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Chapter 13  
Chemical Oxygen Demand 
 
The COD (Chemical Oxygen Demand) test 
represents the amount of chemically 
digestible organics (food).  COD measures 
all organics that were biochemically 
digestible as well as all the organics that can 
be digested by heat and sulfuric acid.  It is 
used in the same applications as BOD.    
COD has the advantage over BOD in that 
the analysis can be completed within a few 
hours whereas BOD requires 5 days.  The 
major drawback of the COD test is the 
presence of hazardous chemicals and toxic 
waste disposal.  
 
COD Theory 
Like the BOD test, oxygen is used to oxidize 
the organics to carbon dioxide and water.  
However, instead of free dissolved oxygen, 
chemically bound oxygen in potassium 
dichromate K2Cr2O7  is used to oxidize the 
organics. 
As the potassium dichromate is used up the 
Cr+3 ion is produced.  The amount of 
dichromate used is proportional to the 
amount of organics present.  Likewise, the 
amount of  Cr+3 ion present is proportional 
to the amount of organics digested.   
 
Organics  +   K2Cr2O7       Cr+3 
                     (Orange)          (Green) 
 
Most labs use the Hach Method to measure 
COD.  This method uses test tubes with pre-
measured amounts of potassium dichromate, 
sulfuric acid, and catalyst.  For the digestion 
to occur, the reaction needs acid, heat, and a 
catalyst. 
The acid is sulfuric acid and is already in the 
tube.  The sample will get very hot when the 
sample is added to the acid and mixed.  Be 
sure the cap is on tight before mixing and 
mix just prior to placing in the digestion 
reactor. 

SAFETY:  Be very careful when adding 
water to acid.  This is contrary to normal 
safety procedure.  Be sure to wear goggles, 
gloves, apron, etc. and do not mix until the 
cap is tightened on the test tube. 

 
 
The heat will be provided by the digestion 
reactor which is set at 150oC.  The sample is 
refluxed (digested) for 2 hours.  During the 
2 hours, the organics are oxidized by the 
acid, potassium dichromate and catalyst.   
 

 
 
The catalyst is silver.  However, silver must 
be soluble and will precipitate if chlorides 
are present in the sample.  To prevent silver 
precipitation, mercury has been added to the 
reagents in the tube.  The mercury will 
remove the chloride interference.  
 
Once the 2 hour refluxing period is finished, 
the remaining potassium dichromate is 
measured using the spectrophotometer. 
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Since this is a spectrophotometric test, a 
standard curve can be prepared as discussed 
earlier.  However, this method is so reliable, 
that the Hach standard curve stored in the 
spectrophotometer software program is 
normally used to determine the sample 
concentration directly.  As discussed earlier, 
a reagent blank and standard must be 
prepared to zero the spectrophotometer and 
validate the curve. 
 
Sample Collection 
The sample is usually collected the same as 
BOD, but is not generally used for NPDES 
purposes.  Most NPDES permits specify 
BOD because it gives a better representation 
of the organics that are affecting the 
receiving stream.  The COD sample may be 
a composite or a grab sample.  Because 
there are no microorganisms involved in this 
procedure, preservation is usually 
acidification using sulfuric acid to a pH 
below 2.  Refrigeration is acceptable if 
BODs are also to be run on the sample.  The 
sample holding time is 7 days, much longer 
than the 24 hours allowed for the BOD test. 
 
Sample Handling 
The sample volume used for the COD test is 
2.0 ml so measuring the sample volume is 
critical.  Be sure to mix the sample well and 
homogenize if necessary.   Pipet quickly to 
avoid settling errors.  CODs can be run on 
industrial samples that may have high 
BODs.  If the COD strength is greater than 
1650 mg/L, the sample must be diluted.  
Make a 1:2 dilution by measuring 50 ml of 
sample and adding to 50 ml of deionized 
water, then add 2.0 ml of the well mixed 
dilution to the test tubes. 
 

COD Procedure 
KHP Standard Preparation 
1. Place about 5 grams of Potassium 

Hydrogen Phthalate (KHP) in an 
aluminum weighing dish. 

2. Place the aluminum dish in the drying 
oven at 110oC for 2 hours. Remove the 
dish from the oven and place in the 
desiccator until time of use.  

3. Weigh 0.4251 gm of dried KHP on a 
calibrated analytical balance. 

4. Transfer completely to a 1000 ml 
volumetric flask. 

5. Fill to the mark with deionized water. 
This prepares a 500 mg/L standard.  
Store in the refrigerator.  

 
Select the Method 
Hach Chemical Co. uses two methods for 
COD, a high range 0-1500 mg/L and a low 
range, 0-150.   Use the low range for 
effluent samples and the high range for all 
other samples.  The procedure for both 
methods is essentially the same until 
measuring with the spectrophotometer.  The 
concentration of dichromate in the low level 
method is 10x lower than in the high level 
method. 
 
Blank Preparation 
1. Obtain a Hach COD high level tube 

(Dark orange) 
2. Using a 2.0 ml volumetric pipet, add 2 

ml of deionized water to the COD tube. 
3. Replace the cap and tighten.  
 
SAFETY:   When liquid is added to the 
tubes, the tubes will become very hot when 
mixed. 
 
4. Carefully mix by inverting several times 

to suspend the powder in the bottom of 
the tube. 

5. Place the tube in the Hach Reactor at 
150oC. 
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KHP Standard Preparation 
1. Obtain a second Hach COD high level 

tube (dark orange) 
2. Using a 2.0 ml volumetric pipet, add 2 

ml of the 500 mg/L KHP standard to the  
COD tube. 

3. Replace the cap and tighten.  
4. Carefully mix by inverting several times 

to suspend the powder in the bottom of 
the tube. 

5. Place the tube in the Hach Reactor at 
150oC. 

 
High Level Sample 
1. Obtain a third Hach COD high level tube 

(dark orange) 
2. Using a 2 ml serological pipet, add 2 ml 

of the sample to the COD tube.  If 
necessary, homogenize the sample for 1 
minute.  If the sample is expected to be 
>1500 mg/L, the sample can be diluted.  
Add 2 ml of each dilution to a separate 
COD tube.  For instance, a 1:2 dilution 
could be made by adding 50 ml of the 
homogenized sample to 50 ml of DI 
water.  Mix and quickly pipet into the 
COD tube to avoid settling errors. 

 

 
Figure:  Sample dilutions. Left sample is 
 >1500 mg/L.  All dichromate is gone. 
 
3. Replace the cap and tighten.  
4. Carefully mix by inverting several times 

to suspend the powder in the bottom of 
the tube. 

5. Place the tube in the Hach Reactor at 
150oC. 

 

Sample Digestion 
1. Turn on the power switch located in the 

back of the digestion apparatus. Allow 
the digestion apparatus to warm up by 
pressing the infinity switch ( ∞ ). 

2. After the blanks, standards, and samples 
have been placed in the digester, turn the 
timer to 120 minutes. 
Press the timer button to begin the timed 
digestion.  The digestion apparatus will 
turn off automatically. 

 
Sample Measurement 
1. Turn on the Spectrophotometer and 

allow to warm up for 10 minutes. 
2. Insert the Hach COD tube adapter.  
 

 
 
3.  Set up the spectrophotometer to the 

correct Hach program (2720).  The 
wavelength should be displayed. 
Record the wavelength used. 

 

 
Figure:  Wipe with kimwipe® to remove fingerprints, 
dirt. 
4. Using a kimwipe®, wipe off the outside 

of the COD Blank.  Insert the blank into 
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the sample holder with the Hach name 
facing forward.   

  

 
Figure:  Insert tube into cell holder 
 
Close the cover and press the ZERO button.   
The display should now show "0".  Record 
the display value on the data sheet 
 

 
Figure: Zero the spectrophotometer using a reagent 
blank. 
 
5. Using a kimwipe®, wipe off the outside 

of the COD 500 mg/L KHP Standard.  
Insert the standard into the sample 
holder with the Hach name facing 
forward.  Close the cover and press the 
READ button.  Record the display value 
on the data sheet. 

6. Using a kimwipe®, wipe off the outside 
of the sample.  Insert the sample into the 
sample holder with the Hach name 
facing forward.   Close the cover and 
press the READ button.  Record the 
display value on the data sheet. 

 
Troubleshooting 
Very little goes wrong in this test.  Most 
errors come back to lab technician 
techniques.  The most critical errors occur 
with the blank and KHP standard.   
 
The spectrophotometer must be warmed up 
and zeroed using the reagent blank.  If the 
volume of DI water added to the reagent 
blank is not 2.0, the color of the reagent 
blank will be either lighter or darker than 
expected.  This error will be most noticeable 
when using the low range method. 
 
Likewise, if the KHP standard does not fall 
at 500 + 50, the samples should be 
invalidated.  The lab technician should 
critique the standard preparation procedure.  
1. Was the balance calibrated prior to 
weighting the KHP? 
2. Was the standard weighed correctly? 
3. Was the powder spilled during standard 
preparation? 
4. Was the KHP volume pipetted correctly? 
5. Were the caps on the standard loose 
during digestion? 
6. Were the sample cells wiped clean? 
7. Is the correct wavelength being used? 
8. Has the KHP standard deteriorated? 
cloudy? 
  
If the KHP standard and the digestion 
reactor temperature are incorrect, the data 
must be invalidated. 
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Quality Control 

The lab technician should document the 
following information to support the COD 
data.  Use the following checklist to 
determine if sufficient information has been 
recorded to support the data in court. 

Sample 
 Sample holding time cannot exceed 7 
days.  Corrective Action: Reject samples 
and request a resample. 
 Samples must be preserved with sulfuric 
acid or refrigeration until time of analysis.   
Corrective Action:  Adjust refrigerator to 
below 4oC.  Service the refrigerator if the 
temperature does not adjust properly.  
 pH meters must be calibrated daily, prior 
to use.  A minimum of 2 buffers should be 
used, with a 3rd buffer typically used.   
Corrective Action:  If the pH meter cannot 
be calibrated, replace the electrode.  
Document the electrode replacement.  
 Samples must be warmed to room 
temperature prior to COD analysis. 
 Samples with large chunks of non-
homogeneous materials should be  
homogenized for 1-2 minutes for better 
precision and accuracy.  Avoid excessive 
homogenization which might cause 
volatilization of some solids. 
 Samples must be mixed well and 
measured quickly to avoid settling errors. 
 
Equipment 
 Hach Digester must be 150oC + 2.0oC and 
should be checked. Corrective Action: 
Digester outside the control limits must be 
adjusted.  
 Immerse the thermometer in the heating 
block for duration of digestion. 
 Calibrate the digester thermometer at least 
annually against a NIST certified 
thermometer. 
 Use an analytical balance capable of 
weighing 0.0001 gm to weigh the KHP 

Calibrate the analytical balance annually 
using a certified balance technician.      
 Calibrate the analytical balance monthly 
using Class 1 weights.  Select a series of 
weights which covers the range of balance 
operation.  Usually 1, 2, 5, 20, 50, and 150 
gm weights are used  
Corrective Action: If the weights deviate 
more than 0.0002 grams, the balance needs 
service.  
 Calibrate the spectrophotometer using a 
reagent blank for each run.    
 
COD Test   
 Prepare fresh KHP standard at least 
quarterly.  Discard if growth or precipitation 
present.   
 KHP is dried and stored in desiccator 
 Zero the analytical balance prior to each 
weighing series 
 Use volumetric pipets for standards and 
blanks.  Use large bore serological pipets for 
samples. 
 Performance evaluation samples should 
be run at least annually 
 KHP standard run with each set of 
samples.    
 KHP standard value 100 mg/L + 10 for 
low level, 500 + 50 for high level. 
Corrective action:  If the KHP standards are 
outside the acceptable levels, new  
KHP should be prepared and the analysis 
repeated.   Samples should be invalidated.   
 
 Document dates/times 
 Document heating block temp 
 Document reagents:  lot number, 
expiration date, purchase date. 
 Reagent blank used to zero the 
spectrophotometer 
 Document KHP standard- 
preparation/purchase date, concentration 
 Document wavelength used 
 Document method used 
 Thermometer calibration 
 Balance calibration 
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 PE samples annually 
 Make/Model spectrophotometer 
 Document time digestion begins and ends 
on the data sheet. 
 Run duplicates 10% of time 
 


	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





