Chapter 16
Advanced Instrumentation

Advanced instrumentation is used primarily
for analysis of trace contaminants such as
metals or hydrocarbons. Most smaller
municipalities don't have the need for this
expensive equipment unless thereis an
industrial component to the waste stream. It
isusually more cost effective for
municipalities to send the occasional sludge
sample or industrial pretreatment sample to
larger labs that are accustomed to handling
trace analysis.

Units

Up to now, the unit of measure has been
primarily mg/L or ppm. When measuring
trace contaminants, the concentration in
mg/L istoo low, for example 0.015 mg/L.
To avoid reporting such small numbers, the
units are often changed to microgramg/liter
(ug/L) or parts per billion (ppb). Thereare
1000 microgramsin 1 milligram. For
example, 0.015 mg/l would be converted to
15 ug/L. For extremely low levels of
contaminants, the concentration is reported
as nanogramg/liter (ng/L) or parts per trillion
(ppt). Thereisa 1,000,000 nanogramsin 1
milligram.

Metals
Metals are analyzed by a variety of
instruments. The 3 most common
instruments used are:

e Atomic absorption

Spectrophotometry (AA)
e Flame photometry
e Inductively Coupled Plasma (ICP)

Metals follow the same definitions as solids.
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a. Total metals are defined as the
concentration of the metal in an unfiltered
sampl e after vigorous digestion.

b. Dissolved metals are defined as
the metalsin an unacidified sample that pass
through a 0.45u filter.

c. Suspended metals are defined as
the metalsin an unacidified sample that are
retained on a 0.45u filter.

Sample Collection and Preservation
The laboratory technician must know what
type of metal sampleis going to be analyzed
prior to collection of the sample. If
dissolved metals are needed, the sample
should not be preserved with acid as the acid
will cause particulate metal s to dissolve.
Because of the low concentrations of metals
being measured, every effort must be made
to minimize contamination. Significant
sample contamination can come from

e Sample containers
Sample caps
Sample collection devices
Preservative acid
Filters and filtration equipment

All sample collection materials must be acid
washed. A typical cleaning procedure could
be:

1. clean with anon-ionic detergent

2. rinse with tap water

3. s0ak in 1+1 HNOs or 1+1 HCl for 24
hours

4. rinse with metal free deionized water

The best sample containers, least likely to
contain leachable metals, are quartz and
Teflon. These containers are expensive and
used primarily for critical analysis. Routine
samples are usually collected in dedicated
polypropylene (PP) or linear polyethylene
(LPE).

Preservation for total metals consists of
adding concentrated nitric acid to pH <2. If



dissolved metals are to be measured, filter
the sample prior to adding nitric acid.

Preliminary Treatment

The amount of pretreatment needed will
depend upon the type of metals tested and
the method used. Consideration must be
given not to introduce contaminants into the
sample during any pretreatment steps.
Because of the trace levels being measured,
contamination from reagents, laboratory
water, laboratory equipment, and laboratory
air can introduce significant error. Blanks
should be run to determine background
contamination levels. Pretreatment
includes:

e Filtration
e Digestion
e Extraction

Filtration

Filtration using a preconditioned 0.45u filter
is used to separate dissolved and suspended
metals. Acidify the filtrate after filtration to
preserve the sample.

Digestion

Digestion is used to prepare samples for
total metals. Organically and inorganically
bound metal complexes need to be broken
down to release the free metals. Therearea
variety of different digestion methods. The
most common method is nitric acid
digestion. The procedure involves
measuring 100 ml of well-mixed, preserved
sampleinto abeaker. Five milliliters of
nitric acid is added, the beaker covered with
awatch glass, then heated to agentle boil in
the fume hood. Evaporate the sample until
aprecipitate forms or alight-colored clear
solution forms. Do not hesat to dryness.
Wash down the beaker walls with metal free
water to recover any metals splashed on the
side, filter if necessary, then transfer to a
100 ml volumetric flask. Rinse the beaker
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with additional metal-free water and add to
the volumetric flask. Fill to the mark.

Microwave Digestion

The microwave digestion method is
recommended for metals analysis using ICP.
The microwave digestion method is a closed
digestion method,

Extraction

Extraction is a process used to concentrate
trace levels of materials, in this case metals.
Some metals are able to be complexed with
an organic chelating agent. The organic
chelating agent, most commonly,
Ammonium pyrrolidine dithiocarbamate
(APDC), chemically binds the metalsin the
water. APDC iseasily dissolved in the non-
polar organic solvent, methyl isobutyl
ketone (MIBK). Because MIBK isnon-
polar, it will not dissolve in water and will
separate from the water like oil and water.
Only small volumes of MIBK are used, so
the extracted metals that were in perhaps
200 ml of sample are now concentrated in
10 ml of MIBK. Thisresultsina
concentration of metals 20 times. The
MIBK is aspirated into the atomic
absorption spectrophotometer and the
absorbance measured.

Atomic Absorption Spectrophotometry

Atomic absorption requires the presence of
ground state metal atoms (Me°). Theinitial
process which takes place in an atomic
absorption spectrophotometer isto create a
population of ground state atoms. Thisis
accomplished in avariety of ways, usually
classified as flame and non-flame. The
simplest and most common method uses a
flame to produce these atoms. This
atomization processinvolves 5 steps:

1. nebulization

2. droplet precipitation

3. mixing



4. desolvation
5. compound decomposition

The atomization process begins when a
sample that has been pretreated is "sucked"
into the machine by an oxidizing gas (air).
Theliquid sampleis converted in a spray of
fine mist using anebulizer. Different
manufacturers have different methods for
this atomization process. The nebuliziation
process breaks the large droplets of sample
into afinemist. The droplets of water that
don't shatter sufficiently precipitate out and
gotodrain. The smaller "mist" droplets
then mix with the fuel in a spray chamber.
Changes in direction of flow within the
spray chamber, create turbulence which
ensures a smooth quiet, well-mixing flow
into the burner head. The heat of the flame
within the burner now desolvates (dries) the
remaining water from the sample particles
and decomposes the particles into their
constituent ground state atoms. Thus
somewhere within the flame is a pocket of
ground state atoms which can now be
measured. The effectiveness of each step
influences the number of ground state atoms
produced.

Nebulizers

Each manufacturer has their own nebulizer
design. The design influences the
effectiveness of the spray reaching the
flame. The most effective nebulizer will
create amist of small drops of uniform
particle size. The smaller and more uniform
the droplets, the steadier the absorption
result will be. Large dropletswill be
difficult to desolvate and will produce
chemical interferences with light passing
though the flame.

Flames

Different gas mixtures produce different
flame temperatures. The most common
flame isthe air-acetylene flame. Theair-
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acetylene flame produces aflame
temperature hot enough to desolvate and
decompose most particlesinto ground state
atoms. Some compounds do not decompose
aseadly or asreadily as others, therefore a
higher temperature flames (nitrous oxide-
acetylene) may be needed to decompose the
compound. Likewise, the flame fuel to
oxidant ratio can be adjusted. If morefuel is
added and less oxidant (air), the flameis
called areducing flame. If more oxidant is
added and less fuel is used, the flameis
called an oxidizing flame. The procedure
usually indicates what the best fuel-oxidant
ratio should be, but changing the mixture
can affect the number of ground state atoms
produced.

Light absorption

Once the ground state atoms (Me°) have
been produced in the flame, they can be
energized by a specific wavelength of light.
Each different ground state atom has a
number of very specific wavelengths which
can react with the ground state electrons and
send them to a different electronic states.
For example, a ground state sodium atom
has one electron in its outer ground state
orbital (3s). That ground state el ectron can
be excited by light energy at a wavelength of
589.0 nm. Thiswavelengthiscaled its
resonance line. Only sodium will be able
absorb light at 589.0 nm. The resulting
electron isnow "excited" andisin a
different orbital (say 3p). Other atoms work
the same way, thus by choosing specific
resonance lines different metals can be
measured, ie Co® at 324.7 nm, Ni° at 232.0
nm, and Fe® at 248.3 nm. Every atom will
have a series of spectral lines specific for its
excitation patterns.

Hollow Cathode Lamps

Hollow cathode lamps are "lights’ that are
composed of the element being measured.
These lamps emit only the specific



resonance wavelengths of interest. The
lamp is energized and the light beam is
directed through the flame. The lamp and
burner are adjusted up/down, left/right, until
the ground state atom cloud is maximized.
The instrument now follows the Beer-
Lambert Law as before. Blanks, reagent
blanks, calibration curves can be run as
before.

Monochromator

Thelight from the hollow cathode lamp
passes through the sample and the optical
system focuses the light on the entrance dlit
to the grating monochromator. The
monochromator is used to select only the
specific resonance line emitted by the
hollow cathode lamp. For instance, copper
may have 10 resonance lines, but only the
oneat 324.7 nmisdesired. The
monochromator directs the incoming light
through the exit dlit, minimizing stray light.
The light now passes through to the detector
which converts the light energy into
electrical energy. The electrical energy is
now converted by the detector system into
an answer on the display.

Because the number of ground state atoms
energized isvery low in direct flame AA,
the sensitivity of the flame AA methodsis
not very high. Newer methods increase the
ground state atom density which improves
the sensitivity and detection limits
significantly. The most common are

1. Electrochemical AA, also called graphite
furnace

2. Hydride generation

3. Cold Vapor Mercury

All of these methods work off the same
atomic absorption theory using the same
instrument. However, the method of
generating the atoms differs. The graphite
furnace uses high electrical current to heat
the sample and create ground state atoms.
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The sampleis usually placed in a carbon cup
or tube, taken through a drying, ashing, and
atomizing stage, then measured using light
absorbance as before. No flame or burner is
used.

The Hydride method uses chemical
reactions with sodium borohydride to create
large clouds of gaseous hydrides. The
gaseous hydride, representing alarge
amount of sample, can then be swept into
the flame very quickly rather than slow
aspiration through the nebulizer. This
increases the number of ground state atoms
and improves sensitivity and detection limit.

The Cold Vapor Mercury method again used
chemical reactions to create atomic mercury
vapor. Because the mercury isalready in its
ground state, the mercury vapor is passed
through atube aligned in the light path. No
flame is needed. Because the mercury is
concentrated within the tube, the sensitivity
and detection limit are al'so improved.

All methods are subject to the same
alignment problems

Flame Emission Photometry

Flame emission photometry works on the
same similar principle as atomic absorption
spectrophotometery. This method is limited
to metalsthat are easily excited such as
sodium, potassium, and lithium. In AA, the
amount of light absorbed by the ground state
atom being excited to a different energy
level was measured.

Light Absorbed
Na® — > Na*
Ground state Excited state

In Flame emission photometry, standards
and solutions are aspirated into the flame.
The hot flame evaporates the solvent,
atomizes the metal, and excites avalence
electron to an upper state. Light is emitted at



characteristic wavelengths for each metal as
the electron returns to the ground state. The
light emitted by these excited ground state
atoms is measured.

Na® «— Na*
Light Emission

Optical filters are used to select the emission
wavelength monitored for the analyte
species. Comparison of emission intensities
of unknowns to either that of standard
solutions, or to those of an internal standard,
allows quantitative analysis of the analyte
metal in the sample solution.

Follow the instrument manufacturer's
operating instruction.

Interferences

The flame emission photometer is
susceptible to the same problems as AA.
Alignment, sample viscosity, fuel and
oxidant flow rates, reagent water purity, and
solids al can effect the emission readout.

16-5



XXVii



	NEW MEXICO WASTEWATER LABORATORY CERTIFICATION STUDY GUIDE - Cover Page
	TITLE PAGE
	INTRODUCTION
	UTILITY OPERATORS CERTIFICATION PROGRAM
	IMPORTANT FACTS ABOUT OPERATOR CERTIFICATION
	BASIC CERTIFICATION REQUIREMENTS
	SUBSTITUTIONS


	Table of Contents
	Chapter 1 Introduction
	Effects of Discharging Wastes
	Sources of Wastewater
	Wastewater Characteristics
	Solids
	Nutrients
	Temperature
	pH
	Microorganisms
	Pathogenic Organisms
	Toxins

	Wastewater Treatment Overview
	Pretreatment
	Primary Treatment
	Secondary Treatment
	DISINFECTION
	SOLIDS HANDLING

	Lab Technician Responsibilities
	Levels and Classification


	Chapter 2 Reagent Water
	Granular Activated Carbon
	Microfiltration
	Ultrafiltration
	Reverse Osmosis
	Deionization
	Distillation
	UV Sterilization
	Reagent Grade Water

	Chapter 3 Safety
	Weather Hazards
	Hazardous Chemicals
	Written Hazard Communication Program
	Labels
	Material Safety Data Sheets
	Chemical Storage
	Training
	Personal Protective Equipment

	Biological Hazards
	Electrical Hazards
	Confined Space Entry
	Permit Systems
	Testing and Monitoring
	Label and Post
	Rescue Procedures
	Training

	Lifting/Back Injury
	General Lab Safety
	Safety Equipment
	Fire extinguisher
	Fume Hood
	Safety Showers
	Eyewash Station
	Fire Blanket
	Pipet Bulbs

	First Aid
	First Aid Kit


	Chapter 4 Laboratory Equipment
	Laboratory Space Requirements
	Temperature Controlled Equipment
	Thermometers
	Drying Oven
	Sterilizing Oven
	Refrigerator
	Dry Air Incubator
	Waterbath
	BOD Incubator
	Muffle Furnace
	Hot Plates

	Burners
	Digestion Apparatus
	Balances
	Top Loading Balance
	Analytical Balances
	Balance Rules
	Sources of Error
	In-house Balance Calibration

	Autoclave
	Magnetic Stirrers
	Desiccator
	Laboratory Grade Water
	Ultraviolet Sterilizer
	Electronic Instrumentation
	Light Microscope
	Visible Light Spectrophotometer
	Atomic Absorption Spectrophotometer
	Inductive Coupled Plasma (ICP)

	Maintenance/Service Contracts

	Chapter 5 Gravimetric Analysis
	Weighing Solids
	Transferring Solids
	Weighing Liquids
	Transferring Liquids
	Reagent Preparation
	Standard Preparation
	Molarity
	Normality
	Mg/L


	Chapter 6 Volumetric Analysis
	General Glassware
	Measurement Glassware
	"To Deliver" (TD) Glassware
	Graduated Cylinders
	Burets
	Filling a Buret
	Care of Buret
	Use of a Buret

	Pipets
	Measuring Pipets
	Using Mohr and Serological Pipets

	Volumetric Pipets
	Using Volumetric Pipets
	Cleaning Pipets



	"To Contain" (TC) Glassware
	Volumetric flasks
	Using a Volumetric Flask


	Glassware Cleaning


	Chapter 7 Sampling
	Prepare a Sampling Plan
	Why is the sample being collected?
	What specific tests need to be run on thesample?
	Where are the samples going to be collected?

	Grab Sample
	Composite Sample
	Unweighted composite
	Flow weighted composite

	When does the sample need to be collectedand analyzed?
	Sample Collection
	Safety First!!!
	Prepare the sample bottles
	Site Selection
	Sample Identification
	Preservation, Storage, and Holding times

	Chain of Custody
	Collection
	Transport
	Laboratory
	Disposal


	Chapter 8 Electronic Measurement
	pH
	pH Measurement
	Electrode Preparation
	Electrode Storage
	Daily pH meter Calibration
	pH Meter Calibration Procedure
	Automatic Temperature Compensation
	Troubleshooting pH Meter
	pH Sample Handling
	Sample pH Measurement
	Data Management and Records Management
	pH Quality Control

	Conductivity
	Conductivity Units
	Ions
	Non-ions
	Meter Calibration
	Calibration Procedure
	Conductivity Sample Handling
	Conductivity Measurement
	Low Conductivity Samples
	Electrode Storage/Replatinization
	Quality Control
	Sample QC
	Equipment QC

	Dissolved Oxygen
	Selecting a DO meter
	Calibrating the DO meter
	Membrane replacement
	Sample Measurement
	Specific Ion Electrodes


	Chapter 9 Titration
	Titration Theory
	Equivalents
	Standardization
	Calculations
	Quality Control
	Additional tips

	Sample Determination

	Chapter 10 Microscope
	Parts of a Microscope
	Lens Cleaning
	Better Viewing Hints
	Preparing and Viewing a Wet Mount
	Oil-Immersion Objective
	Safety
	Application
	Floc Structure
	Microorganism classification
	Common Microorganisms
	Bacteria
	Protozoans
	Amoeba
	Flagellates
	Ciliates
	Metazoans
	Rotifers
	Nematodes
	Bristleworms


	Chapter 11 Spectrophotometry
	Visible Spectrum
	Beer-Lambert Law
	Spectrophotometer Components
	White Light Source
	Diffraction Grating
	Monochrometer
	Exit slit
	Sample Cell Holder
	Light Detector

	Stock Preparation
	Intermediate Standard Preparation
	Working Standard Preparation

	Reagent Blank
	Standard Curve Preparation
	Sample Measurement
	Computer Generated Calibration Curves
	Troubleshooting the Spectrophotometer
	Spectrophotometry Quality Control

	Chapter 12 Biological Oxygen Demand
	Application
	Oxygen Demand
	Problems created by lack of oxygen
	BOD Test Theory
	BOD5 vs CBOD

	BOD Procedure
	Dilution Water Preparation
	Dilution Water Blank Preparation
	Seed Control
	How many bacteria are needed?

	Seed Collection
	Seed Correction Bottle Preparation
	Seed Correction Calculation
	Glucose - Glutamic Acid Standard
	Glucose-Glutamic acid preparation
	Glucose-Glutamic Acid Standard Procedure
	Glucose-Glutamic Acid Calculations


	BOD Sample Collection
	Sample Pretreatment
	pH Adjustment
	Sample Temperature Adjustment
	Sample Dechlorination
	Sample Supersaturation

	Effluent BOD Sample
	Procedure

	DO Depletion Rule
	DO Meter Calibration
	BOD Calculations
	Seed Correction Calculations
	GG Standard Calculations
	Seeded Sample Calculations
	BOD Troubleshooting
	Troubleshooting BOD Dilution Water
	Seed Correction Troubleshooting
	Glucose-Glutamic Acid Troubleshooting

	BOD Quality Control
	Sample QC
	Equipment QC
	BOD Test


	Chapter 13 Chemical Oxygen Demand
	COD Theory
	Sample Collection
	Sample Handling
	COD Procedure
	KHP Standard Preparation
	Select the Method
	Blank Preparation
	KHP Standard Preparation
	High Level Sample
	Sample Digestion
	Sample Measurement



	Troubleshooting
	Quality Control
	Sample
	Equipment
	COD Test


	Chapter 14 Solids
	Total Solids Procedure
	Total Solids Calculations
	Total Suspended Solids (TSS)
	TSS Theory
	Filter Preparation
	Sample Collection
	TSS Procedure
	Alternate Mixing Procedure
	TSS Calculations
	TSS Troubleshooting
	Blanks are inconsistent
	Not Enough Sample
	Too Much Sample
	Duplicates are inconsistent
	ODD Stuff


	Quality Control
	Sample QC
	Equipment QC
	TSS Test QC

	Volatile Suspended Solids (VSS)
	VSS Procedure
	VSS Calculations
	Fixed Solids or Ash

	Total Dissolved Solids (TDS)
	Total Dissolved Solids Procedure
	Total dissolved solids calculations
	Problems

	Settleable Solids
	Settleable Solids Procedure
	Settleometer


	Chapter 15 Fecal Coliform
	Test Theory
	Sample Collection
	Collection Procedure
	Preservation
	Dilutions

	Test Preparation
	Test Procedure
	Colony Counting
	Reporting
	Fecal Coliform Calculations
	Quality Control
	Sample QC
	Equipment QC
	Fecal Coliform Test QC

	MPN (Most Probable Number)
	E. Coli

	Chapter 16 Advanced Instrumentation
	Units
	Metals
	Sample Collection and Preservation
	Preliminary Treatment
	Filtration
	Digestion
	Microwave Digestion
	Extraction

	Atomic Absorption Spectrophotometry
	Nebulizers
	Flames
	Light absorption
	Hollow Cathode Lamps
	Monochromator
	Flame Emission Photometry
	Interferences


	Chapter 17 Quality Assurance
	Laboratory QA Plan
	Organizational Chart
	Training Procedures
	Field Sampling Procedures
	Sample Handling Procedures
	Laboratory Sample Handling Procedures
	Standard Operating Procedures
	Quality Control Procedures
	Field Control Blanks
	Field Duplicates
	Split Samples
	Negative Controls
	Positive Controls
	Matrix Spikes
	Calibration Standards
	Performance Evaluation Samples
	Lab Duplicates

	Data Reduction, Validation, Reporting and Verification Procedures
	Preventative Maintenance Procedures
	Corrective action contingencies
	Recordkeeping Procedures

	Chapter 18 Quality Control
	Error Analysis
	Systematic Errors
	Random Errors
	Method Errors
	Instrument Errors
	Personal Errors

	Statistical Evaluation
	Calculating the Mean
	Calculating Precision
	Accuracy (Percent Recovery)
	Calculating Percent Recovery (Standard Addition)


	APPENDICES
	Appendix A - Chain of Custody Forms
	SAMPLE CHAIN OF CUSTODY RECORD FORM
	INTERACTIVE SLD CHAIN OF CUSTODY FORM

	Appendix B - Sample Standard Operating Procedures
	Standard Operating Procedure for the Determination of pH
	Table of Contents
	Section 1: Control Information
	Section 2: Personnel Qualifications
	Section 3: Summary of Method Used
	Section 4: Materials and Equipment
	Section 5: Personal Protection Equipment
	Section 6: Daily pH meter Calibration
	Section 7 Electrode Maintenance
	Section 8 Troubleshooting
	Section 9 Sample Handling
	Section 10 Sample pH Measurement
	Section 11 Data Management and Records Management
	Section 12 Quality Control
	Section 13 pH Calibration Log Sheet (Appendix 1)
	pH Meter Calibration



	Appendix C - Sample QA Plan Outline Sample QA Plan-Vermont DEC Laboratory QA Plan
	Part 1:  QA Plan Outline
	1. PERSONNEL
	2. LABORATORY FACILITIES
	3. DATA QUALITY OBJECTIVES
	4. LABORATORY EQUIPMENT AND SUPPLIES
	5. GENERAL LABORATORY PRACTICES
	6. ANALYTICAL METHODOLOGY
	7. SAMPLE COLLECTION, HANDLING, AND PRESERVATION
	8. RECORDS AND DATA REPORTING
	9. ACTION RESPONSE TO LABORATORY RESULTS
	10. QC Checks and Their Frequency

	PART 2: SAMPLE QUALITY ASSURANCE PLAN
	1.0 TABLE OF CONTENTS
	2.0 INTRODUCTION
	2.1 Objectives and Commitments of Management
	2.2 Employee Code of Ethics, Training, and Reporting of Unethical Behavior
	2.2.1 Employee Code of Ethics and Laboratory Fraud
	2.2.2 Ethics Training
	2.2.3 Reporting of Unethical Behavior


	3.0 LABORATORY REVIEW OF REQUESTS FOR TESTING
	3.1 Lab Contracting Policy
	3.2 Subcontracting of Analytical Work

	4.0 LABORATORY ORGANIZATION AND RESPONSIBILITY
	4.1 Laboratory Users
	4.1.1 Program Directors, Project Leaders

	4.2 Laboratory Positions and Job Duties
	4.2.1 Laboratory Supervisor
	4.2.2 Laboratory Technician


	5.0 QUALITY ASSURANCE OBJECTIVES
	6.0 SAMPLE HANDLING
	6.1 Sample Collection
	6.2 Sample Receiving
	6.3 Sample Preservation
	6.3.1 Temperature Preservation
	6.3.2 Chemical Preservation

	6.4 Sample Acceptance and Rejection Policy
	6.4.1 Sample Acceptance
	6.4.1.1 Required Information
	6.4.1.2 Sample Labeling
	6.4.1.3 Sample Containers
	6.4.1.4 Sample Holding Times
	6.4.1.5 Sample Volume

	6.4.2 Sample Rejection

	6.5 Sample Containers, Preservation and Holding Times

	7.0 SAMPLE MANAGEMENT
	7.1 Chain of Custody Procedures
	7.1.1 Introduction
	7.1.2 Sample Custody
	7.1.3 Submittal of Samples
	7.1.4 Sample Custody Procedures
	7.1.5 The Chain of Custody Record
	7.1.6 Responsibility of the Analyst
	7.1.7 Long Term Storage of Chain of Custody Samples and Records
	7.1.8 Sample Containers, Preservation and Hold Times
	7.1.9 Chain of Custody Record Form


	8.0 CALIBRATION PROCEDURES
	8.1 Organics
	8.1.1 GC (Volatiles, Pesticides, PCBs, TPH)
	8.1.2 GC/MS (Volatiles)
	8.1.3 HPLC (carbonyl compounds)

	8.2 Metals
	8.2.1 Mercury Cold Vapor Analyzers
	8.2.2 ICP-MS

	8.3 Inorganic Chemistry
	8.4 Support Equipment
	8.4.1 Thermometers
	8.4.2 Refrigeration Units
	8.4.3 Incubators/Water Baths/Ovens
	8.4.4 Balances
	8.4.5 Automated Pipettes and Dispensing Devices
	8.4.6 pH Meters
	8.4.7 Computer Software


	9.0 ANALYTICAL AND OPERATIONAL PROCEDURES
	9.1 Analytical Methods
	9.1.1 Method Review
	9.1.2 Method Revision

	9.2 Laboratory Water
	9.3 Reagent Preparation, Documentation and Storage
	9.4 Miscellaneous Procedures
	9.5 Traceability of Measurements
	9.6 Data Recording and Editing

	10.0 DATA REDUCTION, VALIDATION, APPROVAL, REPORTING, TRACKING AND STORAGE
	10.1 Data Reduction
	10.1.1 Manual Integration

	10.2 Data Validation and Approval
	10.2.1 Organics
	10.2.2 Inorganics/Metals
	10.2.3 Microbiology

	10.3 Data Reporting
	10.3.1 Policy
	10.3.2 Final Report Format

	10.4 Data Tracking and Record Storage
	10.4.1 General Information
	10.4.2 Sample Handling and Receiving
	10.4.3 Technical Records
	10.4.3.1 Paper Records
	10.4.3.2 Electronic Records



	11.0 QUALITY CONTROL SAMPLES AND ROUTINES USED TO ASSESS ACCURACY AND PRECISION
	11.1 Field Quality Control Samples
	11.1.1 Blanks
	11.1.1.1 Equipment Blanks
	11.1.1.2 Field Blanks
	11.1.1.3 Filter Blanks
	11.1.1.4 Trip Blanks

	11.1.2 Precision and Accuracy Checks
	11.1.2.1 Field Duplicates
	11.1.2.2 Matrix Spikes
	11.1.2.3 Split Samples
	11.1.2.4 Blind Samples


	11.2 Analytical Quality Control Samples, Solutions and Routines
	11.2.1 Negative Control (Blank) – Method Performance
	11.2.1.1 Initial Calibration Blanks – ICB
	11.2.1.2 Continuing Calibration Blank – CCB
	11.2.1.3 Method Blank

	11.2.2 Positive Controls – Method Performance
	11.2.2.1 Laboratory Control Samples – LCS
	11.2.2.2 Quality Control Sample – QCS (Certified Reference Material CRM: Standard Reference Material SRM)

	11.2.3 Standards – Method Calibration
	11.2.3.1 Primary Calibration Standards
	11.2.3.2 Initial Calibration Verification Standard – ICV
	11.2.3.3 Continuing Calibration Verification Standard – CCV
	11.2.3.4 Internal Standards

	11.2.4 Precision and Accuracy Checks – Sample Specific Controls
	11.2.4.1 Analytical Sample Duplicate
	11.2.4.2 Instrument Duplicates
	11.2.4.3 Matrix Spikes – MS
	11.2.4.4 Matrix Spike Duplicate – MSD
	11.2.4.5 Surrogates

	11.2.5 Limits
	11.2.5.1 Method Detection Limits (MDL)
	11.2.5.2 Practical Quantitation Limit (PQL)
	11.2.5.3 Instrument Detection Limit (IDL) (ICP-MS only)
	11.2.5.4 Preparation Batch
	11.2.5.5 Analytical Batch

	11.2.6 Instrument Checks
	11.2.6.1 Tuning Solutions
	11.2.6.2 Interference Check Solutions (ICS)



	12.0 AUDITS AND DEMONSTRATIONS OF CAPABILITY
	12.1 System Audits
	12.2 Performance Audits
	12. 2.1 Water Pollution Study (WP Series)

	12.3 Demonstration of Capability
	12.3.1 Initial Demonstration of Capability (DOC)
	12.3.1.1 New Method or Technology DOC
	12.3.1.2 Precision and Accuracy Assessment
	12.3.1.3 New Analyst Demonstration of Capability (DOC)
	12.3.1.4 Analyst files are to contain training documentation.

	12.3.2 Continued Demonstration of Proficiency


	13.0 PREVENTATIVE MAINTENANCE
	Table 13.1 Laboratory Instrument Maintenance Schedules

	14.0 PROCEDURES USED TO CALCULATE AND ASSESS DATA QUALITY
	14.1 Precision
	14.2 Accuracy
	14.3 Completeness
	14.4 Detection Limits
	14.4.1 Method Detection Limits
	14.4.2 Practical Quantitation Limit
	14.4.3 Instrument Detection Limits
	14.4.4 Limit of Quantitiation

	14.5 Tracking of Quality Control Data
	14.6 Quality Control Acceptance Criteria
	14.7 Reporting of Quality Control Data

	15.0 Corrective and Preventative Actions and Customer Complaints
	15.1 Corrective Actions
	15.2 Non-conforming Work
	15.3 Preventative Actions
	15.4 Customer Complaints
	Figure 15.1 - Quality Assurance Irregularity Report

	15.5 Preventive Action Plan

	16.0 QUALITY SYSTEM REVIEW
	16.1 Quality Assurance Reports to Management
	16.2 Laboratory Director’s Review of Quality System



	Appendix D - Sample Laboratory Bench Sheets
	TABLE OF CONTENTS
	ANALYTICAL BALANCE CALIBRATION
	Autoclave Operation Log
	Sample Biochemical Oxygen Demand Worksheet
	CHEMICAL PURCHASE LOG
	CHEMICAL OXYGEN DEMAND BENCH SHEET
	CONDUCTIVITY METER CALIBRATION LOG
	REAGENT WATER QC LOG
	SAMPLE FECAL COLIFORM BENCH SHEET
	GLASS FIBER FILTER WASH BENCH SHEET
	INHIBITORY RESIDUE TEST
	MAINTENANCE LOG
	MEMBRANE FILTER QC
	M-FC BROTH QC LOG
	pH METER CALIBRATION LOG
	Phosphate Dilution Water Log
	SAMPLE SPECTROPHOTOMETERY BENCH SHEET
	TEMPERATURE LOG
	SAMPLE TITRATION WORKSHEET
	Sample Total Suspended Solids Bench sheet





