed in an in-control mode of operation.

10.1 Demonstration of Capability

The analyst must make an initial, one-time, demonstration of the ability to generate
acceptable accuracy and precision with this method. Each time a method modification is
made, the analyst is required to repeat the procedure.

When one or more of the parameters tested fail at least one of the acceptance criteria, the
analyst must locate and correct the source of the problem and repeat the test for failed
parameters of the method.

Repeated failure confirms a general problem with the measurement system or analytical
technique of the analyst. If the failure repeats, locate and correct the source of the problem
and repeat the test for all parameters listed in the method.

10.2 Method Blank

One Method Blank consisting of an aliquot of reagent water is analyzed with each batch of
20 samples or less. Data produced are used to assess contamination from the laboratory
environment. Method Blank results must be less than the Reporting Limit (RL) for the
analyte.

Note: If samples have to be filtered prior to analysis, all associated batch QC must also be
filtered.

10.3 Continuing Calibration Verification (CCV) Standard

The CCV Standard is the equivalent of Standard D in Section 8.5. Store at 4 £ 2°C.
Prepare weekly. The CCV is analyzed at the beginning of each run, after every tenth
sample, and at the end of the sample run. The % Recovery of this standard must be within
1 10% of the calibration standard.

10.4 Initial Calibration Verification (ICV) Standard / Laboratory Control

Sample (LCS)

The ICV/LCS is analyzed at the beginning of each run, but after the CCV standard. This
standard is prepared from a different source than that used to prepare the calibration
standards (Section 8.6). The % Recovery of this standard must be within + 10% of the
calibration standard.

10.5 Matrix Spike

10.6

Prepare and analyze one spiked sample per batch of 20 samples or less (Section 8.4.1).
Recovery of the Matrix Spike must be within the Laboratory defined control limits (Section
10.7).

Duplicates

Prepare and analyze one duplicate sample per batch of 20 samples or less. The RPD for
the duplicate measurements must be within the Laboratory defined control limits (Section
10.7).
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11.

12.

10.7 Control Limits

The laboratory maintains performance records to document the quality of data that is
generated. Method accuracy for samples is assessed and records maintained. After the
analysis of 20 spiked samples, and 20 laboratory control samples, calculate the average
percent recovery (R) and the standard deviation of the percent recovery (S).

Control limits for the method parameters are generated by the QC staff and distributed to
the analysts. The control limits are calculated based on in-house performance data. The
limits are compared to the control limits found in the reference method.

10.8 Analytical Sequence

Instrument calibration
DI Blank

ccv

ICV

Ten samples

ccv

Blank

Shut-down

Method Performance

The method detection limit (MDL) is defined as the minimum concentration of a substance that can
be measured and reported with 99% confidence that the value is above zero. The MDL
concentrations were obtained using reagent water. The MDL actually achieved in a given analysis
will vary depending on instrument sensitivity and matrix effects.

MDL'’s must be established for all analytes, using reagent water (blank) fortified at a concentration
of two to three times the estimated calculated detection limit.

Method performance data is on file in the laboratory QC department. Comparison of method
performance data for the laboratory to the reference method criteria occurs when laboratory in-
house acceptance limits are generated. In-house generated data must be within the specifications
of the reference method or the analysis is not continued until corrective action is completed.

Corrective Actions

If the Method Blank result exceeds the Reporting Limit (RL) for the analyte, the Blank is reanalyzed.
If the second result remains > RL, notify the Laboratory Manager to ensure maintenance is
performed on the water filtration system and seek an alternate reagent water source within the
laboratory. If the alternate reagent water source is acceptable, this source must be utilized for all
blanks, standards and sample dilutions for the sample batch. If the second source reagent water
also fails, the Laboratory Manager is notified.

If the Continuing Calibration cannot be verified within the specified limits, reanalyze the CCV
solution. Record the reason for re-injection. If the second analysis of the CCV solution confirms
calibration to be outside the limits, sample analysis must be discontinued, the cause determined
and/or in the case of drift, the instrument recalibrated. All samples following the last acceptable
CCV solution must be reanalyzed. The analysis data of the calibration blank and CCV solution
must be kept on file with the sample analyses data.
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13.

14.

15.

If the ICV/LCS acceptance criterion cannot be met, reanalyze the standard. If failure continues, the
instrument is recalibrated.

If the Matrix Spike acceptance criteria is not met, the spiked sample is reanalyzed (if possible). If
failure continues and if all other QC performance criteria are met, the data is reported and a
narrative is included with the final report.

If the RPD for the Duplicate measurements falls outside the Laboratory defined control limits
(Section 10.7), the sample is reanalyzed (if possible). If failure continues, and if all other QC
performance criteria are met, the data is reported and a narrative is included with the final report.

Holding time exceedence and improper preservation are noted on the nonconformance report form.

Perform routine preventative maintenance following manufacturer's specification. Record all
maintenance in the instrument logbook.

Review of standards, blanks and standard response for acceptable performance occurs for each
batch of samples. Record any trends or unusual performance on a nonconformance action form.

If the CCV or LCS recovery of any parameter falls outside the designated acceptance range, the
laboratory performance for that parameter is judged to be out of control, and the problem must be
immediately identified and corrected. The analytical result for that parameter in the unspiked
samples is suspect and is only reported for regulatory compliance purposes with the appropriate
nonconformance action form. Immediate corrective action includes reanalyzing all affected
samples by using any retained sample before the expiration of the holding time.

Pollution Prevention

See Chemical Hygiene Plan for pollution prevention operations.
Waste Management
See Chemical Hygiene Plan for waste handling and disposal.

Attachments

Figure 1: Isocratic Anion Standard Separation

Figure 1
Isocratic Anion Standard Separation
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Total Organic Carbon (TOC)
Dissolved Organic Carbon (DOC)
Total Inorganic Carbon (TIC)

Persulfate — Ultraviolet Oxidation Method

References: SM Method 5310 C, Standard Methods for the Examination of Water and \Wastewater,
APHA-AWWA-WPCF, 21 Edition, 2000.

EPA Method 9060 A, SW-846, Test Methods for Evaluating Solid Waste:
Physical/Chemical Methods, EPA SW-846, Update IIl, 1997.

1. Scope and Application

Matrices: This method may be applied to water and wastewater samples containing minimum
amounts of particulates and phase-separated organics.

Definitions: See Alpha Laboratories Quality Manual Appendix A

The organic carbon in water and wastewater is composed of a variety of organic compounds in
various oxidation states. Some of these carbon compounds can be oxidized further by biological or
chemical processes, and the bio-chemical oxygen demand (BOD) and chemical oxygen demand
(COD) may be used to characterize these fractions. The presence of organic carbon that does not
respond to either the BOD or COD test makes these methods unsuitable for the measurement of
total organic carbon. Total organic carbon (TOC) is a more convenient and direct expression of total
organic content than either BOD or COD, but does not provide the same kind of information. If a
repeatable empirical relationship is established between TOC and BOD or COD, then TOC can be
used to estimate the accompanying BOD or COD. This relationship must be established
independently for each set of matrix conditions, such as various points in a treatment process.
Unlike BOD or COD, TOC is independent of the oxidation state of the organic matter and does not
measure other organically bound elements, such as nitrogen and hydrogen, and inorganics that can
contribute to the oxygen demand measured by BOD and COD. TOC measurement does not replace
BOD and COD testing.

To determine the quantity of organically bound carbon, the organic molecules must be broken down
to single carbon units and converted to a single molecular form that can be measured quantitatively.
TOC methods utilize heat and oxygen, ultraviolet irradiation, chemical oxidants, or combinations of
these oxidants to convert organic carbon to carbon dioxide (CO). Within this method, the COzis
measured directly by a nondispersive infrared analyzer.

The methods and instruments used in measuring TOC analyze fractions of total carbon (TC) and
measure TOC by two or more determinations. These fractions of total carbon are defined as:

¢ Inorganic carbon (IC) - the carbonate, bicarbonate, and dissolved CO. total organic carbon
(TOC) - all carbon atoms covalently bonded in organic molecules.

¢ Dissolved organic carbon (DOC) - the fraction of TOC that passes through a 0.45um filter.

+ Particulate organic carbon (POC) — also referred to as nondissolved organic carbon, the fraction
of TOC retained by a glass fiber filter.
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+ Volatile organic carbon (VOC) also referred to as purgeable organic carbon, the fraction of TOC
removed from an aqueous solution by gas stripping under specified conditions.

+ Nonpurgeable organic carbon (NPOC) the fraction of TOC not removed by gas stripping.

In most water samples, the IC fraction is many times greater than the TOC fraction. Eliminating or
compensating for IC interferences requires multiple determinations to measure true TOC. IC
interference can be eliminated by acidifying samples to pH 2 or less to convert IC species to CO..
Subsequently, purging the sample with a purified gas removes the CO, by volatilization. Sample
purging also removes POC so that the organic carbon measurement made after eliminating IC
interferences is actually an NPOC determination; determine VOC to measure true TOC. In many
surface and ground waters, the VOC contribution to TOC is negligible. Therefore, in practice, the
NPOC determination is substituted for TOC.

Alternatively, IC interferences may be compensated for by separately measuring total carbon (TC)
and inorganic carbon. The difference between TC and IC is TOC.

The purgeable fraction of TOC is a function of the specific conditions and equipment employed.
Sample temperature and salinity, gas-flow rate, type of gas diffuser, purging-vessel dimensions,
volume purged, and purging time affect the division of TOC into purgeable and nonpurgeable
fractions. When separately measuring VOC and NPOC on the same sample, use identical
conditions for purging during the VOC measurement as in purging to prepare the NPOC portion for
analysis. Consider the conditions of purging when comparing VOC or NPOC data from different
laboratories or different instruments.

Many instruments utilizing persulfate oxidation of organic carbon are available. They depend on
ultraviolet irradiation activation of the reagents. The persulfate-ultraviolet oxidation method is a
rapid, precise method for the measurement of trace levels of organic carbon in water and is of
particular interest to the electronic, pharmaceutical, and steam-power generation industries where
even trace concentrations of organic compounds may degrade ion-exchange capacity, serve as a
nutrient source for biological growth, or be detrimental to the process for which the water is being
utilized.

The data report packages present the documentation of any method modification related to the
samples tested. Depending upon the nature of the modification and the extent of intended use, the
laboratory may be required to demonstrate that the modifications will produce equivalent results for
the matrix. Approval of all method modifications is by one of the following laboratory personnel
before performing the modification: Area Supervisor, Laboratory Director, or Quality Assurance
Officer.

This method is restricted to use by or under the supervision of analysts experienced in the operation
of the TOC Analyzer and in the interpretation of TOC data. Each analyst must demonstrate the ability
to generate acceptable results with this method by performing an initial demonstration of capability.

Summary of Method

Organic carbon is oxidized to carbon dioxide, CO, by persulfate in the presence of ultraviolet light.
The CO2 produced may be measured by a nondispersive infrared analyzer.

The TOC Analyzer utilizes an ultraviolet lamp submerged in a continuously gas-purged reactor that
is filled with a constant-feed persulfate solution. The samples are introduced serially into the reactor
by an autosampler. The CO; produced is sparged continuously from the solution and is carried in
the gas stream to an infrared analyzer that is specifically tuned to the absorptive wavelength of COs,.
The instrument’s microprocessor calculates the area of the peaks produced by the analyzer,
compares them to the peak area of the calibration standard stored in its memory, and prints out a
calibrated organic carbon value in milligrams per liter.
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2.1 Method Modifications from Reference

2.1.1 Method 9060 requires that samples be analyzed in quadruplicate. Alpha analyzes

samples in duplicate with a %RSD required to be <10%.

2.1.2 Method 9060 requires a duplicate and spike to be analyzed after every 10 samples.

Alpha analyzes a duplicate and spike after every 10 samples per matrix for method 9060
and for every 20 samples for method 5310 C. A CCV/CCB pair is analyzed after every
10 samples.

3. Detection Limits
The Reported Detection Limit for TOC is 0.5mg /L and for DOC is 1.0mg/L.

4. Interferences

4.1

4.2

Instrumental

The intensity of the ultraviolet light reaching the sample matrix may be reduced by highly turbid
samples or with aging of the ultraviolet source, resulting in sluggish or incomplete oxidation.
Large organic particles or very large or complex organic molecules such as tannins, lignins,
and humic aid may be oxidized slowly because persulfate oxidation is rate-limited.

Parameters

Excessive acidification of sample, producing a reduction in pH of the persulfate solution to 1 or
less, can result in sluggish and incomplete oxidation of organic carbon.

Persulfate oxidation of organic molecules is slowed in samples containing significant
concentrations of chloride by the preferential oxidation of chloride; at a concentration of 0.1%
chloride, oxidation of organic matter may be inhibited completely.

With any organic carbon measurement, contamination during sample handling and treatment
is a likely source of interference. This is especially true of trace analysis. Take extreme care
in sampling, handling, and analysis of samples with TOC below 1mg/L.

Removal of carbonate and bicarbonate by acidification and purging with purified gas results in
the loss of volatile organic substances. The volatiles also can be lost during sample blending,
particularly if the temperature is allowed to rise. Another important loss can occur if large
carbon-containing particles fail to enter the needle used for injection. Filtration, although
necessary to eliminate particulate organic matter when only DOC is to be determined, can
result in loss or gain of DOC, depending on the physical properties of the carbon-containing
compounds and the adsorption of carbonaceous material on the filter, or its desorption from it.
Check filters for their contribution to DOC by analyzing a filtered blank. Note that any contact
with organic material may contaminate a sample. Avoid contaminated glassware, plastic
containers, and rubber tubing. Method Blanks are analyzed with each batch to verify a clean
system.

The presence of large amounts of particulate material will cause problems with the
determination of carbon. The Phoenix 8000 TOC analyzer is not equipped for the analysis of
samples with large amounts of particulate matter. Small amounts may be compensated for by
dilution (refer to Section 11.2.2).
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5. Safety

The toxicity or carcinogenicity of each reagent and standard used in this method is not fully
established; however, each chemical compound should be treated as a potential health hazard.
From this viewpoint, exposure to these chemicals must be reduced to the lowest possible level by
whatever means available. A reference file of material data handling sheets is available to all
personnel involved in the chemical analysis. Additional references to laboratory safety are available
in the Chemical Hygiene Plan.

All personnel handling environmental samples known to contain or to have been in contact with
municipal waste must follow safety practices for handling known disease causative agents.

Sample Collection, Preservation, Shipping and Handling

6.1 Sample Collection

Collect samples in two 40mL amber vials with Teflon septa. = Minimum headspace is
desirable.

6.2 Sample Preservation

6.2.1 If samples are to be analyzed for Dissolved Organic Carbon (DOC), they must be filtered
prior to preservation. Refer to Section 10.1.1 for filtration procedure.

6.2.2 Within two hours of sampling, the samples are preserved with 1:1 H.SO4 to a pH <2, and
refrigerated at 4 + 2 °C until analysis.
6.3 Sample Shipping
No special shipping requirements.
6.4 Sample Handling

Samples to be filtered by the laboratory for DOC analysis, must be filtered upon receipt at the
laboratory.

Preserved samples must be analyzed within a 28-day holding time.

. Equipment and Supplies

71 AAL: “TOC-1": Phoenix 8000 Total Organic Carbon Analyzer: with
autosampler.
7.1.1 Computer and related accessories capable of running associated software: TOC Talk
ver. 3. ¢1998 by Tekmar-Dohrmann
7.2 Filtering Apparatus.
7.3 0.45 pm Filters.
7.4 40mL Amber Glass Vials: with Teflon septa.
7.5 Glass Syringes: 50uL, 200uL and 1mL volumes.

7.6 Pipetter: 1-5mL, with disposable tips.
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7.7 AAL: “TOC-3”: Shimadzu TOC-V wp Total Organic Carbon Analyzer with
autosampler.

7.71 Computer and related accessories capable of running associated software: TOC-
Control V ver. 1.07.00. c2000-2004 by Shimadzu Corp.

8. Standards and Reagents

8.1 Reagent Water: Deionized water (DI).

8.2 10% Persulfate + 5% Phosphoric Acid Reagent Mixture: Measure 50g 98"%
sodium persulfate (Na;S20s) into a rinsed bottle. Add 18mL of 85% phosphoric acid (HzsPO.).
Add 426mL of reagent water (DI). Mix well. This mixture must be prepared monthly. Label
bottle with date made, date of expiration, reagent lot number, and store at room temperature.

8.3 21% Acid Reagent: Measure 74mL of 85% phosphoric acid (HsPO4) into a rinsed bottle.
Add 376mL of reagent water (DI). Mix well. This mixture must be prepared monthly. Label
bottle with date made, date of expiration, and reagent lot number and store at room
temperature.

8.4 2000ppm Organic Carbon Stock Calibration Standard: In a 1L volumetric
flask, add 4.25g of Potassium Hydrogen Phthalate (KHP) and 1mL H3PO.. Bring to volume
with DI and agitate to mix well. Transfer to a 1L Amber glass bottle. Prepare every six
months. Label bottle with standard lot number, date made, and date of expiration. Store at 4
+2°C.

8.4.1 50ppm Calibration Standard: To a 100mL volumetric flask, add 2.5mL of 2000ppm
stock standard (Section 8.4) and bring to volume with DI. Prepare fresh for each
calibration curve generated.

8.4.2 10ppm Calibration Standard: To a 100mL volumetric flask, add 0.5mL of 2000ppm
stock standard (Section 8.4) and bring to volume with DI. Prepare fresh for each
calibration curve generated.

8.4.3 5.0ppm Calibration Standard: To a 100mL volumetric flask, add 10mL of 50ppm
calibration standard (Section 8.4.1) and bring to volume with DI. Prepare fresh for each
calibration curve generated.

8.4.4 2.0ppm Calibration Standard: To a 100mL volumetric flask, add 4mL of 50ppm
calibration standard (Section 8.4.1) and bring to volume with DI. Prepare fresh for each
calibration curve generated.

8.4.5 1.0ppm Calibration Standard: To a 100mL volumetric flask, add 2mL of 50ppm
calibration standard (Section 8.4.1) and bring to volume with DI. Prepare fresh for each
calibration curve generated.

8.4.6 0.5ppm Calibration Standard: To a 100mL volumetric flask, add 1mL of 50ppm
calibration standard (Section 8.4.1) and bring to volume with DI. Prepare fresh for each
calibration curve generated.
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8.4.7 0.2ppm Calibration Standard: To a 100mL volumetric flask, add 2.0mL of 10ppm
calibration standard (Section 8.4.2) and bring to volume with DI. Prepare fresh for each
calibration curve generated.

8.5 2000ppm Organic Carbon Stock Check Standard: In a 1L volumetric flask, add
4.25g of Potassium Hydrogen Phthalate (KHP) and 1mL H3PO4. Bring to volume with DI and
agitate to mix well. Transfer to a 1L Amber glass bottle. Prepare every six months. Label
bottle with standard lot number, date made, and date of expiration. Store at4 + 2 °C.

The KHP used for this solution must be from a different source and lot number than that used
in Section 8.4.

8.5.1 Calibration Verification Standard

2.0ppm ICVICCV: To a 100mL volumetric flask, add 100uL of 2000ppm stock check
standard (Section 8.5) and bring to volume with DI. Prepare fresh on each day of use.

8.5.1.1 In the case of DOC, the 2.0ppm ICV/CCV is prepared as above (Section 8.5.1)
using DI that has been filtered through a 0.45um filter (Section 7.3).

8.6 400ppm TOC IC Stock Standard:

To a 100mL volumetric flask, add 0.3545g sodium carbonate (Na2CO3) anhydrous powder.
Bring to volume with DI water. Store at4 + 2°C. Prepare annually or as needed.

8.6.1 10ppm TOC IC Working Check Standard (Negative LCS): Into a 100mL volumetric
flask, add 2.5mL of 400ppm TOC IC Stock Standard. Bring to volume with DI water.
Store at room temperature. Prepare weekly or as needed.

8.6.1.1 2ppm TIC Working Check Standard: Into a 100ml volumetric flask, add 20ml of
10ppm TOC IC Working Check Standard. Bring to volume with DI water. Store at
room temperature. Prepare as needed. Note: Also referred to as the 10ppm “IC
CK STD” (Inorganic Check Standard).

8.7 Purging/ Carrier Gas: Nitrogen, ultra-high purity.

9. Quality Control

The laboratory must maintain records to document the quality of data that is generated. Ongoing
data quality checks are compared with established performance criteria to determine if the results
of analyses meet the performance characteristics of the method.

9.1 Blank(s)
9.1.1 Method Blank or Initial Calibration Blank (ICB)

One ICB is analyzed per batch of 10 samples or less. The ICB consists of 40mL
of DI. The DI must be from the same source as was used to prepare the
Calibration Verification samples. Results must be < 0.5mg/L, but preferably <
0.2mg/L. If this criterion is not met, the instrument must be internally cleaned
again (Refer to Section 10.1.4) in order to ensure that the system is clean prior to
sample analysis.

In the case of DOC, the ICB consists of DI that was filtered through a 0.45um filter
(Section 7.3). Results must be <1.0mg/L. If this criterion is not met, the instrument
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must be internally cleaned again (Refer to Section 10.1.4) in order to ensure that
the system is clean prior to sample analysis.

9.2 Laboratory Control Sample (LCS)

9.21

9.2.2

The 2.0ppm ICV is reported as the LCS for each batch of 20 or less samples (per
instrument and per day). Therefore, a new ICV should be analyzed for each
additional batch of 20 or less samples, when multiple batches are run on the same
instrument and daily analytical sequence. Refer to Section 9.3

Negative LCS Standard (LCSN): A negative LCS (LCSN) is analyzed following
the Calibration Blank (ICB) to demonstrate that there is no Inorganic Carbon
contribution to the Organic Carbon analysis. The analysis of the 10ppm LCSN
(8.6.1) must yield a result of < 0.5mg/L.

If the LCSN fails this criteria, the data is inspected to determine the cause of the
failure. The standard is reanalyzed. If failure continues, the standard is remade
and reanalyzed. If failure continues, there is a system malfunction and sample
analysis cannot take place. The following instrument parameters are investigated:
UV Lamp function, sparger function and acid delivery to the sparger. If the
problem persists, contact the Department Supervisor. Analysis cannot begin until
the 10ppm LCSN is within acceptance criteria.

Note: Also referred to as the 10ppm “IC CK STD” (Inorganic Check Standard).

9.3 Initial Calibration Verification (ICV)

An ICV is analyzed at the beginning of the analytical sequence, at a concentration of 2.0ppm.
(For preparation instructions, refer to Section 8.5.1.)

The ICV must be recovered within £+ 10% of the true value. If this criterion is not met, the
system must be cleaned again, and the Blank and ICV must be re-analyzed. If failure
continues, remake the ICV (Section 8.5.1) and/or generate a new calibration curve (Section
10.1.6). Sample analysis cannot proceed until an acceptable ICV/LCS is obtained.

9.4 Continuing Calibration Verification (CCV)

9.4.1

9.4.2

A Continuing Calibration Verification standard is analyzed after every 10 or less
samples (inclusive of the duplicate and matrix spike samples). This CCV is at a
concentration of 2.0ppm TOC (Section 8.5.1), and must be recovered within £10%
of the true value. If the CCV fails this criterion, it is re-made and re-analyzed. If
failure continues, all samples analyzed since the last valid CCV, are considered
invalid and must be re-analyzed. However, prior to re-analysis, a new calibration
curve must be generated. (Refer to Section 10.1.6.)

If all of the samples analyzed since the last acceptable CCV have results that are
below the reporting limit, the data may be reported and a narrative submitted for
inclusion on the final report.

Continuing Calibration Blank (CCB)

A Continuing Calibration Blank is analyzed after every 10 samples (inclusive of the
duplicate and matrix spike samples). This CCB consists of 40mL DI water and
must be recovered below the detection limit. If the CCB fails this criterion, it is re-
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9.5

9.6

9.7

9.8

poured and re-analyzed. If failure continues, all samples analyzed since the last
valid CCB, are considered invalid and must be re-analyzed. However, prior to re-
analysis, a new calibration curve must be generated. (Refer to Section 10.1.6.)

If all of the samples analyzed since the last acceptable CCB have results that are
below the reporting limit, the data may be reported and a narrative submitted for
inclusion on the final report.

Matrix Spike

One Matrix Spike (MS) is analyzed per batch of 20 samples or less (per batch of 10 samples or
less for TOC-9060). Measure 40mL of the well-homogenized sample to be spiked into a 40mL
amber glass vial with Teflon cap. Using a glass syringe, add 80uL of the 2000ppm Stock
Check Standard (Section 8.5). Invert to mix. The true value of the spike prepared accordingly,
is 4ppm. The matrix spike must be recovered within 80 — 120% of the true value.

If the matrix spike recovery is outside of acceptance criteria, the sample and its MS are
reanalyzed upon dilution with DI water for TOC analysis, or with filtered DI water for DOC
analysis. If failure repeats, the data is reported and a narrative submitted for inclusion on the
Client report.

Laboratory Duplicate

One Duplicate sample is analyzed per batch of 20 samples or less (per batch of 10 samples or
less for TOC-9060). Samples are routinely collected in two 40mL amber glass vials; therefore
the second vial may be used as the sample duplicate. It must, however, be analyzed as if it
were a separate sample. The %RPD between the sample and its duplicate must be <20%.

If the % RPD is outside of acceptance criteria, the duplicate is reanalyzed. If failure repeats,
the data is reported and a narrative submitted for inclusion on the Client report.

Method-specific Quality Control Samples
Refer to Section 9.2.2.

Method Sequence

TOC-1 only: Prime System TOC-3 only: Rinse water
TOC-1 only: Cleaning Procedure

TOC-1 & TOC-3:

Calibration curve generation (if necessary)
DI water

10ppm Negative LCS (IC CK STD)
2.0ppm ICV

ICB

Samples 1-10

2.0ppm CCV

CCB

If Method 5310, then proceed with samples 11-20 (dup/spk required per 20 samples)
2.0ppm CCV

CCB

Duplicate

Matrix Spike 4ppm

2.0ppm CCV

CCB

Shut down
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If Method 9060, then proceed with dup and spk (dup/spk required per 10 samples)

Duplicate

Matrix Spike 4ppm
e 2.0ppm CCV
« CCB
e Shutdown

10. Procedure

10.1  Equipment Set-up
10.1.1 Sample Preparation for Dissolved Organic Carbon (DOC) Analysis

Prior to preservation, samples to be analyzed for dissolved organic carbon (DOC) are
filtered through a 0.45um filter (Section 7.3) as follows:

¢

Prior to filtration of the sample, filter 500mL of DI through a 0.45um filter and
discard.

Filter 100mL of sample through the same 0.45um filter.
Transfer filtered sample to two 40mL amber vials and preserve accordingly.

Prepare a DOC method blank following the same procedure listed above.
Filter enough to fill a 40mL amber vial and extra to allow for possible sample
dilutions.

Another method of filtration of DOC samples can be the following: Use 0.45 pym
filtering discs with a 10 or 20mL disposable syringe. Record necessary information in
the filtration logbook (sample ID, date and time of filtration, analyst’s initials, the lot
number of the vials used, and the preservative used).

10.1.2 Instrument Set-Up

Follow the manufacturer’s instructions for proper instrument set-up procedures. For
TOC-3 instrument, refer to Table A.

10.1.3 Reagent Preparation

10.1.3.1

10.1.3.2
10.1.3.3

Verify that the reagents (Sections 8.2 and 8.3) have not expired and that there is
adequate Nitrogen gas supply. If necessary, prepare reagents and/or change
gas cylinder.

Ensure that the DI supply to the instrument is fresh for each day of analysis.
Prepare the 2.0ppm ICV/CCV standard (Section 8.5.1) each day of analysis.

10.1.4 InstrumentPreparation

10.1.4.1

(TOC-1)

Prior to analysis of either standards or samples, program the instrument to
perform the following:

¢ Prime System: 1 Rep
¢ Cleaning Procedure: 2 Reps
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10.1.42  (TOC-3)

Set instrument to analysis 1 vial of DI water, entitled “Rinse water” to ensure
system is stable and clean before analyses.

Proceed to section 10.1.5

10.1.5 If a valid calibration curve is already in place, proceed to Section 10.2.
10.1.6 Calibration Curve Generation

A new calibration curve is generated every six months. However, if there has been a
major change to the system, a new calibration curve must be generated following the
change and prior to sample analysis.

Prepare six calibration standards per Section 8.4.2 through Section 8.4.7 and two DI
water blanks.

Analyze the six calibration standards and blanks:

(TOC-1) with the TOC Talk Software range set at “0.1 — 10ppm TOC”, per the
manufacturer’s instructions and the TOC Talk Software instructions.

(TOC-3) with the TOC Shimadzu TOC-V wp software program, Set the range at
0.1 = 10ppm for TOC.

After analysis, the TOC Talk Software for TOC-1, or the software program for TOC-3,
will allow the user to select the calibration standards and blank desired to include in the
calibration curve calculation. All of the standards must be chosen, and also the second
blank (the first blank is considered a rinse). The correlation coefficient ( r ) must be >
0.995. If this criterion is not met, the calibration standards are re-made and the
calibration curve is re-analyzed.

Samples and QC samples may not be analyzed until a valid Calibration Curve is
obtained.

10.2 Initial Calibration
10.2a Before any analyses, verify that the system is clean.

10.2b Run one DI sample to check for system stability. (Note: Only at initial instrument startup.
This also acts as a TOC water screen to ensure the lab water being used is acceptable (resulting
value is below the reporting limit of 0.5ppm for TOC and 1.0ppm for DOC) prior to use).

Per the manufacturer’s instructions, set up the autosampler to analyze the following:
. TOC-1= DI water, TOC-3= Rinse water (DI)

10.2.1 Negative LCS Standard (LCSN): Prior to sample analysis and following the ICV
and ICB, a negative LCS (LCSN) is analyzed to demonstrate that there is no
Inorganic Carbon contribution to the Organic Carbon analysis. The analysis of the
10ppm LCSN (8.6.1) must yield a result of < 0.5mg/L.

If the LCSN fails this criteria, the data is inspected to determine the cause of the failure.
The standard is reanalyzed. If failure continues, the standard is remade and
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reanalyzed. If failure continues, there is a system malfunction and sample analysis
cannot take place. The following instrument parameters are investigated: UV Lamp
function, sparger function and acid delivery to the sparger. If the problem persists,
contact the Department Supervisor. Analysis cannot begin until the 10ppm LCSN is
within acceptance criteria.

10.2.2 Initial Calibration Verification (ICV) and Initial Calibration Blank (ICB)
Prior to sample analysis, the calibration curve must be verified.

Analyze an ICV and an ICB to confirm stability and cleanliness.
* 2.0ppm ICV (Section 8.5.1)
+ |ICB (DI water)

The ICV must have a % Recovery + 10% of the true value. The results for the ICB
must be less than 0.5mg/L, but preferably less than or equal to 0.2mg/L. If these
criteria are not met, the system must be cleaned again (Section 10.1.4) and the ICV
and ICB must be re-analyzed. If failure continues, remake the ICV (Section 8.5.1)
and/or generate a new calibration curve (Section 10.1.6).

10.3 Equipment Operation and Sample Processing

10.3.1 Samples and QC samples are analyzed according to the manufacturer’s
instructions and the TOC Talk Software (TOC-1), or TOC Shimadzu TOC-V wp software
program (TOC-3) instructions, using the valid calibration curve in the TOC Talk Software
or TOC Shimadzu TOC-V wp software program range of “0.1 — 20ppm TOC”. (As
generated in Section 10.1.6).

10.3.1.1Dissolved Organic Carbon: If samples are to be analyzed for DOC,
the same procedure is followed as for TOC. However, while setting up the
batch in TOC Talk, the analyst must include “DOC” in the Sample ID field.

10.3.1.2 Total Inorganic Carbon: (Applies only to TOC-1 instrument): If samples
are to be analyzed for TIC (logged in under SPECWC product), the
procedure is as follows:

10.3.1.2.1

10.3.1.2.2

10.3.1.2.3

10.3.1.2.4

10.3.1.2.5

Switch the ultraviolet lamp to standby mode.

Below the ultraviolet protection hood of the instrument, unplug the
small tubing attached to the top of the mix/sparge glass tube. (It
may make a slight “pop” sound when doing so). After doing this,
switch the ultraviolet lamp back to ready mode to begin sample
analysis.

Create a 2ppm ICV/CCV working standard by using 20ml of the
10ppm working TIC standard (refer to section 8.6) and filling this
to 100ml Dl in a clean 100ml volumetric flask.

Analyze all samples in the same manner as is followed for
TOC/DOC. However, the acceptable range for ICV/CCV/Duplicate
% recovery is within 20%. There is no matrix Spike analysis.

When all sample analysis for TIC has been completed, switch the
ultraviolet lamp back to standby mode, CAREFULLY &
GENTLY (it is easily breakable!) replug the small tubing to the top
of the mix/sparge glass tube. When the red stopper on the small
tubing is halfway back into the top of the mix/sparge glass tube, the
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10.3.2

10.3.3

10.3.4

10.3.5

Wh

system should be secure. Switch the ultraviolet lamp back to ready
mode.

10.3.1.2.6 Analyze two vials of DI as if they are regular TOC samples to
clean the system following its use for TIC analysis before
shutdown.

10.3.1.2.7 (Important note: It is highly recommended (whenever possible) that
TIC analysis be done at the end of the day’s run, to enable the red
stopper to dry and remain secure in the system. It has been
determined that too much TOC analysis right after TIC analysis
causes the small tubing to pop back out and therefore disrupt TOC
analysis).

The samples to be analyzed must have a minimum amount of sediment. Initial
dilution of samples with sediment may be necessary to facilitate analysis. by
either instrument. Dilutions are prepared volumetrically with DI water. However,
prior to dilution, consider the history of the samples and the detection limit
requirements of the client. If questions arise due to sample matrix, consult with
the Department Supervisor and/or the Laboratory Director before proceeding with
analysis.

Samples are to be analyzed with 2 Reps each. The TOC Software will calculate
the standard deviation, the %RSD, and the mean. The %RSD must be < 10%. If
this criterion is not met, the sample must be re-analyzed with 2 Reps. If failure
continues, consult with the Department Supervisor and/or the Laboratory Director
before proceeding.

Similarly, a duplicate sample and a matrix spike sample are to be analyzed in
replicate. Prepare the duplicate and matrix spike samples according to Sections
9.6 and 9.5.

10.3.4.1 For Method 5310, a duplicate and matrix spike is required for every 20
samples or less in a batch.

10.3.4.2 For Method 9060, a dupldate and matrix spike is required for every 10
samples or less in a batch.

If the sample results are above 10mg/L TOC, they are above the high end of the
calibration curve. In this instance, the sample must be manually diluted
volumetrically with DI water and re-analyzed. A timeout message or baseline drift
might also necessitate a dilution of the sample even if the sample is < 10mg/L.

ile setting up the diluted sample in the batch, the analyst must include the dilution

factor in the Sample ID field.

10.4 Continuing Calibration
10.4.1 Continuing Calibration Verification (CCV) and Continuing Calibration Blank

(ccB)

A Continuing Calibration Verification standard and a Continuing Calibration Blank pair

are
sam

analyzed after every 10 samples (inclusive of the duplicate and matrix spike
ples).
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10.5

10.4.1.1 The CCV is at a concentration of 2.0ppm TOC (Section 8.5.1), and
must be recovered within £10% of the true value. If the CCV fails
this criterion, it is re-made and re-analyzed. If failure continues, all
samples analyzed since the last valid CCV, are considered invalid
and must be re-analyzed. However, prior to re-analysis, a new
calibration curve must be generated. (Refer to Section 10.1.6.)

10.4.1.1.1 If all of the samples analyzed since the last acceptable CCV
have results that are below the reporting limit, the data may
be reported and a narrative submitted for inclusion on the
final report.

10.4.1.2 The results for the CCB must be less than 0.5mg/L, but preferably
less than or equal to 0.2mg/L. If the CCB fails this criterion, it is
reanalyzed. If failure continues, all samples analyzed since the last
valid CCB, are considered invalid and must be re-analyzed.
However, prior to re-analysis, a new calibration curve must be
generated. (Refer to Section 10.1.6.)

10.4.1.2.11f all of the samples analyzed since the last acceptable CCB
have results that are below the reporting limit, the data may
be reported and a narrative submitted for inclusion on the
final report.

Preventive Maintenance

The instrument is primed and cleaned internally prior to analysis. Tubing, copper/tin
scrubber, and autosampler syringe are inspected routinely to ensure they are in proper
working order. The external autosampler is kept clean and free of dust. Extra parts are
kept on hand in the event they are necessary. All instrument maintenance is recorded in
the Instrument Maintenance Logbook.

If continual bubbling in the gas/liquid separator tube occurs during analysis, lift the back,
right cover of the instrument body (carefully so as not to disturb any connected fan
wiring), and gently tap the line from the separator tube until all the bubbles are released.
Any sample currently running may need reanalysis due to failed detection. (i.e.
instrument message “no sample detected”.)

11. Data Evaluation, Calculations and Reporting

The TOC Talk Software (TOC-1) or TOC Shimadzu TOC-V wp software program calculates the
area of the peaks produced by the analyzer, compares them to the peak area of the calibration
standard stored in its memory, and calculates a mean TOC value in mg/L.

If the sample was manually diluted prior to analysis, the calculated mean must be manually
multiplied by the dilution factor. The Reported Detection Limit is also multiplied by the same
dilution factor.

If the sample result is <0.5mg/L for TOC, it is reported as ND (Not Detected). Likewise, if the
sample result is <1.0mg/L for DOC, it is reported as ND (Not Detected).
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12. Contingencies for Handling Out-of-Control Data or
Unacceptable Data

Refer to Section 9 for corrective actions.

13. Method Performance

13.1 Method Detection Limit Study (MDL) / Limit of Detection Study (LOD) /
Limit of Quantitation (LOQ)

The laboratory follows the procedure to determine the MDL, LOD, and/or LOQ as outlined in
Alpha SOP/1732. These studies performed by the laboratory are maintained on file for review.

13.2 Demonstration of Capability Studies
Refer to Alpha SOP/1739 for further information regarding IDC/DOC Generation.
13.2.1 Initial (IDC)

The analyst must make an initial, one-time, demonstration of the ability to generate
acceptable accuracy and precision with this method, prior to the processing of any
samples.

13.2.2 Continuing (DOC)

The analyst must make a continuing, annual, demonstration of the ability to generate
acceptable accuracy and precision with this method.

14. Pollution Prevention and Waste Management

Refer to Alpha’'s Chemical Hygiene Plan and Waste Management and Disposal SOP for further
pollution prevention and waste management information.

15. Referenced Documents
Chemical Hygiene Plan
SOP/1732 MDL/LOD/LOQ Generation
SOP/1739 IDC/DOC Generation
SOP/1728 Waste Management and Disposal SOP

16. Attachments
Table A: TOC-VW (TOC 3 INSTRUMENT)
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Table A:

TOC-VW (TOC 3 INSTRUMENT)

STARTING THE INSTRUMENT:
Turn on nitrogen ultra pure nitrogen gas tank.
Push the on/off button on the bottom right front of the instrument to on (green light will be visible).

With the computer on, use the mouse to double click on the TOC-CONTROL V icon on the
desktop.

Double click on “Sample Table Editor”

Enter user’s initials, hit OK

At Sample Table page:

Go to File “New”

Double click on “Sample Run”
Select System “TOC-VW?, hit OK

At Save As page:
For File name, overwrite existing to say current date as month/day/year (00/00/0000), hit SAVE

At Dated Run page:

Click on yellow lightning bolt icon @ top to connect to system

At Parameter Confirmation Dialog page:
Click on “Use Settings on PC”

At Sequence Box page:

Wait for system to initialize (page box will disappear once initialized)

Once initialized, click on white square box @ top (just left of yellow lightning bolt), to see
Background Monitor

Wait for NDIR: baseline pos., baseline fluc., and baseline noise -> all 3 items should have a green
checkmark before instrument can run analyses.

When all 3 items are green, close this box by clicking on the “X” on the top right of the box.
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At the Dated Run page again:

Adjust columns to include: Analysis//Sample Name//Result//Status//Date/Time//Vial

NOTE: Prior to analyzing samples, generate a new Calibration Curve according to the
Instrument’s User Manual,

TO SET UP AN ANALYSIS RUN:

At top of Dated Run page:

Go to Insert, Autogenerate

Sample group wizard (page 1): sample source:

Bullet calibration curve, push rectangular button w/ dots within it
Next to file name, type toc3curve120211a

Select current dated curve from choices below

Hit OPEN

Then hit NEXT

Sample group wizard (page 2):

Number of samples = enter number of samples to analyze
Start vial = vial number to begin analyzing

Erase sample name/leave blank, hit NEXT

Page 3: hit NEXT

Page 4: hit NEXT

Page 5: hit FINISH

Sparging/acid addition with autosampler pie display, hit OK
Back at Dated Run page:

Type in information for each sample name in the appropriate column

TO BEGIN ANALYSIS:

Click on the green stoplight icon at top of screen:

Standby box should have “keep running” bullet

Hit Standby button

Then hit OK on sparging/acid addition autosampler pie display page

Then @ start ASI measurement box, UNCHECK the external acid addition box, hit START
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TO TURN OFF INSTRUMENT AFTER ANALYSIS IS COMPLETED:

At the end of the run, hit the round clock icon at the top of the screen
Mare sure “shut down instrument” is bulleted

Hit “standby”

Turn off instrument power button so that the green light is now off.

Turn off gas tank.

TO PRINT ANALYSIS PAPERWORK:

File, Print, sample report

Close all pages on screen by hitting the “X” at the top right of each page.
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Nitrate, Nitrite and Nitrate/Nitrite Nitrogen

Automated Cadmium Reduction Method

References: Methods 353.2: Methods for the Determination of Inorganic Substances in Environmental
Samples, EPA 600/ R-93/ 100. August, 1993.

Methods 4500NOs-F, 4500NO.-B: Standard Methods for the Examination of Water and
Wastewater, APHA-AWWA-WPCF, 21 Edition, 2000.

Method 10-107-04-1, Lachat Instruments, 6645 West Mill Road, Milwaukee, W1 53218,
1992.

1. Scope and Application

Matrices: This method is limited to optically clear water samples with a total concentration of nitrite
and nitrate below 8mg N/L.

Definitions: See Alpha Laboratories Quality Manual Appendix A

In waters and wastewaters, the forms of nitrogen of greatest interest are, in order of decreasing
oxidation state, nitrate, nitrite, ammonia, and organic nitrogen. All these forms of nitrogen, as well as
nitrogen gas (N2), are biochemically interconvertible and are components of the nitrogen cycle. They
are of interest for many reasons.

Organic nitrogen is defined functionally as organically bound nitrogen in the trinegative oxidation
state. It does not include all organic nitrogen compounds. Analytically, organic nitrogen and ammonia
can be determined together and have been referred to as “kjeldahl nitrogen,” a term that reflects the
technique used in their determination. Organic nitrogen includes such natural materials as proteins
and peptides, nucleic acids and urea. Numerous concentrations vary from a few hundred
micrograms per liter in some lakes to more than 20mg/L in raw sewage.

Total oxidized nitrogen is the sum of nitrate and nitrite nitrogen. Nitrate generally occurs in trace
quantities in surface water but many attain high levels in some groundwater. In excessive amounts,
it contributes to the illness known as methemoglobinemia in infants. A limit of 10mg nitrate as
nitrogen/L has been imposed on drinking water to prevent this disorder. Nitrate is found only in small
amounts in fresh domestic wastewater but in the effluent of nitrifying biological treatment plants,
nitrate may be found in concentrations of up to 30mg nitrate as nitrogen/L. It is an essential nutrient
for many photosynthetic autotrophs and has been identified as a growth-limiting nutrient.

Nitrite is an intermediate oxidation state of nitrogen, both in the oxidation of ammonia to nitrate and
in the reduction of nitrate. Such oxidation and reduction may occur in wastewater treatment plants,
water distribution systems, and natural waters. Nitrite can enter a water supply system through its
use as a corrosion inhibitor in industrial process water. Nitrite is the actual etiologic agent of
methemoglobinemia. Nitrous acid, which is formed from nitrite in acidic solution, can react with
secondary amines (RR’'NH) to form nitrosamines (RR’N-NO), many of which are known to be
carcinogens. The toxicologic significance of nitrosation reactions in vivo and in the natural
environment is the subject of much current concern and research.

Within this SOP, organic nitrogen is referred to as organic N, nitrate nitrogen as NO3 -N, and nitrite
nitrogen as NO2 -N.

The data report packages present the documentation of any method modification related to the
samples tested. Depending upon the nature of the modification and the extent of intended use, the
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laboratory may be required to demonstrate that the modifications will produce equivalent results for
the matrix. Approval of all method modifications is by one of the following laboratory personnel
before performing the modification: Area Supervisor, Laboratory Director, or Quality Assurance
Officer.

This method is restricted to use by or under the supervision of analysts experienced in the operation
of the Lachat Analyzer and in the interpretation of Lachat data. Each analyst must demonstrate the
ability to generate acceptable results with this method by performing an initial demonstration of
capability.

2. Summary of Method

Nitrate is quantitatively reduced to nitrite by passage of the sample through a copperized cadmium
column. The nitrite (reduced nitrate plus original nitrite) is then determined by diazotizing with
sulfanilamide followed by coupling with N-(1-naphthyl)ethylenediamine dihydrochloride. The resulting
water-soluble dye has a magenta color, which is read at 520nm. Nitrite alone can be determined by
removing the cadmium column. The nitrate is calculated as the difference between the reduced and
non-reduced sample.

2.1 Method Modifications from Reference

Soils can be analyzed using 1:10 ratio soil to water extraction, following filtration.

3. Detection Limits

This method has an analytical range of 0.1 to 8.0mg N/L in the form of nitrate, and 0.05 to 8.0mg N/L
in the form of nitrite.

The Reporting Limit is 0.1mg/L for Nitrate and 0.05 mg/L for Nitrite. Reporting limit is 1.0 mg/kg for
soils.

4. Interferences
4.1 Suspended matter in the column will restrict sample flow.
4.2 For turbid samples, filter through 0.45um membrane filter prior to analysis.

4.3 Low results would be obtained for samples that contain high concentrations of iron, copper
or other metals. In this method, EDTA is added to the buffer to reduce this interference.

4.4 Samples that contain large concentrations of oil and grease will coat the surface of the
cadmium. In this case, only the water phase of the sample is used for analysis and a
narrative is submitted with the data. Dilutions are performed as necessary.

4.5 Residual chlorine can interfere by oxidizing the Cd column, reducing its efficiency. Prior to
analysis, check wastewater and drinking water samples for residual chlorine and record
results in the Laboratory Notebook. If residual chlorine is present, and the samples are
preserved with H,SO4, the sample may be analyzed for NO3/NO; determination. However,
NO, must be performed by a manual method. If it is not possible to analyze NO, by a
manual method, the result is reported as NA and a narrative is submitted.

4.6 Sample color interferes if it is absorbed at about 540nm.
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5. Safety

The toxicity or carcinogenicity of each reagent and standard used in this method is not fully
established; however, each chemical compound should be treated as a potential health hazard.
From this viewpoint, exposure to these chemicals must be reduced to the lowest possible level by
whatever means available. A reference file of material data handling sheets is available to all
personnel involved in the chemical analysis. Additional references to laboratory safety are available
in the Chemical Hygiene Plan.

All personnel handling environmental samples known to contain or to have been in contact with
municipal waste must follow safety practices for handling known disease causative agents.

6. Sample Collection, Preservation, and Handling

6.1

6.2

6.3

Sample Collection

Samples are collected in glass or plastic bottles; 250mL minimum volume. Soils can be
collected in plastic or glass containers.

Sample Preservation
Refrigerate samples at 4 + 2 °C.

For Nitrate/Nitrite analysis, the samples are preserved with 1:1 HxSO4.

Sample Handling

Begin NOs; and/or NO, determinations promptly after sampling. If storage is necessary,
store for up to 48 hours at 4 + 2 °C.

NOTE: If the 48-hour hold time cannot be met, the sample is to be handled as follows, only
in an emergency situation. These instructions are not to be used on a regular basis.

Prior to the expiration of the 48-hour hold time, the following three steps are executed:

1. A manually colored Nitrite test is performed by Method 354.2. Results are recorded in
the Laboratory Notebook.

2. A 50mL aliquot of the sample is preserved to a pH of <2 with concentrated H>SOa,.
Preservation is recorded in the Laboratory Notebook.

Prior to analysis, within 14 days of preservation, the preserved sample is neutralized using
6N NaOH. The sample is analyzed using only the Lachat Instrument.

CAUTION! Samples must NOT be preserved with mercuric chloride or thiosulfate because
this will degrade the cadmium column.

7. Equipment and Supplies

71

7.2

Lachat 8000 Automated lon Analyzer or Lachat QuickChem 8500
Automated lon Analyzer

Nitrate+Nitrite Lachat Board
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7.3

7.4

7.5

7.6

1.7

Nitrite Lachat Board

Pre-packed Cadmium Columns: Available from Lachat.
Ottawa sand.

Disposable Culture Tubes 13x100 ml

Disposable pipettes.

8. Standards and Reagents

8.1

8.2

8.3

8.4

8.5

Stock Nitrate Standard, 1000mg N/L as NOs3 : Purchased commercially
prepared with certificate of analysis. Expires upon manufacturer’s expiration date. There
must be different manufacturers for calibration stock and ICV/LCS stock.

8.1.1 Stock Nitrate Standard, 200.0mg N/L as NO; : Pipet 50mL of 1000ppm
standard (Section 8.1) into 250mL volumetric flask and bring to volume with DI.

Alternately, in a 1L volumetric flask, dissolve 1.444g potassium nitrate (KNOs3) in
about 600mL DI. Add 2mL chloroform. Dilute to the mark with DI and invert to
mix. Refrigerate at 4+2°C. This solution is stable for six months.

Stock Nitrite Standard, 1000mg N/L as NO:2 : Purchased commercially
prepared with certificate of analysis. Expires upon manufacturer’s expiration date. There
must be different manufacturers for calibration stock and ICV/LCS stock.

8.21 Stock Nitrite Standard, 200.0mg N/L as NO; : Pipet 50mL of 1000ppm
standard (Section 8.2) into 250mL volumetric flask and bring to volume with DI.

Alternately, in a 1L volumetric flask, dissolve 0.986g sodium nitrite (NaNO.) or
1.214g potassium nitrite (KNO2) in approximately 800mL DI. Add 2mL
chloroform. Dilute to the mark with DI and invert to mix. Refrigerate at 4+2°C.
This solution is stable for six months.

Intermediate Nitrate Working Standard, 20 mg N/L as Nitrate: To a 250mL
volumetric flask, add 25.0mL of the 200mg N/L NOs; stock standard. Dilute to the mark
with DI and invert to mix. These solutions are stable for two weeks. Refrigerate at 4+2°C.

Intermediate Nitrite Working Standard, 20 mg N/L as Nitrite: To a 250mL
volumetric flask, add 25.0mL of the 200mg N/L NO, stock standard. Dilute to the mark
with DI and invert to mix. These solutions are stable for two weeks. Refrigerate at 4+2°C.

Set of Six Calibration NO; Standards, 8.0, 4.0, 1.00, 0.40, 0.20 and
0.1mg N/L as Nitrate: These standards are stable for 2 weeks. Refrigerate at 4+2°C.

To four 200mL volumetric flasks, add respectively: 8.0, 4.0, 1.0 and 0.4mL of the 200mg
N/L NOs stock standard. Bring to volume with DI water.

To two 200mL volumetric flasks, add respectively: 2.0 and 1.0mL of the 20mg N/L NOs
intermediate standard. Bring to volume with DI water.
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Alternatively, an autodiluter can be used to make the standards during calibration, in which
case only 8.0ppm and 1.0 ppm need to be manually prepared. If an autodiluter is used then
it must be checked in an analytical tray by autodiluting 8.0mg N/L as Nitrite. The recovery
for NO2 must be within 10% of the true value.

8.6 Set of Six Calibration NO. Standards, 8.0, 4.0, 1.00, 0.40, 0.10 and
0.05mg N/L as Nitrite: These standards are stable for 2 weeks. Refrigerate at 4£2°C.

To three 200mL volumetric flasks, add respectively: 8.0, 4.0 and 1.0 of the 200mg N/L
NO. stock standard. Bring to volume with DI water.

To three 200mL volumetric flasks, add respectively:4.0, 1.0mL and 0.5mL of the 20mg N/L
NO: intermediate standard. Bring to volume with DI water.

Alternatively, an autodiluter can be used to make the standards during calibration, in which
case only 8.0ppm and 1.0 ppm need to be manually prepared.

8.7 Ammonium Chloride Buffer, pH 8.5: In a 2L volumetric flask, dissolve 170g
ammonium chloride (NH4CI) and 2.0g disodium ethylenediamine tetraacetic acid dihydrate
(NazEDTA-2H,0) in about 800mL water. Dilute to the mark with DI water and invert to mix.
Adjust the pH to 8.5 with concentrated ammonium hydroxide. This solution is prepared
monthly and stored at room temperature.

8.8 Sulfanilamide Color Reagent: To a 2L volumetric flask add about 1200mL water.
Then add 200mL of 85% phosphoric acid (H3PO4), 80.0g sulfanilamide, and 2.0g N (1-
naphthyl)ethylenediamine dihydrochloride (NED). Shake to wet, and stir to dissolve for 30
minutes. Dilute to the mark with DI water and invert to mix. Store in a dark bottle. This
solution is stable for one month. Store at room temperature.

8.9 200ppm Nitrate Stock Standard, (for ICV/LCS): Pipet 50mL of 1000ppm
standard (Section 8.1) into 250mL volumetric flask and bring to volume with DI. Store
refrigerated at 4+2°C. Expires six months from preparation or upon manufacturer's
expiration date.

8.10 200ppm Nitrite Stock Standard: Pipet 50mL of 1000ppm standard (Section 8.2)
into 250mL volumetric flask and bring to volume with DI. Store refrigerated at 4+2°C.
Expires six months from preparation or upon manufacturer’s expiration date.

8.11 Initial Calibration Verification Standard (ICV)/Laboratory Control
Sample (LCS): Store refrigerated at 4+2°C. Expiration is 2 weeks from date of
preparation.

8.11.1 Nitrate LCS, 5.0ppm: Pipet 5.0mL of 200ppm stock (Section 8.9) into a 200mL
volumetric flask and bring to volume with DI.

8.11.2 Nitrate ICV, 0.5ppm: Pipet 10.0mL of 5.0ppm standard (Section 8.11.1) into a
100mL volumetric flask and bring to volume with DI.

8.11.3 Nitrite LCS, 5.0ppm: Pipet 5.0mL of 200ppm stock (Section 8.9) into a 200mL
volumetric flask and bring to volume with DI.

8.11.4 Nitrite ICV, 0.5ppm: Pipet 10.0mL of 5.0ppm standard (Section 8.11.3) into a
100mL volumetric flask and bring to volume with DI.

8.12 DPD Free Chlorine Reagent Powder Pillows: HACH brand, for 25mL sample.
Store at room temperature. Expires upon manufacturer’s expiration date.
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8.13 1N Hydrochloric acid (HCL): To a 1L volumetric flask add about 600mL DI. Then
add 83mL of concentrated hydrochloric acid (HCL) Stir to dissolve. Dilute to the mark with
DI water and invert to mix. This solution is stable for six month. Store at room temperature.

8.14 1N Sodium Hydroxide (NaOH): To a 1L volumetric flask add about 600mL DI.
Then add 40 g of sodium Hydroxide. Stir to dissolve. Dilute to the mark with DI water and
invert to mix. This solution is stable for six month. Store at room temperature

9. Procedure

9.1 SET-UP

9.1.1 Preparation

9.1.1.1

9.1.1.2

9.1.1.3

Place the Nitrate+Nitrite board (containing the cadmium column) in Channel 1.
Place the Nitrite board in Channel 2. Make sure the valve to the cadmium
column is closed prior to starting to pump the reagents.

Commence pumping of reagents.

Once the lines are full of reagent and free of gas bubbles, open the valve to
allow reagent to flow through the cadmium column.

NOTE: Be sure to switch the valve back before rinsing the manifold with DI
water at the completion of the run.

NOTE: DO NOT LET AIRENTER THE CADMIUM COLUMN.

9.1.2 Column Efficiency Procedure

9.1.2.1 Visually inspect the column. Check for air bubbles in the column or lines, gaps
in the column or any change in the cadmium surface characteristics, (cadmium
granules should be dark gray). If air bubbles are present in column, connect the
column into the manifold, turn the pump on maximum and tap firmly with a
screwdriver handle, being careful not to break the column, working up the column
until all air is removed. If air cannot be removed, the column should be repacked.
Cadmium columns should be stored 