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CONFERENCE HIGHLIGHTS

The Environmental Measurement Symposium, a combined meeting of the National
Environmental Monitoring Conference (NEMC) and The NELAC Institute (TNI) was held
August 10 — 16, 2008 in Washington DC, just blocks from the nation’s capitol. The
conference was co-sponsored by the US Environmental Protection Agency, the Independent
Laboratories Institute, and The NELAC Institute.

A total of 469 people attended the 2008 Forum, which was a 9% increase in attendance over
2007. The meeting included:

19 technical breakout sessions with 100 presentations;

a 2-day poster program with 23 posters;

4 keynote presentations;

3 EPA general sessions with 13 presentations;

13 TNI committee meetings;

an assessment forum;

a laboratory mentoring session;

an accreditation body forum;

a meeting of the Environmental Laboratory Advisory Board;
5 training workshops; and

a 3-day exhibit program with 43 exhibitors and sponsors.

Highlights of the week included the following keynote speakers:

Dr. Jorg Feldman from the University of Aberdeen who spoke on
elemental speciation in environmental monitoring;

Dr. Heidelore Fielder from the UN Environmental Program who spoke on
global monitoring of persistent organic pollutants;

Dr. J. Clarence Davies from Resources for the Future who spoke on EPA
and nanotechnology; and

TNI's own Bob Wyeth who spoke on moving forward on national
accreditation.
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Microbial Detection Methods for
Drinking Water Regulations

Environmental Measurement Symposium
Washington, DC
August 10-16, 2008

Sandhya Parshionikar, Ph.D.
Technical Support Center,

Office of Ground VWater and Drinking Water
U.S. Environmental Protection Agency

Overview

Office of water - Drivers and statutory requirements
of regulations

Drinking water methods
EPA method approval process
Method validation

FEM guidance document on microbiology method
validation

Y 0 19 a

O

Challenges in microbiology method development
Future needs
O Future technologies
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Office of Water Drivers

O Safe Drinking Water Act

m EPA sets standards for drinking water quality
o Total Coliform Rule (TCR)

Surface Water Treatment Rule (SWTR)

Long Term 2 Enhanced SWTR (LT2ZESWTR)

Ground Water Rule (GWR)

Unregulated Contaminant Monitoring Rule (UCMR)

O
]
|
]

O Clean Water Act
m Surface water quality protection

Statutory Requirements for Drinkin
Water Regulatory Processes M

1) Contaminant Candidate List (CCL) Develop and publish the list
of contaminants known or anticipated to occur in drinking water -
every 5 years.

2) Unregulated Contaminant Monitoring (i.e., UCMR) —Establish
criteria to monitor unregulated contaminants - every 5 years.

3  GCL Regulatory Determinations — Decide whether to regulate
contaminants with a national primary drinking water regulation
(NPDWR)

1) Regulation Development - If EPA decides to regulate a
contaminant, propose and finalize the Maximum Contaminant Level
Goal (MCLG) and the NPDWR.

2) Six Year Review — Once a contaminant is regulated, review and, if
appropriate, revise the NPDWR every six years.
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Generalized Temporal Flow off @ -
m. Regulatory Processes

| Final ccL oI el
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At each stage, need confidence in the type of supporting data used.

What is a method?

O Procedure used to analyze a sample to determine the
identity and concentration of a specific sample component
or analyte.

O Includes information on the
m collection
= Transport
m  storage
m define procedures to concentrate, separate, identify and
quantify components contained in samples

O Specifies quality control criteria

O Designates how to report the results of the analyses
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Drinking water methods

O The agency uses methods developed by
m EPA

Other government agencies

Universities

Consensus methods organizations

Industry

O Only EPA approved methods used for compliance
monitoring

Examples of Methods used

O Rules
m Total Coliform Rule, 1604

m Long Term 2 Surface Water Treatment Rule,
1622/23

Ground Water Rule 1601, 1602
®  Unregulated Contaminant Monitoring Rule, 1605
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EPA Methods Approval Process

Additional methods

Alternate Test validated outside the
Validated Method Procedure AU S5,
(ATP) EPA, consensus body
l methods
Citation in proposed rule
Rule 3 N Modified
Making Public comments ‘ ool ‘ ‘ il ‘
Process I i !
po— bl Establishment of Demonstration
3-5 M s pltl o Performance of Equivalency
years comments Characteristics to reference
l method
Final f_l
Rule Expedited Methods
i approval via notice in <1 year
‘ EPA approved Method [* Fedoeal Regpter

Use of Other Methods

Methods that are published in peer reviewed journals can:

O Fill in data gaps regarding microbes
-Occurrence in source and drinking water
-Outbreak studies
-Dose response studies
-Health Effect Studies
-Treatment criteria
-Source tracking

O Help in calling attention to certain microbes
m CCL (Candidate Contaminant List)
m  Rule revisions
m  Advisories
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Method Validation

O A process that demonstrates the suitability of
an analytical method for its intended purpose.

Agency Wide Method Validation

Guidelines

EPA Science and Policy Council established Forum on Environmental
Measurements (FEM)

FEM: A standing committee of senior mangers addressing
measurement and methods issues with multi-program impact

Established Method Validation teams to develop agency wide policy to
ensure validity of methods prior to their publication for general use

Microbiological Methods validation team
Workgroup members

]
]
[m]
]
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Steps in Validation

A. Method Selection
B. Method Optimization

C. Development of method performance attributes
m  Specificity, sensitivity, precision, accuracy, bias, limit
of detection etc.

D. Writing the method

E. Collaborative studies
Participating labs

m  Test materials

m  Development of a study plan
= Reporting of results

A. Method Selection

Criteria:
m Is based on sound underlying scientific principles

m Is applicable to routine analysis of samples

m  Can detect analyte in the concentration range of interest
m  Has sufficient specificity and sensitivity for intended use
m  Can meet specific method performance criteria

m  Has adequate QA/QC controls

= Can be conducted at a reasonable costs

m Addresses the level of expertise required

m  Addresses biosafety concerns
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B. Method Optimization

O ldentification of specific factors that can
introduce variability
m procedures, environmental conditions and
reagents etc.

O Iterative testing of modifications that minimize
this variability

o Will minimize problems during inter-laboratory
validation

C. Development of Method
Performance Characteristics

O Provides baseline numerical and descriptive
specifications of the method’s performance
within the lab performing the tests.

m  Specificity, sensitivity, precision, repeatability, reproducibility,
accuracy and bias etc.
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D. Writing of the Method

Scope and application
Summary of method
Equipment/Reagents

Sample
m Collection, preservation and storage

Quality control

Calibration and standardization

Procedure

Data analysis and calculations

Method performance

Safety, pollution prevention and waste management

ElT B (=

0 [ 1 O =

E. Collaborative Studies

O Performed with the objective of evaluating or
improving laboratory performance of the method

m Results compared between labs or with assigned
reference values

m Assessment of the robustness of the method and
readiness for widespread use

m  Provides specifications for methods performance
attributes

O May have to be repeated if corrections are to be
applied to the method

10
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E. a) Participating Laboratories §

O Number of laboratories

= Based on statistical theory for predicting confidence intervals for
parameters being tested

o may have to use subjective judgment
. Complexity of the method

®  Resources available
= Balance between sound data and resource management
m  Based ontiered approach
o 3-6 labs can be used for single matrix — multiple lab method

O Selection of laboratories
= Not desirable to restrict to labs with extensive experience

E. b) Development of Study Plan(;

Study objective
Study management and implementation
Data reporting requirements

How accuracy and completeness will be
evaluated

o Will have to be customized as per the
method

El ED (Bl JE

11
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E. ¢) Reporting of Results

o0 Results should be available for scientific
peer review

m |dentify participating laboratories
m Describe all test materials used

m Discussion of the numerical and descriptive
specifications for the performance attributes

E. d) Testing Materials

Defined as specific analyte (microbe)/matrix/concentration
combinations to which method performance parameters apply

Should be representative of the range of matrices intended for
analysis by the method

Should originate from materials in which the analyte is
distributed homogenously.

m Certified reference material
®  Analysis of replicate samples
m Use of spiked materials

12
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The FEM Microbiology Methods
Validation Workgroup *

O Sandhya Parshionikar

o Rich Haugland O Orin Shanks

o Margo Hunt O Fred Genthner

o0 Ann Grimm O Stephanie Harris
o Michele Cottrill O Stacy Pfaller

0 Andy Lincoff O Christina Sargent,

Versar

Challenges in Method
Development

O Low concentrations of pathogens
m  sensitivity

O Large volumes of water needs to be tested
m  Matrix interference

O Need different processes for isolation of different classes
of pathogens

O Culture methods slow, not suitable for all strains
O Molecular methods (Polymerase Chain Reaction)
® no information on viability
m Standardization of PCR methods
O Pathogen dose response

13




NEMC 2008

Future Needs

O Online monitoring/Rapid results
m Perturbations in water quality

m Qutbreak analysis
o Viability/infectivity
o Quantitative
o Genctyping/Strain identification
o Sensitivity

O High Throughput detection
O Universal detection of all classes of pathogens

O Miniaturization of technology
m Usein field

O Genomics/Proteomics
m  Signhature of virulence

Future Technologies

o Microarrays
m Multiple organisms/High throughput
m Gene expression profiles

o Microfluidics
m Concentration and separation of live bacteria

O Biosensors
m Cantilevers

14
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The EPA’s Endocrine 594
Disruptor
Screening Program (EDSP)

National Environmental Monitoring Conference
August 13, 2008

Gary Timm
Office of Science Coordination and Policy/OPPTS
U. 5. Environmental Protection Agency

KED ST,
el &,

)
q’“GENE"

Overview

% £
T—

= Statutory background and EDSTAC's
recommendations

= Assay development and validation

= Selection of the first group of test chemicals
= |mplementation policies and procedures

= Next steps

15
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EPA’s Statutory Authority

% £
Z mmc()

= Federal Food, Drug, and Cosmetic Act (FFDCA)

»  Requires EPA to:

* Develop a screening program using validated assays o
identify pesticides that may have estrogenic effects in
humans

» Authorizes EPA to include:

+ Other endocrine effects, as designated by the EPA
Administrator

= Other non-pesticide chemicals that:

Have “an effect cumulative to that of a pesticide,” and
To which a substantial hurman population may be
exposed

= Safe Drinking Water Act (SDWA) Amendments

s Allow EPA to require testing of chemical substances found in
sources of drinking water, if a substantial human population may
be exposed

AED ST4
R %,

Endocrine Disruptor Screening and :
Testing Advisory Committee (epstac)

)
AGENC

= Chartered Oct 16, 1996

(www epa.goviscipoly/oscpendo)

= 39 members representing broad expertise
and constituencies
= Recommendations proposed in 1998:
+ Estrogen, androgen and thyroid
+ Human and ecological effects
+ Broad universe of chemicals
+ Two-tiered approach to screening

16
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AED ST
el &,

Two-Tiered Approach (&)
= Tier1
+ Invitro and in vivo screens
+ Detect potential to interact with endocrine
system
= Tier2
+ Multi-generation studies covering a broad range
of taxa
+ Provide data for hazard assessment
5
EDSTAC Criteria for Tier 1 5?4
%ﬁ; é-g
Screens

= Detect all known modes of action for the
endocrine endpoints of concern

+ Simple mechanistic screens do not exist for all
modes of action, therefore it is necessary to include
more complex multi-modal assays in Tier 1
= |nclude sufficient diversity among endpoints,
permitting weight-of-evidence conclusions
* Multiple endpoints in in vivo assays
+ Complementary endpoints across assays

17




NEMC 2008

KED ST,
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EDSTAC Criteria for Screens (&,
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AGENG

» Maximize sensitivity to minimize false
negatives

* {n vitro mechanistic screens are highly
sensitive

* {n vivo apical screens are necessary to
encompass all known MOA and take
metabolic activation into account

* |nclude a sufficient range of taxonomic groups
to represent differences in endocrine system
and metabolism

* Fish included because fish and mammals
differ in some hormones and metabolism

KED ST,
el &,

Tier 1 Assays 0
Recommended by EDSTAC "’

= Primary recommendation:
+ Steroidogenesis (in vitro)

+ Estrogen / Androgen receptor binding andfor
transcriptional activation assays (in vitro)

+  Uterotrophic

)
AGENC

* Hershberger
« Pubertal female assay
*  Amphibian metamorphosis assay
+ Fish screen
= Potential alternative assays to validate:
+ Aromatase (in vitro)
* Pubertal male assay
* 14-Day adult male

18
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EDSTAC Recommended Tier 2 Tests

Tier 2 testing is to provide a more definitive approach that will
include a broad range of taxa exposed through various routes &
during sensitive life-stages, so that the adverse consequences
related to EAT hormonal function can be characterized with
greater specificity.

Assays Recommended by EDSTAC

Mammalian 2-generation

Avian reproduction
Amphibian Growth/Reproduction
Fish lifecycle

Mysid lifecycle

KED ST,
Ea ey

£}
z
£
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e N

plementation of the EDSP

Priority Setting Procedures Assay Validation

* Priority Setting
¢ Selecting chemicals to be screenedftested
* Procedures

¢ Developing policy & procedures to require
screeningftesting of chemicals

* Assay Validation

¢ Development & validation of assays for screening
(Tier 1) & testing (Tier 2) chemicals

10
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Prionty S€ttind ) Chemical Selection and

T Priority Setting

Selection of Initial List of 50-100 Chemicals for Screening

= Methodology Described in FR Notice Issued Sept. 27,
2005

= Selection to be Based on Potential Human Exposure

= Pesticide Actives and HPVs / Pesticide Inerts

4 pathways for PAls (food, water, residential, occupational)

4 pathways for HPV / inerts (human and eco biomonitoring, water,
air)

= Contractor Support to Analyze Data Bases

11

Priority Setting ) Chemical Selection and WL
Priority Setting

Preliminary Contractor Analysis

= PAls
+ approximately 1,100 total
+ »600 on one or more pathway lists
« ~80 on 3 or 4 pathway lists
= HPV/Inerts
+ approximately 650 HPV / Pesticide Inerts
« <100 on one or more pathway lists
« ~15 on 3 or 4 pathway lists

12
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Assay Validation

i GO

~N o

review

NEMC 2008

JED ST4
Ea ey

Validation

)
W AgenCt

A proye

Required by ICCVAM Authorization Act of
2000 & by FFDCA Sec. 408p

Recommended by EDSTAC

Endorsed by Organisation for Economic
Cooperation and Development (OECD)

Validation is an assessment of the
reliability & relevance of a test method for
a particular purpose.

* Relevance-- The extent to which a test
method will correctly predict or measure
the biological effect of interest.

» Reliability-- The extent to which a test
can be performed reproducibly within and
among laboratories over time.

13

Validation Principles
OECD and ICCVAM

Ol
o
w
&
4
GENCT

1. Scientific & regulatory rationale

Relationship of endpoints to biological effect or
toxicity

Formal detailed protocol

Assessment of variability

5. Assessment of performance with reference
chemicals

Describe limitations of the assay
Data quality/use of GLPs
8. Availability of data & independent scientific peer

14
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AED ST
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)
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Assay Validation

% £
Z mmc()

The Validation Process

® Stage 1 - Test Development
¢  Scientific literature review & preparation of Detailed Review Paper (DRP)

® Stage 2 - Prevalidation

¢ Demonstrate relevance

¢ Development of standard optimized protocol

*  Determine readiness for inter-laboratory testing
®  Stage 3 - Inter-laboratory Validation

¢ Demonstrate reliability across multiple laboratories
& ®  Stage 4 — Peer Review
* Independent scientific review of validation effart
¢  Integrated Summary Reports®
¢  Peer Review Record*
¢ EPA response to peer review comments®

Stage 5 - Regulatory Acceptance
*  Proposed Tier 1 battery & adoption

*Included in SAP review package to support discussion of proposed Tier 1 battery

15

SAP Meeting to Review EPA’s 39&
Proposed Tier 1 Battery

)
VAGENC

= March 25-28, 2008

= Decision and Supporting Materials were placed on
SAP website: www.epa.gov/scipoly/sap
= |ntegrated Summary Reports
+ Peer Review Reports
* Response to peer reviewer's comments
+ Battery Technical Support Document

= Additional information is available on the Endocrine
Disruptor Screening Program website:

WWW.epa.goviendo

16
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Proposed Tier 1 Assays

In vitro

‘Estrogen receptor (ER) binding - rat uterus
Estrogen receptor a (hER«) transcriptional activation - Human cell line (HeLa-9903)
Androgen receptor (AR) binding - rat prostate
"“Steroidogenesis - Human cell line (H295R)
“Aromatase - Human recombinant

Invivo

Uterotrophic (rat)

Hershberger (rat)

Pubertal female (rat)

Pubertal male (rat)

“Amphibian metamorphosis (frog)

*Fish short-term reproduction

AED ST4
Eal %ep

/4

% S
' PRO o

oAy
Vagenct'

SAP Conclusions

= The proposed set of Tier 1 assays are appropriate to begin
screening for disruptors of the EAT axes. However,
several assays do nhot represent the current state of the
science, or the proposed screens do not fully address
major modes of action and should be updated and
extended as soon as possible. The EPA should consider
this set of assays to be aworkin progress. The Panel
expects that the EPA will continue to develop, refine, and
review the battery. New endocrine disruptors and new
mechanisms of action are likely to be revealed in the
future requiring that the current Tier 1 assays be modified
and new ones developed and validated.

18
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AED ST
Eal %ep
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SAP Recommendations

b, >
%, S
AL proT C()

Develop assays to detect ERB

Consider dropping estrus cyclicity as an endpoint
Validate assays to detect estrogen antagonism
Validate recombinant AR binding assay

Include effects on perinatal exposure in T-1 or T-2
Standardize hormone measures

Test more chemicals, especially negatives for the
pubertal assays

Add some in vitro thyroid assays to the battery

9. Include measures of thyroid hormone action in the
pubertal assays

10. Develop new assays to cover new modes of action and
different hormone systems

g e B =

b

19

AED ST4
Eal %ep

Next Implementation Steps for '_
Initial List

= Publish:

* Policy and Procedures
* Final Chemical List
« Battery Notice

OMB approves Information Collection Request
EPA issues Test Orders
Order recipients respond to orders

EPA reviews responses and submitted data
* Functionally equivalent information
* Scientifically relevant information

)
AGENC

20
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Mammalian 2-generation — Complete

+ Extended one-generation test is being
developed to replace most applications of the 2-
gen mammalian test.

Avian 2-generation

Amphibian Growth/Reproduction
Fish 2-generation

Mysid 2-generation

25

Next Implementation Steps for "@"
Initial List (2)
= EPA notifies order recipients
= Testing and data submission
= EPA reviews data and makes Tier 2 decision
= EPA conducts review of the performance of the
battery on the first list using the FIFRA SAP
21
Tier 2 Assays
Assay Validation . y %ﬁﬁ?ﬂﬁ
Complete in 2010

22
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Beyond the First List (&

= Pesticide actives will be screened in the registration
review process—a 15 year review cycle.
= Non-pesticidal chemicals and pesticidal inerts will
be included on future lists
= Drinking water contaminants likely to be heavily
represented on next list
= Next list will likely use exposure plus other factors
for listing
» ToxCast or other predictive methodology
* |nvitro data

= Next list will accept nominations from the public

23
EDSP Timeline
2000 2001 2002 2003 2004 2005 2008 2007 2008 2009 2010
Tier |
Screening
24
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Automated BOD

Stephen Moore
MianSci Inc.

600 Main 5t.
Tonawanda, NY 14150
866-763-2122
smporefmansci com

ABSTRACT

The measurement of BOD 1s the basic means of testing the degree of water pollution. It
measures the amount of oxvgen that bacteria (from sewage) take from the water to oxidize
organic material The BOD 15 measured on the mfluent and effluent of a water treatment plant to
assess the effectiveness of the water treatment.

Die to budget constramts many small laboratories currently test BOD using a manual method
that 1s both tome and labor intensive. The new automated BOD method was developed to
provide a time and cost saving alternative using a fully automated system. Testing of the system
provided accurate and precise measurements of the dissolved oxygen of the samples i a timely
fashion.

The method to be discussed is a completely automated BOD analysis system as outlined by
Standard Methed 5210 B 21st Ediion. It will add dilution water to two thurds full. Then add
seed and nitrification inhibitor as needed. The software will only calculate BOD results from
samples that pass the criteria of a depletion 2.0mg/l and a final D.O. of Ilmg/'l. BODs and
CBODs can be combined i the same mun, and the appropriate seed correction factor for BOD or
CBOD be used, without the need of performing two separate runs.

INTRODUCTION

The Biochemical Oxvgen Demand test measures the ability of naturally occurnng

microor gamisms to digest organic matter, usually in a 5 day incubation at 20° C, by analyzing the
depletion of oxygen. This measures biodegradable organic matter, which is normally expressed
as O, mgL. The biochemical oxygen demand analysis 1s an attempt to stmulate the effect a
waste will have on the dissolved oxygen of a stream by a laboratory test. The BOD test gives an
mdication of the amount of oxygen needed to stabiize or biologically oxidize the waste. The
advantage of the BOD test is that it measures only the organics which are oxidized by the
bacteria. The disadvantage of this test is the 5 day time lag.

The Biochemical Oxyvgen Demand test provides a quantitative measure of the amount of oxyvgen
required to mamtam the growth and activities of the biological organisms responsible for the
aerobic digestion of the organic in the liquid at a set temperature for a set amount of time m the
dark. There 15 a limuted amount of oxvgen which will dissolve in the sample (about 9 mg'L),
therefore dilutions are prepared with a buffered mineral nutrient containing water. The test does
not determine the total amount of organic material present, since many compounds are not
decomposed by biclogical and biochemical reactions in the set conditions. The BOD indicates

NEMC 2008 1
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the concentration of biodegradable organic material When applied to the examination of
effluents. it permits calculation of the efficiency of operation of the treatment plants.

The measurement of the dissolved oxvgen (DO) i the sample can be done by using an oxygen-
sensitive membrane electrode, polarographic or galvanic, with an appropriate meter that meets
EPA-approved method requirements. The Y51 50-series are examples of commercial meters
meeting those requirements for measuring DO, The method calls for calibrating the meter vsing
oxygen-saturated water, water-saturated air, or a Winkler titration before each use. Standard
Methods 5210 B, and EP4 405.1 are commonly nsed methods for the determination of BOD over
a five day period.

The DO is measured at the beginning and recorded. After five days the DO is again determined.
The BOD is then calculated on the basis of reduction of DO and the volume of the sample. The
BODs calculation takes into account the initial and final DO values and the percent concentration
of the sample. In the BOD test vou will use the difference of the two readings. Table 1 grves
examples of BOD sources and ranges.

Reprezentative Source BOD. Eange {0, mg'L)
Clear Cresk Water 0-20
FPolluted Creek Water and Weak Sewazs 10100
Strong Sewage and Industrial Waste 50 - 10,000

Table 1 Examplas ef BOD s from different sourees.

AUTOMATED BEOD

Various Levels of Automation

The PC BOD svstem is an aufomated system for measuning dissolved oxygen, calculating
Brochemical Oy gen Demand (BOD) and reporting results.

The system utilizes a Man-Tech PC-BOD software and hardware inchuding the Man-Tech
AutolMax autosampler and a YSI DO meter (either a model 532 or 51007 and YSI BOD probe
(Model 3903)

With this system, there are four basic levels of automation:

1. Full automation. The system will automatically add seed solution, add mhibitor solution,
add dilution water, measure DO and rinse the probe.

2. Partial automation. The system will automatically add seed solution, add dilution water,
measure DO and rinse the probe.

3. Partial automation. The system will automatically add dilution water, measure DO and
rinse the probe.

4. Basic automation. The system will automatically measure DO and rinse the probe.

A fully automated system 1s illnstrated in Figure 1.

NEMC 2008 2
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Fizine 1. Fully automated system for Seed, inlubator and dilubon water addition. These options are also available
without the autosamplar.

With the PC BOD software, you can combme BOD & CBOD samples in the same min. This
eliminates the need to prepare two sets of seed solutions for two batches of samples. Prepare one
seed solution, and designate half of the seed solutions to be CBOD. The software will
automatically add the specified amount of inhibitor to the bottle. The same 15 true for CBOD
samples as illustrated i Figure 2.

Rack |Bob |Sampk Samplks Sample (Sesz |inhiz s kiial  |Fnal o0

lum | Num|Nama I Vi tmi] Vol imL§wfol imL] CEQD? | DO oo SO0 |Average (Flga ||Commamea
Seed artificial ased 15 fes
Seed artificial geed 1=

Fizgure 2. Specifying if a seed'zanmple 1= to be freated az a CE0D sanple

During a combined mm, if a sample 15 designated as a CBOD sample, it will only use the CBOD
correction factor to caleulate the result.

The software is programmed to comply with Standard Methods 18 20™, and 21% edition, and
EPA 4051

In reference to the Standard Methods 21¥ edition, the software will perform an nitial addition of
dilution water until the bottle 15 two thirds full add seed and mhibitor (as needed). and fill the
remaming to a pre-determined level The reason for this is if seed is added directly to a sample

NEMC 2008 3
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prior to dilution, the sample 15 an industrial effluent, this can be toxic to the seed and cause it to
be meffective. However, if the sample volume is above two thirds of the bottle volume, it will
1gnore the first dilution addition and automatically skip to the seed and intubitor addition.

The software 15 programmed with the allowable criteria for sample and seed DO depletion, and
residual DO, as laid out by Standard Methods. The sample nust have a mininmum depletion of
2.0mgL DO, and the residual DO must not be below 1.0 mg/L, as illustrated in Figure 3.

v Use Sexd Selection Rule

w Final 00 less than 1.000
~ Deplehon [dzka DO) lezz than |2 (00
w Fercentage Depletionrange  7.000 ad 00000

[v UszeSample Selechion Buks

[¥ Final OO lesz than 1000
Iv Depletion [deke DO le=s than |z qon
|+ lgnare Depletice Hule Far nonDiluted Sample:

Figura 3. BODVCBOD rules for acceptable DO measwraments
The exception to this mile 55 if the sample 15 not diluted, and the bottle is filled completely with

sample, and there 1s less than a 2.0 mgL DO depletion. In which case the depletion miles are
1gnored, shown m Figure 4.

v lgnore Depletion Rule for nonDiluted Samples

Figure 4. Deplation ruls exception

For all the samples that pass these mles, an average result is calculated, and reported.
From the mam screen of the software, vou can easily see which sample mns need to read back
that day, mn the section. Figure 4.
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¥PC-BOD - Maln Menu
.FIE BOD Sebip  Quakty Conprgl  Inteiace EED‘.'II"I:II'"] Unlbthess  ALeHE Tral  Abaut

Funs ousTeoay

Furriemies feStaded |TizElated | CrdertHumbar Py

DusDale DusTire
=5 BRFI22E0E 1 E02:13 AW Byetem J0EB0GTZ2-1

B| o 7izo0e R0 AN
OTITON 0838 PY

OO0 BONEEE HEJE P | Sorienr] J0E00672-1

% <

(T

=n|1u 25|1u;u°-
[T pop-caop pany]

Figwwe 5. Mam sersen of sofiwvara showing Buns Due Today and Autorun buttons

Also from the mam screen of the software. pre-built testing templates can be lhinked to autorun
buttons (Figure 5) to enable easy access to commonly mn analysis sets (e.g. Blanks, Seeds. GGA

sanples). These templates can then be appended to for additional samples.

Predetermuned (and fully customizable) sample ITY s can be used for Blanks, Seed Blanks and
GGA samples (figure &), It 1s also possible to customize the incubation times and bottle volume.

Battle Size [mLl 300

Ineubshon Penad |Daps]
Ineubsheon Fanges [+ Haurs]
Incubation Waming [Hours|

Idenhily lzb=ls 21 Talows

Blankz

Saeds

BOD Stardzrd
Szed Cantiol

Sup=rsaturshon Limi !5 mo

1"l

|q.
[B
BLAME
[sEED
|Gitie, CEOD Standzrd |GGA

SEED COMTROL

Fizure 6. Incubatton dme window, and sample ID
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When runmng the samples on dav 5 for the Final DO reading, the software will perform real-
time calculations, so you will see BOD results as the DO is read. If there is a run the spans over
more than one rack, the software will allow you to run them in a different order as on day one.
The results will populate in the template relative to the bottle position and rack number. If the
seed blanks have not been completed vet, the software will caleulate the BOD value with a seed
correction value of 0. When the seed samples are finally min, the caleulation will correct for the
seed demand i the previously mn samples. Anyiime a tun is completed, and it uses one of the
predetermined sample IDs (figure 5), the software will use these values to populate several QC
charts for Seed correction factor (figure 7). and GGA standards (Figure 8).

'PC-BOD - Active QC Regime : SEED CORRECTION BOD

a0 LDone

050 B, Erin A Regort
-:% £.50
= "
£ oo

020 -7

io
010 —
D.20 £0.00 B0.00 121 .00
Hanz Axis
onbrol Limita - Ingividuals: —Conirol Linil Wioktiong:

u 0.355 p—lo 0223 =3z 0157 2o limts: T
o (.088 w2 48T u+da  0.553 3o mies : 1

“IC \egme querp A Conlidl chert - individuak {0C dela [

Figure 7. QC Chart for Seed correcton factor
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'PC-BOD - Active QC Regime : BOD LCS AVERAGE

230.00

Vel Axis

oo 4000

2000 tamon

Done

Frit & Report

Horiz Asiz
Control Limis - indrrduais Contrel Limt Violations
W 302.283 p—2a 184780 w35 1TR.02E 2a imite: &
T E7E2 +20 19TET Wl IR 53E g Wite:

;,U C rsgime qusiy :L.Eunl.ml charl - indwidusls ,-'iQC d-mu,-'
Figure 8. QC Chart for GGA sanples

CONCLUSIONS

The manual BOD test 1s very labor intensive, and there are many areas in which transcription or
operational errors can oCcur.

With the automated PC BOD system, the user 1s only required to place the samples in the bottles,
and start the software. Everything else is taken care of by the system. This will reduce the
mtensive labor requirements, as while the system 15 adding all additional solutions required and
taling DO readings, the technician is free to perform additional duties.

Added benefits to the automated system include identical conditions used for calibrating the DO
meter and taking DO measurements. Ensuring each bottle 1s dealt with under the same criteria —

eliminating the variation in different vser techniques. Also, there are no transcription errors.
since all calculations are performed by the software, and can be sent directly to a LIMS system.

NEMC 2008 7
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MAN-TECH |

Automated BOD

NEMC 2008

August 11-15, 2008
Hyatt Regency Capital Hill

Washington, DC

.
BOD Background
What is BOD?

+ A bioassay procedure that measures the
dissolved oxygen consumption by bacteria from
the decomposition of organic matter in water.

Why is it necessary?

* The test provides a quantitative analysis of the
amount of oxygen required to maintain the
growth of biological activities.
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Why Automate BOD?

Manual vs Automated

« The manual method is VERY labor intensive

— For as little as 20 samples, each requiring 3 — 5 dilutions, you
would be analyzing 60 — 100 bottles (not including you blanks,
seed blanks and standards)

« Manually it is time consuming.

« There are many areas in which errors can occur
— Transcription
— Calculation
— User technique

—
How to improve the manual BOD

method through automation

«  Several key points were address:

. Precision
+  Seed, Inhibitor and dilution water addition
»  Consistent DO readings
. Accuracy
*  Secure calculations
L Cost Effective
* Reduce labor costs
* Easeofuse
. Automation — which is our strength!
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s,
Precision

« Slow speed peristaltic pumps are used for seed and
inhibitor addition

» A high speed peristaltic pump is used for dilution water

addition
+ A liquid level sensor is used to stop the pump

« Software stability settings ensure DO readings are taken
when specified criteria is met

—
Accuracy

* Results are stored in a secure location
+ Bottle data integrity maintained

« BOD correctly calculated using the relevant depletion
rules
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Cost Effective

* Reduce labor costs
 Ease of use

Load samples. Load Template. Start the run.

MAN-TECH I

* Automation
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—
Different levels of Automation

e Various levels of
automation are offered.

 Fully automated

« Stand Alone (no
automation)

——

Automation Hardware

XYZ Man-Tech AutoMax Autosampler

YSI DO Meter (model 52 or 5100)

YSI DO Probe (model 5905)

Peristaltic pumps
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PC-BOD Software

+ Ease of use — Load Template, w e T BE

Load samples, Start. &

» Autorun buttons make it easy to
load frequently run samples.

+ Sample runs that are due for the
day 5 reading are displayed on
the main screen

=GRS T

.
Software continued...

+ Building a new template is also easy.

Race [got [sarpie |samoe [soroie [sees [mre. [s [ [rra |

Wam [N 1' |n |\rnlm_ivouul.vn|[uwuu oo |D13 BOD |t.m|qe Fiags |Comments
Seed ariificiel seed 1%

| Seed arifical seed 1% Ne

+ The sample name & ID are added. The sample volume, seed and
inhibitor volume (if required) are also entered.

+ This can be accomplished by manually entering the data, or loading
from a text file generated by your LIMS system.

+ |s the sample to be tested for CBOD?
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2
QC Compliance
A Bt Sl )
» The software is setup to run
BODS5
 The incubation time is e
available for alteration, if e I
required. S
Bk T
« The sample ID’s for sample = ,L’ S
QC is also available for — mE—
customization
Supertaturston Limd W

QC Compliance continued...

* The rules for Seed and
Sample DO depletion are 7 lessdtsecinfive
set up in the software. ¥ Frod DO s han i
¥ Depltion [deka DO less hen [2000

) ¥ Percentage Degletonienge (1,000 [1oa000
« If required, these are -

available for modification.
¥ Use Sample Selection Auls

¥ Final DO less than [ioo
» If the Seed or Sample fails  © oeemsetojenin o
any of the rules, it will not % Ignore Depeion e o norDkied Sl

be used in the calculation.
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QC Data

« The PC-BOD Software will keep track of all QC
sample data.

* This will be used to populate a QC chart.

=

T T T T T
0.00 40.00 80.00 120.00

Honiz Axis
|~ Control Limas - individunsis i~ Contrel Limt Violations
u 202283 u-2c 1B4TEO u-3c 17E.028 2o imits: 8
a 8752 usle 218.787 u+ldo 228538 3gEmes: 0
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QC Data continued..

» For individual runs, the QC and Blank Data are
displayed.

+ Any samples that fail will be flagged.

Data continued...

a 80D Analvele S a————— |
="t

poo 10 caon [5000 - e 900 Bk [ama
0D Starciads o -5 19150
BOD Sty bty -+ 190 00030 500 7 U Dvgraa Mo

| B 20TH sEEDED | A030T Vanson 14

T et | oo

o
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—
Automated BOD Conclusions

Reduces intensive labor requirements.

Reduces labor costs.

Reduces errors due to incorrect transcription,
operational error.

Increases sample integrity and data handling

—

<hank Yo,

Questions?
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A Universal Wastewater QC Standard: A Different
Approach to LCS Materials in the Wet Chemistry Lab

Mark Hammersla

INST Solutions

7517 Precision Drive, Ste 101
Raleigh, NC 27617
800-234-7337

mark hammersla@nsi-es.com

ABSTRACT

Complying with SM102B3 in a multi-analyte wet chemistry laboratory setting requires
burdensome, costly and error prone management of LCS reference solutions. Typical practice
has been to prepare LCS materials in-honse from neat chemicals or purchase multiple stock
solutions from cutside vendors for secondary preparation at the bench level Both practices are
error prone and labor mtensive. The new Universal Wastewater QC Standard developed by NSI
Solutions reduces the burden by incorporating 12 conventional pollutants analytes mto a single
easv to use, stable certified standard. Formmlated at convenient concentrations, analvies mclude
pH. BOD3, COD, CBOD, TOC, TSS, TS, TDS, Conductivity, n-IWH3, n-NO3 and p-PO4.
Presentation will describe packagmg, specifications, quality control, stabilitv, results of round
robin analysis and procedures for use in the laboratory.

NEMC 2008
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UNIVERSAL WASTEWATER QC STANDARD

b A Different Approach to LCS Materials
in the Municipal Wet Chemistry Lab

w\'_hm

. . Presented By:
Mark Hammersla
NSI Solutions, Inc.

* Manufacturing and Validation

» Applications

* Fitness For Use Validation
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SI

SOLUTIONS

IKCORPORATED

The Universal Wastewater Standard was developed to simplify
LCS use in small wet chemistry labs.

Key Development Criteria:

Must be really easy to use.

* Standard must contain as many compatible analytes as possible and be stable on the shelf
and in use.

Standard must be formulated at realistic analytical levels to minimize preparation steps.
*  Applicable to routine analytical methods.

Easily customized.
* Standard must have multiple uses and be applicable to broadestindustry group possible.

*  Formulation must be amenable to controlled scale-up.

SOLUTIONS

IKCORPORATED

The Universal Wastewater Standard meets our design criferia. It is a stable
conventional pollutant LCS certified for 12 analytes in a proprietary aqueous
buffer system.

BOD: 198 mg/L TS8S: 100 mg/L
TOC: 121 mg/L N-NH,: 7.50 mg/L
CBOD: 163 mg/L N-NO;: 3.00mmg/L
COD: 292 mg/L p-PO,: 2.50 mg/L
TS: 725mg/L Conductivity: 600 wumhos
TDS: 450 mg/L pH: 7.2 units

Contains most common NPDES analytes at levels not requiring secondary dilutions.
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Manufactured and Validated to PT Standards, Sterilized
and Buffered for Stability

Analyte sources include high purity salts, 300 mg/L Glucose/Glutamic Acid
(50:50) and diatomaceous earth.

Matrix is 18 megohm water and a proprietary buffer system designed to hold
pH at 7.2 while keeping total solids at about 725 mg/1..

Sterilized after bottling to prevent GGA degradation.

Batch homogeneity and formulation accuracy analytically validated as both
total and dissolved analytes. TSS is inert to chemical analyte recoveries.

Internal validation criteria exceed current PT requirements with direct SRM
traceability for TOC, simple nutrients, pH and conductivity.

The Universal Wastewater Standard Has Wide Applicability

Works with routine EPA methods.
Meets SM1020B Sec. 3 requirements for daily certified independent L.CS use.
Can be used to validate PT results.

Tdeally suited as a training tool for demonstration of competence. Matrix
complexity presents realistic analytical challenge.

Useful for control charting since lot to lot concentrations are fixed.

Can even be used for daily GGA check.
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Universal Wastewater Standard Works Well in the Real World

To validate fitness for use, 9 labs were provided 4 x 1000 mL blind samples and asked to analyze
using normal procedures. General guidance was provided but assigned values were withheld.

Pooled Round Robin Results, QCI-084 Lot# 090607

Analyte True Value Mean Recovery % Recovery STDEV % RSD
ToC 121 mg/L 119 mg/L 99 1.82 1.52
coD 293 mg/L 297 mg/L 101 a.40 282

CBOD 163 mg/L 167 mg/L 102 3.87 2.32
BODS 198 mg/L 202 mg/L 102 127 6.28
T5S 100 mg/L 95 mg/L 93 0.49 0.73
TD3 451 mg/L 472 mg/L 105 23.1 4.90

TS 732mg/L 734 mg/L 100 7.83 1.07
Conductivity 602 umhos 610 umhos 101 1.1 1.82
N-NHS 7.50 mg/L 7.48 mg/L 100 0.058 0.73
M-MNOE 3.00mg/L 297 mg/L 99 0032 111
p-FO4 2.50mgsL 2.47 mgfL 99 0.062 2.51
pH 7.20 units 7.15 units 100 0.040 0.55

Formulation Characteristics and Sterilization Yields a Stable Product

QCI-084 Universal Wastewater Standard, Lot# 090607
Room temperature storage, unopened stability sumnmary

Analyte 0-Day Mean 30-Day Mean 60-Day Mean 120-Day Mean
n=9 n=3 n=3 n=3
coD 293 291 191 204
T3S 96.6 974 97.1 96.3
TDS 451 432 440 442
TS 732 715 77 719
Conductivity 602 610 606 603
MN-INH3 748 7.52 749 746
N-IO3 2.98 2.99 3.01 2.96
p-FPC4 2.33 2.49 2.54 2.51
pH T.20 722 719 7.20

All results are total analyses.
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Two Package Options are Available:

*  Whole volume, ready-to-use standards are
provided in 4 x 1000 ml. glass bottle cases.

+ Also available in 20 ml. concentrates for
dilution to 1000 mL.

Thank You!
4 =~ Mark Hammersla
A ) '\‘\a\é Z NSI Solutions, Inc.
e ©

1-800-234-7837
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Direct Analysis of High TDS Environmental Samples by
ICP-MS

Steve Wilbur: Agilent Technologies, Bellevue WA, USA
Wim Proper: Eurofins Analytico, Bammeveld, Wetherlands

ABSTRACT

ICP-MS has become the preferred technicue for the analysis of trace metals in environmental
samples due to its nmlti-element capability, high sensitivity and relative freedom from
mterferences. However, it has abways been limited to samples containing total dissolved solids
{TDS) less than 0.1-0.2% (w/v), which required dilution prior to analysis for many sample types.
In addition to increased reporting himits, conventional sample dilution has other disadvantages
meluding reduced productivity, the possibility of contamination and dilution errors as well as
mcreased waste volume. The development of a novel technique — aerosol dilution, when
combined with imstrument design and operational parameters to msure maxinmum plasma
robustness, has been shown to permit the direct analysis of many samples containing TDS as
high as 1% or more. This means that typical soil digests according to EPA methods 30154
30308, 3051A and others can be analyzed directly without dilution. Other high TDS sanples
mchnding undiluted seawaters, ugh TDS ground waters and TCLP leachates can also be
analvzed directly. Long term stability dunng extended sequences of high TDS samples is
simificantly improved with infernal standard recoveries commonly greater than 80%, even
without matrix matching. This means that a wide range of sample types can be analvzed using a
single non-matrix matched calibration with good results. In this work, aerosol dilution was
evaluated as a replacement for conventional dilution and vsed to validate the Dutch regulation
pertaining to contammated soils (AS3000) with excellent results.

INTRODUCTION

The determunation of trace elements i high matrix samples has always been a difficult analytical
challenge. While ICP-MS has unsurpassed detection capability for trace metals, the potential for
salt accumulation on the MS mterface has always requured that dissolved solids levels be limited.
Furthermore, extremely corrosive or acidic samples can damage conventional ICP-MS interface
components mcluding the sampler and skimmer cones, requiring the use of platmum or other
expensive components. Compared to ICP-OES or other non-MS-based techmiques, this has been
considered an inherent imitation of ICP-MS. To compensate for this limitation, samples with
total dissolved solids (TDS) levels higher than 0.1-0.2%, dependmng on the matro, typically
require dilution before measurement by ICP-MS, relymg on ICP-MS's high sensitivity to
compensate for the sensitivity loss due to dilution. However, conventional sample dilution has a
number of other disadvantages including reduced productivity, mtroduction of contaminants,
dilution factor errors, and increased waste volume.  As a superior alternative to conventional
dilution, Agilent has developed a simple, novel modification to the sample mtroduction system
of the Agilent 7500cx ICP-MS which can significantly improve the tolerance to high matrix
samples. The Agilent High Matrix Introduction (HMI) accessory reduces sample matrix load on
the plasma, making it possible to directly measure sample solutions with total disselved solids
{TDS) exceeding 1% As a result, samples previously measurable only by ICP-OES can now be

NEMC 2008 1
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directly measured by ICP-MS, using the 7300cx fitted with HMI. In this work, the HMI fitted to
an Agilent 7500cx was vsed to test the system’s abality to directly measure high TDS soil
extracts in aquaregia and meet Dutch regnlatory guidelines for reporting linits and data quality.

DIRECT ANALYSIS OF AQUAREGIA DIGESTS OF SOILS USING HMI-
ICP-MS

This work was done in collaboration with the Eurofins Analvtico laboratory (Analytico Milieu)
m the Netherlands. In this collaboration, an Agilent 7300cx equipped with the HMI was used to
generate performance data to be used for compliance with the Dutch regulation pertaming to
contaminated soils (AS3000). Due to the high total dissolved solids levels and high acid
concentrations of digested soils, dilution 1s necessary prior to analysis by ICP-MS. Analvtico
currently uses the Agilent Integrated Sample Introduction System (I5IS) to perform online
dilutions to meet these requirements. However, the limitations of conventional dilutions
prompted Analyvtico to evaluate the potential of HMI as a faster, simpler, less expensive
replacement for conventional autodilution which would also eliminate the maintenance issues
associated with a conventional autodilutor.

Instrumentation

An Amlent 7300cx with the second perpumyp option for high sample throughput was equipped
with the HMI lat. A Burgener MiraMist (Burgener research) nebulizer was used. Instrument
tune parameters including HMI settings are listed in Table 1. The plasma was optimized i ulira
robust mode with 1/12 aerosol dilution. This is the maximum dilution factor that can be set with
HMI and is approximately equivalent to diluting the sample x12 conventionally. All analytes
except selenium were acquired in helium collision mode, thus eliminating the need for no-gas
mode and the associated time required for mode switching.  Selenmim was acquired in hvdrogen
reaction mode due to the low detection lints required.

EF power (W) 1600
Carrier gas (L min") 0.28

HMI dilution gas (L min) 0.67
Asrosol diluhon factor 1/12
Sample uptake rate (mL nun™) 017

ISTD wptake rate (ml min™) 0.17

Total nebulizer flow (ml mox ') 0.34
Extract 1 (V) 0

Extmact 2 (V) -160

Ha flow (He mode) 4.0 ml man™
EED (He mode) 2 vols

H: flow (H: mode) 4.0 ml mn™
EED (H,; mods) 2 wolts

Table 1. Instument tume conditions. Values related to HBI ave shaded.
Sample Preparation
Actual soil samples received from Analytico’s customers were prepared by adding 1 gram of soil
to 8 ml of aquaregia prior to microwave digestion. Digested samples were then diluted to 50 ml

final volume in ultra pure {18.2M0Y) water. The final acid concentration 1s 4% HNO; and 12%
HCL

NEMC 2008 2
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Calculation of Method Detection Limits (MDLs)

Smce the HMI 1s effectrvely applyving a dilution, the effects on detection Limmits are of critical
mportance. While ICP-MS possesses high sensitiwity, the requirement for ultra trace detection
limits m high TDS samples can still be challenging. Analytico has required MDLs for most
analytes (based on a 1 gram soil sample diluted to final volume of 30ml - table 2) which nmst be
met in order for them to meet their reporting limits and satisfy Dutch regulatory requirements.

Amnalvte Sod Diry wt After 50x Dilution
(mg kg?) (pz LY
cd 0.17 14
Cr 15 300
Cu 5 100
Mi 3 &
Pb 13 280
Zn 17 340
He 005 1
As 4 B
Ag 1 20
Se 10 200
Sb 1 20
Sn & 120
Ba 15 300
Co 1 20
Mo L3 n
v 1 20
Be 0.1 2
Te 10 200
Tl 3 60

Tabla 2. Analytico 3-sigma required detection linuts for soils

MDLs were calculated as 3-sigma of 10 replicates of a low-level (between 1 — 3 times the
required MDL) spiked sand sample measured consecutively and also measured on 10 different
days over a 30 day period” — Table 3. For all regulated elements, the caleulated MDLs exceeded
the Dutch regulatory requirements by at nearly an order of magnitude or better. So with the HMI
operating at maximmm effective dilution, the system has ample sensitivity for the application.

' MDLs calculated frem 10 different days are informative only.
NEMC 2008 2
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Analyts - 1sotope OFS MDL (1) MDL (2} Duteh
mode Begured
MDL
Be § He 0.042 0.046 0.1
Vil He 0253 0.481
Cr 32 He 2300 4.517 15
Co 39 He 0.147 0.343 1
Mi 60 He 0.770 0.922 3
Cu63 He 0.502 1.303 5
Zn 66 He 1.704 3104 17
Az 73 He 0.549 1.079 4
Se 78 H: 0.8312 2.041 10
Se 78 He 1.054 1.951 10
Me 95 He 0.195 0413 15
Ag 07 He 0278 0.701 1
Cdll4 He 0058 0.066 0.17
Snll8 He 0.589 1.353 [
5b 121 He 0.333 0.401 1
Te 125 He 1217 2112 10
Ba 133 He 3041 6227 15
He 201 He 0014 0.023 0.05
T1 303 He 0285 0.546 3
Pb 208 He 1.197 2844 12

Table 3. Caleulated Methed Detection Linut according to the requrements of Duich
regulation AS3000. MDIL(1) = 35 of 10 replicates taken on the same dav. MDL{2} = 1g
of 10 replicates taken on different days'.

Amalysis of Certified Reference Materials

Two certified reference materials (BCE-144F. Domestic Sewage Shudge, IRMM, Belgium and
FeMelab River Clay, FelNeLab, IWetherlands) were analvzed i replicate as part of the validation
procedure. The CEMs were prepared i the same manner as standard so1l samples and measured
on 10 different davs during a 30 dav time period. Table 4 shows the results of replicate (n=10)
analyses of both CRMs in mg kg’ Recoveries ranged from 87 — 108%, well within the
regulatory requarement of 80 - 110%.
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Felielab Faver Clay BCEI44E Sewagze Sludze
Anzalyte OFS | Measwed | Certified | Fec % | Measwed | Cerzfied | Eec. %
Mode (ave, (ave) {ave, (ave)
=107 =110

Be 5 He 16 0.2

V5l He 55.6 13.9

Cr 52 He 191.9 187 103 8318 o0 9%
Co 59 He 19.8 18.7 106 13.6 13.3 102
Mi 60 He 55.7 5240 105 40.7 449 21
Cu &3 He 153.9 156 29 2700 300 S0
Zn 66 He 1031.6 970 106 8251 219 20
As 75 He 4.7 44 102 3.2

Se 7% H, 20 L7

S5e 78 He 24 )

Mo 95 He 1.3 &89
Ag 107 He 29 82
Cd 114 He B.5 3.07 105 1.7 184 20
Snllg He 0.02 36.0 408 &3
Sb 121 He 16 2B 305 92
T 125 He 0.3 0.1

Ba 135 He 3283 317 101 3192 387 &7
Hgz 201 He 41 383 107 32 3.11 102
T1 203 He 1.1 0.1 0.14

Fb 208 He 297.0 274 108 949 96 29

Takble 4. Results of replicate (=10 analyses of two cerfified refarence 501l samples (FelleLab and BCE144E)

Determination of precision and accuracy at high and low concentrations

In addition to analysis of replicate CEMs, both low level and high level spiked samples were
analyzed in replicate (n=10; 10 different days during 30 days time period) in order to deternune
both accuracy and precision over a wide range of concentrations — Table 5.

Sample Analysis

In order to test the long term robustness of the HMI equipped systern, a 23 hour sequence
consisting of an initial calibration and 235 soil samples was analyzed. Absolute dnft was
measured by monitoring the recovery of the 5 internal standards (°Li, Ge, Rh. In, Ir) in both gas
modes (He and H;) over the course of the sequence. Normalized recoveries (relative to the
method blank) are shown in figure 2. Overall downward drift over 23 hours was approximately
20%%, whach 15 easily corrected by internal standards and not sufficient to have a detrimental
effect on method accuracy or sensitivity. By comparison, a similar system without HMI mmning
these samples directly would suffer severe loss of sensitivity (-~80%) due to cone clogging before
the sequence was completed.

AS3000, like most methods used for regulatory compliance, requires ongoing calibration
accuracy checks. In this case continming calibration verification (CCV) samples (1 mg'kg As, 50

pg'keg He, remaining elements 2 mg'kg were analyzed after each 12 soil samples. Results are
shown in figure 2. Acceptable recoveries must be within +- 10%. 10 percent control

NEMC 2008 3
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limits are shown in red indicating that all CCV recoveries were well within the prescribed limits
for the entire sequence. This excellent calibration stability not only insures the most accurate
sample results, but also elinunates time wasted i unnecessary recalibrations should a CCV fail
during the sequence.

Productivity

The operation of the HMI accessory does not adversely affect productivity in any way, since the
HMI conditions are constant throughout operation and do not require any additional execution or
stabilization time. Therefore a gven method mn with HMI would take the same amount of time
per sample as one min without HMWI. HMI is also fully compatible with most high speed sample
uptake and ninse systems, which can significantly reduce total run time. Furthermore, since HMI
permuts the direct analysis of undiluted samples of many types, the extra tune associated with
either manual or autodilution is saved. The improved stability as a result of HMI use can also
minimize the need for recalibrations and sample re-runs, further reducing the average mn-to-mn
time. In this work, the average run time for a sample in a 23 hour, 235 sample sequence of
undiluted soil digestates was 5.9 minites including acquisition in both Hz and He modes.

Anzlvie QRS Low Level Measured | ESD (%) Eec % High Lavel Meazwred EED Fec. %
Mode Spike Cone. value {ave) (ave) Spiks Cone. | Value (ave) (%a) {ave)
me kg me kg’

Ba § He 1 0.8 3.5 81 800 77359 36 97
Vil He 50 50.9 40 102 800 771.4 25 96
Cr 52 He 150 149.6 40 100 1104 10627 25 97
Co 59 He 10 10.4 41 104 B0 T66.3 20 96
i 60 He 25 253 5.3 101 1104 1074.1 3.1 98
Cu 63 He 40 40.0 6.2 100 1104 10585 25 96
Zn 66 He 150 151.6 41 101 1104 10943 47 95
As 75 He 40 390 5.0 97 400 3855 28 99
Se 78 H, 100 1027 37 103 1300 13350 212 103
WMo 95 Ha 13 122 5.0 93 1304 12353 33 95
Az 107 He 8 B3 ] 103 40 408 4.1 102
Cd114 He 1.2 1.1 7.1 94 1104 1062 8 29 97
Snll8 He 40 41.7 40 104 1300 1262 6 32 97
Sk 121 Ha 10 9.7 59 a7 1300 11880 24 91
T= 125 He 20 821 412 103 750 2074 24 108
Ba 135 He 120 121.1 45 101 1104 11022 5.6 100
Hg 201 He 0.4 0.4 44 106 13 13.5 4.3 104
T1 203 He 23 240 ] 104 40 41.3 34 103
Pk 208 He 100 101.9 47 102 BOO 7781 40 97

Tzble 3. Eesults of replicate (n=10) measwements zken on 10 non-consecutve days during a 30 day peried ofboth
low-lavel and high level spikes of soil samplas.

NEMC 2008 &
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CONCLUSIONS

Based on Analytico’s evaluation. when compared with conventional autodilution for lugh TDS,
high acid digests of soil and sludge samples, Agilent’s HMI interface provided a number of
simificant advantages.

*  Speed — HMI does not require liquid dilution of sample and stabilization of diluted
sample. It also permuts the use of Agilent’s pre-emptive rinse fimction which allows
rinsing of the sample tubing to begn before acqusition has fimshed.

* Low maintenance —no tubing to replace, no moving parts to maintain

*  Simple —no critical timing issues or plumbing common to continuous flow autodiutors

¢ Flexibility — since hardware changes or reconfigurations are not required after mstallation

of HMI, the system can be switched between conventional mode and HMI mode on the
fly.

These advantages have allowed Analytico to use a single 7300cx ICP-MS fitted with HMI 1o
replace several mstruments required for the analysis of these sample types including
conventional ICP-MS, ICP-OES and a dedicated mercury analyzer.
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Direct Analysis of High  The Agilent High Matrix
TDS Environmental Introduction Accessory for the
Samples by ICP-MS 7500 ORS Series ICP-MS

gilent Technologies

The gap between ICP-MS and ICP-OES

o ICP-OES
% Typical 3050 digests
a . 1-5% TDS, required
8 i MDL ~ 0.1 ppb
— :
a >
Conventional —
- ICP-MS
2
0.1 1.0 10

Total dissolved solids (%)

Agilent Technologies
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The current solution
-dilute the samples and run by ICP-MS

E_
<] ICP-OES
o
[= 8
=
o) g
O
—1
;. e |
Conventional
b=l ICP-MS
=]
0.1 1.0 10

Total dissolved solids (%)

Agilent Technologies

Disadvantages to conventional dilution

Autodilution is expensive
Manual dilution takes time — possibility of errors
Additional source of contamination

Increased waste volume

Agilent Technologies
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So Why Use ICP-MS?

Simply

Much better detection limits (ppt or sub ppt) even after
dilution

Fewer, simpler interferences — mostly eliminated using
CRC technology sy Higher confidence in data quality

One technique is simpler than 2 (or 3)
Single sample prep
Reduced QA/QC
Simplified reporting
But...

Lk B O R (B O i YOOI wais ek
High TDS samples (> 0.1 - 0.2%) require dilution

Agilent Technologies

Limitations of ICP-MS to high salts

¥v" High salt samples can result in salt buildup on the cones and
interface components resulting is loss of sensitivity and drift.

¥ High salts cause suppression of sample response in the
plasma
= |onization suppression especially from easily ionizable elements (EIEs)
— lonization is not necessary in ICP-OES

7 & - 151 |P = 4.3 EV > £9% ionized
4 4 t ] .
= results in lots of free electrons
A
| 4
15U |P = 10.437 eV, ionization is
m i - y I™ ’/ suppressed > response reduced

L.
Gl

Agilent Technologies
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Limitations of ICP-MS to high salts
¥"lonization is also suppressed by reduction in plasma temperature

Example: for an element with 151 1P = 7 eV
At 8800 K it is ~98% ionized

At 5800 K it is ~72% ionized

At 4800 K it is only ~8% ionized

100%

80%

——4800K
B0%
——5800K
- 6800K Plasma temp is increased by
sIncreasing RF Power
*Decreasing carrier gas flow

*Decreasing sample flow

Degree of ionization

40%

20%

0% T T
4 [ 8 10 12 14
lonization potential

Agilent Technologies

Limitations of ICP-MS to high salts

¥" High TDS samples also cause suppression due to space charge
effects in ion optic region J

Low mass ions are suppressed by high mass ions

» Agilent Technologies
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Summary — Overcoming the limitations of ICP-MS
to high TDS samples

Matrix effects can be reduced by:

100% -+
1. Increasing plasma temperature o
40%

. More efficient ionization
+ Higher power e

+ Lower carrier gas flow 0%
4 9 14
+  Lower sample flow j
2. Reducing matrix load
Cef e,
(s ~
+ Lower sample flow > G(

+  Sample dilution

— But conventional dilution does not reduce the solvent (dilute acid or
other) which is also a major component of the matrix

— Other disadvantages to dilution (contamination, time, errors, waste)

Agilent Technologies

A Simpler, More Efficient Alternative to
Conventional Dilution
— Aerosol Dilution

1. Decrease sample flow and carrier gas flow to nebulizer

Reduces total sample and reduces nebulizer/spraychamber efficiency

2. Make up the flow with a dilution gas added between the
spraychamber and torch

*  Maintain correct carrier gas flow to torch
*  Reduce total amount of water or other solvent going to plasma

Results in hotter, more robust plasma with much lower oxides
Cannot introduce contamination
Error free (optimized using sophisticated software algorithms)

Virtually instantaneous

Agilent Technologies

64




NEMC 2008

The Agilent High Matrix Interface (HMI)

Maximizes Plasma Robusthess
Minimizes Matrix Load via “Aerosol Dilution”

Carrier Gas Dilution Gas Sampling
T T Cone

A—1 T
| Torch oo /+

=

*Sample flow decreased
*Carrier gas decreased
+Dilution gas added

*RF power increased > 1600\
*Sample depth increased

~#%- Agilent Technologies

Simple Hardware — Sophisticated Software

Once the hardware is installed, HMI can be switched on or off
via the software.

+ No need to remove it or make any hardware adjustments to operate in
non-HMI mode

+ When the dilution gas is
switched off — system operates
in “normal” mode

Dilution
Gas Port

Agilent Technologies
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Measuring “Plasma Robustness” when using HMI

Typically measured by examining the ability of the plasma to
break down or prevent the formation of Metal Oxides such as

Cerium Oxide
Measure CeO+/Ce* ratio — lower is better

Typical values are 1-3% depending on instrument design and
tune conditions

HMI can deliver 0.2% CeO or better

Samples containing 1% TDS or higher can be directly

introduced into the ICP-MS without dilution

Agilent Technologies

Signal Suppression as a Function of Cerium Oxide
Ratio in Undiluted Seawater

Signal Suppression in Undiluted NASSS

B0.2% CeQ/Ce m1% CeOiCe Q2% Cel/Ce

120

% Signal Recovery

In(115) |

Scj4s)
Cr(52)
56
cuipd) |
{
(111
Ba(137)

Elements

Agilent Technologies
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Robust Plasma — Low Oxides — Lower
Interferences

20
OHMI
o
a 15 B NoHMI
2
o]
O
o
g 10
>
]
&
8 5
0,
el o o
08 08 050
oy 24 o

Effects of interference from MoO on a 1 ppb Cd spike at increasing
Mo concentrations (O ppm, 2 ppm, 5 ppm) shown for both typical
configuration (1% oxides) and HMI equipped 7500cx (0.2% oxides)

Agilent Technologies

150 Sample Sequence of Undiluted Spiked NASS 5
Seawater — Long-term Stability

long-term stability for undiluted seawater (SOppb/Sppm spiked)

{repeoted measurements of seawoter for 15 hours) —9 Be (He) ~ 25Mg (He)
FW, RFz1600, sd=10, cr=0.23, sh=0.73, Periz0. Irps, Humidifier on crgs line 2741 (He) 39K (He)
2 ; - L i A = e
1.8 —— B1V (He) — 52 (He)
16 ~ 55Mn (H2) 56Fe (H2)
214 S8Ni (He) 59¢o (He)
B2 S0 (He) 63Cu (He)
£ y £5Cu (He) 66Zn (He)
£, —— 75As (He) 78S5e(H2)
g 88Sr (He) 88Sr (H2)
;”-5 95Mo (He)  107Ag (He)
o (15 hpue -~ 111Cd (He) 114¢d (114)
02 —— —— 121Sb (He) ~ 137Ba (He)
° — 208Pb (He) — 232Th (He)
] 20 40 60 g, 100 120 140 — 238U (He)
sample

No drift in 15 hours!

i Agilent Technologies
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After neat seawater analysis with HMI — No blockage of
either Sampler or Skimmer

2007 17 8

Sampler Skimmer

Agilent Technologies

Page 17

Instrument Detection Limits (IDLs) in Maximum
Robustness Mode with HMI

Based on 10 replicates of Element mz MEITE ORsMage iSTD  DL[RO)
1% nitric acid blank W 51 03 He sc 0.064
=Ultra robust conditions cr 52 1 He ¥ 0.030
«Maximum aerosol dilution M 22 e e % 0.089
Fe 1] 03 H, W 0021
. s Mi g0 ) He Ge 0012
IDLs are significantly better ca o 1 be e 0.003
in high TDS samples using cu B3 5 He In 0095
HMI than using In 56 3 He In 0.084
conventional dilution Ae i 3 He ¥ 0.030
-IVIore precise Se 78 a H, Ge 0.035
. 5 Mo a8 03 He Th 0015
*|ess contamination 5 sy ; e i i
Cd 111 3 He In 0015
Ph 208 1 He Bi 0.005
L st 1 He In 0.oo1

Agilent Technologies
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TCLP Method Detection

¥ < 4 Analyte HMI wio HMI
Limits (MDLs) with and RECR kL
mglkg mgfkg
H *
without HMI W u
Shy 121 0.026 0.091
As/ TS 0.03 0.15
Ba,/ 137 0.0532 017
. : . Be/ 9 0.021 0.018
3 sigma MDLs in mg/kg for same spiked B/ 11 0.3 13
H i cd/ 111 0.029 0.031
ss_:lm_ples run gonventhnally with 1/10 = s o
dilution and directly with HMI crf 52 0.031 012
Co/ 59 0.0064 0.0094
cu/ B3 0.078 0.14
Fe/ 5k 17 4.6
Ph/ 208 0.055 0.03
Mg/ 24 1.3 1.9
Mn / 55 0.037 0.11
Ma /95 0.036 0.058
Ni /&0 0.024 0.096
K/ 39 3.8 6.5
se/ 78 0.13 0.044
Ag/ 107 0.005 0.0071
MNa/ 23 1.8 15
sr/ 88 0.051 0.066
T/ 205 0.026 0.015
sn,/ 118 0.105 0.24
Ti/ 87 0.17 012
W/ 51 0.041 0.036
Zn/ 66 0.84 0.64

*Courtesy TestAmerica, Savannah

Agilent Technologies

Internal Standard and Calibration Stability in 23
Hour Sequence of Undiluted Soil Digests

Internal Standard Recoveries - 235 soil samples

1.60 ——LiiG [#3]
140 +71
—®—GalT1[#2)

E 1.20 GalTi[3)
= 1.00 GelTd [§2]
3 0.80 f—— GerTap)
E 0.60 *| ——Rh1103 (#2]
& 040 —— Rh {103 [#3]
Eoao ——Ini115 3]
£ 0.00

——1r1 183 [#3]

Sample number

CCV stability - 235 soil samples

Concentration [ppm]

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Qc Check#

Agilent Technologies

#2:H; mode.#3: He mode
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Results of replicate (n=10) analyses of two certified
reference soil samples (FeNeLab and BCR144R*)

FeMelab River Clay BCR144R Sewage Sludge
1 1
BOth run a‘ef Element  ORS Mode 'E’;‘f;sfjfé; Certified R(ZCVE;/” Eizsfjfé; Certified R;fw;f“
gndlluted digests Be & He 15 05
in He mode Vv 51 He 595 139
Cr 52 He 1912 187 103 6aa a0 99
Co 59 He 198 187 106 1356 133 102
Excellent Mi BO He 557 529 106 07 449 91
Cu 63 He 1533 156 a9 270.0 300 a0
rec?"_’ery of In 66 He 1031 6 970 106 8251 913 0
certified values s TE He 47 44 102 12
Se 78 H, 20 17
for all elements o e 4 i
Mo 95 He 13 6.9
Ag 107 He 23 52
cd 114 He 85 a7 105 17 1.654 a0
Sn 118 He 002 ®/0 408 ili]
Sh 121 He 16 23 305 92
Te 125 He ot 01
Ea 135 He 2083 @17 101 319.2 7 a7
Hy 201 He 11 am 107 32 an 102
Tl 203 He 1.1 01 014
Ph 208 He 287.0 274 108 943 9% 99

"BCR-144R Domestic Sewage Sludge, IRMM, Belgium and FelNelab River Clay, FeNel ab, Netherlands
{1) Units in mg kg’

Agilent Technologies

Target Applications for HMI ICP-MS

High TDS Samples requiring high sensitivity, few interferences
+ Soil digests (undiluted)

* High TDS ground waters

+ TCLP leachates

+ Geological digestions and fusions

+ RoHS samples

« High purity metals

+ Neat seawater

s HPLC-ICPMS applications requiring high salt buffers

Agilent Technologies
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Summary

HMI

Significantly improves matrix tolerance of the ICP-MS

Z. Minimizes or eliminates the need for matrix matching for most sample
types

3. Improves limits of detection in high matrix samples when compared to
conventional dilution

4. Improves long term stability in high matrix samples

5. Improves the accuracy of internal standard correction
6. Reduces interferences due to metal oxides

7. Reduces system cleaning and maintenance

8

Allows ICP-MS to directly analyze many samples prepared for ICP-OES

Agilent Technologies

Agilent Technologies
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Portable Toroidal Ion Trap Mass Spectrometry: Taking the
Instrument to the Sample

Christopher Bowerbank
Torion Technologies

2400 North 180 West
Pleasant Grove, UT 84062
B01-830-5083

chris bowerbank @ torion.com

ABSTRACT

A hand portable gas chromatograph-toroidal ion trap mass spectrometer (GC-TMS) has been
vsed for the rapid detection and positive identification of toxic mdustrial chemicals (TICs) and
hazardous chemicals m both laboratory and field settings. Novel applications of this GC-TMS
system include explosive and forensic compound on-site identification and near-real time
environmental contaminant identification i site remediation scenarios. The GC is a resistively-
heated, low thermal mass assembly that provides high-speed temperature progranmming {up to
120°C/mm). The miniaturized toroidal design of the TMS 1on trapping region provides analysis
of a stmilar number of ions compared to traditional benchtop cylindrical 1on trap confisurations.
The TMS has a mass range of ~30-500 Daltons with unit mass resolution or better across the
mass range. A peak deconvolution algorithm is vsed to accurately deconvolve and identify
substantially co-elutmg compounds. Compound fragmentation patterns generated by the THMVS
tvpically contain major fragment ons which match closely with standard reference libraries such
as NIST. A customizable compound library is resident on the TMS and is user-definable for
creation of compound bbraries specific to the user's needs.

NEMC 2008
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Portable Toroidal Ion Trap

TORION™ | Mass Spectrometry: Taking
the Instrument to the Sample

Christopher R. Bowerbank, Douglas W. Later,
Edgar D. Lee, Jacolin A. Murray, Milton L. Lee

NEMC 2008
Washington D.C.

® 2007 TORION TECHNOLOGIES, INC.

TORION™ Presentation Outline

GC-TMS

CUSTODION SPME sampling
SPME/GC/TMS Applications
TMS fragmentation vs. NIST
Peak Deconvolution

® 2007 TORION TECHNOLOGIES, INC.
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TORION" Trends in Analytical Procedures

Prominent analyses trends
common to all fields:
Faster analysis methods
Increased sensitivity
Increased measurement selectivity
Increased productivity
Reduce cost per sample

B 2007 TORION TECHNOLOGIES, INC.

TORION" Industry Shift to Faster Analysis

Time Compression Means

Dramatic increases in
— false positives/negatives
— sample reanalysis rates
— sample preparation

Signal

GC Separation

Dramatic reductions in

— precision and accuracy
— sensitivity

— robustness

Signal

MS Response

B 2007 TORION TECHNOLOGIES, INC.
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TORION" Hand-Portable Applications

Environmental

Portable
GC-TMS Forensics
Detector

Emergency
Response

® 2007 TORION TECHNOLOGIES, INC.

TORION" Hand-Portable Applications

® 2007 TORION TECHNOLOGIES, INC.
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TORION" Ion Trap is Ideal for Portability

o Simple, rugged detector design

e Less stringent vacuum requirements than
other types of MS detectors

o Low power consumption (max 80W)
» High auty cycle > High sensitivity

e TJoroiaal ion trap configuration iaeal for
miniaturization

B 2007 TORION TECHNOLOGIES, INC.

TORION" Innovation in Ion Trap MS

tonal Toroidal Ion Trap
Conventional Ion Trap 400x Greater Ion Capacity (theoretical)

B 2007 TORION TECHNOLOGIES, INC.
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TORION" Sample Separation

Low Thermal Mass GC System

e Column: MTX-5(5 mx 0.1 mm x 0.4 pm)

« Mobile Phase: Helium

+ Head Pressure: 25 psig

¢ Column Max Flow: 0.7 scc/min @ 20°C

» Split-splitless Injection: Split ratio 20

* Program: 40°C (hold 10 s) to 270°C (hold 10 s) @ 120°C/min

* GC-TMS run time: <5 min (including cooling & data analysis)

B 2007 TORION TECHNOLOGIES, INC.

TORION™ The GUARDION-7™

Portable—Fast—Reliable—Easy
Specifications
= * Dimensions: 47 cmx 36 cm x 18 cm
% * Weight: <13 kg or 28 Ibs (including batteries)
« Peak Power: ~80 W
« Sample Introduction: SPME
+GC: RTX-5,5mx 0.1 mm x 0.4 um
+ TMS: Toroidal lon Trap
» Mass Range: 45 to 500 Daltons

* Resolution: < Unit mass

* Vacuum: Turbo molecular and roughing
pumps

= ~50 Analysis: battery power

+ ~100 Analyses: cartridge He gas supply

B 2007 TORION TECHNOLOGIES, INC.
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TORION™ Accessories Lifetime Test Results

Batteries

24V, 7.5 Ah Lithium sulfur dioxide (LiSO,)
GC-TMS run time of 5 minutes
30 to 50 analyses per set of 2 batteries™
Can also run on DC (110V) line power

@

Helium UHP Gas Cylinder

90cc stainless steel cylinder at 2500 psi
25 psi GC column head pressure
50 to ~100 analyses*
Can be attached to laboratory gas supply

*depending on whether the GUARDION-7 is turned off between analyses

B 2007 TORION TECHNOLOGIES, INC.

TORION" Why SPME?

* Solvent-free
« Reusable
« Simple to use

» Faster than other extraction
techniques

* Low cost per sample

B 2007 TORION TECHNOLOGIES, INC.
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TORION"™ SPME

e Semi-quantitative

— Quantitative when the matrix and sampling is
the same as the standards/QCs

e Applicable to air, liquid, and solid samples

e Utilized in many fields including environmental,
medical, culinary, and forensics

e Organic-phase coated fused silica fiber
e Fiber is attached to a microsyringe

® 2007 TORION TECHNOLOGIES, INC.

TORION" SPME sampling

Headspace

« Fiber is exposed directly above the surface of the
sample

» Used to analyze volatile compounds

Direct
« Used to analyze compounds that are non-volatile

* Fiber is submerged into the sample (liquid or
dissolved solids)

® 2007 TORION TECHNOLOGIES, INC.
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TORION" CUSTODION™ Syringes

Meta Data Chip

CUSTODION™-12
CUSTODION™-11 Multiple Use

Single Use

CUSTODION™-10

Multiple Use ;
Meta Data Chip Meta Data Chip

Portable—Fast—Reliable—Easy

B 2007 TORION TECHNOLOGIES, INC.

TORION" N-alkane Volatility Range
_ c17
g c18
= C19
= C14C15
c12€13 C16
Ci1 Cc20
g =10 c21
- L ' L J L o
50 100 150
Retention Time(s)

B 2007 TORION TECHNOLOGIES, INC.
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TORION" TMS Compound Library

EPA 624 VOC and SVOC Mix

* Benzene

* Bromodichloromethane
* Bromoform

 Carbon tetrachloride

* Chlorobenzene
 2-chloroethyl vinyl ether
* Chloroform

* Dibromochloromethane
* 1,2-dichlorobenzene

* 1,3-dichlorobenzene

* 1,4-dichlorobenzene

* 1,1-dichloroethane

» 1,2-dichloroethane

TORION" EPA 624 VOC Mix

* 1,1-dichloroethene

» trans-1,2-dichloroethene
* 1,2-dichloropropane

* cis-1,3-dichloropropene

* trans-1,3-dichloropropene
* Ethylbenzene

» Methylene chloride

* 1,1,2,2-tetrachloroethane
* Tetrachloroethene

*» Toluene

* 1,1,1-trichloroethane

* 1,1,2-trichloroethane

* Trichloroethene

B 2007 TORION TECHNOLOGIES, INC.

Tetrachloroethylene
1 | |

EPA 624

Headspace
75 ppb in water

Ll

M Chlorobenzene

EPA 624

Direct sampling
20 ppm in water

81

B 2007 TORION TECHNOLOGIES, INC.
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TORION™ EPA 624 VOC Mix

Perchloroethylene

\

Bromoform

1 |
1) 1]
'||.|\'|| ||j||\|

||||||'.
||I 'f"'l-ll..l

166

164
Perchloroethylene

168

173

171|175

B 2007 TORION TECHNOLOGIES, INC.

TORION" TMS Compound Library

Toxic Industrial Compounds (TICs)

* Acetone

* n-alkanes to C,,

* n-Butylbenzene

* 4-Chloroacetophenone
* Diethylphthalate

* Dimethyldisulfide
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« PFTBP
 Perchloroethylene
 Sulfur hexafluoride
» Tetrachloroethylene
* Tribromomethane
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TORION" TMS Compound Library
PAH’s Acid/Base VOCs
Naphthalene + Bis(2-chloroethyl) ether
Acenaphthylene + 2-chlorophenol
Fluorene * Diethylphthalate
Phenanthrene + Dimethylphthalate
Anthracene + Diphenylamine

* 1-Methyl-2,4-dinitrobenzene
* Nitrobenzene
+ 2-Nitrophenol
* 4-Nitrophenol
+ 3-Nitrotoluene

B 2007 TORION TECHNOLOGIES, INC.

TORION" Polycyclic Aromatic Hydrocarbons
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3. Fluorene
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\ 5. Anthracene
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TORION™ Acid/Base VOCs

Bis(2-chloroethyl) ether
2-chlorophenol
Nitrobenzene
2-Nitrophenol
4-Nitrophenol
Dimethylphthalate
1-Methyl-2,4-
dinitrobenzene
Diethylphthalate

‘ ‘ 9. Diphenylamine
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TORION" Chemical Warfare Agents

CWA CWA Simulants

Pinacolyl Alcohol (G-agent)
VX Triethylphosphate (G-agent)
G A » Dimethylmethylphosponate (G-agent)
Diisopropylmethylphosphonate (G-agent)

GB + Dibutylsulfide (H-agent)
GD » Methylsalicylate (H-agent)
* Bis-4-chlorobutylether (H-agent)
GF » Malathion (VX)
+ Tributyl Phosphate (VX)
HD ;

Bis-(2-ethylhexyl)-phosphite (VX)
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TORION" Spectra - VX
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TORION" Spectra — Chloroacetophenone
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TORION" Spectra — Bis(2-chloroethyl) ether
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TORION™ GUARDION-7™

June 22 — 25, 2007
Instrument Runs Blanks Identified Percent

C03 6 7 29/31 93.6%
C04 6 7 30/30 100%
C06 6 6 29/31 93.6%
COo7 8 7 43/43 100%
C08 6 6 29/30 96.7%
C11 7 7 22/23 96.6%
C13 6 6 34/34 100%
C14 6 7 28/32 87.5%

Runs were a combination of 2-mix and 6-mix standards
® 2007 TORION TECHNOLOGIES, INC.
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Library Matching

* lon extraction and library matching widely used
for compound identification/confirmation
« Works well for:
— Pure standards
— Clean samples
« The majority of real world samples are not
simple, pure, or single component

B 2007 TORION TECHNOLOGIES, INC.

TORION~ Potential Interferences
* Artillery Grease + Jet Fuel/exhaust/vapor
* Betadine + Kerosene
* Bleach « M56 Fog Oil with Graphite
* Brake Fluid « M76 Smoke
» Cardboard, Burning * Menthol Based Supplies
* Decon Soln No.2 (DS2) * Motor Ol
* De-Icing Fluid * Perchloroethylene
* Diesel Exhaust » Polyethylene Glycol (coolant)
« Engine Exhaust * Propellants
* Explosives « Skin Disinfectants
* Floor Wax * Transmission Fluid (Vapor)
* Glues and Adhesives + \Waste Products (garbage,

* Insect Repellent sewage)

B 2007 TORION TECHNOLOGIES, INC.
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TORION” Deconvolution Benefits

Original mass spectral data effectively resolved into components
« Extract accurate individual mass spectra for each analyte
* Accurately distribute the signal from masses shared by several components
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TORION™

Solid Science— Creative Ideas— Innovative Products
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IMPROVING DATA QUALITY WITH AUTOMATED
DATA REVIEW

Timothy Fitzpatrick
Laboratory Data Consultants
10647 Old Black Canvon Hwy
Dewey, A7 86237
H519-818-G898
tfitzpatrick@lab-data.com

INTRODUCTION

This paper outlines the mtegration of Automated Data Eeview {ADR) into high profile and major
Qualry Assurance programs. This paper will highlight the features of the ADR software and how
the software has improved data quality and streambined the data review process.

PRODUCT BACEGROUND AND PROCESS OVERVIEW

The ADE software tool was mitiated by the US Army Corps of Engimeers i 1999 and since
utilized nationally under Arnyy Corps, Navy, Superfind, DTSC, Caltrans, Florida DEP, and EPA
projects. The software was developed by Laboratory Data Consultants, Inc. under contract to the
Army Corps of Engineers, Sacramento District.

The software program uses an electronic data deliverable (EDD) format (ADR A1 A2 A3 text
files) based upon data elements origmally documented in the Implementation Guide for the
Department of Energy Environmental Management Electronic Data Deliverable Master
Specification (DEEMS).

Customized modules perform automated data review and provide the user with discrete data
qualification based on the EPA functional guidelines for data validation. The data, now appended
with a qualifier tag, can then be uploaded to a master database for overall project use. This
meatly assists mn determining the usability of the data with respect to project-specific QAPP
criteria, not merely the contract lab’s infemal linufs.

The EDD format mcludes QA/QC batch links and routine accuracy and precision parameters such
as surrogate, matriy spike, and laboratory control sample recovenies. In addition, mmitial and
contining calibration and GC/MS tuning data can be delivered m this format, assunung that the
1ab has the ability to capture these data electronically. Development of the EDD mtegrated these
data elements required by end users with consideration for the current data deliverable
capabilities of commercial laboratories.

Once the EDD is prepared, the ADE. Contract Compliance Screener (CCS) module verifies the
completeness and compliance with the EDD format requirements as contamed within the project
Library. This step 15 performed by the laboratory prior to sending the EDD to the end user, 1e.,
consultant, regulator, etc who will be performing that actual data review and applying any
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qualifiers. The ADE process is designed so that the laboratory checks every EDD before
shipping, thereby minimizing re-1ssues and errors prior to performing the project level data review.

During CCS, the software references a project-spectic library built from data in the project QAPP
to verify that all required data are populated and that all populated fields have the proper
formatting  Any deficiencies in the EDD are detatled in an outlier report. Access to the EDD file
m table format allows for quick and easy correction of errors. Any error that cannot be fixed by
the lab 15 detailed in an error log. The lab then sends the CCS-checked EDD along with the error
log to the end user (1e., consultant, regulator, project chemist, etc.) who initiates the electronic
data review process.

The ADR software is initiated by the data user (ie., project chemist, prime contractor, etc.) to
review analytical data based upon project-specific criteria. Upon execution of the program data
15 qualified using standard EPA functional guideline data flags and exported in a format
compatible with the master database. Command buttons generate reports such as a rejected data
table, method blank contammation, surrogate outliers, etc. Fonms and view screens also provide
on-line review of data qualifiers. ADE NET has a nmch larger selection of available reports than
1ts predecessors.

PROJECT LIBRARIES (eQAPPs)

The project library is an electronic representation of the information contained m the project
QAPP. This can refer to methed QC limits, 1.e., MSMSD, surrogate recovery, ete., field QC,
project-specific target analyte lists, project-spectfic spiking mixes, contract required detection
Linits {CRDLs), holding times, efc.

It is the end user/project chenust’s responsibility to prepare the project library ahead of time and
distribute a copy of the hibrary to the laboratory with sufficient lead tume before the laboratory
bemns to recerve samples from the project. This is the critical step m the ADR process. The
earlier that the 1ab can be made aware of any project-specific requurements such as special
detection limits or target analyte lists, the smoother the process will be for all.

Improvements/modifications in ADR.NET

¢  New user interface makes building and populating libraries more user-friendly

¢  Fxpanded eQaPP features that allow more user flexibility and customization (1.e, user
defined matr IDs, QC Types, and data review qualifiers, grouping analvtes within a
method, method QC requuirements, and others)

¢  Improved copy and paste capablility?

o Server based eQQaPPs with full security implementation

ADE Net allows user defined valid values for MatrxID and QCTvpe

NEMC 2008 2
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Figure 1: Project Library (eQAPP) Management Screen
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CONTRACT COMPLIANCE SCREENING (CCS)

The first step m vsing ADE. 15 minning the Contract Compliance Screenmg (CCS) of the EDINE). This
step is performed by the lab prior to delivery of the EDD in order to minimize the mumber of errors
and re-issues from the lab. Data qualifiers are not applied m CCS. The following checks are

performed durng the CCS process:

Mandatory Required Fields

Conditional Eequired Fields

Data Types (munerics and dates)

Field Length

Logical date checks (collection not later than analvsis, etc)

Valid Values required by ADR and valid values specific to project requirements
{methods and analytes)

QC Batching is correct

Mlissing QC samples

Reporting Completeness with respect to project requirements for target analytes and
QC analytes (spikes)

Reporting limits

Duplicate Records

AL/A3 consistency

If domng Begion IT then CCS checks U238 against Total U for waters and Th234 against
Total U for soils and sediments
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Any errors discovered during CCS are viewable m both summary and detailed report formats and
tabular format. Tabular format view allows the lab to isolate and fix the errors expediently. Once
all errors have been identified and addressed by the 1ab, the checked EDD is delivered to the
consultant/project chemist for data review.

Batching reports are also available from the CCS mem. Batching associations in ADE include:
- Prep Batch: MB, LCS, samples
- Method Batch: MS, sample dupMSD, samples
- Analysis batch: CCV, ICV, samples

Improvements/modifications in ADRNET

e  Warning log in addition to Error Log

e  (CS1s done automatically

o Abihity to handle different EDD types besides the ADR format, such as ERPIMS and
SEDD, striving toward the goal of any EDD 1, anv EDD out

o Nnlti-EDD batch processing

Figure 2: CCS Screen
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Figure 3: Error Log Tabular Format Screen
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Figure 4: Error Log
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DATA REVIEW MODULE

After receiving the checked EDD from the lab, the consultant/project chenust then mns the data
review. The user is prompted to assign field QC after selecting data review from the menu. Data
review proceeds automatically from this point. At the conclusion of the review process, the
chemist can review and choose to override anv qualifications based on professional judgment.
Anv mamal changes are documented i a history file with the reason for the change, the person
wio made the change and the date and time the change was made.

NEMC 2008 3

93




NEMC 2008

A pumber of summary and detatled reports are available in ADR NET (see figures 7 and 8§ for
some examples). The other end product s the qualified data. Once the data 1s qualified, the user
selects the desired format for the data to be exported in and the process i1s completed.

Improvements/'modifications in ADR.NET

¢ Data review is done automatically

User is prompted to assign field QC when data review is selected from the menu
Multi-EDD batch processing

Professional Tudgment

List of new parameters that can be reviewed now, e.g., Int Stds, etc

Improved editing of data review qualifiers that update changes on a QC batch basis
Future expanded data review capability to consider additional information i SEDD (1e.
GOMS internal standards, second column verification. metals calibration standards such
33 ICB and CCB, recalculation of results from raw data, and others)

¢ Internet deplovment with automatic upgrades and bug fixes

Figure 5 Assign Field QC before Data Review
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Figure 6: Data Review Main Screen
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Figure 7: Example Summary Cualifier Report
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Figure 8: Example Detailed Qualifier

Matrix Spike/tatrix Spike Duplicate Outifer Report

Ll Pl 1 g 8 e W3 AONTROSER Labor @y LIC
EDD Filomrme: AWINREIEAT f:d, ANOOSSIEAT A, T B s e o T B )
EWINAEEEAT A

R P APl Pt
Lhuwnps | L bids R e

A | D
L oriraaiid R
13, L T | SRR .‘T:d,, 13 o HT e -
FarTH AELERE g - 10 B0 | RN T HRRLERE
LD ESHT R E g BO-1i8 B0 | N7 24061 FLUDRG M HERE a3l cdesa-3e
GEERE | 48RV | 8030 FLUDEE M 14 B renciem iy
—

CONCLUSION

In conclusion, the ADE software was developed as a tool to support technical staff in the evaluation
of analytical chemistry data using an expedited and cost effective automated process. The software
was not intended to replace a chemist and requires use by an experienced chemist to laver on
professional judgment and review areas of the data package not encompassed by the ADR review.
ADR NET has incorporated several new features to further enhance the abilities of the original ADE
application.
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A Look at the Environmental Situation in China and South
East Asia

Zoe Grosser: Perkin Elmer Analvtical Sciences, 710 Bridgeport Ave., Shelton, CT 06484
203-402-5320; zoe grosser(@perkinelmer com

David Friedman: Friedman Consulting, LLC, 10817 Rippon Lodge Drive, Fairfax, VA 22032;
703-380-3821; friedmanconsultmgicox net

ABSTRACT

The nations of the Pacific Rim have mereasingly become concerned about environmental issues
due to a number of factors. Some of these include: climate change and its impact on these
countries with their large coasthnes, low lyving regions, and sensitive ecosystems; the increasing
awareness of how pollutants impacting thetr ecosystem result from migration through the
atmosphere from neighbering countries; water pelintion that because of its affecting on the food
that they grown/catch is having a significant impact on worldwide food sales; pollution caused
contammation of herbal based medicinal products and its negative impact on their production
and sale; and the tremendous impact pellution 1s having on the health and well beng of the
population of some of these countries. This paper will be presented i two parts. The first
presentation will review and discuss environmental monitoring m China and the second in
Eorea, Singapore, Malaysia, Thailand and Australia. For each country, the authors will discuss
the growing importance of envirommental issues, the overall state/health of the environment, and
will highlight the environmental testing situation mn the country.

INTRODUCTION

The nations of the Pacific Rim have increasingly become concemned about environmental issues
due to a number of factors. Some of these mclude: climate change and the impact rising ocean
levels may have given their large coastlines and low lving areas; the increasing awareness of
how pollutants impacting their ecosvstems have been impacted by pollutants coming to them
through atmospheric transport; water pollution that because it has resulted mn confamination of
the food thev grow and catch 1s having a significant impact on worldwide food sales; pollution
caused contamination of herbal based medicinal products and its negative impact on their
production and sale; and the tremendous impact pollution is having on the health and well being
of the population of some of these countries. In China, for example, pollution of surface waters
has had a tremendous negative impact on the quality of water used for drnking and irnigation.
While not all of these countries are experiencing all of these problems, all are impacted by, at
least, several of the above issues. The presentation will be in two parts. The first part will focus
on China and the second on Korea, Singapore, Malaysia, Thailand and Australia.

In our talks today, we will give a brief overview of the environmental situation in each of the
countries. Our focus will be to trv and give vou a sense of the trends taking place and, where we
can, discuss the impact the changes will have on environmental monitoring in each country.
Having recently just wistted the region and meeting with scientists from commercial, acadenuc
and government laboratories involved m monstormg, we can assure you that mmproving and
expanding their monitoring capabilities and programs are of great interest i all the countries.
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CHINA

China is the most populated countries in the world having more than 1.3 billion people living in a
land area slightly smaller than the United States. The country has undergone tremendous
mdustrial growth over the past decade and suffers from many environmental problems. These
melude: air pollution (greenhouse gases, sulfur dioxide particulates) from reliance on coal which
produces acid rain; water shortages, particularly in the north; water pollution from untreated
wastes; deforestation; the estimated loss of one-fifth of agricultural land since 1940 to soil
erosion and economic development: desertification; and trade in endangered species.

The northern part of Clina suffers from terrible drought conditions. This is critical since they
are trying to feed 20% of the world’s population on 7% of the land. The Gobi Desert seems to
be spreading and to what extent global climate change is increasing the severity of the sand
storms 15 unlmown. The problem is so severe that they are trymng to reclaim desert by using
water from the Yalun River, massive irrigation projects and planting of millions of trees. Water
levels in the reservoirs which supply Beijing, are falling and a $36 billion water diversion project
to move water from the South to the North is underway. This 30+ year project will require the
construction of 160 miles of tunnels through mowntams. One of the many problems with using
southern water to provide drinking and irrigation water to the North is that the southern rivers are
polluted. They will have to be cleaned up before they can be used. For example, the Han River
at Wuhan is so polluted that people are banned from even boating on it. Fish are dyving and it has
been reported that even contact with the water 1s dangerous. (7C)

From personal observation, I can tell vou that the air is terrible and the surface waters heavily
polluted to the point of posing an acute health hazard to the people who drink water, irrigate their
crops, or eat the fish from these rivers and lakes. As anyone who has read the paper or seen the
news on television knows air pollution is such problem that the government is having to take
drastic steps ust to try and get the air in Beijing clean enough so as not to threaten the Olympics.
They plan to stop all construction in and around the city, ban half of the velicular traffic, turn off
power plants, and even force factories in and around Begjing to stop production.

Loolang at a few reported statistics (6C). it 1s obvious that China has major problems i all
environmental areas, but that a great deal of progress has been made. For example:

Indicator 2000 005
Waste Water Discharge (100 mullion tons.) 415 323
Proportion of Industrial Waste Water Meeting Discharge Standard 7 91
(%)
Waste water treatment facilities 64453 69231
Industrial air enmssions (nen-power generation){l 00m cu. m.) 58032 113749
Emmssion of Industrial Dust (10K tons) 1092 911
Industrial solid waste zenerated (10K tons) 21603 134449
Hazardous industiial selid wastes wnlized (%a) 45 56
Howseholds with access fo sanitaton lavatory (%) 448 5513
Sulfir dioxdde emdszions (10K tons) 1995 2549
Forest avea (10K hectaves) 15894 17491
Wetland (10K hectares) 3849 (2003) 3849
NEMC 2008 2
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The government reports that 116 million people currently breathe air that the govermment
considers dangerous to health and that 400,000 people die from pollution every vear. (7C)
Contributing to this problem is the fact that China vuses a great deal of high-sulfur coal to
generate power and few power plants practice sulfur dioxide removal

Recognizing that their environmental problems have reached a crisis, at the Chinese Commnminist
Party Congress held last October, the leadership of China identified that sustainable development
and protecting the environment will be a major focus of the country’s new 5 vear plan. As the
chatrman of the Party stated in his report to the assembled leadership, “Improve energy,
resources, ecological and envirenmental conservation and enhance China's capacity for
sustainable development. Adhermg to the basic state policy of conserving resources and the
environmenst is vital to the immediate interests of the people and the survival and development of
the Chinese nation. We must grve prominence to building a resource-conserving environment-
friendly society in our strategy for industrialization and modermization and get every
organization and family fo act accordingly. We will improve laws and policies to promote
energy, resources, ecological and environmental conservation, and speed up the formation of
systems and mechanisms for sustainable development. We will implement the responsibility
system for conserving energy and reducing emissions. We will develop and extend advanced
and appropriate technologies for conserving, substituting and recycling energy and resources and
for controlling pollution, develop clean and renewable energy sources, protect land and water
resources and set up a scientific, rational system for vsing energy and resources more efficiently.
We will develop environmental conservation mdustries. We will increase spending on energy
and environmental conservation with the focus on intensifving prevention and control of water,
air and soil pollution and improving the living environment for both urban and miral residents.
We will improve water conservancy, forestry and grasslands, mtensify efforts to bring
desertification under control and prevent the spread of stony deserts, and promote restoration of
the ecosystems. We will enhance our capacity to respond to climate change and make new
contributions to protecting the global climate.” It has been estimated that the cost for China to
clean up 1its environment will decrease economic growth by about 8%.(7C)

The government has begun to take steps to implement this program. These include the
establishment of a new ministry, the State Environmental Protection Administration {SEPA).
This will raise the environmental protection organization to full mmistry status in the
government m order to give 1t more weight. According to Wang Yuging, former environmental
ministry deputy director, “the elevation will enable the agency to jomn every important meeting of
the State Council, and ensure environmental protection efforts are better integrated into the
decision-malking process. The new munistry will also have more staff and greater financial
support.” James Zimmerman, chairman of the Amenican Chamber of Commerce in China, said:
“SEPA’s elevation to nunistry level reflects the government’s commitment to sustainable
development and environmental protection. It's progression from a lower-level bureau. under
the Ministry of Construction to a ministry within just 10 years 15 a reflection of the change i
thinking and heightened awareness of the need to better manage growth.”(3C)

However, SEPA will not have direct authority over local anti-pollution agencies. Local
sovernments will keep control of the budgets and staffing of the local regulatory enforcement
officials who are charged with enforcing the permits and pollution standards. Accordmng to the
China Post, “rapid industrialization over the past three decades has battered China’s air, water,
and land, sparking social unrest and dragong on economuc growth. SEPA officials have openly
lamented that central government directives are ignored by growth-lmngry local officials.” (4C)
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During a recent visit to China, we were encouraged by the mumber of scientists that attended the
monitoring seminars and the expanded resources that they seem to be recerving. For example,
meeting with staff of the new Waste Research Institute, David found them in a large. research
center that had only recently been completed and in the process of mstalling large numbers of
modem, mstruments procured from Western companies. The govermment established this
mstitute to provide scientific support to SEPA i the areas of solid and hazardous waste
management. It was inferesting to see that China recently adopted the TCLP for therr waste
management program, although the test 1s used differently than we use it m the TS,

In their new five yvear plan, SEPA listed a number of steps related to environmental monitoring
that will be talken during the 2007 — 2010 period. These mclude:

- Efforts will be made to ensure that automatic air quality monitoring stations are installed
in each prefecture-level city, and baseline monitoring stations will be established in rural

4

areas. In addition, acid deposition, sand, and dust monitoring will be conducted.

- A national surface water monitoring system will be established which will focus on real-
time monitoring to detect pollution accidents and trans-boundary movement of pollutants.

- Conduct routine monitoring of surface water, dnnling water sources, solid waste, soil
ecology, noise, and coastal sea water. Establish a nation radiation monitorning network to

o

identify releases from nuclear facilities.

- Procure environmental emergency response monitoring vehicles (mobile laboratories) for
use i emergencies and accidents. Equip county monitoring stations with necessary
laboratory equipment {goal is to reach 90% in East China, 80% in Central China, 60% in
West China).

- Put in place the necessary mfrastructure to support the environmental protection program
which includes developing the needed research and engineering centers, monitoring
laboratories, reference standards, and national environmental information system. (5C)

The China National Accreditation Service is the national accreditation body authorized by both
China's State Bureau of Technical Supervision (CSBTS) and by law. It was established m 2002
and 15 responsible for the accreditation of laboratories thronghout China. Currently its web site
{(www.cnas org.cn) lists 406 laboratories accredited for environmental monitormg. Most seem to
be government or in-house laboratories of private companies or nunicipal water facilities.

AUSTRALIA

While Australia is only slightly smaller geographically than the United States it has a much
fewer people. Its population 1s only 20 million and most of the people live in a few coastal
cities. Much of the country is relatively desolate and has poor agriculitural productivity. In
flying across the width of the country, I was personally amazed by the desolateness.
Compounding the problem, for a number of vears now, the country has been suffering from lack
of rainfall and drought is a problem. Other significant environmental problems facing the
country mclude: soil erosion from overgrazing, mdustrial development, uwbanization, poor
farming practices; rising soil salinity due to the use of poor quality water for wrrigation;
desertification; clearing of land for agricultural purposes which threatens the natural habitat of
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many unigque animal and plant species; limited natural fresh water, and destruction to the Great
Barrier Reef off the northeast coast. (3A).

Responsibility for protecting the environment in Australia 15 split between the federal
government (the Department of the Environment, Water, Heritage and the Arts which was
previously called the Department of the Environment and Water resources)(DEWHA) and the
states. The states and territories appear to have a larger role, more responsibility, and more
mdependence i environmental matters relative to the federal govermment that we have i the
United States. It reminds me of the Canadian model. It seems that DEWHA functions on a
mega level being responsible for issues such as biodiversity, sustainable development of large
river basmns, providing resources to state governments for land preservation. It works with
various stakeholders including the states and territories, mdustry, and public groups to develop
suidelmes and agreements. The federal government does not appear to be doing much water
quality monitoring. According to a National Land and Water Resources Audit of water
monitoring in Australia, the state and territorial agencies conduct about 70% of the water quality
monitoring, local governments about 19%, and federal agencies, mdustry, comnumity groups
and others the remaining 11%. The report further went on to state that “with such a wide range
of organizations providing data, incompatibilities can occur, sometimes malang it difficult to
mterpret and compare results.” Wiile gnidelines have been developed for conducting
scientifically valid water monitoring programs, such guidelines do not appear to be mandatory.

The environment ministry periodically issues reports describing the state of the Auvstralian
environment and their activities. In 2007, they reported that the government implemented major
mitiatives to deal with climate change, water resource management, and environmental impact
assessment. One area that was highlighted in the 2007 report was the need for better quality
baseline information to assess changes i the environment over time. The report mdicates that
government plans to develop mmproved monitoring methods and tools and conduct mereased
monitoring. (5A)

Turning now to the issue of air quality. In 1998, the National Environment Protection Measure
for Ambient Air Cuality went into effect. The measure requires the various states and territories
to monitor atr quality for s pollutants. These are: carbon monoxide, nitrogen dioxide, ozone,
sulfur dioxide, PM 10 and PM 2.5, The law gives the federal government responsibility for
those regions that are under federal jurisdiction and have populations above 25,000. Currently
there are no such regions so the monitoring is conducted by the six states and territories and each
1s5ues 1ts own annual reports on air quality. A quality is a problem in many parts of the
country. For example, m New South Wales which includes the cities of Canberra and Sydney,
the air quality was generally compliant with the standards for carbon monoxide, nitrogen
dioxide, sulfur dioxide but problem levels were found for particulate matter and ozone. Part of
the problem is that Anstralia has been suffering drought conditions for a oumber of vears and
brush fires, dust storms have all been contributing to the problem in addition fo enussions from
motor vehicles, mdustry, and heating. In speaking with a resident of Perth, which 15 located in
Western Avustralia, I learned that Western Australia has been suffering from drought conditions
for the past 5 vears.

Australia has many laboratories engaged in environmental testing and monitoring. These
mechude: commercial, govermment, quasi-govermment, and academua. In 1991, the National
Association of Testing Authorities (the Auvstralian laboratory accreditation body) began to see a
strong increase in requests for registration of laboratories nvolved n environmental testing.
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These accreditations are for areas such as soil and water testing, air monitoring and the analysis
of stack gas onussions. Currently, 371 organizations are listed as being accredited for one or
more types of environmental testing. In a manner a bit reminiscent of our own DOE National
Laboratories, Australia has its Commeonwealth Scientific and Industrial Research Orgamization.
This 15 an mndependent organization but, but it 1s not only chartered by the government, but
members of the government serve on its Board. It provides scientific services {mcluding
environmental monitoring and assessment services) to government and industry. Tt 1s the largest
employver of scientists in Australia having a staft of over 6,500 people in 57 locations and, to
some extent, competes with private sector testing organizations. (44)

KOREA

South Korea 15 about the size of the state of Indiana and has a population of 48 nullion people. It
15 considered to be one of the Asian Tigers and has undergone a tremendous industrialization and
growth of its economy. Major environmental 1ssues facing Korea include: air pollution in large

cities, acid ram, water pollution from the discharge of sewage and mdustrial effluents, and drift
net fishing. (1K)

Eorea’s environmental program began in 1980 with the establishment of the Environment
Administration (EA) and six re gional emvironmental monitoring offices. Even then they
recognized the mmportance of recycling by establishing the Korea Recovery and Reutihzation
Corporation. (2K) Ower the years, the EA’s responsibilities increased, ifs importance mcreased,
and 1t became the Ministry of Environment. In addition, a National Institute of Environmental
research was established which 1s responsible for research in areas such as: environmental
assessment, recycling and reuse of wastes, assessment of health nisk from pollutants, drinking
water and indoor air pollution, cap and trade systems, and environmental measurement
standards. (3K}

With the mcreased meome and standard of living of its people, there has been an mmcreased
demand for improving environmental quality and protecting the environment. (4EK). As a result,
m the past two vears, over 28 new or revised environmental laws were enacted addressing 1ssues
as diverse as water pollution, persistent organic pollutants, climate change, and noise pollution.
Reflecting this increased call for improvement, the past 5 vears has seen investment in
environmental protection increase at an annual average of over 7% and the budget for the
Ministry increased by over 4%. Highlighting the importance of water, water supply, water
quality, and sewage services received the bulk of the increases and saw an average annual
merease of over 29%. Recently, the allocations for air quality, nature conservation and
environmental health have been reported to be receiving increased attention.

Each vear the Minstry publishes its Green Korea report (now called ECOREA) presenting a
picture on the state of the Korean environment and its activities. (3K) In determining water, air,
and soil quality they rely on a variety of monitoring studies. Asr m the major cities is monitored
for sulfur dioxide, PM 10, acid ram, ozone, and nitrogen dioxide. Surface water is monitored for
BOD, pH, suspended solids, dissolved oxygen and coliform bacteria. Ground water quality was
monitored at 2462 sites and they reported that the water was analyzed for general bacteria, Pl
INO03-N, chloride and trichloroethane. To identify soil contamination due to mproper waste
disposal, a nationwide series of soil monitoring stations which began in 1987 with 250 stations
and now encompasses 4300 stations has been established. The soil is tested for cadmnum,
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copper, arsenic, mercury, lead, chromivm (6), zine, nickel, fluoride, organophosphate, PCB,
cyamide, BTEX TPH, TCE, and PCE.

A relatively small number of laboratories have been accredited by the Korea Laboratory
Accreditation Scheme (the national accreditation body) for conducting chemical tests of air,
water, waste, or soll. Many of them are either captrve industrial laboratories or govermment
bodies of one level or another (1.e., city, federal, national research mstitute). {6EK)

MALAYSIA

Malavsia 1s slightly larger than our state of Wew Mexico (127 K square mules) but with a
population of 27 million people. Increasing urban migration has resulted m more than half of the
population now living in urban areas. Since the 1ssuance of the Environmental Quality Act of
1974, Malaysia has developed a significant environmental monitoring program. In 1983 the
Department of Environment was established and has grown to a staff of more than 1500
employees located in over 40 offices across the country. Each vear the Malavysian Department of
the Environment publishes a report on the status of the environment based on the country’'s
extensive monitoring program.

Monitoring 15 conducted of the air, noise, rivers. ground and near shore marine waters. In 2006,
the air was bemg monitered through a network of 51 automated ambient air monitoring stations
located in residential, wrban and mdustrial areas which is supplemented by manual air quality
monmitoring stations at an additional 19 sites. Based on the monitoring data, the DOE reported
that, from 2003 to 2006, the overall air quality in Malaysia deteriorated slightly. Since 2008, the
mumber of air monitoring sites has contimued to merease. (3M)

The DOE initiated its river water quality monstoring program in 1978 in order to establish
baselines and detect changes m river water quality. The monitoring has since been expanded to
wdentify sources of pollution. In 2006, the monitoring network encompassed a total of 1,064
water quality monitoring stations covering 146 river basins. The Department employs a Water
Quality Index (WQI) to evaluate the status of river water quality which consists of parameters
such as Dissolved Oxvgen, Biochemical Oxygen Demand. Chemical Oxvgen Demand,
Ammoniacal Nitrogen, Suspended Solids, and pH. In 2006, based on the WQL 58% of the rivers
were found to be clean, 34% slightlv polluted, and 8% of unacceptable quality.

Recoguzing the importance of ground water as a sowrce of drnking water, in 1997 the DOE
expanded its environmental monitoring program to nclude a National Groundwater Monitoring
Programme. By 2006, a network of 88 monitoring wells had been established. The sites were
selected to inclhunde sites subject to mmpact from agricultural urban/suburban commmunities,
mdustrial sources, landfills, mming, aquaculture, and others.

In its National Policy on the Environment that was updated in October 2007, the Government of
Malaysia committed itself to expandmg its environmental quality monitoring progranune in

order to strengthen its environmental enforcement program and to enable the Department to
generate comprehensive annual environmental status reports.
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The DOE monitoring program is conducted under a contract with a private company Alam
Selatar Malavsia Sdn Bhd (ASMA). ASMA was incorporated m 1993, and in 1995 received a
20-vear concession to provide air and water quality monitoring for the DOE. Tts concession
mchudes:

- The establishment and implementation of a comprehensive national environmental
MONItoring programumne;

- The collection, processing, interpretation, analysis and dissemination of environmental
data;

- The establishment and management of Wational Environmental Data Center;
- The provision of primary source of environmental database for the country.

In addition to ASMA Malaysia has other commercial companies providing commercial
environmental monitoring services. These inchude: Chemsain Konsultant, Permulab (water/air),
Asia Pacific Environmental Consultants (water/air), DHI Water and Environmental {water).

SINGAPORE

Smgapore 1s very small country. It 15 a City-5State conststing of one city which 1s about 3 5% the
size of the District of Columbia but with a much larger population. It has a population of about
3.5 million people. Singapore is located on the southern end of the Malavsian peninsula and
across the Singapore Strait from Indonesia. It is a beautiful place with a great deal of lush
vegetation.

vironmental problems include: mdustrial pollution; limited supplies of natural fresh water;
bimited land availability presents waste disposal problems; and seasonal smoke/haze resulting
from forest fires and agricultural land clearing in Indonesia. (15) Due to it large coastline (193
kom) and critical role that ocean shipping plays i the econonyy of Singapore, o1l spill and
maritime pollution are also major concems and focuses of the government. The Maritime and
Port Authonty of Simgapore (MPA) 15 responsible for marine environment protection from sea-
based activities.

The Ministry of the Environment and Water Resources (MEWTR) started as the Ministry of the
vironment m 1972 and m 2004, the current name took effect to reflect the ministry's expanded
role i managing water as a strategic national resource.

Bamnwater 1s collected in reservoirs and about half of Singapore 15 being utilized as catchments
for ramwater collection. The government plans to increase the catchment area to include about
two-thirds of the 1sland. To add to the water supply. desalinated water and water reclamation are
employed.

Smgapore maintams its ambient arr quality through stringent enmssion standards, promoting
energy efficiency. and using energy sources such as natural gas that enut less pollutants. Asa
result, the ambient concentrations of most major air pollutants (sulphur dioxide, nitrogen oxides,
carbon monoxide, ozone, particulate matter below 10 microns) have staved within TS
vironmental Protection Agency (USEPA) Ambient Air Standards. Singapore has managed to
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achieve the PSI (Pollutant Standards Index) in the “Good” range for at least 83% of the days in
the year from 2003 to 2006.

An emerging pollutant of concern 15 particulate matter smaller than 2.5 meerons mn size (PM2.5).
winch has been linked to respiratory effects such as bronchitis and asthma. Singapore, like many
other urban cities, cannot meet the USEPA standard for PM2.5. As diesel vehicles account for
about half of the PM2 5 present m ambient air, stricter enussion standards have been adopted for
new diesel vehicles to reduce thus problem. In additson to this, we can all strive to keep our air
clean for as long as possible by conserving electricity and taking public fransport. (25)

Currently about 45% of the country’s solid waste is incinerated while 4% is landfilled. The
remaining 51% is recyveled. The country has only one landfill. What to do, in the future, with
solid wastes 15 an 155ue since building landfills is not easy given the scarcity of land.

I can’t say much about environmental monitoring Singapore. According to their environmental
plan for the next 5 vears, they plan to push industry to conduct more emissions monitoring. The
focus seems to be on air emissions. Singapore conducts monitoring of persistent organic
pollutants (POPs) as part of their obligations under the Stockholm Convention. They monitor for
aldrin, endrin, chlordane, dieldrin, DDT, heptachlor, toxaphene, hexachlorobenzene, dioxins, and
furans m ther imland waters. They anmually check for dioxins and furans i the nunicipal solid
waste imcmerator enussions. Toxic indusirial and bichazard mcmerators, which are privately
owned, are required to conduct annual monitormg. Smce 1999, the ministry conducts annual
monitoring for dioxins and furans m ambient air and has never detected same.

THAILAND

Thailand 1= a bit more than twice the size of Wyoming (198 K square miles) with a population of
65 mullion people. About 40% of the country’s land area consists of agriculiural land. In
response to the impact pollution was having on the country’s economy, Thailand began its
environmental protection program in 1975 with the enactment of its first environmental
protection law “Enhancement and Conservation of National Environmental Quality”. At the
time, the government also established the National Environmental Board. This law was
amended several times and i 1992 was reformulated to cover environmental tasks of local,
national and mternational levels, and by 2003 responsibility for environmental protection was
transferred to the new Ministry of Natural Resources and Environment.

In 2000, Thailand launched a project to report the progress and achievements that the country
had made in implementing the Agenda 21 Agreement (2T) which Thailand and over 180 other
countries have adopted. Af the time, they found that the country did not have the necessary data
to meet the requirements of the TIN's Commuission on Sustamable Development. As a result,
Thailand has mitiated a program to develop a system of environmental indicators and monitoring
to determine the state of its environment.

Major environmental problems facing the country include: ar pollution from vehicle emissions
m major cities; water pollution from organic and factory wastes; mereasing demands for potable

water coupled with drought conditions and increasmg levels of pollution m watershed rivers,
wildlife populations threatened by illegal hunting, and loss of agricultural land due to mmproper
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land management and deforestation. Due to the political changes that have been taking place in
the country, it has been reported that enforcement of environmental regulations has been a
serious problem.

For the past several vears, the Thai Office of Natural Resources and Environmentzl Policy and
Planning { ONEP) issues its State of the Environment Report. The 2005 report is the latest that
has been published and highlights significant environmental issues facing the country m 2003,
These include: disasters from tsunanmus, dronght, hazardous substances and waste, protectng
their Tha Chin Watershed global climate change, and open burning.  As you can see, these are
qualitatively different tvpes of monitoring and impact assessment methodology problems than
those facing us here in the United States. For example, a tsunanu hit the Southem part of the
country in December 2004 and affected almost 60,000 people in 407 villages and severely
damaged the coastal environment. This included damage to coral reefs, loss of mangrove
forests, damage to beaches and coastal areas, damage to drinking water wells and infrastructure,
and problems with solid wastes and wastewater.

In 1975, Thailand mstituted a program that requires any new facility that might have a significant
mpact on the environment is required to conduct an environmental impact assessment prior to
construction. The Ministry of Natural Resources and Environment reviews these mmpact
assessments. How the environmental performance of the project can and will be monitored 15 an
mtegral component of the assessment. Assessments are prepared by consulting firms which must
be remstered with and licensed by the Ministry. Many of the consultants perform environmental
momitoring as part of their services. Currently there are 31 registered consulting firms. As near
as I can tell, the monitoring requirements of these assessments and of the facility’s ongoing
operations are minimal.

Thailand has a number of environmental monstoring laboratories. These include government,
captrve laboratories belonging to the private sector, and conmumercial service laboratories,
Currently there are 31 environmental testing laboratories accredited according to ISO 17025 by
the Thai Industrial Standards Institute which is part of the Ministry of Industry (4T). Several
members of the US testing conumunity have comunercial testing laboratories in Thailand.
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ABSTRACT

With the onset of “globalization”™ in the environmental testing business a whole new set of
challenges is presented to the testing laboratory. Issues range from the relatively simple
{language barriers) to logistical (which couriers can provide timely delivery) to the important
aspect of assessing data usability when samples are not received in a timely manner or with
unproper preservation or at room temperature. Over the last 3 yvears we have performed
nmerous investigations of the impact of these sources of uncertainty. Results of those studies

suggest that a) EPA preservation requirements are in some cases overly conservative; b)
refrigeration s the most effective preservation for many orgamic constituents c) depending on a
client’s monitoring triggers, mereasing the sensitivity of analytical methods can sometimes
compensate for potential sample degradation. but may require significant data qualification
Educating global clients on uncertamnty in analytical monitorng programs 1s an even greater
challenge.

INTRODUCTION

Water quality monitoring around the world i1s performed to meet a variety of needs. These
meclude required monitoring for regulatory compliance, such as EPA, FDA, WHO, or EU,
process control and treatment optimization, or response to potential emergmg contaminants. By
far the most conunon reason for monitoring is m response to regulatory demands.

Standards for water quality vary globally. In the United States monitoring standards are
generally based on the Envirommental Protection Agency’s (EPA) Safe Drnking Water Act
{SDWA) requirements. EPA currently regulates over 80 constifuents m potable water,
encompassing inorganics, organics, and nicrobials. EPA also mandates spectfic test methods for
analysis.

In other parts of the world, water quality montiorng 15 based on World Health Orgamzation
{(WHO) guidelines, which overlap to a certain extent with EPA standards, but ofien have
differences m acceptable concentrations and also have a number of constituents that are different
from the EPA hist. Additionally WHO does not mandate any specific methodologies for testing,
but instead relies on quality systems (I5017023) as a basis for data quality.

The Evropean Union (EU) has also provided guidelines for water quality monitoring. A key
element of the EU monitoring requirements is the restriction of mdividual pesticide
concentrations to 0.1 ugL (ppb), which 1s subject to both significant analvtical and sampling
challenges.
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BACKGROUND

In the past few years we have been involved in several global water quality monitoring programs
that have presented vnique challenges in order to maintain any degree of mtegrity to analytical
results. Issues have included language barriers, logistics associated with transport issues (both
directions), developing analvtical methods to consistently meet chient requirements for sensttivity
and accuracy, and mamtaining sample mtegrity (or at least being able to assign vncertamty to the
resulting values). Straddling the fence between performance-based approaches and the rigorous
requirements of EPA mandated methods has presented both unique opportunities and unigque
challenges which will be discussed, along with solutions and remaming 1ssues.

Language Barriers

There are actually two types of language issues that can mmpact data usabilitv. One 1s not unique
to global programs and that 1s the translation of the language of chenusts to samplers. This is
usually most effectively accomplished by using the active voice and supplementing this with
photos. The second issue is addressed in part by again using clear and simple instructions and
also by translating instructions into multiple languages (which is made simpler when the
mstructions are simple). In our case during the course of several monstoring programs we ended
up translating customized sampling mstructions mto both Spanish and Japanese.

Logistics

There are issues for both outbound and mbound shipments that we do not see in domestic
momtoring programs.

On the outbound side, one must first determine whether a particular carrier (e.g DHL or FedEx)
actually services a particular area. As an example, we recently needed to send sample kits to
Syria. MNeither DHL nor FedEx would service Syria directly from the US for sample kits
{although they would deliver documents), so in order to get kits delivered it was necessary to
ship to a partner in Europe who in turn forwarded the kats on to Svria (usmg DHL). Second,
many countries have restrictions on “dangerous goods™ beyond the DOT and IATA restrictions,
which linuts the ability to use standard EPA preservation techmques such as acids. This
necessitates either arranging for onsite preservation (if a sampling site has local access to the
necessary acids) or changing the preservation and determining the impact. Third, many
countries have specific formats for commercial invoices that are not necessarily consistent with
what laboratories who ship domestically are used to using  The bottom line is that one needs to
develop an entirely new skill and knowledge set to deal with these issues.

On the mbound side, the biggest challenges are: first, being sure that the samplers understand the
need to properly package samples to tryv to maintam temperatures in transit; second to educate
both the samplers and the couriers on the mmportance of timeliness (figure 1 and figure 2).
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Figure 1: Typical Days from Sample Collection to Shipment
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Third, it is critical to ensure that paperwork 1s completed that faciitates rapid customs clearance
m the US. Wiih the FDA bioterrorism regulations, many water samples shipped from abroad
end up being held up i customs unless the facility shipping the sample 15 already “registered”
with the FDA. Registration is not something that is usually an environmental lab issue and also
not something where the environmental 1ab can act on behalf of the sampler, so it requires a lot
of upfront coordination (or conversely a lot of expense and education with customs brokers).
Ultimately the reality is that 2 significant number of samples may be received either a) past hold
time or b) over temperature or ¢) both, requiring an understanding of the mmpact of these
deviations on the data usability.

Analytical Methods Development Issues

One of the biggest challenges for global monitoring programs is developing and validating
appropriate methods. With the EU requirement for 0.1 ppb individual pesticides, which many
other countries have adopted (similar to the fact that wiule there are 13 NELAP AAs, there are
far more states who will accept NELAP accreditation as an indicator), it 1s necessary to
demonstrate that analytical methods have sufficient sensitivity to meet this requirement even if
samples have been subject to degradation. Most of the EPA 500 series (and SWE46 8000)
methods have not been tested routinely to these levels. In 2006 Carter et al presented a paper at
this conference demonstrating some of the variability ameng global labs when measurements
were made at concentrations near the EU limits (figure 3).
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Figure 3: Average recoveries for different spikang levels among nmltiple
labs (adapted from Carter et al, 2008)

P s be rm B meriee

A second analytical methods issue inveolves developing and validating new methods for
parameters that may be momtoring under WHO or EU guidelines but not EPA guidance. This
can be a significant task. depending largely on preservation and holding time issues.

A third 1ssue deals with the destre to reduce sample size from the typical large volumes used in
many FPA methods. Reducing sample size greatly simplifies transport both i terms of cost (by
reducing weight) and m maintaming sample mtegrity (it 1s much easier to keep small bottles cold
than large bottles). In some cases this means merely domng minor method modifications {most of
winch are even permitted within the methods) but in other cases it requires developmg entirely
new methods.

The final analytical methods issue has to do with evaluating the sensitivity of samples to
degradation when not preserved according to EPA protocols (Eaton et al, 2007). Tlus is critical
m terms of being able to advise clients as to the validity of their data in such programs. This also
often entails looling at altemnative preservation methodologies (figure 4 and Table 1).

Figure 4. Alternative preservation schemes for epichlorohydrin (from
Eaton et al, 2007).
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Table 1: Comparison of stability of different pesticides analyzed bv EPA method
525 with and without acidification in multiple matrices (Eaton et al, 2007)
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Our experience has been that laboratories that are not US based often do not do the same
rigorons evaluation of preservation issues that are done in many of the newer EPA methods, so
adopting a method from Furopean based l1abs (that deal with EU and WHO lists and the 0.1 ppb
reporting imit) may often provide a frameworlk for a method, but often does not truly address
sample stability issues. As an example we are aware of one monitoring program conducted by a
UK based government lab for some 50+ pesticides that uses a single thiosulfate preserved pH
neutral bottle for several different fractions that in the TS may require 4 or 5 different
Preservatves.

CONCLUSIONS

A careful evaluation of all of the factors that make up a global monitoring program 1s critical for
assessing data usability. Experience over the last 4 yvears demonstrates that while some
parameters are essentially useless in making “compliance decisions”™ due to the difficulty
associated with obtaining valid samples, there are many other parameters where with proper care

m the laboratory and sufficient attention to establishing proper preservation schemes one can
obtain reproducible and robust data sets to evaluate water quality across the globe.
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Challenges of Global
Monitoring Programs

Andrew Eaton
MWH Laboratories

Global Monitoring Presents Unique
Challenges We Don’t Normally Face

= MWH is a global firm, but that doesn’t
make it any easier

= We can’t rely on “overnite” transport

= We can’t always use prescriptive
methods

= We can'’t rely on clear communication

= It needs a true client partnership to
be a success, but it can be successful
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Overnite Chilled Transport?

Remote locations

e "Up the Amazon”

What do couriers guarantee for service?

e HIGHLY location dependent

Do the samplers understand the needs?

e You're not always talking to the right person
September 11 Effect

e FDA Registration and Bioterrorism

e Customs hold-ups

Most coolers only hold temp for a few days

Sometimes it’s a Training Issue-
Remind Them to Sample Quickly!

Days from Sample Collection to Shipping

AT
1 16 31 46 61 76 91 106 121 136 151 166 181 196 211 226 241 256 271 286 301 316 331 346 351 376 391 408 421 436 451 466
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You Can’t Rely on Time or
Temperature in a “flat” World

transit time vs temp (n= 480)
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Can We Use EPA Methods?

= Not always the same analytes

= Other nations are more performance
based

e But don't always have a quality system
built in

= Reporting limits may be different

= Can’t rely on sample integrity
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Differences in Global
Monitoring Programs

Program # of Required Action
“Regulated” | MRL Level Level
Analytes
WHO Medium Varies High
(GRS

Company 1 Large Low Medium to
(EU based) | Low (WHO

and EU)

Company 2 Large Medium Medium
(Company (WHO and
based) Company)

Global Preservation, Method
and Holding Time Issues

Program Preservation Holding Method
Specs? Time Specs? Specs?
USEPA Regulated Regulated Regulated
WHO Performance Performance | Performance
Based Based Based
Company 1 Performance Performance Some
Based Based
Company 2 Performance Performance Some
Based Based
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Not All Labs are Created Equal in
a Flat World

F ! Festiside Mean Recoveries

From Carter et al (2006)

Communications Challenges

Historic monitoring in sites has not
necessarily entailed complete quality
systems

e 2 liters in one bottle vs. 18 liters in 50 bottles
Language gaps
Terminology gaps

Communication issues are not JUST with
samplers, but also with couriers
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How to Improve Compliance in a
Multi-lingual World

= Simple instructions
= Lots of Photos
e A picture is worth 1000 words
= Translations
e Spanish
e Japanese
s Work with couriers to facilitate
clearance

e DHL and FedEx each have their own
arrangements

Simple Instructions
Use the KISS Principle.

STEP 1 - RECEIPT OF SAMPLE KITS

+ Plant inspects each kit when received for completeness against the description of contents
listed on the following pages.

« Gel packs supplied with each kit are taken out and placed flat in a freezer at least 48 hours
prior to sampling. They are then placaed back into the kit along with collected samples for
return to the testing lab.
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Photos of Exactly How to Pack a

A picture is
much more
effective
than text.

Avoid air bubbles
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Having The Ability To Keep Track
Of Kits Enroute Helps To
Minimize Problems

OHL

Group Division Lity 06 qaguing

Shipping  hipped Sampled Reccived Looged

Track DHL

Kingstoun, Salt ro04y 7660842040  Shipmentto DBADS /42006 SEZ005 882005
Lsb

“ncent

Track DHL

153943 7662842243 Shipmentto 08405 8/4/2005 G/R2005 8/22005
Lsb
Track DHL

154704 7663842504 Shipmentto DB/16/M05 315005 871772005 81172005
Lab

Kingstoun, Saint
“ncent

Basseterme, Saint
Kitts And Hevis

Track OHL

Juriin, Pery 166005 7683847704 Shipmentto 0O/13/06 OFZ0AZ006 02042005
Lab
Track DHL

San LOTSNIO, yoaqsn 7060841734 Shipmentto OBA0NS S/AZ005 BAGZ005 8132005
Lab

Paraguay

Track DHL

163030 7683841152 Shipmentto DBASMS S/1/2005 BAZ006 8/22005
Lsb
Track DHL

152166 7623240034 Shipmentto  07A205 7112005 7AG/2005 7416/2005
Lsb

Barmanquillz,
Colombia

Coquimba Rut,
Chile

South Track DHL

Laniny #oc. Chile y Ruta 8,
e Ilaai:‘nﬂm Guemero, Satta Chodad de Salta Salta, Argentina 156306 7683845071 f::jpmenna R TE 9f13/2005 9132005

But this does require follow up — real labor..

Customs Clearance Can Add
Another Series of Challenges

s [ime to deliver

= Condition upon
receipt

= Needs a lot of
“backup” and
“cannibalizing”
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You Must Prove The Ability to
Meet Specs on an Ongoing Basis

= Lowered Calibration Range
= Inclusion of MRL Checks in EACH run

= Verify the impact of preservation and
storage

= Know when/how to flag data

= Resampling is NOT usually an option

Special Preservation and Hold Time
Studies are Required to Optimize

0 Epichlorohydrin- no presenative @ Epichlorohydrin-ascorbic acid |

Stored at room

temperature (RT) Refrigerated immediately

(4deg C)
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Pesticides — Acid, Not Chilled
Still Degradation-But Different

Compounds
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Pesticides-Chilled, No Acid
Better, but Not Perfect
Data Must be Qualified
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Complicated the Options
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What Have We Typically Seen
Around the World in Municipal and
Potential Potable Well Sources?
Positive total coliform is more common than

we would like, even for municipal supplies

DBPs (inorganic and organic) are a global
issue

Metals are sometimes high, but usually
turbidity related (duh!)

Some local Pesticide issues, but not major
Few volatile issues
Little data so far on “emerging contaminants”

Conclusion

= Even in a “flat” world, there are a lot of
challenges for environmental
monitoring.

= A performance based approach solves
some of the problems, but not all.

= There is a lot of valuable data to be
gained from global studies.

= Water quality "Gaia-cide” does not
seem imminent.
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Contact Information

Andrew D. Eaton
andrew.d.eaton@mwhglobal.com

126




NEMC 2008

Metal Speciation and Drug Residue Identification in Foods -
A Global Perspective on Food Safety Testing

Curtis Wood

ERA _

6000 W_ 547 Ave.
Arvada, CO 80002
B00-372-0122
cwood@ercqe.com

ABSTRACT

The food bome outbreaks of E.coli and salmonella posoning that occurred in 2007 highlighted for
the general public the importance of food safety monitormng. However, the need for stricter, more
comprehensive and complete testing reaches far bevond what the public may appreciate. In
2007, mportation accounted for 80% of the nation's seafood, 45% of its fresh frut and 17% of 1ts
fresh vegetables. This increasing level of food importation has placed a stram on foreign
suppliers. Relatrve to large domestic producers, many importers have msufficient modernization,
msufficient investment capital and madequate education of food and agricultural producer
responsibilities. Although there have been significant improvements i all these areas in recent
years, challenges still exist.

Improved controls and quality testing of food products document that chemical and
microbiological risks to public health have been reduced over the past five vears. Furthermore,
contamination of soil, water and food has also dimimished over this period; however, additional
mmprovements are necessary, especially for foods of amimal onigin. What may come as a surprise
to many is that the FDA inspects only 1% of the food it regulates in the US and the TISDA only
16% of what it 15 responsible for (US government statistics). With such a significant (and
mrowing) amount of foreigm food importation coupled with insufficient mspection, it 15 clear that
food quality and safety testing globally 1s on the brink of a rapid and significant evolution.

This paper presents a global account of food quality and safety testing requurements i the context
of the large/popular regional farmuing and ranching segments for major exporting countries.
Specifically it reviews the latest analytical testing trends associated with food guality and safety
testing and lughlights the major challenges associated with testing as it relates to instrumentation,
method development and the availability of traceable reference standards for calibration and
competency testing

NEMC 2008
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Meeting Drinking Trace Metal Requirements in the EU And
USA. Can They Be Achieved Using ICP-AES?

Isaac Brenner

Environmental Analytical Services
O Dishon Street

Jemusalem, Israel 96956
brennerificc.hujiac il

ABSTRACT

The application of Inductively Coupled Plasma-Atomic Ermmssion Spectrometry (ICP-AES) is now
widely applied for routine analysis of waters and wastes m environmental monitoring programs.
However, regulation concentration limits of several toxic elements in drinking water have recently
been reduced resulting in a serions challenge for axially viewed (AX) ICP-AES (1). In order to
meet new US MCL reguirements, USEPA published a new procedure (EPA 200.5) (2) detailing
compliant analysis of drinking water using an AX -ICP-AES. The IDLs in this method are lower
than those prescribed in 200.7 and in the Standard Methods. In particular, the reporting lint
(RL) of 10 ppb and an IDL of 2 ppb for As has resulted in the withdrawal of 200.7 for compliant
analysis. Because USEPA stipulates the use of pneumatic sample introduction. USN (3.4) or
other desolvation devices or an integrated hydride generation system (MSIS) (5.6) cannot be used
to improve aerosol production efficiency.

A systematic examination of published vendor IDLs surprisingly reveals that commercially
available spectrometers fail to meet performance IDLs listed in EPA 20005 (2) and EU protocols
(7). Al IDLs quoted in this evaluation were obtamned using commercial charge transfer
mstriiments — a dual view segmented CCD, a dual view CID, CCDs mstalled on a vertical
Rowland Circle - Paschen Funge configuration and a semi-sequential radially viewed (FAD) -
ICP-AES. All data are m the public domam and were available at the time of the evaluation — but
may be improved with technological development. Current available data ndicate that with
exception of one instrument, the others fail to fully meet EPA 200.5 IDLs. Moreover, because
EUT requirements are much more stringent than those stipulated by EPA 200.5, drinking water
according to EUJ stipulations can only be momtored using ICP-MS. Tlus will cause a switch i the
approach to complaint trace metal drinking water analisis.

NEMC 2008
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Compliant Analysis of Water and Liquid and Solid
Wastes by ICP-AES. Standard Methods, USEPA 200.7,
200.5 and SW 846 6010C

I.B. Brenner

Brenner Scientific e - / s
9 Dishon Street, Malkha, Ehe o
Jerusalem, 96956, Israel yA

Tel 97 2-2-6797-255, mobile 972-54- :
424-403, FAX 972-2-6797-145, 2
e-mail BRENNER@cc.huji.ac.il = P -

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasites

APPLICATION OF ICP-AES IN WASTE
DISPOSAL

I.B. Brenner lbi

Environmental Analytical " \I
Laboratory, BGU =

Address for correspondence: = $
Dishon Street, Malkha, - {"ffmg
Jerusalem, Israel, 96956 =
E mail: Brenner@cc.huji.ac.il

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes
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08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes

= of Waters and Wastes
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INTDAN IATIAN

IANNAL A A )

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasiles

Outline of Short Course

Introduction

Dwverview of IS0 17025

Sample collection

Sample preparation
Insfrumentation

Dwverview of EPA Methods

<+ 200,5 200.7, G010, SM

<+ Optimization

#+ Spectroscopic and nonspeciroscopic interferences
Quality Control

IDLs, MDLs, LDRs,
Performance Data

QAMIC, ICVs, CCVs, recoveries
PT, uncertainty

Conclusions
08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasites
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Need to defend legitimate analysis

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes

Why Accreditation?

O Data validation to ensure lab methods meet analytical
specifications
O Understand method advantages vs. disadvantages

O Documentation to ensure consistent application of method
within defined scopes, for QA, regulatory and contractual

purposes

O Laboratory benefits - enhances expertise, improves
efficiencies

O Client benefits - Creates trust in results

O Regulation benefits

v" Trustworthy information to protect public health and
environment

O Builds trust in the lab, organization

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasites
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Must be able to “defend” results

= THAR W_{-’I-H.l'
OPracticing analytical EPISODE ITI
chemists must REVENGE OF THE SITH
demonstrate quality
and fitness for
purpose.

OTo meet this
challenge, arigorous - /
QA/QC system =Y Y
should be deployed. % ®)

UBISOFT

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes E:

Challenges for ISO 17025

Q W ISO/JEC 17025 have a sweeping
influence In commercial and national
environmental laboratories?

Q  Why do we need ISO 170257
Q  Are compliant lab routines with their bullt-in
QA/QCs adequate 7

Q How can 17025 be incorporated into these
S0OPs and vice-versa?

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes 10
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1SO 17025-2005 Accreditation —

Requirements
O Management reguirements
2 Regulator Requirements

2 Trained and competent staff - Competence of Tesfing and
Calibration Laboratories

7 Technical and analyfical requirements - GLP
2 Scope specification

2 Complaint sampling

2 Verified method of measurement

) Traceable calibration standards

2 Maintains QANIC system and documentation

O Satisfactory participation in Proficiency Testing (PT) program
O Measurement uncertainty

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasiles

Requirement of a compliant lab
procedure

OPossess all analytical QA/QC requirements
specified by I1SO 17025 — built into the
analytical SOP

QO The selected procedure should be
compliant, well defined and recognized

QSimplifies assessment of data quality
(uncertainty) and also the audit

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasies
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Importance of selecting ICP SOPs

OEnvironmental labs must make large
changes in existing noncompliant
methods and irregular management
procedures

OHigh cost of obtaining and
maintaining ISO 17025 accreditation

QTherefore labs must be sure that
plasma-based SOPs meet QA/QC
requirements of ISO 17025-2005

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes

Scope of Measurement

OCompetence

QOPurpose of measurement
OList of elements to be measured

OMethods to be used — sample preparation,
instrumental methodology

O Critical performance and QA/QC
parameters

OCompliance with regulatory requirements

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasites
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ISO-17025, Sec 5.4.1, 5.4.5 - Method Validation
Scrutiny of fithess of purpose

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes

Accreditation 17025 - Validation

© Lab must demonstrate to expert technical assessors

!l-l}r?;.utg'; meets all relevant criteria contained in ISOAEC

O Method validation is an essential part of
measurement practice and a requirement of 1ISO 17025

© Lab must demonstrate its competence fo perform
analytical tasks detailed in the scope of its SOP

O Analytical data must be fit for purpose (conform to EAP
SOFP QAfQC criteria)

O Documented experimental evidence that method
conforms to well-defined figures of merit

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasiles
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Plasma-based geoenvironmental
analysis - challenges

OVery low concentrations of toxic and
diagnostic elements - require subppb — ppt
LODs

QOTrace elements occur in complex forms —
colloids, metal organic compounds

QOVolatile species
QOBiological materials
OSampling and preservation
OValidity

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes

TRACE ELEMENT WATER

ANALYSIS USING ICP-AES
QDetermination of transition metals in ppb range
QMulti-element capability

OMinimum spectral interferences due to overlap
and optical imperfections

OHigh plasma robustness to minimize EIE and
Ca interference effects

OVersatile sample introduction systems
QCapability of analyzing saline waters
QSpeed of analysis and ease of operation

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasiles
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Challenges of ICP-AES

Q Lowering of regulation limits of toxic
elements in drinking water

QO RV-HCP-AES fails to meet new concentrations

¥ 200.7 will be withdrawn — at the moment for As, in
the future ..........

QImprovement of IDLs by 5-10 using USN
ineffective due EIE interference effects

QUSEPA published new SOP (EPA 200.5) for
analysis of drinking water using AX-ICP-AES.

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasites

Main tasks of water research and
survey programs using ICP-AES

QOGround water monitoring

OMonitoring of waste disposal sites and
dispersion halos

OAnalysis of industrial and domestic sludges

OTrace element variations in soils - total and
extractable — metal fractionation and
speciation

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes
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Samples and sample
collection

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes

Sample types

Surface and subsurface water
Sea and estuarine waters
Industrial and domestic effluents
Sludges

Colloidal and suspended fractions
Soils and Sediments

Biological samples - vegetation
Soils

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes
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Water sample collection

QOSampling strategy — seasonal,
geographic, morphological
(drainage patterns), point
sources

OPreservation — holding time,
field/lab pretreatment

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasiles

SAMPLE COLLECTION

O Water samples coliected in acid cleaned polyethylene
bottles (soaked in 10 % nitric acid for 24 hours)

O Bottles nnsed with ultrapure deionized water (Millipore
Q grade)

O Samples filtered through a 0.25-0.45 um filter- remove
suspended material - "dissolved fraction™

O Prompt acidification with several mi of ultrapure nitric
acid - preservation during transport and storage.

O Water samples collected for determination of major
anions, As, Se and Hg, and speciation

O Collection of > 0.45 mm residues

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasies
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Flow chart for sampling and analysis
of water

e el el

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasies

Plasma-based compliant procedures for analysis of surface,
ground, and drinking water, liquid, solid and semi-solid
wastes, sludge, and sediments.

Sample preparation protocols allow for determination of dissolved,
particulate and fofal concentrations
. ICP-AES EPACLP

EPA 2008 N30
SWEAE-E020 B, 150 11883 Eurachem — 150

EPA CLP ILM05.2D EPA 2007 EPA 200.5
DOD EPA SW 846 - 6010

Standard Methods B and C
ASTM Standard Methods

IS0 17294 ASTM
ADAC ADAC

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes
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For Additional Information

O 200.7
O www lib.ucdavis.ecu/govdoc/EPA/200 7.pdf
O www.esb.enr.state.nc.us/lab/qa/epamethods/200 7.pdf

O 6010
O www.epa.goviepaoswer/hazwasteftest/up4a.htm

O CLP SOW
O www.epa.gov/superfund/programs/clp/ilm5.htm

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes

Terminology

QOMAY — Action, activity, or procedural step
neither REQUIRED nor prohibited.

OMAY not — Action, activity, or procedural step -
prohibited.

Q MUST — Compulsory action, activity, or
procedural step

OSHALL - Compulsory action, activity or
procedural step

QSHOULD - Action, activity, or procedural step -
suggested but not REQUIRED.

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasites
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Mode of occurrence of trace elements
in water

O Dissolved — ions , organo-metallic complexes.
Analytes are determined in water filtered < 0.45

pm

O Suspended - Colloidal and particulates in form
of Fe-Mn oxy-hydroxides, silicates, sulfides,
absorbed on clay, silica and organic particles

O Total recoverable acid extractable
O Metal-organic species.

v Metals have high affinity for humic acids, organo-
clay and oxides coated with organic matter

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes
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Digestion procedures

O Sample treatment and acid
decomposition differ in extraction
efficiency

QlIn all cases the procedure employed
must be stated

QProcedures are based on end-user
needs

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes

Contamination

QApparatus, sample containers
ODust
QClean laboratory work area

QO Surface desorption, leaching,
adsorption

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes
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Reagents

OHydrochloric acid (1+1, 1+4, 1+20)
ONitric acid (1+1, 1+2,1+5, 1+9)
QConc. ammonium hydroxide,
OTartaric acid

OHydrogen peroxide (50, 30 %)

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes 33

Block diagram for sample preparation schemes for the
analysis of waters and wastes by ICP-AES

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes 34

145




NEMC 2008

J/ﬂllllﬂm H‘“\m‘

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasites

Sample preparation
Standard Methods

QO SM 3030B - < 0.45 um - dissolved elements
Q 3030C - 5 ml HCI1+ 5 ml HCI 15 min, 100°C

Q 3030E - 3 ml HNO, Hot plate , not boiling,
evaporate

Q J030F Nitric -hydrochloric acid digestion

v Two procedures - fotal HNO3/HCI (refluxingland
recoverable HNO3/HCI (relatively lower temperature

Q 3030G - HNO, boil then HNO,+H,S0,
@ 3030H — HNO,+HCIO,

— HNO,+HCIO,+HF
Q 3030K - microwave

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasites
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Dissolved and suspended metals
according to SM 3030B

QDetermination of dissolved frace elements
in waters after membrane filtration using a
0.4-0.45 um filter

QO Filtrates acidified in field or brought to lab in
acid washed Nalgene bottle (500 ml),
refrigerated at 4°C, filtered and acidified.

Q Suspended solids retained on filters can be
digested and analyzed.

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasies

Dissolved and suspended metals SM 30308
Filtration procedure

QFiltration performed using Nalgene filter assembly
and positive pressure with Ar or nitrogen.

Q Before using assembly and filter, defermine level of
contamination with metal-free deionized water.

Q If metal contaminants are identified, flush with 1N
HNQO,, ninse with deionized water.

QUse first 50-100 ml to rinse filtration apparatus to
avoid contamination and discard this portion.

Q After filtration acidify to pH 2 with conc. HNO3
(usually 1 mi/1000 ml is normally adequate.

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes
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Dissolved and suspended metals
SM 3030B
Amnalysis of suspended fraction

OTransfer membrane filter containing
insoluble material to 150 ml acid washed

beaker
QAdd 4 ml conc. HNO, and heat gently
JContinue as described in SM 3030F

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastles 39

Acid extractable metals using 1+1
HCI (SM 3030C)

QExtraction of lightly absorbed elements
on particulate materials.

9100 ml sample into 250 ml acid
washed beaker

Q5 ml 1+1 HCI. Cover with watch glass
and heat 15 min on steam bath.

OFilter through membrane filter

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes 40
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Sample volumes — 3030D

QO Not < 5 ml especially when particulates present.

QO When elevated analyte concentrations occur,
dilute after digestion.

QFor low concentrations and low-salt solutions -
concentrate by evaporation.

v Conducted in acid washed PTFE vessels in
contamination free hood

Q For samples that are concentrated, determine
metal recovery to evaluate matrix effects

v Spike using separate aliquots with with CPI

08-Aug-0T Joe Brenner, Compliant Analysis of Waters and Wastes

SM 3030E

QHNQO, extraction for samples that
contain suspended solids and easily
oxidized matter

O Two routines
v' High-level metal concentrations (slow beil
with HNO,)
v' Low-level contents (low temperature heating
with 2 N HNO,.

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes
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Low-level 3030E concentrations (< 100 ug/)
Clean up

QOSoak new polypropylene tubes and caps
overnight in 2 N HNO,

OTriple rinse with deionized water

QStore cleaned tubes with DI water until use
or in acid washed plastic bags before use

OPipette tubes SHOULD also be cleaned -
evaluate before use.

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes

Low-level 3030E concentrations (< 100 ug/l)
Procedure

Q10 ml sample into precleaned tube with acid-
washed macro pipet

Q0.5 ml conc. HNO, to all samples, blanks standards
and QC samples

O Heat tubes in block heater at 105°C
Q Digest samples for at least 2 h.
+ Do not boil

QAdd more conc. HNO, until digestion is complete
(clear solution)

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes
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High-level 3030E concentrations

100 ml well-mixed sample to beaker
QO Add 5 ml concentrated HNO, in hood.

QBring to slow boil and evaporate on a hot plate to
about 10-20 ml, before precipitation occurs. Do not
allow sample to dry during evaporation

QContinue heating, adding conc. HNO, until digestion
is complete (light-colored, clear solution)

QO Wash down beaker and watch glass and filter if
necessary

O Transfer filtrate to 100 ml volumetric flask

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes

Nitric -hydrochloric acid digestion
SM 3030F

Two procedures - total HNO3/HUCI (refluxing)and
recoverable HNO3/HUCI

(relatively lower temperature).

» HCl enhances solubility of Ag and other
chemically resistant solid fractions.

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes
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3030F Recoverable HNO,/HCI
Less rigorous digestion

QTransfer 100 ml sample to flask or beaker.

Q22 ml 1+ HHDE_ and 10 ml 1+1 HCI and cover with
ribbed watch glass

QHeat on steam bath or hot plate until volume is
reduced to 25 ml - do not boil!

QCool and filter to remove particulates or centrifuge,
or let settle overnight.

Q Transfer quantitatively to 100 ml volumetric flask

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes

3030F Total HCI/HNO,
HCI enhances solubility of Ag

O 100 ml sample to Erlenmeyer flazk or beaker

2 3 mil conc. HNO, and cover with ribbed watch glass.

3 Heat on hot plate and evaporate to < 5 mil

O Do nor beal and do nor allow evaporanon re dryness

2 Cool and rinze walls of beaker and watch glass and return to hot plate.

3 Increase temperature for reflux action, adding more acid until digestion is
complete (light in color)

3 Cool, 10 ml 1+1 HCI + 15 ml DN water

O Heat for 15 min. to dissolve precipitates or residue.

3 Cool, wash beaker and watch glass if used with DI water. Mix thoroughly.

O Filter to remove insoluble material that could clog nebulizer

O Transfer filirate to 100 ml volumeinic flask or centrifuge or allow solution
to settle overnight

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes
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08-Aug-0T Joe Brenner, Compliant Analysis of Waters and Wastes

EPA Methodology (1)

Q Establishes ‘recommended’ conditions,
instrument parameters, method validation
and QC, sample preparation, sampling

QEPA Methodology for ICP-OES includes:

v 200.7 (rev 4.4 current, 5.0 proposed)

v SW 846 6010 (rev B current, rev C
proposed)CLP ILMO SOW (rev 5.3 approved
March 2004,ILM 6.0)

Qfcurrent’ version depends on regulators,
auditors, individual permits, state and
local regulations

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes
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EPA Methodology (2)

QO EPA method criteria can be stringent or
performance based - L.E., can be modified
providing performances are met

QO Several LODs of 200.7 do not meet
drinking water requirements

QCurrent revision of method ILMO lists
Contract Required Quantitation Limits

(CRQL). These can be extrapolated to
CRDLs.

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes

EPA Methodology (3)

O Regulatory methods are trending more toward
performance based methodology using EPA Methods
as ‘guidance documents’.

© Method 200.7 page Iii

+" Mote: This method is performance based. The laboratory is permitied to omit

any step or modify any procedure provided that all performance reguirements
in this method are met.

O Method 200.7 section 9.1.2
¥ ‘In recognition of advances that are occuming in analytical technology. the
analyst is permitied [0 exercise cerain opfions o efiminate interferences...”
O Method 6010 section 1.5
+ ‘The information contained in this method is provided by EPA as guidance to
be used by the analyse and the reguiared commomity in making judgments
necessary o generate results that meet the data guality objectives for the
intended applicatnon.

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasies
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Definition of Terms -1

below which scale used and abowe which curve comection should
be considered. Ra muiﬂiﬂl&&ﬂﬂgtmtjrnfﬂenmumentamlﬂeuperﬁlg
conditions. em

lenslhmtr{a}.ﬂm The concentration in miligrams of metal per liter that
produces 1“& Ci Fiasma (ICP): The slope of the
analytical curue ie, the fl.lnnhmal relafionship b &N emission intensity and
conceniration.

Instrument detection limit (IDL): The concentrafion equivalent io a signal due io the
analyte which is equal io three times the sfandard dewiation of a senes of 7 replicate
measurements of a reagent blank's signal at the same

Method detection limit (MDL): The minimum concentrafion of a substance that can be
measured and reporied B0% confidence that the analyte concentration ks greater
than zero. MOL is defermined from analysis of a sample in a given matrix
the analyte which has been processed through the prepaahe procedure.

Interference check sample (IC5): A solution containing both interfening and analyte
elements of known concentration that can be used to werify background and inter-
element comection factors.

Liml.l_a' dynamic range: The concentration range ower which the analytical curve remains

inear.

Method blank: A wolume of reagent waler processed through each sample preparaficn
procedune.

Optimum concentration mngl:hrcnﬁ defined by Bmiis expressed in concendrafion,
BRSO must

08-Aug-0T Joe Brenner, Compliant Analysis of Waters and Wastes

Definition of Terms - 2

Initial calibration verification (ICV) standard: A certified or ndepend prepared
snhlmn used to werify accura ﬂﬂ the: initial :alb For ICF analysis, it must be run
ch wavelength dnd at each mass used in the analysis.
Continuing calibration verification ([CCV): Used to assure calibration accuracy during
each analysis run. [t must be nun for each anahyie as described in the particular analytical
method. Atanmmum it showld be analyzed at the beginning of the nun and after the last
anahytical sample. ls Goncentration should be at or near the mid-range levels of the:
calibration cure.

Calibration standards A series of known standard solutions. used by the analyst for
calbration of the instnement (Le_, preparafion of the analytical curve)

Calibration blank: A volume of reagent water acidified with the same amounts of acids
as the standands and samples.

Laboratory eonirol standard: A wolume of reagent water spiked with known
through |:|E|:-ammn and analysis procedure as a

concentrations of analytes
sample. It is umdhnmmrhssﬁmwa?vd

Method of standard addition (M5A): The standard-addition tedﬂnque imrohies the use
of the unknown and the unknown plus one or more known amounts of standand_

Sample holding time: Time allowed between sample collection and sample analysis
when designated presensation and siorage techniques are employed.

Check Standard: Sclution containing known concentration of analyle derived from
externally wd test matenals. C standard is cbiained from a source external to

the [aboral and is used fo check laboratory performance.

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes 54
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Definition of Terms -3

Total recoverable metals: The conceniration of metals in an

unfiliered sample following treatment with hot dilute mineral acid
(Meihod 3005).

Diszolved metals: The concentration of metals determined in a

sample after the sample isfiltered through a 0 45-pm filk (Method
3005).

Suspended metals: The concentration of metalz determined in the

portion of a sample that iz retained by a 0_45-pm filter (Meffrod
J005).

Total metals: The concentration of metals determined in a sample

following digestion by Methods 3010, 3015, 3020, 3050, 3051,
or 3052

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes
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METHOD 200.7 TRACE ELEMENTS IN WATER,
SOLIDS, AND BIOSOLIDS BY INDUCTIVELY
COUPLED PLASMA-ATOMIC EMISSION
SPECTROMETRY

Revision 5.0, August 1998, Draft 1
U.S. Environmental Protection Agency,
Office of Water,

Office of Science and Technology,
Engineering and Analysis Division (4303),
401 M Street SW, Washington, D.C. 20460

Will be withdrawn !

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes

Samples — EPA 200.7

QOBiosolids — A solid, semisolid, or liquid
residue (sludge) generated during
treatment of domestic sewage in
treatment works.

O Solid sample — a soil, sediment or
sludge

O Total Solids — Residue left after
evaporation of liquid sample and
subsequent drying at 103 — 105°C

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasites
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Water and wastes biosolids (municipal sewage
sludge), and solid samples

O Dissolved - analytes in agqueous sampies after filtration
and acid preservation. To reduce potential
interferences, dissolved solids SHOULD be <0.2% {wi/v)

« Agueous samples MAY be amalyzed directly withowt acid
digestion if sample has been preserved with acid and has

Iurb:'dir of <1 NTU at time of analysis.
O Partial extraction — organic and inorganic bound
O Tntal exﬁacﬂun total recoverable analytes -
digestion/extraction i1s REQUIRED when elements are
not in solution (e.g., biosolids, soil, sludge, sediment,
and agueous samples containing particulate and
suspended solids)

¥ Agueous samples containing roral suspended sofids >713%
(wiv) -solid sample

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasies

EPA 200.7 Determination of dissolved
elements

QO Sample MUST be filtered through a 0.45 pm
membrane filter at time of collection or as
soon thereafter as practically POSSIBLE

QO Only plastic apparatus SHOULD be used
when B and silica are determined

Q Acidify filtrate with (1+1) HNO; to pH <2
immediately following filtration

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes
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Dissolved analytes in ground,
drinking and surface waters

v' Pipet aliquot (>/= 20 mL) of filtered, acid
preserved sample into a 50 mL polypropylene
centrifuge tube.

v" Add (1+1) HNO, to adjust acid concentration to
about 1% (viv) HNO,

v e.g., 0.4 mL (1+1) HNO, to 20 mL sample
v Cap tube and mix analyze

v' Allowance for sample dilution SHOULD be

made in calculations

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes

"Direct analysis" of total recoverable
analytes in drinking water samples
containing turbidity <1 NTU

Q Treat unfiltered, acid preserved sample aliquot
using the sample preparation procedure described
in Section 11.1 (Aqueous samples) while making
allowance for sample dilution in the data calculation

Q For determination of total recoverable analytes in all
other aqueous samples or for preconcentrating
drinking water samples prior to analysis, follow the
procedure given in Sections 11.2.2 through 11.2.7.

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasies
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EPA 200.7 Determination of total recoverable
elements in agqueous samples

O UNFILTERED samples acidified with (1+1) HNO; to pH
<2 (normally, 3 mL (1+1) acid/liter sample)

O Preservation MAY be made at time of collection

QHowever, to avoid hazards of strong acids in
field, transport restrictions, and contamination,
it is recommended that samples be returned
within £ weeks ! of collection and acid
preserved in lab

O Following acidification, sample SHOULD be mixed, held
for 16 h, then verified pH <2 prior to withdrawing
aliquot for processing or "direct analysis."

OIf, pHis > 2 (high alkalinity), more acid MUST be added,
and sample held for 16 h+ until pH <2

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes 63

Determination of total recoverable analytes in
sludge samples containing total
suspended solids < 1% (w/v).

2 100 mL of well-mixed sample + 3 mL of conc HNO,
3 Heat and evaporate to 5 mL

+ If sample contains large amounts of dissolved solids, adjusi volume
upwards fo prevent sample from going fo dryness

2 Add 3 mL of conc HNO, and reflux until sample is completely
digested or no further changes in appearance occur, adding
additional aliguots of acid if necessary to prevent sample going to
drnyness

3 Evaporate to 3 mL, again adjusting upwards if necessary.

3 Add 10 mL of reagent water and 4 mL of (1+1) HCI and reflux for 15
min.

3 Cool and dilute o 100 mL with reagent water

3 Remaining solid material SHOULD be allowed to settle, or aliguot of
final volume MAY be centrifuged.

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes
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Total recoverable analytes in aqueous samples >1
NTU turbidity

Secfions 11.2.2-T1.2.T7

O Reflux 100 mL well mixed, acid preserved sample with 2 mL (7+7)
HNO; and 1.0 mL {1+1) HCI. Reduce volume to about 20 mL by
gentle heating at 85°. DO NOT BOIL. Avoid vigorous boiling to
prevent loss of HCI-H,O azeotrope

+ When necessary, smaller volumes MAY be used.

2 NOTE: K sample contains >1 % undissolved solids but =71 g
acidified aliguor SHOULD be evaporated 1o near 10 miL and
extracted using acid-mixiure procedure described in Sections
11.3.3-11.3.6. (4 mL of (1+1) HNO3 and 710 mL of {1+4) HCI).

O Undissolved material - settle overnight or centrifuge

2 Note: If after cenirifuging or standing overnight, sample contains
suspended solids sample MAY be filtered to remove particles to
prevent nebulizer clogging

2 Stability - analyze as soon as POSSIBLE

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes

Solid samples

Q No preservation prior to analysis
other than storage at 4°C.

OThere is no established holding
time limitation for solid samples.

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes
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TOTAL RECOVERABLE ANALYTES
in SOLID SAMPLES - sample dring

Q Mix sample thoroughly and dry sample to
constant weight at 60°C. (60°C to prevent loss of
Hg and other volatile metallic compounds, to
facilitate sieving

QFor samples with < 35% moisture, 20 g portion

sufficient. For samples moisture > 35%, 50-100 g
is REQUIRED.

O Sieve dried sample using 5-mesh polypropylene
sieve and grind in mortar and pestle (clean
between samples)

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes

Determination of total recoverable analytes
in sludge samples containing total
suspended solids > 1% (w/v).

2 Reflux 1 g dried, sieved and ground sample + 10 mL of (1+1) HNO3
for 10 min

2 Remove sample from hot plate and allow to cool.
2 Add 5 mL of conc HNO, and reflux for 30 min. Repeat this last step

O Add 2 mL of reagent water and 3 mL of 30% H,0,. Place beaker on
hot plate and heat until a gentle effervescence

O Add additional 1 mL H,0, until no effervescence is observed, but no
more than a total of 10 mL

3 Add 2 mL conc HCI and 10 mL of reagent water and reflux for 15 min

2 Remaining solid material SHOULD be allowed to settle, or aliqguot of
final sample volume MAY be centrifuged.

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasites
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TOTAL RECOVERABLE ANALYTES
in SOLID SAMPLES

O Reflux 1.0 g sample with 4 mL (1+1) HNO; and 10 mL
of (1+4) HCI at 95°C on hot plate or block digester

O Vigorous boiling MUST be avoided to prevent loss of
HCI-H,O azeotrope.

O Allow extract solution to stand overnight to separate
insoluble material or centrifuge

" If after centrifuging or sfanding overnight, solution contains
suspended solids that would clog nebulizer, filter prior fo
analysis — beware confamination

0O Analyses SHOULD be performed as soon as possible

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes

EPA 200.7 - summary sample preparation

Dizszolved Analytes in FILTERED aqueous sample or in drinking water
where turbidity is <1 NTU, add HNO,

Total Recoverable Analyfes in UNFILTERED aguecus sample or "DIRECT
ANALYSIS” for total recoverable elements in drinking water where
turbidity is <1 NTU, add HNO,

Total Recoverable Analysis of Solid or Agueous Sample Containing

Undissolved Material ( > T NTU) - gentle refluxing with 2 mL (1+1) HNO,
amd 1.0 mL {1+ T} HCI.

Toital Recoverable Analysis of Agueous Sample Containing Undissolved
Material { > T %, <71 g) reflux with 4 mL of {1+1) HNO3 and 10 mL of [1+4)
HCI).

Total Recoverable Analysis of Solid Sample. Reflux sample with 4 mL [1+1)
HNO, and 10 miL of (1+4) HCI

Total recoverable analysis of St containing <1% fotal
suspended solids, sofubilized by successive refluxing with HNOs and HCL.

Total recoverable analysis of .ﬂ aiude containing total suspended solids
> 1’4 .[w.-’v]-su.fubmzedbr refluxing with H ic materials oxidized

. cenirlfuged or settle Overn |ght
08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes To
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US-EPA Office of Solid Waste
publication SW-846

“Test Methods for Evaluating Solid
Waste”

26 elements by ICP-MS, ICP-OES,
FAAS, GFAAS, (CVAAS)

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes T2
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Methods for Evaluating Solid Waste (SW-846)

QOCollection and testing waste samples

QSW-846 includes QC, sampling plan development and
implementation

QAnalysis of inorganic and organic constituents,
estimation of physical properties and appraisal of
waste

QBasis for development of laboratory SOPs
OTrouble shooting
QStatistical evaluation of data

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasfos 73

SW 846 Digestion procedures

3050A

v"  Acid digestion of waters for total recoverable or dissolved
metals

3015A
v" Acid leaching of agueous samples and extracts
30508

v" Strong acid digestion of sediments, slndge and soil. Dissolves
elements that are “environmentally available™

3051A

¥ Acid leaching of sediments, sludge, soil and oil

v Acid digestion of siliceous and organically based matrices

08-Aug-07 Joa Brenner, Compliant Analysis of Waters and Wastes T4
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METHOD 3005A - ACID DIGESTION OF WATERS
FOR TOTAL RECOVERAEBLE OR DISSOLVED
METALS

QAcid digestion for surface and
ground water samples for ICP-AES
and MS

QAI, Mg, Sb, Mn, As, Mo, Ba, Ni, Be, K,
Cd, Se, Ca, Ag, Cr, Na, Co, Tl, Co, V,
Fe, Zn, Pb

QTotal dissolved metals

¥" Filter sample at time of collection,
acidify filtrate with nitric acid
08-Aug 07 Joe Brenner, Compliant Analysis of Waters and Wasfes 5

METHOD 3005A - OF WATERS FOR TOTAL
RECOVERABLE OR DISSOLVED METALS SUMMARY

QDissolved metals - sample is filtered through
0.2-0.45-um filter at time of collection.

¥ filtrate acidified at time of collection with nitric
acid.

v Some metal cumpfexes may not dissociate
Q Total recoverable metals - sample is
acidified at time of collection with nitric acid.

¥ At time of analysis sample is heated with HNO,
and reduced in volume

¥ Digestate is filtered and diluted to volume

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes TG
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ACID DIGESTION of SEDIMENTS, SLUDGES and
SOILS - METHOD 3050B

QScope
""FSIHIHH acid digestiun - dissolves elements
that are "envirunmentally available.”
QImmobile elements in silicate structures
are not dissolved (total digestion -
Method 3052).

QAIl, Mg, As, Sb, Mn, Be, Ba, Mo, Cd, Ni, Cr,
K, Co, Ca, Ag, Fe, Na, Pb, Tl, V, Se, Zn

08-Aug-07 Joe Brenmer, Compliant Analysis of Walers and Wastes

ACID DIGESTION of SEDIMENTS, SLUDGES and SOILS
METHOD 30508 - SUMMARY

Q1-2 g (wet wt ) or 1 g (dry wt) sample
digested with repeated additions of nitric
acid and hydrogen peroxide

Q ICP-MS analysis - digestate reduced in
volume, diluted to 100 mL.

QHCI added to increase metal solubility

QDigestate filtered and filter paper and
residues rinsed

OResidues analyzed by HF-HNO,

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes
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SW 846 - Microwave assisted procedures
Soil, sediment, sludge, fly-ash, wastewater etc.

QUS-EPA 3015 Update I

v Microwave-assisted acid digestion of agqueous
samples and extracts

QUS-EPA 3051 Update I

v Microwave-assisted acid digestion of
sediments, sludges, soils and oils

QUS-EPA 3052 Update Il

v'Microwave-assisted acid digestion of
siliceous and organic matrices

08-Aug-07 Joe Brenner, Compliant Analysis of Waiers and Wastes i)

Benefits of closed vessel digestion
systems

O Higher temperature and pressure than open
vessel digestion

QO High recovery due to sealed vessels
QO No loss of acid strength

O Reduced reagents — lower blanks

O Volatile retention

O Multi samples/run

QO Pressure and temperature sensors and
connections

QO Vessels convert from fully sealed to self-venting

O Meets USEPA SW-846 Methods 3015, 3051, 3052
and NPDES

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes 80
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METHOD 3015 - MICROWAVE ASSISTED ACID
DIGESTION OF AQUEOUS SAMPLES AND
EXTRACTS - SCOPE AND APPLICATION

QAcid digestion of aqueous samples

¥'"Mobility of analytes in wastes that
contain suspended solids
QAlIl, Pb, Sb, Mg, As, Mn, Ba, Mo, Be,
Ni, Cd, K, Ca, Se, Cr, Ag, Co, Na, Cu,
Tl Fe, V, Zn

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasies i1

METHOD 3015 - MICROWAVE ASSISTED ACID
DIGESTION OF AQUEOUS SAMPLES AND EXTRACTS
SUMMARY

Q45 mL aqueous sample digested in 5 mL
conc. nitric acid in a fluorocarbon (PFA or
TFM) vessel for 20 min using MW

O Sample cooled, filtered, centrifuged or
allowed to settle

Samples that contain organics, such as TCLP
extracts, will result in higher vessel pressures
which could cause venfing and loss of analytes
and/or sample

08-Aug-07 Jioe Brenner, Compliant Analysis of Waters and Wasies
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US EPA 3015

2 Sample 45 mL

O 2.5 mL HNO, 65% and 2.5 mL
HCI (37%) for FAAS and ICP)

2 5 mL HNO, 65% only for
FLAA, GFAA, ICP and ICP-
MS

3 Digestion 20 min
) Temperaiure should reach
160°C in 10 min and
remain beiween 165-170°C
for additional 10 min
0 hoo 1) 3 Al, Sb, As, Ba, Be, Cd, Ca,
Time sec Cr, Co, Cu, Fe, Pb, Mg, Mn,
Mo, Ni, K, Se, Na, V, Fn

—
[X21

Pressure (barl

Joe Brenner, Compliant Analysis of Waters and Wasfos 83

METHOD 3051 - MICROWAVE ASSISTED ACID
DIGESTION OF SEDIMENTS, SLUDGES, SOILS,
AND OILS

QSCOPE

v'Microwave assisted acid digestion of
sludges, sediments, soils, and oils

+v'"Rapid multielement acid leach digestion for
evaluation of site cleanup, TCLP testing of
waste

QICP-AES and MS
vAl, Cd, Fe, Mo, Na, Sh, Ca, Pb, Ni, Sr, As, Cr,

Zn, Be

Joe Brenner, Compliant Analysis of Walers and Wasies 84
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METHOD 3051 - MICROWAVE ASSISTED ACID
DIGESTION OF SEDIMENTS, SLUDGES, SOILS,
AND OILS - SUMMARY

0.5 g digested in 10 mL conc. nitric acid for

10 min using MW in fluorocarbon (PFA or
TFM) microwave vessel

OFiltered, centrifuged, or allowed to settle,
diluted to volume and analyzed by
appropriate SW-846 method

O Residues analyzed by HF-HNO; mixture

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasies

US EPA 3051- 1l

N
" 3 0.5g + 10 mL HNO,
% 65%

u= 2 Acid leaching method
& O Digestion time 10
L minutes
10 2 Temperature to reach
§ 175*C within 5.5
minutes and to rermain
between 170-180°C for
the balance of 10 min
= Al, Sb, As, B, Ba, Be,
Cd, Ca, Cr, Co, Cu, Fe,
60 W 120 150 Pb, Mg, Mn, Hg, Mo,
Time (seconds) El,zlﬁ Se, Ag, Na, Sr,

08-Aug-07 Joe Brenner, Compliant Analysis of Walers and Wasies
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METHOD 3051 - MICROWAVE ASSISTED ACID
DIGESTION OF SEDIMENTS, SLUDGES, SOILS, AND OILS
- INTERFERENCES

OReactivelvolatile materials MAY create
high pressures and cause vessel
venting with sample loss

QComplete decomposition of carbonates
or C- based samples - vessel venting if
sample size > 0.25 g when used in 120
mL vessels with a pressure relief
device that has upper limit of 7.5 £ 0.7
atm (110 £ 10 psi)

08-Aug-07 Joe Brenner, Compiiant Analysis of Waiers and Wastes ar

METHOD 3052 - SCOPE

QO Total decomposition for geological
studies, mass balances, SRMS

QRapid multi-element, MW-assisted
acid digestion for strategic
decisions

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasfes a8
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US EPA method 3052- il

QOMicrowave assisted acid digestion of
siliceous and organically based matrices

Q “Temperature profile specified to permit
specific reactions. Dictates that 180° + 5°C
will be aftained in < 5.5 min., persisting for
180° + 5°C for 9.5 min. for completion of
specific reactions...”

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasieos i)

METHOD 3052 - MICROWAVE ASSISTED ACID
DIGESTION OF SILICEOUS AND CARBONACEOUS
MATRICES

OSCOPE - total decomposition of siliceous,
organic and complex matrices.

QAsh, biological tissues, oils, contaminated
soils, sediments, sludges

QAl, Cd, Fe, Mo, Na, Sb, Ca, Pb, Ni, Sr, As,
Cr, Mg, K, Tl, B, Co, Hg, Ag, Zn, Be

08-Aug-07 Joe Brenner, Compliarnt Analysis of Waters and Wastes 90
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US EPA 3052 - 1l

Temperature

+ Reach 180°C in 5 min and remain between 175-185C for 10 min
O 051g

9 ml HNO, + 3 ml HF, addition of HCI for higher
recovery of Ag, Ba, Sb, Fe, Al, H,0, for organic samples

Microwave hardware requirement

0 Temperature control

O Kitchen-type units not permitted

0 Optional facility for evaporation

O Made of PFA Oor TFM
) 50 mL volume or higher, 30 bar pressure or higher

08-Aug-07 Joe Brenmer, Compliant Analysis of Walers and Wastes

US EPA 3052

2 EPA-approved method
for “Total microwave
sample preparation™

2 Soil, sludge, sediment,
fly-ash and oil-
contaminated soil

2 Complete sample
decomposition ?

2 Validated for Al, Sb, As,
B, Ba, Be, Cd, Ca, Cr,
Co, Cu, Fe, Pb, Mg, Mn,
Hg, Mo, Ni, K, Se, Ag,
Ma, 5r, TI, V, Zn

2 FL-AAS, CV-AAS, ICP-
OES and ICP-MS

Pressu e (bar)

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes 92
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Analysis of NIST Buffalo River
Sediment using EPA 3052-llI

2 Experimental Conditions
2 Sample—0.5g

2 Temperature feedback
2 9 ml HNO3, 3 mil HF

2 Vessel MDR 600

2 Tem BODOPC

Analyst P.J. Waker, Duguesne
University

08-Aug-07 Joe Brenmer, Compliant Analysis of Waters and Wasies 93

Comparison of sample preparation procedures

Dlzaodved analytes In fiterad Filtration < 0.45 um 1:1 HHO, 2 2308
gample mi1iml

Towmd recoveraie analysis of Unffirered and acldiNeation with

agueoirs sample | ~direct HMNO,

analysie™) « 1 NTU

Towm! recoveraiie analyTes in Ganitfe HNO,-HC! refux (2 mL J030F MNiric -

agueous samples =1 NTU mrbidiny | {1+1) HND, and 1.0 mL {1=1) HCI) | hydrochioric acid
dpESTon.

Total recoverabie analysis of Reflx with 4 miL of (1+1) HNOY | Two procedores

agueous samples =T% 1ol and 10 mL of {1+4) HEI

suspended sodds

Toml recoverable analysis of 2 Refux with 4 mL [1+1) HNO, and
sludge sample con@ining ol 10 mL of [1-4) HC1 at 35°C
suspended solids > 1% favwv) (< 1g)

Tom! recoverabie analysis of Snceessive reffuxing with HNO,

sl congaining <1% | and HEI

Ior=] SUSpeNed Solids

Towml recoverable analysis of a ¥ i -
fia

Srl'.lﬂ'lil l?ﬂ'«l'l‘l'ﬂrﬂl' moral SU-EHIJW
SONds = 1% W)
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US EPA method 3052 vessel
cleaning procedure

OTFM vessels in 1:1 sub-boiled HCI
overnight at 80° - 120°C

ORinse with double distilled H,O

QStore in 1:1 sub-boiled HNO, overnight at
80 -125°C

ORinse with then store in double distilled
H,0
ODry in particle and fume-free environment

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasies 95

Q In EPA methods no HCIO,, HF, H,SO,
Q In SM -no H,0,

Qln SM HCI only extractions

Qln SM MW poorly defined

08-Aug-07 Joe Brenner, Compliart Analysis of Waters and Wastes
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yNpTION

08-Aug-07 Joe Brenner, Compliant Analysis of Walers and Wasies a7

Equipment ICP-AES

Q Fully computer controlled

O Background-correction

Q RF generator compliant with FCC regulations.

Q Argon gas supply- high purity (99.99%).

Q Variable speed peristaltic pump to deliver
standards and samples to nebulizer.

Q Optional mass flow controllers to regulate
argon flow rates especially aerosol carrier

08-Aug-07 Joe Brenner, Compliant Analysis of Waiers and Wastes 58
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Axial Viewed Plasma

08-Aug-07 Joe Brenner, Compliant Analysis of Wailers and Wasies

Vista CCD Simultaneous ICP
Spectrometer

Q Echelle 0.4 m spectrometer, thermostatted to
35°C

94.74 lines/mm grating used in 19 to 88 orders

Q7-9 pm resolution in UV

Q CaF, prism cross-disperser for order sorting

QAr or N, purge allows low UV detection (167 nm)

Q Axial viewing with end-on Ar shear gas

QO Computer controlled vertical and horizontal
positioning of plasma

08-Aug-07 Joe Brenner, Compliant Analysis of Waiers and Wastes 100
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Cooled Cone Interface

- A—

08-Aug-07 Joe Brenner, Compiliant Analysis of Waters and Wasies

#ia, Viewed PI?Pma Torch Box
ooled cone interrace — minimizes
inferferences from molecular
— B

N Couiter
B flow - Ar

- ~g—

08-Aug-07 Joe Brenner, Compliant Analysis of Walers and Wasies
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Vista CCD Axial ICP
Cooled Cone Interface (CCI)

OEnd-on as removes cool plasma fringe
where atomization and ionization
interferences prevail

QlIntereferences similar to Radially Viewed
TCPs

QNo need for dual view systems and dual
analysis

OPlasma_tolerates 5% dissolved solids
Jcompared with 0.5% for dual view
systems]

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasies 103

Vista-PRO Chip Image
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The Vista Chip Custom CCD Detector

« Full wavelength coverage

= Individually addreszed
aITays

= Individual pixel anti-
blooming protection

= Adaptive Integration

= U=ze aliernate wavelengths
to extend linear dynamic
range and confirm results

= Trace and high mairix
elements determined
simultaneously

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasies 105

Vista CCD - Resolution

Element Wavelength Resolution, nm
As 188.979 0.007
Be 234.861 0.008
B 249.773 0.008
Ca 396.847 0.011
Li 670.784 0.024
K 769.896 0.045

Joe Brenner, Compliant Analysis of Waters and Wastes 106

181




NEMC 2008

Resolution- Cu and P

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasfes 107

Vista CCD Simultaneous ICP - CCD detector

Custom CCD detector designed for ICP-AES
70,000 pixels for wide wavelength selection

Pixels Eﬂ'ﬂﬂﬂﬂﬂ' fo Exﬂl:ﬂf match two-dimensional
echelle image (I-MAP technology)

Duplex readout circuitry halves readout time
Processing electronics 40 times faster

¥ 1 Megahertz pixel processing speed
Vista Chip Peltier cooled to - 35°C for low noise
Processing electronics off-chip for high QE

08-Aug-07 Joe Brenner, Compliant Analysis of Walers and Wasies 108
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CCD - How Does it Work?

08-Aug-07 Joe Brenner, Compliant Analysis of Walers and Wasies

Smart Signal Processing

Adaptive Integration

Pb 220 nm at 20 ppb

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasies 110
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Advantages of VISTA CCD
spectrometer

2 Simultaneous determination of numerous elements, many spectral
lines of the same elememnt

2 Selection according to energy, interferences and sensitivity

2 Intermal validation of analytical results

2 ppb ILDS, wide dynamic range of several orders of magnitude

2 Average spectral band pass of 0.01 nm in UV-VIS region

2 Simultaneous spectral background commection in proximity of
spectral lines on one or both sides of spectral lines.

3 Mathematical treatment of background and spectral line
coincidences under computer conirol - FACT.

2 Flushed with Ar - spectral lines in UV region (167-190 nm range)

2 Visual examination of spectral profiles for determining background
positions, spectral line interferences, washout time, optimization of
ICP conditions

08-Aug-07 Joe Brenner, Compliant Analysis of Walers and Wasies 111

Multielement capability.
More than one line of the same element

. |
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Manipulation of multielement data using CCDs —
many samples- many elements

O Identification of spectral interferences

3 EIE effects - utilization of lines of same element with different
energy potentials — higher the energy, higher the
interference

O Extending concentration ranges — over range

O Compensation of background using different techniques —
IECs, FACT, etc.

O Data with high % RSDs
O MgllMg ratios
O Automatic queries using analytical criteria

O End result — inter spectral line compatibility. Trouble
shooting for disorders based on poor results

& Unusual blank data

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasies 113

Need for software to handle multiple
wavelengths of the same element

% Time consuming to manually evaluate lines

% Compare wavelengths — set threshold - if 2 of
3 lines agree within X % - calculate mean and
mean %RSDs

% If none of the results agree then flag the lines
for spectral review

< Semiquantative analysis

#* Other routines can be introduced - blank
screening, IDL, MDLs, etc.

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes 114
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Sample introduction system

QOMeinhard type concentric nebulizer, Micromist
- GE

QSmall conical rapid wash-out spray chamber
QArgon humidifier for high salt concentrations

QUltrasonic nebulizer for 10-fold enhancement
of LODs

QHigh salt nebulizers for saline samples

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasfos

TYPE OF NEBULIZERS

Sample Parallel Path nebulizer:

Cross Flow Nebulizer Burgener Micro Mist nebulizer:
Uptake 1 miimin Uptake 0.3-0.7 mimin

08-Ang07  -Joe Brenner, Compliant Analysis of Waters and Wastes
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lf‘ll ﬂnﬁmhﬂﬂnn
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Plasma solution

QOUsed for determining optimum
position (X and Y) of plasma

QAs, Pb, Se, Tl in 20 mL (1+1) HNO,
and (1+1) HCI and diluting to 500 mL

08-Aug-07 Joe Brenner, Compliant Analysis of Waiers and Wasfes 118
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Operating conditions for aqueous
solutions

Forward power 1100-1200 watts
Viewing height 15-16 mm
Argon coolant flow 15-19 L/min.
argon aerosol flow 0.6-1 L/min.
Sample pumping rate  1-1.8 mL/min
Preflush time . 60 s

Measurement time 1 s per wavelength peak for
sequential instruments

10 s per sample for
simultaneous instruments

08-Aug 07 Joe Brenner, Compliant Analysis of Waters and Wastes 119

Plasma optimization

> After establishing nebulizer gas flow rate, determine solution uptake rate of
nebulizer in mL/min. by aspirating known volume of calibration blank for at
least 3 min.

2 Divide spent volume by aspiration time (in min) and record uptake rate

> Set peristaltic pump to a stable uptake flow rate

2 Align horizontally the plasma andfor optical profile spectrometer

O Uze zelected instrument conditions and aspirate PLASMA SOLUTION (10
po/ml As, Pb, Se and TI)

3 Collect imtensity data at wavelength peak for each analyte at 1 mm intervals
from 14-18 mm abowve top of work coil

> Thi=s region of plasma iz referred to as analyiical zone

) Repeaf using calibration ank. Defermine net signal /blank infensity ratio for
aach analyte for each viewing heoight

O Choose viewing FE or depih ifvaf provides largest S8R raiio for least
sansifve our analytes

2 I more than one position provides same ratio, sefect position that provides
highest net infensily or accept 8 compromize position for all four analytos.

08-Aug-07 Joe Brenner, Compliant Analysis of Wafers and Wastes 120
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ICP Expert Software

OMethod Development / Optimization
Qlnterference / Background Correction
Q Inter Element Corrections

Q Background Correction

QO Automated Quality Control
Parameters

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasifes 1H

Instrumental Quality Control
Use of Cu/Mn and Mgll/Mg

Q Optimum operating conditions Check Cu and Mn
signals, Cu/Mn and Mgll/Mg I ratios and tune ICP
operating conditions to obtain optimum values.

QCu/Mn intensity ratio at 324.754 nm and 257.610
nm (by adjusting argon aerosol flow)
recommended to achieve repeatable ICFs and to
optimize plasma operating conditions

08-Aug-07 Joe Brenner, Compliant Analysis of Waiers and Wastes yFrd
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Use of Cu/Mn intensity ratio

QCu/Mn intensity ratio at 324.754 nm and
257.610 nm

QCu/Mn intensity ratio (by adjusting argon
aerosol flow) recommended to achieve
repeatable ICFs (Ref 17) and to optimize
plasma operating conditions

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasies

MULTIELEMENT OPTIMIZATION
EMISSION INTENSITY RATIO METHOD

- —

JARICD FOR OPTIMIZAL 10K
+ |NHER (&ERGOL CARRIER]
: Eﬂfﬂ“ﬂ?lﬂ” wWEIGHT LW
+ QUTER Ar FLOW
# IMTEAMEDIATE Ar FLOW

EMISSION IMTERSITY AATIO

HELD CONSTAMT

11 - A eV
S84 Thd nm K WCITAT DM Jul A
T CNCITATION POT. 123 oY

l i s

Ca M
Mn (0 S67.000 nem

Ewil iEAL PR
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Robust 40 MHz plasma

O Mgll 280.270/Mg | at 285.213nm
O =10 indicates highly robust plasma

Mg Il 280/Mg | 285 nm

08-Awg-07

Joe Brenmer, Compliant Analysis of Waters and Wasies

Variation of Mg 11 280/Mg | 285 as a
function of nebulization and power

190
Mebulization pressure, Kpa

w09 1.0 =12 =14 |

Joe Brenner, Compliant Analysis of Waters and Wastes
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Spectral line selection

QO See wavelengths tables in procedures

QO Other wavelengths MAY be substituted if they
can provide needed sensitivity and are
corrected for spectral interference.

QlInstrument and operating conditions MUST be
capable of providing data of acceptable
quality

QFollow instructions provided by instrument
manufacturer unless other conditions provide
similar or better performance

08-Aug-07 Joe Brenner, Compliant Analysis of Walers and Wasies 127

Background and spectral corrections

OBackground correction
v'1 or 2 points - free selection
v'Automatic Fitted Gaussian

QO Multivariant Curve-fitting
Techniques)

v'Spectral line interference corrections using
on-line deconvolution for resolution of
complex spectra - up to 3 models

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes 128
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Manipulation of multielement data using CCDs —
many samples- many elements

O Identification of spectral interferences

D EIE effects - utilization of lines of same element with different
energy potentials — higher the energy, higher the
interference

O Extending concentration ranges — over range

O Compensation of background using different techniques —
IECs, Multivariant, etc.

O Data with high % RSDs
O Mgll/Mg ratios
O Automatic queries using analytical criteria

O End result — inter speciral line compatibility. Trouble
shooting for disorders based on poor results

O Unusual blank data
08-Aug 07 Joe Brenner, Compiliant Analysis of Waters and Wasfes 129

Need for software to handle multiple
wavelengths of the same element

% Time consuming to manually evaluate lines
L
L

% Compare wavelengths — set threshold - if 2 of
3 lines agree within X % - calculate mean and
mean %RSDs

% If none of the results agree then flag the lines
for spectral review

% Semiquantative analysis

% Other routines can be introduced - blank
screening, IDL, MDLs, etc.

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes 130
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08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasfes

METHOD 200.7 TRACE ELEMENTS IN WATER,
SOLIDS, AND BIOSOLIDS BY INDUCTIVELY
COUPLED PLASMA-ATOMIC EMISSION
SPECTROMETRY

Revision 5.0, August 1998, Draft 1
U.S. Environmental Protection Agency,
Office of Water,

Office of Science and Technology,
Engineering and Analysis Division (4303),
401 M Street SW, Washington, D.C. 20460

Will be withdrawn !

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes
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Approved elements in EPA 200.7

QAg, Al, Sb, As, B, Ba, Be, Ca, Cd, Ce,
Cr, Co, Cu, Fe, Hg, K, Li, Mg, Mn, Mo,
Na, Ni, P, Pb, Se, Si (Silica), Sn, Sr,
T, TLV,Zn

QCe is used for monitoring spectral
interferences

QO Not suitable for silica determination
in solids

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes 133
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CAN DRINKING WATER BE ANALYZED
USING ICP-AES ACCORDING TO
COMPLIANT US EPA 200.5?

CRITICAI EXAMINATION OF RADIALLY
(RV) AND AXTALLY VIEWED (AX) ICPS.

I.B. Brenner
Environmental Analytical Laboratory
9 Dishon Street, Malkha, Jerusalem,96956, ISRAEL

Telephone 972-2-6797-255 FAX 972-2-6797-145,
Mobile 972-54-424403

e-mail: BRENNER@cc.huji.ac.il

08-Aug-07 Joe Brenmer, Compliant Analysis of Waters and Wasies 135

Analysis of drinking water by ICP-AES

What Is A USDW?

WATER TABLE

Undarground Source of Drinking Water
=10,000 TDS

Brine - SaltWater {(=10,000 TDS) E

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes 136
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Challenges of ICP-AES

Q Lowering of regulation limits of toxic
elements in drinking water

QRV-CP-AES fails to meet new concentrations
v 200.7 will be withdrawn

Q Improvement of IDLs by 5-10 using USN
ineffective due EIE interference effects

QUSEPA published new SOP (EPA 200.5) for
analysis of drinking water using AX-ICP-AES.

08-Aug-07 Joe Brenner, Compiliant Analysis of Waters and Wasfes 137

Plasma-based compliant procedures for multielement analysis
of surface, ground, and drinking water, liquid, solid and semi-
solid wastes, sludge, and sediments.

Sample preparation profocols allow for determination of dissolved,
particulate and fofal concentrations

ICP-MS ICP-AES
EPA 200.8 IS0 11885

SW46-6020 B,

EPA 2007
EPA CLP ILM05.2D
DOD EPAG0M0Band C

Standard Methods Standard Methods
ASTM ASTM
150 17294 AOAC

AOAC EPA-CLP

08-Ang07  -Joe Brenner, Compliant Analysis of Waters and Wastes
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METHOD 200.7 TRACE ELEMENTS IN WATER,
SOLIDS, AND BIOSOLIDS BY INDUCTIVELY
COUPLED PLASMA-ATOMIC EMISSION
SPECTROMETRY

Revision 5.0, August 1998, Draft 1
U.S. Environmental Protection Agency,
Office of Water,

Office of Science and Technology,
Engineering and Analysis Division (4303),
401 M Street SW, Washington, D.C. 20460

Will be withdrawn !

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes

Federal Remter

tlapql rur!m T &8 an lpprmau rlaﬂlnu 14123 - lll1lu|ul

Primary Drinking Waksr Regulations (foward the botbom of fhe documeant ) i - sffective

January 23, 2006, EPA 2007 will mo longer e am

approved method for DRINKING WATER analysds. Thiz |2 dus fo fhe changes In

ime maximum contaminant leved (MCL) for Arsanic. The MCL for arssnic ls
going from 0050 mgiL fo 0L0I0 mgiL. Per the EPA, method 2007 has a method

dietection llmif (MDL) of 0.008 mg/L or highsr. The interpretation ia that

200.7 does not have sulficlant sanstihity fo reliably montior st fhe new

compllance limit. Methods other than 2007 are approved for Arsanic

manitorimg in Drinking Water. They ars Furnacs-AA%, Hydride-AAS & ICP-MS

mathde

&g of April 20084, Melhod 200.7 Rev

4.4 [1594) was still approved for waste watsr monitioring.

hifp: e apa_gond'E PA-WAT ERIZE 0404 priliD ay-SeraE4 2T him

Hers I8 a clip of fhe relevant st of the drinking watsr rags:

= 1B\ The valus for areenic i effective January 23, 2006. Unin fhen, the
MCL Is 085 mgh_

= 7 The MDL reporisd for EPA Mathod 20009 (Alomic Absorpiion;
Platform—Eiabilized Temperature) was determined

=« uaing a 2x concaniration aiep during sample digestion. The MDL

Ined for FFiﬁ*pr f Waters and Wast
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Comparison of IDLs for Vista axial,
EPA 200.7 and SM procedures

-
—

0.1

EPA and SM IDLs, ng'ml

0.001
0.001 0.01

Vista Pro IDLs

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasfes 1H

METHOD 200.5 - DETERMINATION OF
TRACE ELEMENTS IN DRINKING
WATER BY AXIALLY VIEWED
INDUCTIVELY COUPLED PLASMA -

ATOMIC EMISSION SPECTROMETRY
Revision 4.2, October 2003

NATIONAL EXPOSURE RESEARCH LABORATORY OFFICE OF
RESEARCH AND DEVELOPMENT U. S. ENVIRONMENTAL
PROTECTION AGENCY CINCINNATI, OHIO 45268

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes 142
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Scope and application of EPA 200.5

ODetermination of dissolved and acid
extractable trace and matrix elements, in
drinking water in compliance with monitoring
programs (e.g., Safe Drinking Water Act
[SDWA])

QProcedure utilizes AXV ICP-AES and
pneumatic nebulization using CTDs and
conventional PMT based systems (?)

Qlin EPA 200.5, IDLs were obtained using a
conventional PMT- based multichannel
spectrometer and not a CTD!

08-Aug 07 Joe Brenner, Compliant Analysis of Waters and Wastos

Cooled Cone Interface

-

i

)

08-Aug 07 Joe Brenner, Compliant Analysis of Waters and Wastes
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Topics and issues

O Examination of IDLs of axially viewed CT ICPs to
determine if 200.5 limits can be obtained using
pneumatic sample introduction

+ Dual view AX-RAD segmented CCD
* Dual view AX-RAD CID instrument

< Mono view AX-ICP-AES where CCDs are installed on the
Rowland Circle of a Paschen Runge configuration

* High resolution PMT-based RAD-ICP-AES.

< Anonymity - instruments manufacturers not addressed
directly for obvious reasons, and will not be denoted directly

O Data employed - available but may be improved with
technological development

O Comparison with EPA Contamination List (CCL)

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasies

QC tests for complaint laboratory
SOPS - Figures of merit

O IDLs
OMDLs

QCalibration and calibration verification

' AT

Q Dngai'ng precision and recoﬁer]r (OPR)
Q Analysis of blanks

Q Matrix spike and matrix spike duplicate
analyses

QCRMs and PTs

08-Aug-07 Joe Brenner, Compliant Analysis of Waiers and Wasiles
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EPA 200.5 IDLs

QINSTRUMENT DETECTION LIMIT (IDL) -
Concentration equivalent to analyte signal
equal to 3 X standard deviation of 10
replicate measurements of calibration
blank signal

QFor SDWA compliance monitoring MDLs
for As, Be, Cd, Sh, Se, and Pb must be 1/5

their MCLs (CCL)

08-Aug-07 Joe Brenner, Compiliant Analysis of Wators and Wastos

Iriad St e of okt BRI R [T
Ewinnnents| Prriedion ieofioeeand Ty Noswmber 200G
L

WEFA National Recommended

Water Quality Criteria:
2002

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes
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EPA 200.5 IDLs conform to target
concentrations for primary and secondary
contaminants (1/5 CCL, 2004) - except Pb, Se

Tamet concentration pphb

Mol PRI !bl TIII

gkl Enl

Coll Cul Ha
Sall AW Crll Fall Mell ML

08-Aug-07 Joe Brenner, Compliant Analysis of Waiers and Wastes

Comparison of quoted IDLs vs EPA 200.5
Instrument A, AXV segmented CCD

2005 ICL=s

- Queted IDLs

10ls, ng'ml, ppb

11} Cail Fall Ll -1 ) Fhail
(= 1!} oril Hgll Hgl Mal Bkl
cdi Zul El Hn Kl Sal

&

As, B, Ba, Be, Cr, Cu, Mn, Ni, Pb, Sb, 5e, V
Joe Brenner, Compliant Analysis of Walers and Wastes
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Comparison of quoted IDLs vs EPA 200.5 Instrument
B, high resolution RV Seq ICP-AES — PMT

‘HWE B Qucted IDL= @ 2005 10Ls

IDLs, ng/ml, ppl

Aq, Ba, Be, Pb, Sh, Sn, V

Joe Brenmer, Compliant Analysis of Walers and Wasites 151

Comparison of quoted IDLs vs EPA 200.5 Instrument C,
medium resolution AXV Seq ICP-AES - CCD

‘HJDE- Qucted IDLs & 2005 IDLs

10

=

[}
-

IDLs, ng/ml, ppb

(=1
Cal il Fall HEgll k|l =
Banl s (=T} } Kl Ml Hil Sal rin

As, Cd, Cr, Cu, Pb, Sb, Sn

Joe Bronner, Compliant Analysis of Wafers and Wastes 152
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Comparison of quoted IDLs vs EPA 200.5
Instrument D, AXV ICP-AES - CCD

100 E- Cucted IDLs  w» 2005 IOLs

e —— e ——
| N N NN N N N N N N N N N |

1DL s, ng/ml, ppl

L |

Wl Il

1 0 1
5 = T A

Ag, Ba, Cu, Sb, Se, Sn,V
08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasfeos

Comparison of quoted IDLs vs EPA
200.5 Instrument E, AXV ICP-AES - CID

100 ===== ] Qucted IDLs @ 200.5 IDLs

i U0 R B W W R E W W
nollmonon
I [ =l WL nunn
UL O L
O I I I O I Ot I O O O I I I R
I D I I I I A
[T R uononon
wunmn

IDLs, ngdml, ppb

As, Ba, Cr, Cu, Mn, Pb, 5e,5n,V

Joe Brenner, Compliandt Analysis of Wafors and Wastos
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Comparison of quoted IDLs vs EPA 200.5 Instrument F,
AXV ICP-AES — CCD — Paschen Runge

IDIE, ng'ml, ppb

Ag. As, Ba, Cu, Pb, Sb, Se, V

08-Aug-07 Joe Brenner, Compliarnt Analysis of Waters and Wasfes 155

Vendor vs. EPA IDLs - Scores and failures

80
70
60
50+
u A
£ 40-

o
= 307
20
10+
ﬂ_ T E T E T D T F

A

I:l Passes - Failures |:| % Failures - Critical

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes 156

A¥ Zsgmant CCO
AX CID

AX CCD Facohan Rungs

RAD Iaqg FMT
AX CCD

M ertitical elements
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Vendor vs. EPA IDLs - Scores and failures

L AN Bagmeni CCTD
AX TID

AX ZCD Pasohean Rumge

FAD S=q PMT
A¥X CCD

Lus

. Failures |:| % Failures - Critical

M crtitical elements

Scores and failures

O None of the instruments fully meet EPA 200.5
regulation IDLs

O Failures vary from 40-70 %

O Critical failures vary from 1-5 elements

O The high res RV instrument score is among the
lowest with only 2 element failures.

O If this evaluation represents current performance
of AX-ICP-AES, it may be concluded that AX-CCD-
CID-ICP-AES instruments do not meet EFA200.5
compliant imits and therefore cannof be used for

e determination of the trace elements in
rinking water w IS R

O An AX-high resolution instrument should easily
meet defined 200.5 limits. However, such an
instrument is not commercially available.

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes
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Axially viewed high resolution spectrometer.
A 10-fold enhancement has been applied

100 % B calculated IDLs @ 2005 1DLs

- My

IDLs, ngfml, pph

No failures

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasfes
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08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes 161
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Sensitivity and LODs- EPA

O Sensitivity:
+ Slope of analytical curve, i.e., relationship between intensity
and concentration.

O Instrumental LODs (IDL’s). Concentration equivalent fo
analyte signals equal to 3 sd of 10 calibration blank
measuremenis — constrained by contamination

O Method LODs (MDLs) - minimum conceniration that can be
determimed with 99 % confidence that the concentration is > Zero

+ MDILs are determimed from analysis of a given mairix
containing analytes, processed through entire preparative
procedure. MDL determined according to 40 CFR Part

136, Appendix B
+« MDI s 3-5 times higher than IDI_s.

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes 163

Instrumental detection limits (IDLS)

QDetermine 1DLs and precision using 1000 pg/l
standard, by nebulizing calibration blank 10
times
v'Performed on regular basis and when new

conditions are employed.
v Register results in QA/QC media.

OLOD = [3 Sd,,, x 100%)] /{Intensity of 100 ug/l
standard- intensity,,,..)

* 100 ug/l ME standard

« [ ODs should be determined once a month or when
excitation and sample introduction systems are
replaced or when new mafrix is analyzed

08-Aug 07 Joe Brenner, Compliant Analysis of Walers and Wastes 164
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VISTA AX LODs

Elamant LOD axial
Libarty

2

&0 328.058
&8 188380
B 243.773

Ba 455403
Ea 234561
Bl 223.081

Cd 228.802
Co 238.852
Cr2er.Te
Cu 324754

Fa 255340
Min 257 810
Mo 202032
HI 231.504
Ph 220,353
b 217.582
e 195.02¢6
Sr407.m

TI130.730

WVZaZ4M

Zn 213.857

07
g
04
oot
005
03
03

L A L - -
b o M
on oo

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasies 165

WAVELENGTHS, IDL

Analyte Estim., 0D, {pgfL) Wawvelength,[nm)

Aluminum 45 308.215
Antimony 3z 206.833
Arsenic 193.759
Barium ; 493 409
Beryllium . 313.042
Boron ; 249 678
Cadmium . 226.502
Calcium 315.887
Cerium 413.765
Chromium . 205.552
Cobalt 228 616
Copper 324754
Iron 259.9340
Lead 220.3353
Lithium G670.784
Magnesium 279.079
Manganese 237.610
Mercury 194227
Molybdenum 203.844
Mickel 231.604
Phosphorus 214.914
Potassium TEE. 491
Selemium 196.090

saN=EWLBLS
R L e O e W R e =

=i

.
=

s @
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Limits of detection, ng/mil.
Axial plasma and comparisons

Wave, nm RP RP+USH
I 396.152 5 0.5
1193.759 10 10
1 234.861 0.15 0.01
Il 226,502 0.3
Il 233.892 0.2
Il 267.716 0.2
1 202,030 0.2
Il 231.604 0.5
220,253 1.5
[ 196,090 4
Il 292.402 0.3

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes 167

Comparison of IDLs for Vista axial,
EPA 200.7 and SM procedures

10

1

0.1

0.01

EPA and SM IDLs, ng/ml

0.001
0.001 0.01

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes 168
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Effect of Integration Time on LOD (3o npg/L)

As 188.979
As 193.696
Cd 214.438
Cd 228.802
Pb 220.353

10 s
3
4
0.2
0.3
2.8

90 s
1.3
1.5
0.07
0.14
1.5

08-Aug-07 Joe Brenner, Compiiant Analysis of Waters and Wastes 169

LOD in 10 % NaCl vs Agueous
Radial viewed Vista

0.1

LODs, pph, enhancement

Ba 455808 Co 2380882

[ coonarasia [ ] LODaqueous

0.01 Amaike coaal Fimazd MLt Moebe Tisstil o aesk

Mg ITHAEE Mo X203F  Sr80FTT1 VOIORED

[ ] LoD NaiLoDag

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes 170
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Comparison of toxic element LODs (ppt)
ICP-QMS, axially viewed ICP-USN-AES, GFAAS

Element ICP-MS* AX-ICP-AES-USN  GFAAS
75As = Volatile

9Be 0.1 9 10
209Bi 0.01 200 100
111Cd 0.02 40 3
59Co 1 50 10
52Cr 3 30 10
202Hg 1 200 (Volatile) 1000
95Mo 0.02 40 40
GONi 5 20 100
208Pb 0.05 200 250
80Se g 800 200
118Sn 2 500 200

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastos 1

Enhancement factors, Axial ICP

APUEN-RP
UEN

Elemnant Wavelamgth AP-RP RPUSN-RP
Al 1336152 5 10
&8 I 133.753 2.5 2 4
Be Il 234 851 3 15
cd Il 226.502 13 T
Co Il 2588392 18 20
or I 267718 20 20
Mo Il 202.030 T 20
M I 231.604 T 10
Ph I2Z20.353 B B
e I 156050 7.5 7.5
W Il 252 402 25 T

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes 172
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Hethod Deection Limits

08-Aug-07 Joe Brenner, Compliant Analysis of Wailers and Wastes 173

Method detection limit (MDL)

O Ability to detect analyte(s) by determining MDLs for
analytes according to 40 CFR 136, Appendix B using
apparatus, reagents, and standards used in practice

O MDLs MUST be < or equal to MDLs specified in
Section 1.11 or one-third regulatory compliance limit,
whichever is greater

O MDLs MUST be determined when a new operator
begins work or whenever a change in instrument
hardware or operating conditions is made that MAY
affect the MDL

O

08-Aug 07 Joe Brenner, Compliant Analysis of Wafers and Wastes 174
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Method detection limits (MDLs)

Q Spike reagent blank with all elements at concs. 3 x
IDLs.

Q Process seven different aliguots of solution through
entire analytical process

O Calculate MDLs as follows:
MDL =t x SD where

QRounding to number nearest (2, 5, or 10 X 10 n)
where n + or-

QO SD - standard deviation of replicates
08-Aug-07 Joe Bremner, Compliant Analysis of Waters and Wasfes 175

Determination of MDLs and LOQs

» 7 integrations, determine sd and multiply by T value
of 3.14 - estimated MDL

» Aspirate 7 spiked aliquots containing 3-5 x
estimated MDL.

# These then treated as samples (e.g., digested) and
Analyzed

»Determine sd and multiply by 3.14 - MDL for the
method and given matrix

»LOQs - 3-5 x MDL. (LOQ is defined as concentration
at which there is a 99% confidence level that the
concentration is greater than zero

08-Aug-07 Joe Brenner, Compliant Analysis of Walers and Wasfes 176

216




NEMC 2008

Method Detection Limit (MDL)

Element MDL Element MDL
Ag 328.068 239 Fe 271.441 210
Al 308.215 2.48 K 766.491 583
As 188.980 1.32 Mg 279.078 276
B 249.678 1.29 Mn 257.610 054
Ba 493.408 070 Na 589.592 255
Be 313.042 050 Ni 231.604 641
Ca 315.887 2.09 Pb 220.353 602
Cd 2263502 054 Sb 206.834 958
Co 228.615 619 Se 196.026 2.78
Cr 267.716 145 TI 190.794 1.38
Cu 324.754 397 Zn 206.200 205

08-Aug-07 Joe Brenmer, Compliant Analysis of Waters and Wasies 17T

CRQLs vs. Vista-PRO MDLs (1)

Analyte CRGL CRQL2 Vista-PRO Ratio

b MDL Required /
(ppb) (ppb) (opD) Obscrved

Antimony o0 30 R M
Arsenic 10 5 132
Barium 200 100 firg
Beryllium 5 25 L5
Cadmium 5 2.5 L5
Chromium 10 5 15
Cobalt 50 25 v
40

Copper

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasles
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CRQLs vs. Vista-PRO MDLs (2)

Analyte CRQL CRQL/Z Vista-PRO Factor
(ppb) (ppb)  MDL (ppb)

Iron 100 50 2.10 24

Lead [ 5 .60 8.3

Manganese 15 7.5 .05

Nickel 40 .64 31

Selenium 35 2.78 6.3

Silver 10 5 .24 |

Thallium 25 1.38 9

Zinc 60 30 21 143

08-Aug 07 Joe Brenner, Compiiant Analysis of Waters and Wasfos 14

CRI

QILM - ‘verify linearity near CRQL’. Lab
required to analyze a standard at a
concentration of 2 X CRDL or IDL
whichever is greater’ at beginning and end
of each sample analysis run of up to 20
samples’.

QCRI is measured after the ICV but before
the ICS. (Note: acceptance limits are not
specified in the SOW).

08-Aug-07 Joe Brenner, Compliant Analysis of Waiers and Wasies 180
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LLCCV

O According to 6010c section 10.4.5, if a single
calibration standard and blank are used to
establish initial calibration curve, then calibration
curve must be verified prior to sample analysis of
use of a low-level CCV standard.

O LLCCV should be made from the same material
as the ICV standards at the guantitation limit as
reported by the laboratory.

O Acceptance criteria for LLCCV standard must be
+/- 20% of its true value

08-Aug 07 Joe Brenner, Compliant Analysis of Waters and Wasies 184

CRI/ LLCCV Performance Data (1)

Ag As B 249.678 Be Cd
328.068 188.980 J2.042 226.502

read 1 a.02 4.35 5.70 4.95 4.84
read 2 511 4.29 5.60 4.95 4.86
read 3 52.06 4.79 532 4.97 4.86
read 4 5.08 3.72 5.53 4.95 4.48
read 5 5.07 4.08 524 4.96 4.85
read 6 52.16 3.80 5.26 4.93 4.84
read 7 5.05 4.65 5.18 5.00 4.88
Avg % rec 101.5 84.8 108.1 99.2 97.2

08-Aug-07 Joe Brenner, Compliant Analysis of Waiers and Wasies 182
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CRI/LLCCV Performance Data (2)

Co Cr Ni Pb Sb
228615 267.716 231.604 220353 206.834

read 1 473 4.97 537 5.29 5.81
read 2 4.88 4.93 4.94 5.18 533
read 3 4.97 507 514 5.03 4.80
read 4 528 4.97 544 5.36 517
read 5 524 5.03 538 4.88 4.99
read 6 5.09 5.04 4.99 5H 544
read 7 4.86 5.01 5.3 5.10 5.30
Avyg % rec 100.1 100.1 104.5 103.3 105.3

08-Aug-07 Joe Brenmer, Compliant Analysis of Waters and Wasies 183

CRI/LLCCV Performance Data (3)

5e196.026 T1190./94 V292401 Zn 206.200

read 1 523 4.54 5.05 4.89
read 2 6.30 5.07 5.09 4.90
read 3 4.99 4.57 5.12 4.99
read 4 4.87 5.40 5.02 5.03
read 5 4.28 5.12 4.92 5.10
read 6 4.67 5.20 5.00 5.02
read 7 512 5.13 5.06 5.24
Avp % rec 101.3 100.1 100.7 100.5

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes 184
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<IAnNKd
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08-Aug-07 Joe Brenner, Compliant Analysis of Walers and Wasies 185

Blanks -purpose

»# Field blank

+ Reliability of sampling procedure — contamination
# Calibration blank

# Establishing analytical curve
» Method Blank.

v Assess contamination from sample preparation
procedure
» Reagent blanks
#» SHOULD be subtracted from all samples. Important for digested
samples requiring large quantifies of acids fo complate digestion
» Rinse blank

+ Flush sample imtroduction system between standards, check
solutions, and samples to reduce memory interferences

D8-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastfes 186
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FIELD BLANK

Q Aligquot of reagent water or other blank matrix
placed in sample container in laboratory and
treated as sample in all respects, including
shipment to sampling site, exposure to
sampling site conditions, storage,
preservation, and all analytical procedures

QField blank is analyzed to determine if method
analytes or other interferences are present in

field environment.

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes 187

Field blank

3 Analyze field blank(s) shipped with each batch (samples
collected from same site at same time), maximum 1/20 samples

2 Analyre blank immediately before analyzing samples

2 If analyte{s) of interest or any potentially interfering substance
is found in field blank at concentration =

results for associated samples MAY be result of comtamination
and MAY not be reported for regulatory compliance purposes.

2 Alternatively, it a sufficient number of field blanks (3 minimumm)
are analyzed to characterize field blank, average concentration
plus 2 sd's MUST be less than regulatory compliance level or
less than one-half level in associated sample, whichever is
qgreater.

2 If comtamination of field blanks and associated samples is
known or suspected, laboratory SHOULD communicate this to
sampling team so that source of contamination can be
identtiﬁed and comective measures taken prior to next sampling
EVEn

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasies 188
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Blanks

Q CALIBRATION BLANK - ultrapure water
containing same acid concentration as calibration
standards. Calibration blank is zero standard for
calibration

O Method (REAGENT) BLANK - Water or other blank
matrix treated exactly as sample (containing same
acids used in decomposition, calibration
standards and samples), exposed to all
glassware, equipment, solvents, reagents, internal
standards used with samples

v Used to determine if method analytes or other
interferences are present in laborafory environment,
reagents, or apparatus

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasios 189

Equipment blanks

QBefore sampling equipment is used at a given
site, it is recommended that laboratory or
cleaning facility generate equipment blanks to
demonstrate that equipment is free from
contamination

OTwo types of equipment blanks are
recommended: bottle blanks and sampler check
blanks.

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastos 190
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Sampler check blanks

Sampler check blanks SHOULD be run on alf equipment that WILL be
used in the field. Precautions used in field SHOULD also be used to

generate these blanks.

Sampler check blanks are generated in lab by processing reagent water
through sampling devices using same procedures used in field.

Fill large carboy or other container with reagent water and process
equipment using procedures wsed in field

* E.g.. grab sampler blanks are collected by directly submerging sample bottle
into water, filling bottle, and capping

Subsurface sampler blanks collected by immersing sampler into water
and pumping water into sample container

Sampler check blank SHOULD be analyzed using the procedures in this
method.

If target analyte(s) or any potentially interfering substance is detected in
blank, source of contamination or interference MUST be identified and
problem comected

Equipment SHOULD be demonstrated to be free from comtamination
before the equipment is used in field.

08-Aug-07 Joe Brenner, Compliant Analysis of Walers and Wastes 1M

Bottle blanks

O After cleaning bottles SHOULD be subjected to
conditions of use to VERIFY effectiveness of cleaning

procedures

O A representative set of sample bottles SHOULD be filled
with reagent water acidified to pH < 2 and allowed to
stand for a minimum of 24 h

 The time that bottles are allowed to stand SHOULD be
as close as POSSIBLE to time that sample WILL be in
contact with bottle

O After standing, water SHOULD be analyzed

O If any bottle shows contamination, the problem MUST
be identified, the cleaning procedures corrected or
cleaning solutions changed, and all affected bottles
cleaned again.

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasfes 192
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Calibration blank

QAnalyze calibration blank at frequency
of 10%

QResult SHOULD be within 2 sd of mean

v'If notl, repeat analysis 2 more times and
average 3 results

v If average 1s not within control limit, terminate
analysis, correct problem and recalibrate

08-Aug-07 Joe Brenner, Compliant Analysis of Walers and Wastes 193

Method blanks

O Method blank using all acids in sample
preparation, SHOULD be carried through entire
sample preparation and analytical process.

QO This test is to determine if contamination
occurred in preparation.

OAnalyze method blank at frequency of 10%
Q Method blank SHOULD be < MDLs (usually 5 x IDLs)
v If not, repeat 2 more times and average the 3 results

v If average not within control limif, terminate
analysis.

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes 194
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Method blank

O Prepare method blank with batch (samples of same
matrix) taken through sample preparation process on
the same 12-hour shift, to a maximum of 20 samples).

O Analyze method blank immediately after OPR (ongoing
precision and recov) is analyzed to demonstrate
freedom from contamination.

O If analyte(s) of interest or any potentially interfering
substance is found in method blank at concentration
equal to or > than ML or 1/3 regulatory compliance level,
whichever is greater, sample analysis MUST be halted,
source of contamination determined, samples MUST be
prepared again with a fresh method blank and OPR and
analyzed again.

08-Aug-07 Joe Brenner, Compliart Analysis of Waters and Wasfes 195

Method blanks-2

O Alternatively, if at least 3 method blanks are
analyzed, average concentration plus 2 sd
standard deviations MUST be < than regulatory
compliance level

O If result for single blank remains above ML or if
result for average concentration (n=3) plus 2 sd
exceeds regulatory compliance level, results for
samples associated with those blanks MAY not
be reported for regulatory compliance purposes.

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes 196
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Blank correction

QBlank correction CAN BE MADE using
instrument routines

QENSURE that blanks are not contaminated by
carry over

QSeparate calibration blanks from flush
solutions.

QOMethod blank correction - compensate for
method contaminations

08-Aug-07 Joe Brenmer, Compliant Analysis of Waters and Wastes
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Calibration standards

According to EPA Method 200.9 (STPF, revision 2.2,
May 1994), calibration standards should be prepared
every 2 weeks or as needed. EPA methods 2008

(ICP-MS) and 200.7 (ICP-OES) are more vague,
saying the calibration standards should be prepared
again when their concenirations cannot be confirmed
by the Quality Control Sample

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasies 199

Calibration strategies

O Calibration with synthelic sfandards

Stock standard solutions diluted into calibration range. Matrix

matched in acid and fusion reagents Matrix maich with major
element concomittants

O Calibration with internal standards for compensafing signal v arations
in the sample infroduction system, plasma and plasma-Ms inferface

Response of the infernal standard elements must be identical fo those
of the anytes, similar mrgy poteniials, close in wavelength and mass,
chemical compatibility

In certain cases a major element can be used If its concetration
is constant or known

3 Calibrations verified using ICY and CCV
2 Method of sfandard addifion (M54)
Increasing concentrations of analyte spikes to sample aliquot

MSA does not compensate for spectroscopic interferences
}{S:Be&téal overlap in ICP-AES and isobaric and polyatomic ions in

08-Aug-07 Joe Brenner, Compliant Analysis of Walers and Wasfes 200
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Calibration

Q Standard stock solution —
concentrated solution containing one
or more method analytes prepared in
laboratory using assayed reference
materials or purchased from
reputable commercial source

08-Aug-07 Joe Brenner, Compliant Analysis of Walers and Wasies

Calibration solutions

OMultielement Stock Solutions

v Commercial Multielement standard

v Replace stock standards when succeeding

dilutions for preparation of calibration
standards cannot be verified.

Q Stock solutions of majors and minors -
Na, Ca, Na, S, Si

08-Aug-07 Joe Brenner, Compliant Analysis of Wafers and Wastes
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Calibration protocol - EPA 200.7

O Calibration blank
¥ 1 % HNO, (Ultrapure). Zero standard

O Rinse blank
¥" Flush between standards. 1 % HNO,

O Mixed calibration standards (ICL)

+ T00-508 ngimil). Prepared from Spex QC 21 stock solution
O Initial calibration/verification {Primary and secondary
(ICV and CCV)
O Instrument performamce check {IPC)

+ Control standard - synthetic standard

O Method, instrument validation
+ SREM and quality control sample (QQCS)

08-Aug-07 Joe Brenner, Compiliant Analysis of Waters and Wasfes 203

Calibration

)
O Check for spectral interferences in high concentration
standard.

O For low-level determinations (< 100 ug/L), reduce upper
calibration standard to I mg/l.

O Take into account memory effects when going from
high to low trace metal concentrations. Evaluate
instrumental blanks < MDLs.

O Store mixed standards in PTFE or unused LDPE bottles

O Use LDPE or PTFE for B and 5i determinations, from
collection to completion of analysis

O High concentrations of Ba MAY not stay in solution if
even small amounts of sulfate are present.

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasies 204
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EPA 200.7 - LINEARITY

QLDR - Analyze standards at higher
concentrations until recovery falls
below 90%.

ODilute samples < 90% of LDR.

QOperating conditions, spectral lines
and matrices affect linearity

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasies 205

Linear Dynamic Range (LDR)

Element LDRinppm Element LDR inppm
100 Mg 5000
2000 Mn 1000
500 Mo 200

1000 Na 5000

1000 Ni 200 1000

Ly Ph 2000 500

5000 1000

300
500 1000
1000 500
2000 Zn 1000

K S000
08-Aug07 Joe Brenner, Compliant Analysis of Waters and Wasies 206
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Linear dynamic range (LDR)

O Determine upper limit of linear calibration for each
wavelength I..ISiI'Ig linear calibration with established
uperating conditions

O VERIFY by analyzing high concentration standard.

+ [n axial viewed ICP range MAY be reduced.
+ Calculate recoveries for intermediate standards

O LDRs SHOULD not deviate by more than 10 % of
analyte concentration.

O LDRs MUST be documented
O If sample deviates > 10 %, dilute or use alternate
spectral lines

O LDRs SHOULD be verified when sample introduction
and excitation systems are replaced

08-Aug-07 Joe Brenmer, Compliant Analysis of Waters and Wasfes 207

Calibration and lowest limit
determination (QLOD)

OMinimum level (ML) — lowest level at
which entire analytical system gives
recognizable signal and acceptable
calibration point for analyte.

v'Equivalent to concentration of lowest
calibration standard, assuming that all
method-specific sample weights, volumes
and cleanup procedures have been
employed.

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasfes 208
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Signal Stability - 4 hours (1),
0.5 mg/L Standard

Integration
lement (sec) %

Al 396.152 0.1 0.8
As 188979 5 1
Ba 455.403 0.01 1.2
Cd 214.438 1 0.8
Cu 324.754 0.2 0.8
Cu 327.396 0.1 0.9

08-Aug-07 Joe Brenner, Compliant Analysis of Walers and Wasies
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QA/QC

QMUST operate formal QA

v Initial demonstration of laboratory capabili

v Analysis of sampiles spiked with analyte(s) of
interest to evaluate and document data quality

v Analysis of standards and blanks as tests of
continued performance.

Q Lab performance compared to established
performance criteria to determine that results
meet performance characteristics of
method.

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasfes

Daily performance tests

© Torch — condition, alignment, injector, connections,

v Check alignment when torch or injector are changed
O Nebulizer and peristaltic tubes.
O Check profile positions

¥ If unaligned perform wavelength calibration.

O After 30 min warm up, check intensities and ratio of Cul
324.75 and Mnll 257.61 using high calibration standard
v Keap daily reports of intensities, % RSDs and imtensity ratio.
¥ Record aerosol flow rate - nebulizer pressure, RF power
peristaltic fube fype and delivery rafes, pre-integration and
integration time, number of measuremenis in appropriate
documents and files.

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes 212
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Figures of merit in accreditation

O LODs (IDLs, MDLs)

O LQDs - lowest point on calibration curve
Q Sensitivity

QO Matrix effect - bias

QO Accuracy — Recovery (also at LQDs, CRMs
Q RSDs - long and short term

Q Linear range of calibration

08-Aug-07 Joe Brenner, Compliant Analysis of Walers and Wasfes

QC tests for modified method

Figures of merit for comparison

QOMDLs
Q Calibration and calibration verification

Q Ongoing precision and recovery (OPR)
Q Analysis of blanks

QO Matrix spike and matrix spike duplicate
analyses

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastfes
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»

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasies 215

Types of calibration and QC standards

O CALIBRATION STANDARDS

O CALIBRATION VERIFICATION (CV) (200.7). QC REFERENCE
SOLUTION, INSTRUMENT CHECK STANDARD — ICS {STANDARD
METHODS)

O REFERENCE SAMPLE (200.7) INSTRUMENT QUALITY CONTROL
SAMPLE (IQCSKSM)

O MINIMUM LEVEL STANDARD (ML)

O METHOD QUALITY CONTROL SAMPLE (MQCS). SPIKED QC
REFERENCE STANDARDS ICS, ICQS)

O MATRIX INTERFERENCE SAMPLE (MIS), MATRIX SPIKE
0 SPECTRAL INTERFERENCE CHECK (5IC)

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes
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CALIBRATION VERIFICATION

O CALIBRATION VERIFICATION (CV) (200.7). QC
REFERENCE SOLUTION, INSTRUMENT CHECK
STANDARD - ICS (Standard Methods). Reference sample
(200.7) Instrument Quality Control Sample (IQCS){SM).
Used to check labnrarnry and instrument perfnnnan:e

+ Aliquot of external cermiffed agueous reference siandard - differemnt

from source of calibration standards. Contains same acid matrix
in calibration standards.

+ [ndependent certified standard containing method analytes in the
calibration blank. Used to evaluate performance of instrument
system with respect to method criferia; e.g., calibration
verification, calibration linearity, repeatabilify. Contains
infermediate analyfe concenfrafions.

0

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes T

Calibration verification (CV) solution

O Analyte concentration SHOULD be 2 mg/L, except
Ag which MUST be 0.5 mg/L for stability

O K and P because of higher MDLs, and silica,
because of potential contamination, SHOULD be 10
mg/L.

O CV solution can be prepared from commercial
multielement standard stock solution and stored in
FEP bottle

O Analyzed as needed by QC

O Fresh solution SHOULD be prepared quarterly or
more frequently as needed

O Alternatively, reference sample MAY be a standard
or certified reference material fraceable to NIST

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes 218
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Calibration verification (CV) (SM)

3 Laboratory MUST analyze CV solution and calibration blank
immediately following daily calibration, after every 70th sample (or
more frequently, if REQUIRED) and at end of sample roumn

3 Analysis data of calibration blank and CV solution MUST be kept on
file with sample analyses data

]

23 Analysis of CV solution immediately following calibration MUST
VERIFY that instrument is within performance criteria

2 i calibration cannot be verified within specified limits, both CV
solution and calibration blank SHOULD be analyzed again

2 I second analysis of CV or calibration blank confirm calibration to be
outside limits, sample analysis MUST be discontinued, cause
determined, commecied, and/or instrument recalibrated

]

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasfeos
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Reference sample - initial calibration
verification (ICV)

QO Analysis of reference sample for initial and
periodic verification of calibration standards
to VERIFY instrument performance

QO Reference sample MUST be obtained from
outside source different from standard stock

solutions and prepared in same acid mixture
as calibration standards

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasfes &M

Calibration - total recoverable elements

O Multielement standard prepared by taking aliquot of 100 mip'l
stock solution in 500 mE volumetric flasks containing 20 mL (71+1

HNO, and 20 mL (1+1) HCl and diluting to volume

O Commercial standards MUST be traceable to NIST single element
stock solutions. Standards MUST be certified for stability for
specified time

O Avoid contamination by transferring standard solutions to acid-
cleaned, never-used FEP fluorocarbon bottles for storage.

O Calibration standards not prepared from primary standards MUS |
be initially verified using certified reference solutions

O NOTE: I presence of Ag in mixed-acid calibration standard
resulis in precipitation, add 15 mL reagent wafer and warm until
solution clears.

O For this acid combination, Ag concentration SHOULD be limited
to 0.5 mg/l.

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes y.rr
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Initial precision and recovery (IPR)

QO To establish ability to generate acceptable
precision and recovery, the following operations
SHALL be performed:

QO Spike four aliquots of reagent water (for aqueous
samples) or clean sand or soil (for solid and
sludge) with analyte(s) at 1-5 times ML (minimum
level).

QO Analyze four aliquots according to the EPA 200.7
procedures

QThis test MUST use containers, labware, and
reagents that WILL be used with samples and all
digestion, extraction, and concentrations steps

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasies 223

Initial precision and recovery (IPR)

O Using results of the four analyses, compuie average % recovery
(X) for the analyte{s) in each aliquot and the sd of the recovery (s)
for each analyte.

O For each analyte, compare

O If sd and X for all analyte(s) meet acceptance criteria, system
performance is acceptable and analysis of blanks and samples
MAY begin

3 Comect the problem and repeat the test.

08-Aug-07 Joe Brenner, Compliant Analysis of Wailers and Wasies £24
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Ongoing precision and recovery standard
(OPR)

O OPR used to ENSURE that laboratory meets
performance criteria during analysis

O Separates laboratory performance from method
performance on sample matrix.

O _OPR is analyzed in same manner as samples

08-Aug-07 Joe Brenner, Compliant Analysis of Waiters and Wasies 25

Ongoing precision and recovery (OPR)
- Aqueous samples

QOPrepare OPR sample (LABORATORY
FORTIFIED METHOD BLANK - LFMB)
identical to IPR (initial precision and
recovery) aliquots with each preparation
batch (samples of same matrix taken
through sample preparation process on
same 12-hour shift, to a maximum of 20
samples) by spiking aliquot of reagent
water with the analyte(s) of interest.

08-Aug-07 Joe Brenner, Compliant Analysis of Walers and Wastes
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Ongoing precision and recovery (OPR)
- Solid samples

2 Use fortified “clean sand or soil"[NRC CRM)

2 Analyze this OPR sample immediately before method blank and
samples from the same batch.

3 Compuie % recovery of each analyte in OPR sample.

3 Compare each analyte conceniration to limits for ongoing
recovery

2 If all analyie(s) meet accepiance criteria, system performance is
acceptable and analysis of blanks and samples MAY proceed.

2 If, however, any individual recovery falls outside of range given,
analytical processes are not being performed properly for that
analyte

2 Correct problem, prepare sample batch again with fresh OPR and
method blank, and reanalyze the QA/QC and samples.

08-Aug-07 Joa Rrenner, Compliant Analysis of Waters and Wasies 2T
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Spectral interferences

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasies

Spectroscopic interference effects

QSpectroscopic
v'Background - Continuum, stray light
QO Spectral line interferences

v'Overlap from matrix spectra lines — Fe.
v Select different lines, make corrections

08-Aug-07 Joe Brenner, Compliarnt Analysis of Walers and Wasies
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Spectral interferences

Q Background emission from continuous or
recombination phenomena

QStray light from line emission of high
concenfration elements

Q Overlap of spectral line from another
element

Q Unresolved overlap of molecular band
spectra

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasfes M

Background emission and stray light

O Compensated by subtracting background emission adjacent 1o
analyte wavelength peaks
3 Spectral scans of samples or single element solutions in analyte
regions
+ indicate when affernate wavelengths are desirable because of
severe spectral interference
+ Show sitructure and whether estimate of background emission
is provided by interpolation from measurements on either or
both sides of analyte peak
+ Location {s) for measurement of background determined by
spectral complexity adjacent to wavelength peak.
2 Positions for measurement be free of spectral interference
{interelement or molecular) or adequately comected to reflect same
change in background intensity as occurs at wavelength peak.

08-Aug-07 Joe Brenner, Compliant Analysis of Walers and Wasiles 232
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Background correction

QDetermine appropriate positions by scanning

one or both sides adjacent to wavelength
+" record emission intensity from all other method

anales.
QSpectral information MUST be documented
and kept on file.

QLocation selected for background correction
MUST either be free of spectral interference
or a computer routine MUST be used for
automatic correction on all determinations.

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastfes 23
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Background Correction Off Peak
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Spectral overlap

Q MAY be avoided by using alternate
wavelength

Q that
correct for interelement contributions

v" involves measuring interfering elements.

OWhen operative and uncorrected,
interferences produce false-positive
determinations and WILL be reported as
analyte concentrations.

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes 237

Spectral Interference - procedure

3 VERIFY speciral interferences and background comection positions
using typical sample containing minimum trace element
concentrations.

2 In case of overlap, select alternate lines with adequate LODs

2 Analyze spectral interference solutions (515).

+ Spike low trace element concentration sample containing matrix
after digestion with 70 mgd, Fe, Al and Mn.

+ Spike aliguot with 1 mgfl ME std. Determine original
concentration and spike recoveries.

2 Analyze spectral interference check sample at beginning and end of
U,

2 Register results in QC/QA media

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes 38
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Spectral interferences

Q Interferences listed are only those
that occur between method
analytes

Q Only direct overlap with
instrument having a resolution of
0.035 (in VISTA about 0.010) nm
are listed.

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes 239

SPECTRAL INTERFERENCES AT 100 mg/L

Analyte Wawvel Interferamt =

328.068 Ce, Ti, Mn

J08.215 ¥, Mo, Ce, Mn

193.759 V, Al, Co, Fe, Ni B ants ranked by
249.678 None m e with most sovere
493.409 MNone

33042 ¥, Ce

JM5.88T7 Co, Mo, Ce

226.502 Mi, Ti, Fe, Ce

4131.765 MNone

228.616 Ti, Ba, Cd, Ni, Cr, Mo, Ce

205,552

324,754

259.940

194227

766.491

Li 670.7T84

Mg 273.079 _ Ce_ .
08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes 240
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SPECTRAL INTERFERENCES AT 100 mg/L

Analyte
Mn

Mo

Ma

Ni

P

Pb

Sb

Se

Sn
Sr
m
Ti
v
Pl ||

Wawve
257.610
203.844
588.995
231.604
214914
220.353
206.833
196.099
2251.611
189.980
471 552
190.864
J34.941
292.402
213.856

Interferent

Ce

Ce

None

Co, Tl

Cu, Mo

Co, Al, Ce, Cu, Ni, Ti, Fe
Cr, Mo, Sn, Ti, Ce, Fe
Fe

None

Mo, Ti, Fe, Mn, Si

None

Ti, Mo, Co, Ce, Al, V, Mn
None

Mo, Ti, Cr, Fe, Ce

Ni, Cu, Fe

Joe Brenmer, Compiliant Analysis of Walers and Wasios

IECs

Q IECs are determined by aspirating single
solutions of major concomitants (in case
of waters and wastes - Ca, Mg, Al, Fe) of
maximum anticipated concentrations (500,
100, 10, and 10 mg/l respectively)

OBefore determining IECs, check Cu/Mn

and Mgli/Mgl

ratios and ENSURE that

values are similar to those used for
sample analysis

08-Aug-07

Joe Brenner, Compliant Analysis of Waters and Wastes
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IEC for 1000 mg/l Fe, mg/i

Elzmient Spin Canc
Ag 328,063 0.002202
Al Jae 152 0.228156
A5 183.960 -0.02077
A5 193.606 -01.01E53
B 205.858 0. 180285

B 249,673 -0.00757
Ba 455403 0.00182
Be 313.042 0.0004E3
Ca 317.933 0.6D6777
Cd 226.502 0.073I586
Co 226.615 0.0168503
Co 230768 0.054556
Cr 267.716 0.005075
Cu 337 385 0.001473

K T66.431 0.001525
LIE70.733 0.000365
Mg 279.073 012783
Km 257.690 0.002215
Mo 202.032 0.002451
M1 231,504 -0.00453
F 213,613 000133
P 220.353 0.0097E7

08-Aug-07 Joe Brenmer, Compliant Analysis of Waters and Wasies 243

Interference Avoidance

O Method 200.7 section 4.1.2 Spectral overlaps may
be avoided by using an alternate wavelength or
can be compensated for by equations that
correct for inter-element contributions, which
involves measuring the interfering

OMethod 6010, section 4.1.3 Spectral overlaps
may be avoided by using an alternate wavelength
or can be compensated for by equations that
correct for interelement contributions.

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes M4
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IECs

Q IECs are determined by aspirating single
solutions of major concomitants (in case
of waters and wastes - Ca, Mg, Al, Fe) of
maximum anticipated concentrations (500,
100, 10, and 10 mg/l respectively)

QOBefore determining IECs, check Cu/Mn
and Mgll/Mgl ratios and ENSURE that

values are similar to those used for
sample analysis

08-Aug 07 Joe Brenner, Compiliant Analysis of Waters and Wastes 245

IECs (1)

O IEC a ratio of observed
concentration of interferent at the
analyte wavelength to the
concentration of the interferent at it’s
analytical wavelength.

(O For accurate IEC factors intereferent
concentrations must be determined
within their linear range.

O A Multi-cal can correct across all
concentration levels.

08-Aug-07 Joe Brenner, Compliant Analysis of Waiers and Wastes 26
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IECs (2)

Calculate IEC factors with each run
OR store factors for re-use.

o U o
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Dalnker.

IECs (3)

Select IEC icon from tool bar to view correction
factors during analysis.
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Spectral interference check (SIC) solutions —
200.7

2 SIC solutions contain interferents expected in samples.
+ Used to VERIFY on-peak and off peak interferences

2 Various solutions can be used, provided an analyte is not subject to
interference froim more than one interferant in the solution

2 MUST be prepared in same acid mixture as calibration standards
and stored in FEP boitles

2 Used to determine correction factors for EPA 200.7 recommended
wavelengths

2 Coefficients are determined from single element solufions.

« E.q., 300 mgl Fe, 200 mg/l Al, 5 mg/l Ba, Co, Cr; Cu, Ni, Ti, V,
10 mgvl Mn

2 NOTE: If wavelengths other than those recormmended in 200.T are
used, solutions other than those above MAY be REQUNRED.

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes 240

Spectral interference corrections using interference
equivalent concentrations (IECs)

O Perform spectral line interference corrections using IECs
O Cormrected concentration is:

Corr conc = Observed conc - ICF x meas. conc of interferent

Where

O ICF = Apparent concentration of analyfe due to interferent
concentration

O Apparent conc. is observed conc. of analyte when interferent is
nebulized as if it was a sample with background correction.

O When several interferences occur, comected concentrations are
calculated by subtracting effects of all interferents

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasfes 250
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Interelement corrections

Q VERIFY accuracy by analyzing spectral interference
check solutions

Q Interelement corrections depend on background
positions. Avoid positions with interfering lines

Q Interelement corrections that constitute major
portion of emission signal MAY not yield accurate
data

QO Some samples MAY contain uncommon elements
that could contribute spectral interferences

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasfes 251

Testing of correction factors

2 If daily cormection factors are within 10% criteria for 5 consecutive
days, REQUIRED verification frequency of those factors in
compliance MAY be extended to a weekly basis

2 Also, if nature of samples analyzed is such {e.g., finished drinking
water) that they do not contain co Ttratio if interfering
elements at 10 mg'L level, daily verification is not REQUIRED

3 However, all interelement speciral cormection factors MUST be
verified annually and updated if necessary.

O All interelement spectral correction factors MUST be verified
whenever there is a change in instrument operating conditions

+ rigorous verification of spectral cormection factors are: changes

in power, nebulizer gas flow, installation of a new torch injector
with a different orifice.

08-Aug-07 Joe Brenner, Compliant Analysis of Waiers and Wastes 252
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Spectral interference check (SIC)
solution
QLaboratory MUST VERIFY

interelement spectral interference correction
routine by analyzing SIC solutions

Q

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes

Nonspectrostapic effect

08-Aug-07 Joe Brenner, Compliant Analysis of Walers and Wasies
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Nonspectroscopic interference effects

Q Physical - efficiency of aerosol
production and transport — high salt

Q Memory effect — optimize rinse time
Q Plasma - energy withdrawal

Q Matrix matching, addition method,
internal standards, dilution

Q Optimize ICP

08-Aug-07 Joe Brenner, Compliant Analysis of Walers and Wasies 255

Nonspectroscopic effects

QPhysical interferences - variation of efficiency
of aerosol production and transport,when salt
and acid concentrations exceed 0.5 % and > 20
% respectively.

QChanges in energy regime of the plasma when
high concentrations (about 500 mg/l) of Na and
Ca are introduced into the ICP.

O Matrix matching, addition methods and internal
standardization can overcome these effects.

08-Aug-07 Joe Brenner, Compliant Analysis of Wafers and Wastes 256
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Nonspectroscopic interference effects

Q Physical - efficiency of aerosol
production and transport — high salt

Q Memory effect — optimize rinse time
O Plasma - energy withdrawal

Q Matrix matching, addition method,
internal standards, dilution

Q Optimize ICP

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasieos 257

Overcoming interference effects in
axially viewed ICPS

Olmprove plasma robustness

OAdd “buffer” e.g., Cs — problem
contamination, salt concentration

OUse internal standards
ODilute sample — problem with LODs
OUse low consumption nebulizers

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes 258
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Memory effect

Q Memory effect - when analytes in previous
sample contribute to signals measured in new
sample

QO Deposition in sample intro system and torch
Q Element and matrix dependant

QO Minimized by flushing system with rinse blank
between samples

08-Aug-07 Joe Brenner, Compliant Analysis of Walers and Wasfes 259

Memory effects - 2

> Optimize rinse time
> Aspirate standard containing elements corresponding to
[ DR or 10 x concentration usually encountered

© Aspiration time SHOULD be same as normal sample analysis
period, followed by analysis of rinse blank at designated
intervals.

© Note time REQUIRED to reduce analyte signals to within
factor of 2 of MDL

O Until REQUIRED rinse time is established, use rinse period
of at least between samples and sfandards.

MUST

08-Aug-07 Joe Brenner, Compliant Analysis of Wafers and Wastfes 260
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Matrix effects - procedures

Q Matrix interference solutions — real sample
matrices spiked with method analytes —
recoveries +/-10 %

Q Spiked laboratory samples — duplicate. 5§ %
frequency

Q Spiked sea water

Q Spikes added before and after sample prep.

Q Dilution tests

Q Addition method

Q Internal standards

Q CRMs and PT

Q Other methods
08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastos 261

Determination of non spectral interferences
using matrix interference solutions (MIS)

O Pipette 10 ml well-mixed sample into tube.

O Add acids in accordance with decomposition
procedure

O Sample SHOULD contain high Ca and Na and low frace
element concentrations

O Spike 0.5 ml CPI standard so that concentration is 1
mg/l

O Analyze original and spiked sample and determine %
recoveries for all elements.

O Recovery SHOULD be +/~ 5 % of spike value or +/- 2 SD
around mean

08-Aug-07 Joe Brenner, Compliani Analysis of Waters and Wasiles 262
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Matrix interference sample (MIS)
Matrix spike (200.7)

O Matrix spike (MS) and matrix spike duplicate (MSD) -
Two sample aliquots to which known quantities of
method analytes are added in laboratory

O MS and MSD are treated and analyzed exactly like
samples

O Used to determine whether sample matrix contributes
bias to analytical results and to indicate precision of
laboratory procedures.

O Concentrations of analytes in original sample MUST be
determined in separate aliquot and measured values
corrected for background concentrations.

08-Aug-07 Joe Brenner, Compliant Analysis of Walers and Wasies 263

Matrix spike (MS) and matrix spike duplicates (MSD) -
determination of spike concentration

2 If in compliance monitoring, analyte concentrations are checked
against a requlatory concentration limit,

O If concentration is not checked against a regulatory limit, the
spike SHALL be 7-5 rimes the background concentration.

2 For solid and sludge samples, the concentration added SHOULD
be expressed as mg'kg and is calculated for a one gram aliquot
by multiplying the added analyte concentration (mg/L) in
solution by the comversion factor T00 (mgv/l x 0.1L0.001kg ) =
100,

08-Aug-07 Jioe Brenner, Compliant Analysis of Walers and Wasies 264
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Comparison of % recovery with QC
acceptance criteria

3 If P falls outside designated range for recovery in specs then it
fails to meet established analytical performance criteria

2 If P is unacceptable, analyze OPR standard.

2 If OPR is within performance criteria, the analytical system is

within specification then problem can be atiributed to a matrix
interference

2 Data user SHOULD be informed that result for that analyte in
unfortified sample is suspect dire 1o either heterogeneolus nature
of sample or mairix effects, and that standard addition or an
internal standardfs) SHOULD be considered.

O If results of both spike and OPR fall outside acceptance criteria,
analytical system is outside specified limits

2 Analyst MUST identify and comect problem and analyze sample
batch again.
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Recovery

QAfter analysis of five samples of a given matrix
(river water, lake water, etc.), compute average
percent recovery (R) and sd (SdR)

QExpress accuracy as a percent recovery
interval from for each
matrix.

v E.g., if R=90% and SdR = 10% for 5 analyses
of river water, accuracy interval is expressed
as 70-110%.
QUpdate accuracy assessment for each metal in
each matrix regularly (e.g., after each 5-10 new
measurements).
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Precision and Accuracy

QRoutine analysis of replicate and spiked
replicate samples (Ca, Mg, Na, Fe, Al)
v Spiked replicate samples - used to determine
accuracy and precision.

¥ Frequency of repetition WILL depend on number
of samples — 5 % recommended.

v Spike addition SHOULD be minimum of 10 X to
maximum 100 times IDLs

¥ #/- 5-10 % recoveries
v Reportable values
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Laboratory duplicates

OTwo aliquots of same sample taken
in laboratory and analyzed separately
with identical procedures.

OAnalyses of duplicates indicate
precision associated with laboratory
procedures
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RPD Criteria

QORPD (rel % diff) for MS/MSD pair MUST
not exceed acceptance criteria

QIf criterion not met system is outside
limits of performance

OProblem MUST be identified and
corrected, and analytical batch MUST be
reanalyzed
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Precision of matrix spike and duplicates
Relative % difference (RPD)

OCompute RPD between MS and MSD
using following equation
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Total recoverable analytes in solid and
sludge samples

2 Report data up to 3 significant figures as mg'kg dry-weight basis
unless specified otherwise

2 Calculate concentration using following equation:

s = CVIDYW

where;

C, =Sample concentration {mg/kg, dry-weight basis)
C=Concentration in extract (mg/L)

V=Volume of extract (L, 700 mL = 0.7L)

D=Dilution factor {undilured = 1)

W=Weight of sample aliquot extracted (kg, Tg=0.001kg)

2 Do not report data below solids MDOL

O GQC data obfained during analyses indicate quality of data and SHOULD be
provided with resulis.

08-Aug-07 Joe Rrenner, Compliant Analysis of Waters and Wasfes

Dilution Test

QIf analyte concentration is sufficiently high
(minimally, x 50 IDLs in original solution but <
90% of LDR), analysis of 1+4 dilution SHOULD
agree (after correction for fivefold dilution) within
+10% of original determination

Q If not, chemical or physical interference effect
SHOULD be suspected

QOMSA or IS’s MAY provide more accurate data for
samples failing this test.
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Standard addition and internal standards

QO Standard Addirion - Addition of known amount of
analyte to sample in order to determine response of
detector to analyte in sample matrix

v Response used to assess matrix effect and analyte
concentration

Q Internal Standard (IS) - Pure analyte(s) added to
sample, extracts and standards in known amount(s).

+ Used to measure relative responses of other analytes
in same sample or solution.

v IS MUST be an analyte that is not a sample
com p'Dr'IEﬂ't.
+ |%'s compensate for various nonspectroscopic interferences.
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METHOD OF STANDARD
ADDITIONS (MSA)

O This technique is valid when:
a. When interference effect is constant over linear range

b. When added analyte responds in same way as
endogenous analyte

c. Signal is corrected for additive interferences.
d. Simplest version is single-addition method.

e. Procedure calls for two identical aliquots of sample
solution

f. To first aliquot, a small volume of standard is added

g. To second aliquot, a volume of acid blank is added
equal to the standard addition

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes 274

265




NEMC 2008

Validation - Addition method SM

O Matrix effects (not spectral) can be compensated by
addition method

¥ Analyte added to sample prior to sample treatment.
¥ Effects due to sample prep can also be defined
O Additions MUST not exceed linear calibration range

v Multielement spike SHOULD not be fess than 50 % nor
more than 100 % of efement concentration in the sample
s0 that precision WILL not affect result.

O Standard addition does not compensate for spectral line
interferences

v'_Apply instrument_routine
O Register results in QC/QA media
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Method of standard additions (MSA)

O Analyte(s) spike added to portion of prepared sample, or
its dilution, SHOULD have a recovery of 85% to 115% of
known value

O If analyte addition is < 20% of sample analyte
concentration, dilution test SHOULD be used.

O If analyte recovery is not within specified limits, a matrix
effect SHOULD be suspected, and associated data
flagged accordingly.

O Method of additions or internal standard MAY provide
more accurate data
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internal standard technique

QAlternative to MSA

v adding one or more elements (not in the
samples and verified not fo cause an
uncorrected interelement spectral interference)
at the same concentration (which is sufficient
for optimum precision) to the prepared
samples (blanks and standards) that are
affected the same as the analytes by the
sample matrix. Use the ratio of analyte signhal
to the internal standard signal for calibration
and guantitation.
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Method validation

QAnalyze certified reference materials (CRM)
for determination of accuracy

QCRMs SHOULD be included with each batch
and when new sample matrix is analyzed.

Q Interlaboratory proficiency tests

v" Distribute and receive samples for trace
determinations by this method

QCompare with alternate methods e.g., FAAS

08-Aug-07 Joe Brenner, Compliant Analysis of Walers and Wasies T8
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Certified reference materials

O Reference material analysis can provide
additional interference data.

QAnalysis of reference samples can
demonstrate ability to perform method

QO Reference materials containing high
concentrations of analytes can provide
additional information on performance of
spectral interference correction routine.

08-Aug-07 Joe Brenner, Compliant Analysis of Wailers and Wastes

CRM Trace Metals in Drinking Water
Vista AX (pg/L)

Element Measured Certified
Ag 328.068 2.22 2.0
As 188.979 80.6 80
Ba 455.403 493 50
Cd 214.438 9.3 10
Co 238.892 221 25
Cr 205.552 18.3 20
Cu 324.754 19.0 20

08-Aug-07 Joe Brenner, Compliant Analysis of Wafers and Wastes
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CRM Trace Metals in Drinking Water
Vista AX (pg/L) -2

Element Measured Certified
Mn 260.569 42.7 40
Ni 231.604 61.0 60
Pb 220.353 35 40
Sb 206.833 9.1 10
TI 190.790 14 14
vV 292402 25 30
Zn 206.200 70
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SLRS-1 and NIST 1643 B by USN, data in pg/l except where indicated
in mg/l. Blank values indicate not detected. Recommended values
are from NIST and NRC

NIST 16438
Det % RSD Rec. Data
SLRS1 HNIST 16438

13 Det Rec Det % RSD
53 Rec.

&7
424 ] Ca 26.4 251

18.5
23 . Mp 58 599

295 Ma 9.9 10.4

224 d K 037 13
203 1 ;

33

282
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Analysis of NIST 1643c

Element Measured Certified

Cu 324.745 g L 223 2.8
Mn 257.610 35.7 35.1 2.2
Mo 202.030 100 104.3 1
Ni 231.604 58.0 60.6 7.3
Pb 220.353 32.7 35.3 0.9
Tl 190.790 6.0 7.9

V 292.402 28.1 314 28
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NIST 1643 B TRACE ELEMENTS in WATER
Preumatic neb. Data in pg/ except where indicated in mg/L

Det wval
Ca mg/1 29.90
Mg mqg/1 7.5
Ba 471. 4
[y | 24
cr 21
Co 29
Cr 21.
Cu 19
Fe 94
M
Mo
Ni
Ph
s5r
v
A
Oe

RSD NBS value
30
a8
44
20
19
26
19
21.
a9

L bt By bt o o B B Pt B Pt i B B bt et et el
by b onbaln N0 Sk L O

30 49
Joe Brenner, Compliant Analysis of Walers and Wastes 284
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Lﬂﬂﬂ term % RSDs and mean recoveries with and without
internal standard (Co). 60 min. 100 pg/l Multiellement spike
in 0.1 % Nacl .

Withowt internal reference With Internal reference
Elem Mean STD % RSD Mean 5TD % RSD
n 101.7 0.9 0.9 100.9 0.5 0.5
Ph 100.8 0.8 0.8 10M1.4 0.6 (1K
Co 991 09 0.9 100.2 0.5 0.5
Ni 8989 1.1 1.1 986 0.6 o7
Ba 995 0.8 0.8 899.2 04 0.4
Co 100.3 0.7 0.7
M 101.5 0.8 g 101.2 0.7 (1}
Fe 979 1.2 1.2 8999 oO.7 o7
cr 994 0.7 o7 89.2 0.3 03
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Background values for sea water
Very low values in comparison to surface water
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Spiked recoveries for 0.5 % NaCl Calibration with
Matrix Match Procedure

Element 10 ng/l 50 ng/l

Cd
Cu
Cr
Fe
Mn
Mo

11.3 52
9.6 47
12.4 51.7

9.75 50.5
9.2 485
11.8 49

Pbspike 5 10 20
Deter 7 12 198 285 39 515

Joe Brenmer, Compliant Analysis of Walers and Wasies

Pb
08-Aug-07

30

100 ug/l
98
103
102
101
99
102

40 50

Effect of 1 % NaCl in the Vista
axially viewed ICP. Without IS
Analyte Content % Difference

08-Aug-07

Crll 267 9.7
Cul 324 9.5
Fe Il 259 9.2
Mg Il 279 8.9
Mn Il 256 8.9
Zn Il 202 10.15

Relative to DI water

-3
-5
-8
-11
-11

Joe Branner, Compliart Analy=is of Waters and Wastos
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% RSD 1 % NaCl, using Meinhard high salt
nebulizer (type c), with and without Sc ll
361.384 nm as internal standard. 60 min

continuous, 100 ng/l)

Element Wave Without IS With IS
Moll 202.03 2.5 0.8
Pbll 220.353 2.1 |
Coll 228.616 1.6 0.9
Nill 231.604 2.8 0.8
Mnill 256.71 1.6 0.7
Crlii 267.716 2.5 1.2
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Background values for sea water
Very low values in comparison 1o surface water

D8-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasfos #9390
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Trace elementi spike recoveries. NASS-2 standard sea water using
conventional pnenmatic nebulizafion. Data pg/1 except where

ELEM

Mn
Mo
Ni

Ph

v
In

08-Aug-07

Trace element

indicated. Sc used as inte

al standard

REC.* SPIKE RECOVIDET

nd

nd

0.03

0.004

0.18

0.23

0.38

8.84 40

0.228 40
100

nd 40

0.78 80

q * Recommended valies of
40 NASS-2? standard sea water
according fo NRCC
J6 certificate

40 nd - Not determined or not
43 recommended,

38 RSD= vaned from 1-15 %

5

53

45
110

45

a5

Joe Brenner, Compiliant Analysis of Walers and Wasfes 29

conventional

spike recoveries. NAS.

2 standard sea waler using

Preumatic nebulization. Data pg/l except where
indicated. Sc used as internal standard

ELEM REC.* SPIKE RECOVDET

Ba nd
Be nd
Cd ne3
Co 0004
cr 018
Cu 023

9
40
36
40
43
38

* Recommended values of
NASS-2 standard sea wafer
according to NRCC
carfificate

nd - Noi defermined or nof
recofmmeaended.
RSD= varied from 1-15 %

Mn
Mo
Ni

Pb

0.38
8.84
0.228
100

5
53
45
110

v nd 40
Zn 0.18 80

08-Aug-07
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Trouble shooting
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Trouble shooting - 1

Q Low sensitivity
+ Blocked nebulizer, torch injector - Replace
O Incorrect Cuw/Mn ratio

v Low RF power, large matrix effect (high Na, Ca
concentrations), incorrect torch position

¥ Realign, increase power
O High short and long term RSDs

+"Nebulizer and injector blockage, gas leaks,
punctured peristaltic tubes

+ Replace or clean

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasfes 295

Trouble shooting - 2

QONegative analytical results

¥ Spectral line interference in background position

¥ Check profile, change background positions,
perform interference correction or change spectral
line

Qlnaccurate results for different spectral lines

¥ Linear range exceeded.

v Matrix effects on very high or very low energy lines

v Dilute sample, use lines of lower sensitivity.

v Use internal standard

08-Aug07 Joe Brenner, Compliant Analysis of Waiers and Wasies 296
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Trouble shooting - 3

QSample related instrument drift
+ Variations in salt and acid concentrations
+' Use internal standards

Qlnaccurate results between high and low
concentrations

¥ Carry over
+ Increase washout times.

¥ Flush sample introduction system with 2 N
HNO, until signals are < then MDLs

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasies

Proficiency Testing

2 Sample Preparation - dilution of PT ampoule and handling
the actual test material.

2 EPA methods.

2 PT dﬂgﬁm‘t contains fields for regisiration of data. Data are
gra

2 Report - True Values are based on compilation of data by
other analysts using NIST SRMs and commerciall
available of certified materials of similar co ition

2 Control Limits - Based on the EPA"s QA-QC criteria

2 Summary Report - Provides evaluation on laboratory
performance

2 population performed.

0 Examples, Spax ,
O Accustandavos. Fax 205-7TB8-5287, B00-442-5200 /7 203-T88-5200
WWW._3CCUSTandand com

08-Aug-07 Joe Brenner, Compliant Analysis of Waiters and Wasies
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Uncertainty - definitions

Etmrﬁud%:t -random and fixed errors, absolute values, and distribution
[rectangular or Gaussian].
,:i : nearness of result (Xi) or arithmetic mean (M) of a set of resulis to true

ue )
Error expresses accuracy, Xi - p (or M - y). Difference between true value {unknown)
and experimental value or mean.
b!lsE'mris equal to Xi - p and is expressed in the dimension of the two
LI -
Refafive Ermor - absolute error divided by true value (). Relative error calculated
from absolute error and actual measurement
Systemafic Errors are of the same sign and magnitude and produce bias.
Random Errors wary in sign and magnitude and are unpredictable. Random errors
average out and appro zero if enough measurements are made.
Blunders are mistakes that occur on cccasion and produce emmoneous results that
are puthers and may be recognized as such by statistical procedures. They cannot
be treated by statistics.
FPrecision expressed in terms of deviation of a set of experimental resulis from the
arithmetic mean of the set.
Deviation is the difference bebween the mean and an individual result.
Amaﬁge Dieviation refers to the summation of the deviation divided by the number of
results.
Sfandard Deviabon of a sample is the sguare root of the average of the square of the
individual dewiations from the mean divided by n-1, where n is the number of
measurements.
Uncerfainfy - estimate of error in mathematical terms. Expressed using the standard
deviation. Error is the difference between frue value and a resulf or m'r:gn. Uncertainty
is calculated from the deviafion [difference between mean and individual resulit).
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o QQ QO Q Q Q Q

o Qo Q

Q

Figures of merit in accreditation

QO LODs (IDLs, MDLs)

Q LQDs - lowest point on calibration curve
Q Sensitivity

Q Matrix effect - bias

QO Accuracy — Recovery (also at LQDs, CRMs
Q RSDs - long and short term

Q Linear range of calibration

08-Aug-07 Joe Brenner, Compliant Analysis of Walers and Wastes 300
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Sources of uncertainty

QOlnhomogeneity of samples

QAnalyte measurement instrumental
variations

QOSample preparation - contamination,
analyte losses

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasies 3

Uncertainty

QOUncertainty — all operators, procedures — all
the time

QO Sources of uncertainty

v'Sample prep, collection and preservation
- 70 %

v LODs

v Calibration linearity

v Matrix effects

v Contamination

v" Precision

v Operator error
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Uncertainty
Ongoing precision and recovery OPR

O Add results that pass specs to IPR and previous OPR
data for each analyte in each matrix.

O Update QC charts to form a graphic representation of
continued laboratory performance.

O Develop a statement of laboratory accuracy for each
analyte in each matrix type by calculating the average
percent recovery (R) and the standard deviation of
percent recovery (SR}

O Express the accuracy as a recovery interval from R-
25R to R+25R. For example, if R = 95% and SR = 5%,
the accuracy is 85-105%

08-Aug-07 Joa Brenner, Compiliant Analysis of Waters and Wastos 303

Validation contd

O Dilution data, differentiating between dilution of sample
or extract

O Instrument and operating conditions (make, model,
revision, modifications)

O Sample introduction system {ultrasonic nebulizer, flow
injection system, etc.)

O Preconcentration system

O Operating conditions (background corrections
temperature program, flow rates, etc.)

O Detector (type, operating conditions, efc.)

O Mass spectra, printer tapes, and other recordings of
raw data

O Quantitation reports, data system outputs, and other
data to link raw data to results reported

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes Jo4
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Analytical factors influencing uncertainty

2 Sampling
2 Data handling
*" Weighing and seiving
2 Sample preparation
» Chemical extractability — digestion
2 Chemical stability of standards and samples
O Speciroscopic interferences
2 Matrix nonspectroscopic interferences
+ Salf effects in nebulization
»" EIE effects in plasma
O Compensation of internal standards
2 Recovery — addition method and spikes
2 Within bactch and day-to-day drift
2 MDLs and
2 Ongoing precision and accuracy
O Spikes, CRMs, PT

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasies

EURACHEM Guide - Uncertainty

QUncertainty of procedures, labs or chemists ?
QONE chemist usually contributes to the test

OTherefore one calculation of uncertainty in a
laboratory with one chemist will not provide
"better” data, nor will these uncertainty data be
associated with "real” uncertainty

QIn order to determine uncertainty, we need to do
this not only on a chemist basis but on a
procedure basis as well
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MDLs as a "real world” measure of
uncertainty — why?

O MDLs - is the recovery of a low level spiked sample

O Since spike is a "true value" (with some definable
uncertainty") variance can be refered to as "error.”

O Low level spikes provide larger standard deviation
due to recovery variance

O Low-level spikes provide an approximate measure
of "variance" that can be related to laboratory
uncertainty

08-Aug-07 Joa Brenner, Compliant Analysis of Waters and Wastos 307

EURACHEM Guide - Quantifying Uncertainty in
AnalyticalMeasurement.

O Estimating sources of error

O “Repeatability variation™ is significant, if not largest
contributor to uncertainty - directly related to operator
- proficiency

O For estimation of uncertainty current data is used - if
operator is changed, revalidation is necessary

O "Horwitz Curve™ shows that coefficient of variation
increases exponentially with decrease in concentration

O Horwitz Curve indicates interlaboratory variation - z-
scores

D8-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wastes 308
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EURACHEM CITAC

O Uncertainty is calculated once, unless procedure or
equipment is changed.
O Uncertainty is then recalculated in a revalidation

O Performance Tests, validation studies and uncertainty
measures are done ONLY by most senior or "best"
chemists

O Thus laboratory will typically produce data that has a
greater uncertainty on day to day samples.

O if lab A has a good z-score (measure of standard
deviation) and lab B has a larger z-score they may
both have similar uncertainties

O Uncertainty like interlaboratory variation, increases
dramatically at lower concentrations

08-Aug-07 Joe Brenner, Compliant Analysis of Waiers and Wasies 309

Z- values

QO Good z values obtained in interlaboratory
comparisons is more meaningful than low
estimated uncertainties

QO Good z values and low uncertainty derived
from ONE chemist is only a measure of this
chemist

OSince neither ISO 17025 nor the EURACHEM
guide requires this measure from EVERY
chemist, a laboratory will generally have lower
performance on “"every day” samples

08-Aug-07 Joe Brenner, Compliart Analysis of Waters and Wastes 310
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Safety

Toxicity or carcinogenicity of reagents

O OSHA regulations regarding safe handling of chemicals

O Reference file of material handling SHOULD be made
available to all personnel involved in chemical analysis.

O Use toxic reagents in fume hood and if eye or skin
contact occurs, flush with large volumes of water

O Always wear safety glasses or shield for eye protection,
protective clothing

O Acidification of samples containing reactive materials
MAY result in release of toxic gases, such as cyanides or
sulfides. Acidification and digestion SHOULD be done in
fume hood.

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasies 31

Safety

Q Operators handling human waste
SHOULD be immunized against
known disease causative agents.

Q COMPLY with relevant disposal and
waste regulations.

08-Aug-07 Joe Brenner, Compliant Analysis of Waiers and Wastes M2
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Waste Management

QEPA requires that laboratory waste
management practices be conducted

consistent with all applicable rules
and regulations

QOMinimizing and control releases from
hoods and bench operations, drains

08-Aug-07 Joe Brenner, Compliant Analysis of Waters and Wasfes 3
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CONCLUSIONS - rewards

Q Trace metal water quality data bases - background
and natural (rock-water, sea-water salinization) and
anthropogenic contamination

Q Trace metal concentrations used to characterize
aquifer and surface waters, wastes, sediments

Q Data provided for long and short-term planning of
water management programs.

Q Establishment of diagnostics to model the origin,
migration, and evolution of water entities in the
Guadiana Basin
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