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Chapter 1

INTRODUCTION TO THE LABORATORY

Section 1: PREFACE

Accurate and reliable testing of raw, process and treated wastewater is fundamental to the efficient operation of a wastewater treatment facility.

As with many other types of industries, some form of process monitoring is required for wastewater treatment plants to ensure that the quality of the final product is maintained at the highest possible level. One of the methods used in the wastewater treatment industry to maintain a high quality effluent is laboratory testing.  Properly performed and interpreted laboratory analyses are absolutely necessary to monitor effluent characteristics and to provide a basis for making necessary operational changes in the treatment process itself.

The Pennsylvania Department of Environmental Protection (DEP), in conjunction with the Virginia Department of Environmental Protection, in an effort to provide the plant operator with the basic knowledge and skills needed to perform the required laboratory testing, has developed a basic wastewater testing training course.

Section 2: SCOPE AND GOALS OF COURSE

Scope

1.
Supply background information on the nature, source and environmental significance of analytes.

2.
Provide step-by-step procedures for the most commonly performed wastewater tests.

3.
Guide students in interpreting analytical data and applying the information gained in operating wastewater treatment plants.

4.
Provide troubleshooting tools that can be used in identifying and correcting testing problems.

5.
Present overview of quality control concepts and procedures as well as general reporting requirements.

Goals

At the end of the course the student should:

1.
Have a practical understanding of the technical aspects of environmental testing.  In particular, the limitations of specific analytical procedures.

2.
Be able to collect, preserve and analyze wastewater for the most common parameters in a manner acceptable to federal and state regulatory agencies.

3.
Have a general understanding of how pollutants in water originate, and how they can potentially impact the environment if not removed.

4.
Be able to apply analytical data to solve real-world operational problems.

5.
Understand and be able to implement basic quality control and reporting procedures.

It should be noted that no attempt has been made by the DEP to create new reference material or to replace reference material already in existence.  Instead, the goal was to put the information currently in existence into a form that is easy to understand and use on a practical level.

Section 3: IMPORTANCE OF LABORATORY ANALYSES
A good laboratory testing program is necessary if a wastewater operator wants to keep their plant operating at top efficiency.  In terms of plant operations, accurate laboratory analyses can aid the operator by:

1.
Providing the information needed to make operational changes.

2.
Indicating problems as they develop, which will help prevent major plant upsets.

3.
Establishing normal operational levels.

4.
Providing the data needed to check plant efficiency.

5.
Providing the statistical information needed to plan future growth.

6.
Providing documentation so that federal and state regulatory requirements on plant performance levels, loading and effluent quality are met.

Section 4: APPLICATION OF LABORATORY DATA

Laboratory test results are most useful if the operator knows:

1.
The “normal” and “regulatory” range of laboratory results.

While the basic processes of wastewater treatment are similar, differences in influent characteristics, climate and plant operation may cause large differences in the levels of performance.  What is “normal” for one plant may not be normal for another.  Each operator needs to establish ranges that provide the best results for his or her particular plant.

In addition, every wastewater treatment plant with a “point discharge” into a waterway will have specific limits on its effluent discharge that are established by the state and incorporated in its National Pollutant Discharge Elimination System (NPDES) permit.  It is the responsibility of the operator to know which parameters are included in this permit and what those limits are.

2.
The causes of “abnormal” results.

Test results can vary due to changes in the influent or treatment processes.  Errors in sampling, laboratory techniques or calculations can also cause abnormal results.

3.
What the results mean, and how to use them.

Laboratory testing is not an end in itself, but is a tool to be used by the operator to optimize the efficiency of his or her treatment plant.  For this to be effective, the operator needs to have the proper laboratory equipment and basic laboratory skills (the same type of requirements needed in the plant), and a good sampling program.

Each of these three subjects will be dealt with in this chapter.  Although these subjects are not the only ones required for accurate analyses, they are probably the most basic and important.





Quiz 1.1

1.
Name six reasons why a good laboratory testing program is necessary for a wastewater treatment plant.

2.
What three characteristics of test results should be known to make the results useful?

Section 5: GLOSSARY

Colorimetric Measurement:  A method for measuring unknown concentrations of analytes in a sample by measuring the sample’s color intensity.  The color of the sample after adding specific chemicals (reagents) is compared with colors of known concentrations.

Composite Sample:  A collection of individual samples obtained at set intervals over a period of time.

Dilution:  Lowering the concentration of a solution by adding more solvent (usually distilled water).

Effluent:  The output or discharge from a water treatment process.

Grab Sample:  A single sample of wastewater (as defined by NPDES permit).

Gravimetric Measurement:  A method for measuring unknown concentrations of analytes in a sample by weighing a precipitate or residue of the sample.

Holding time:  The storage time allowed between sample collection and sample analysis when the required preservation and storage techniques are followed.

Influent:  Wastewater or other liquid flowing into a reservoir, basin, treatment process or treatment plant.

Inorganic:  Commonly referred to as mineral, it includes all matter that is not animal or vegetable.  Inorganic substances normally dissociate in water to form ions.

Ions:  An atom or group of atoms with an electrical charge that are positive (cation) or negative (anion).

Meniscus:  The curved top of a column of liquid in a small tube.  When the liquid wets the sides of the container (as with water), the curve forms a valley.

Micro:  Prefix meaning millionth, as in microgram ((g) and microliter ((L).

Milli:  Prefix meaning thousandth, as in milligram (mg) and milliliter (mL).

NPDES permit:  National Pollutant Discharge Elimination System permit, the legally enforceable document that sets forth the terms, conditions and limitations by which a wastewater treatment system must operate.  The NPDES permit is authorized by both state and federal laws and it allows stiff civil and criminal penalties for failure to comply.  NPDES permits must be obtained for all point source discharges into US waterways.

Organic:  Organic matter is a broad category that includes both natural and man-made molecules containing carbon and usually hydrogen.  All living matter is made up of organic matter.

Pathogens:  Disease-causing organisms.

Preservative:  A chemical or reagent added to a sample to prevent or slow decomposition or degradation of the analyte to be tested.

Representative Sample:  A portion of water identical in content to that in the larger body of water being sampled.

Solution:  A liquid mixture of dissolved substances.

Standard Solution:  A solution in which the exact concentration of a chemical or compound is known.

Standardize:  To compare with a standard.  In wet chemistry, the strength of an unknown can be determined by comparison with a standard.  Also, instruments are adjusted to read accurately by using standards.

Units of measure:
centimeter (cm) = 1/100 meter

centigrade (°C) = 5/9 (°F - 32)

Fahrenheit (°F) = 1.8  X (°C) + 32

gram (g) = 0.035 ounces

kilogram (Kg) = 2.2 pounds

liter (L) = 0.26 U.S. gallons

meter (m) = 39.37 inches

microgram ((g) = 1/1,000,000 gram

milligram (mg) = 1/1,000 gram

milliliter (mL) = 1/1,000 liter

parts per billion (ppb) = 1 microgram per liter

parts per million (ppm) = 1 milligram per liter 




Section 6 : GENERAL LABORATORY SAFETY

Safety rules in the laboratory must be closely followed to provide a healthy work environment for laboratory staff members.  In any wastewater laboratory, there are corrosive and toxic chemicals, toxic fumes, hot glassware and disease-causing organisms in samples posing threats of fire, chemical burns, toxicity and disease to laboratory workers.

Various federal and state laws place responsibility and liability on laboratory owners, managers, supervisors and technicians for safety in the laboratory.  It would be useful to all laboratory personnel to be aware of these laws, especially for those in supervisory positions.

It is not any more difficult to maintain safety in the laboratory than in any other environment.  However, the lack of safety can be far more serious in chemical laboratories than in other environments.  A great majority of laboratory accidents are the result of carelessness, inattention to established safety guidelines, or lack of good common sense.  At a minimum, the following safety equipment should be provided and be readily available in the laboratory to ensure a safe work place:

Eye wash device

Emergency deluge shower

Fire blanket

Safety glasses/goggles

Laboratory apron/coat

Surgical or rubber gloves

Fire extinguisher  (A,B, & C Fires)

Spill clean up kit

It is not the intention of this section to go into great detail about safety related equipment or procedures, although several general safety tips are given below.  Various notes and cautions will be made to identify and explain safety considerations for individual test procedures in each chapter of this manual.

MATERIAL SAFETY DATA SHEETS
Laboratory workers should be aware of all relevant safety information on the chemicals and reagents used in their work place.  Federal law has established a program that requires that this safety information on chemical handling and usage be provided to all workers on documents called Material Safety Data Sheets (MSDS).

MSDS provide valuable information with regard to safe handling of chemicals, their storage, hazards, first aid and disposal.  All chemical manufacturers, even for laboratory reagents, are required to provide MSDS.  If you do not have these sheets for all of the reagents or chemicals you have purchased, they will be supplied on request from your chemical supply company.  The MSDS should be kept in or near the laboratory for reference in case of an emergency.

BASIC LABORATORY SAFETY TIPS

The following are some basic safety tips to follow when working in the laboratory:

1.
Use proper safety goggles or a face shield when performing any test where there is potential danger to the eyes. CAUTION:  Never look into the open end of a container during a chemical reaction or when heating the container.

2.
Use care in making rubber‑to‑glass connections.  Lengths of glass tubing should be supported while they are being inserted into rubber stoppers or tubing. The ends of the glass should be flame polished to smooth them out, and a lubricant, such as water or glycerin, should be used.  Never use grease or oil.  Gloves should be worn when making such connections.  The glass tubing should be held as close to the end being inserted as possible to prevent breaking.  Never try to force rubber stoppers or tubing from glass.  If necessary, cut the rubber.

3.
Always check labels on bottles carefully to make sure that the proper chemical is being selected.  Keep storage areas clean and organized.  Carefully  dispose of old or excess chemicals in accordance with accepted procedures.  Acids and bases may be slowly and carefully poured down a sink drain only if accompanied by a large amount of water.  Toxic chemicals may not be disposed of in a sink, but must be sent to an approved disposal company.  Separate flammable, explosive or special hazard items for storage in an approved manner.  All chemical containers should be clearly labeled, indicating contents and the date that the bottle was opened or the chemical prepared.  All poisons must be labeled as such and have antidotes clearly marked.

4.
Never handle chemicals with bare hands.  Always wear rubber or surgical gloves and use a spoon or spatula for transferring dry chemicals and some type of stirring device (glass rod, magnetic stirrer, etc.) for mixing chemical solutions.

5.
Be sure that the laboratory has adequate ventilation.  Always work in a fume hood when using chemicals or samples that have toxic fumes.  Even mild concentrations of fumes or gases can be dangerous.

6.
Never use laboratory glassware as a food container or a drinking cup.

7.
When handling hot equipment, use tongs, insulated gloves or other suitable tools.  Avoid using paper towels, rags, etc.

8.
When working in the laboratory, avoid smoking and eating except in designated areas at prescribed times.  Always wash hands thoroughly before smoking or eating.

9.
Do not, under any circumstances, pipette by mouth.  Always use some type of approved suction bulb or automatic pipette.

10.
Handle all chemicals, reagents and samples with care.  Read and become familiar with all precautions or warnings on labels.  Know and have all antidotes to poisons and poisonous chemicals readily available in the laboratory.

11.
A short section of rubber hose on each water outlet provides an excellent way to wash away harmful chemicals from the eyes and skin.

12.
Dispose of all broken or cracked glassware immediately.  This material should be deposited in a separate container labeled “sharps” that can’t be punctured and prevents others from reaching into the container.

13.
Always add acid to water unless the procedure specifically requires the reverse.  If water must be added to an acid or base, do so very slowly, stirring the solution as the water is added.  Note that significant heat may build up during this process.

14.
Wear a protective smock, apron, or lab coat, and surgical or rubber gloves when working in the laboratory to protect clothes and skin.

15.
In case of chemical spills or contact with skin or eyes, rinse thoroughly with large amounts of clean water.  Notify your supervisor immediately and contact a physician.  Special attention should be given if a caustic base is accidentally spilled into the eye.

16.
Prevent fires by maintaining good housekeeping and keeping storage areas organized.  Know how to use fire extinguishers and keep the recommended type handy.  Contact local fire officials for fire safety tips and suggestions.

17.
Keep an approved, well‑stocked first aid kit on hand and in a convenient location in the laboratory.




Quiz 1.2

1.
Name five potential safety hazards that could affect laboratory workers.

2.
Name the minimum safety equipment that should be present in a wastewater laboratory.

3.
What are Material Safety Data Sheets?

4.
What should you do if you spill a chemical on your skin or in your eyes?

5.
What is the minimum information that should be included on the bottle of any chemical?

Section 7: LABORATORY EQUIPMENT

The test procedures used in a laboratory will determine what types of equipment are required.  Since there is a wide variety of equipment types available, this section will deal with only those pieces of equipment that are common to nearly all facilities.

A wastewater laboratory must have all the necessary equipment in order for an operator to perform the required tests, and also to prepare necessary stock solutions and reagents, as well as to perform any required quality control procedures.  This equipment must be maintained in proper working order, and in many cases must be calibrated on a routine basis.

It is important to remember that there may be some differences among manufacturers and/or suppliers.  When ordering equipment, be certain that it is designed to do the job for which it is being ordered.  The following sections will present a few examples of basic laboratory equipment and a brief description of their uses, grouped by their purpose (measurement, observation, preparation and glassware):

MEASUREMENT EQUIPMENT
Top Loading or Triple Beam Balance: These are used for quick weighing when the accuracy of an analytical balance is not required.  These balances generally allow greater weights to be measured than do analytical balances and often have a capacity of 1,000 grams.  Accuracy is generally 0.05 grams which may be sufficient for some reagent preparation and rough dry sample weighing.

Analytical Balance: An analytical balance is an extremely accurate piece of equipment used for determining weights in “gravimetric” analyses and in weighing chemicals to prepare standard solutions.  An analytical balance used for the total suspended solids test generally has a capacity of 160 grams and must be capable of weighing to an accuracy of 0.0001 grams.

Light Spectrophotometer: A visible light spectrophotometer is an instrument capable of producing light at a specific wave length, and then measuring the amount of that light which passes through a colored liquid in tests referred to as “colorimetric” analyses.  Spectrophotometers are used whenever the intensity of the color of a solution is needed to determine the concentration of a chemical.  The visible light spectrophotometer should have the ability to work in the 400 to 700 nanometer wavelength range.

pH Meter: A pH meter is an instrument which measures the intensity of the alkaline or acid strength of a solution by electrically measuring the change in current between a reference electrode and a glass pH electrode.  A pH meter makes this measurement with a great deal of accuracy and is used for testing unknown samples as well as for determining pH of standard solutions and reagents when accuracy is required.

A pH measuring system consists of a pH meter and an electrode system including a measuring probe and a reference probe (although these two probes are now often combined in a “combination” probe).

pH Indicator Paper:  pH paper can be used when a quick estimate of pH is needed, generally when preparing reagents or preserving samples.  pH paper is paper containing various solutions that change color when placed in solutions of varying pH and includes “litmus” paper.  Accuracy is generally +/- 0.5 pH unit.

Dissolved Oxygen Meter (DO Meter): A DO meter is used to determine the dissolved oxygen content in a liquid solution based on the method called “polarography”.  This method is now the method of choice for rapid, accurate dissolved oxygen measurements on most water, wastewater and industrial waste samples, and generally provides an accuracy of +/- 0.2 mg/L dissolved oxygen.

A DO measuring system consists of a DO meter and a measuring probe.

Thermometers and Temperature Probes: Temperature can be measured using either a glass thermometer or a temperature sensing probe utilizing a “thermocouple”.  Although the measurement of temperature is generally not considered a “lab” test, NPDES permits often require temperature measurement on waste streams.  Also, temperature is generally a critical treatment process control parameter.

Since different types of thermometers and probes offer wide ranges of accuracy, it is important to understand the purpose and the regulatory requirements before choosing the method of temperature measurement.  For example, in most instances, incubator temperatures must be monitored with thermometers that are calibrated with other thermometers that have accuracy based on “NIST” .

OBSERVATION EQUIPMENT
Compound Microscope:  A compound microscope is used in an activated sludge plant to study mixed liquor samples to track the population of microorganisms in the treatment process.  These organisms include protozoa, rotifers and bacteria.

PREPARATION EQUIPMENT
BOD Incubator: A specific requirement of the Biochemical Oxygen Demand (BOD) test is that the prepared sample bottles be incubated at 20°C +/- 1.0°C at zero illumination and 100% humidity.  There are kits available to convert conventional refrigerators into BOD incubators as well as special incubators for BOD testing.

Bench Top Incubators for Bacteriological Testing:  Testing for the presence of microorganisms in a water sample generally requires that a warm environment of a constant temperature be provided.  Several different types of bench top incubators are available for this purpose, including circulating and non-circulating water baths, and air or dry-block incubators.  In general, circulating water incubators provide the most consistent temperatures and are recommended for fecal coliform testing at 44.5°C 

+/- 0.2 °C.

Hot Plates and Stirring Hot Plates:  Many tests and reagent preparations require constant stirring and/or heating.  Portable stirrers with or without heating are available.  These generally stir using magnetic stir bars or stars, and heat using electric resistance heat.

Gooch Crucibles:  Gooch crucibles are used in the Total Suspended Solids test.  Generally made of porcelain, Gooch crucibles contain small holes in their flat bases onto which pre-cut fiberglass filter pads are placed.  In performing the filtration, a “crucible holder” and filter flask are generally used to provide suction.

Crucible Holders:  Made of rubber with a glass drain tube, crucible holders provide a seal between a Gooch crucible and filter flask.  When a seal is formed, suction can be applied to the filter flask creating a vacuum inside the flask which pulls water in the sample out of the crucible.

Desiccators:  Desiccators are containers which are used to provide a moisture‑free (or constant low humidity) environment to cool objects and chemicals. The top and bottom of the container generally fit together to form an airtight seal. The bottom section of the desiccator contains a chemical (desiccant) which absorbs moisture from the air (always use color changing desiccant). Hinged desiccator cabinets are also available for this use.  Do not leave these containers open for a long period of time.  Place the desiccator close to the work area.

Tongs: Used in the suspended solids test, tongs are special devices for grasping glassware.  It is especially important to use tongs for handling crucibles to keep skin oil off the sides and to prevent burns.

Drying Oven: A drying oven is used for drying glassware and crucibles, and can be either a gravity convection type or a forced circulation type.  A gravity convection oven circulates air through holes at the top and bottom of the oven, while a forced circulation oven draws air in a similar manner with the aid of a blower.  This circulation of air keeps the temperature even throughout the oven and keeps the humidity low.

Muffle Furnace: A muffle furnace is a kiln type oven capable of maintaining extremely high temperatures for extended periods of time.  Muffle furnaces are used for igniting organic solids in the determination of volatile solids.  The furnace must reach a minimum of 600°C and have enough space to handle three or four evaporating dishes.

Autoclave: Used in the sterilization of equipment prior to bacteriological testing, an autoclave must be capable of developing and maintaining 15 psi at 121°C for at least 20 minutes.

Porcelain Mortar and Pestle: A mortar and pestle consists of a bowl and grinding “masher”, and is used to grind up dried sludge samples, dried soil samples, and certain dry reagents in order to obtain a representative sample or easily dried reagent.

GLASSWARE AND PLASTICS
Choosing Glassware:  Vessels or containers in the laboratory can have three different uses including storage, confinement of reactions and measurement.  Although several materials can be used to make these vessels (including porcelain, stainless steel and aluminum), glass is by far the most common, followed by plastic.

Glassware Types: There are many different grades and types of glass used in laboratory glassware, each possessing its own purity, resistance to thermal shock and overall strength.  The most common type of glass used in today’s laboratory is a highly resistant sodium borosilicate glass used under the trade names “Pyrex” and “Kimax”. This type of glassware is suitable for general use and for all tests referenced in this manual.

PLASTICS: The popularity of different types of plastic in the laboratory has increased considerably over the last decade, primarily due to its low initial cost and resistance to breakage.  Types of plastics used for lab materials include Teflon, polyethylene, polycarbonate, polystyrene and polypropylene.  Like glass, each type of plastic has its own characteristics that make it useful in the laboratory.

Teflon, although expensive, is used often in stopcocks since its slippery texture prevents sticking.  Polypropylene and polycarbonate are often used in bottles, graduated cylinders, beakers and flasks to make use of the fact that they are generally clear, autoclavable, shatterproof and chemically resistant.  Polyethylene, on the other hand, although very chemically resistant, will melt in an autoclave.

Before any laboratory test can be started, all glassware and plastics must be clean.  A good quality laboratory detergent (low in nitrogen and phosphorus), hot water and a brush should be used.  After washing, lab materials should be rinsed well with tap water, followed by distilled water.  Many analytical tests require that glassware be acid cleaned using chromic acid or rinsed with either a mild acid solution or distilled water on a regular basis.  It is especially important to acid clean glassware when any residue buildup is first noticed.  It is essential that glassware be rinsed well with tap water, followed by distilled water after acid cleaning to remove any possible chromium contamination.

Pipettes: Pipettes are specially calibrated glass tubes used for accurately transferring small volumes of solution (usually 50 mL or less) from one container to another.  Pipettes are available in a variety of types and sizes for many different uses.  The most common types of pipettes include volumetric and measuring pipettes. 

Volumetric pipettes:  Volumetric pipettes are designed for the accurate transfer of a specific amount of solution.  These pipettes can only be used to deliver the volume of liquid for which it is calibrated and are used when preparing standard solutions or any other time a great deal of accuracy is required.  Volumetric pipettes have narrow tips and a bulb-like expansion in the middle.  The single calibration mark for these pipettes is found in the tube section above the center expansion.  These pipettes are designed to free-flow until a small amount of liquid remains in the tip (usually indicated as class “A”).  Do not “blow out” this remaining drop of liquid.  A supply of these pipettes should be available in the lab including 1, 5, 10, 20, and 50 mL volumes.  These pipettes will only measure correctly if kept clean and dry.

Measuring pipettes:  Measuring pipettes are graduated to allow varying volumes of solution to be transferred.  This generally results in less accurate measurements when compared to volumetric pipettes.  For example, a 10 mL pipette that is graduated in 0.1 mL increments can be used to measure 9.4 mL of solution.  A 10 mL volumetric pipette can only be used to transfer 10 mL, but will measure that volume very accurately.

Two common types of measuring pipettes used in wastewater testing include the serological and the Mohr.

Serological measuring pipettes:  Serological pipettes are also known as “To Contain” or “TC” or “Blow-Out” pipettes.  Serological pipettes are designed with graduations to the very end tip of the pipette and are intended to have all liquid “blown out”  in order to deliver the measured volume.  These pipettes generally have two rings etched near the top.

Mohr measuring pipettes:  Mohr pipettes are also known as “To Deliver” or “TD” pipettes.  They are designed with graduation markings ending before the end tip and are not intended to be “blown out.”

A necessary piece of equipment to have in the laboratory is a pipette bulb.  For safety reasons, all pipetting should be done with a bulb.  Never pipette by mouth.

Automatic pipettes: Automatic pipettes are specially designed transfer pipettes.  These pipettes can be adjusted to deliver different amounts of liquid.  They have a bulb and plunger assembly and operate much like an eye dropper.  Automatic pipettes are generally used to transfer volumes of less than 5 mL at a time.

Burettes: Burettes are long, graduated glass tubes that have a valve (called a stopcock) for use in measuring accurate volumes of liquid.  Burettes are used for titration, which is the method for dispensing exact amounts of one chemical solution into another to produce a desired chemical reaction.  The Winkler method for the determination of dissolved oxygen and the Iodometric method for chlorine residual are two tests using burettes for titration.

A common problem associated with the use of burettes is the failure to eliminate all air bubbles in the barrel below the stopcock after filling the burette.  In order to remove this bubble, it may be necessary to gently shake the liquid-filled burette while simultaneously opening the stopcock (do this over a sink!).

Erlenmeyer Flasks:  The primary uses for Erlenmeyer flasks are mixing chemicals and heating solutions.  Although Erlenmeyer flasks contain volume markings, these volumes are estimates only and these flasks should not be used to measure volume.  Because the sides of Erlenmeyer flasks are slanted and the mouth is narrow, mixing reagent liquids can be accomplished by swirling without fear of spilling the contents.  In addition, the contents can be heated on a hot plate with minimal evaporation due to the narrow mouth.

Filter Flasks:  Filter flasks are essentially Erlenmeyer flasks with an adapter (called a side‑arm) near the top.  A rubber hose is attached to the side‑arm and connected to a vacuum pump or aspirator. When suction is applied, air is drawn out through the side‑arm and a vacuum is created inside the flask.

Beakers:  Beakers are straight-walled containers used for mixing chemicals and holding samples during testing.  The flat bottom and straight sides make boiling or heating easy.  When used for mixing, the straight sides make the use of some type of stirring equipment (such as a magnetic stirrer) necessary.  As with the Erlenmeyer flask, beaker volume markings are only approximate.  Beakers should not be used for measuring when accurate volumes are required.

Graduated Cylinders:  Graduated cylinders are glass or plastic tubes that are calibrated for measuring large volumes of liquids.  Although not nearly as accurate as pipettes, graduated cylinders have an advantage in that they require much less technique to use and can generally be used for larger volumes.  Graduated cylinders are calibrated “to deliver” which means that if the cylinder is filled and the contents poured out, it will deliver the stated volume while neglecting the few remaining drops left behind.  Standard sizes of graduated cylinders useful in a wastewater lab include 10, 50, 100, 250, 500, and 1,000 mL.

Volumetric Flasks:  Volumetric flasks are specially designed containers to measure large volumes very accurately.   Like volumetric pipettes, volumetric flasks are designed to measure one volume only and are calibrated “to deliver” (so that any remaining liquid residue after emptying is ignored).




Quiz 1.3

1.
What is the main difference between a volumetric pipette and a measuring pipette?

2.
What is the primary use for an Erlenmeyer flask?

3.
What is the primary use for a desiccator?

4.
List the following pieces of equipment in order of the relative accuracy of their graduations:  beaker; graduated cylinder; measuring pipette and burette.

5.
What is the smallest amount of weight that must be accurately measured on an analytical balance?

Section 8: BASIC LABORATORY SKILLS

This section provides general basic information on laboratory skills. More detailed discussions of specific parameters occur in later chapters.

GENERAL MEASURING TIPS
In order for any laboratory test to be valid, it is extremely important that samples and reagents be measured in an accurate and consistent manner using the correct measuring devices.

The method of measuring volumes of liquid depends on both the characteristics of the liquid, the accuracy required and the relative size of the volume to be measured.  For example, a very thick, viscous liquid may be measured most accurately in a wide mouth container that allows rinsing.

In general, the accuracy of liquid measuring devices increases from beakers (least accurate) to flasks to graduated cylinders to burettes to pipettes (most accurate).  Although beakers and flasks usually have volume markings, they are not generally used to measure, but can be used to approximate volumes.  A general rule of thumb is that the smaller the bore diameter of a measuring device, the more accurate the measurement.

One factor to keep in mind when using any of the measuring devices is the designed capacity of each piece of glassware.  Usually these devices will be marked, either “TC” (To Contain) or “TD” (To Deliver), to indicate how the glassware is calibrated.

A piece of “TC” glassware is calibrated so that when filled to the calibration mark or a certain graduation mark, the liquid column will contain a specific volume of liquid. In dispensing this specific volume, the entire contents of the column must be transferred.  A full volume “TC” pipette may require that you “blow out” the last drops of liquid (using a pipette bulb) to deliver the measured volume.  “TC” or “blow out” pipettes are usually marked to indicate the need for this.

A piece of “TD” glassware is calibrated so that when filled to the calibration mark or a certain graduation mark, the volume indicated will be delivered upon dispensing the liquid.  Most pipettes used in wastewater testing are calibrated “TD”.  Full delivery “TD” pipettes are calibrated from the zero mark to the pipette tip.  After draining the pipette, a few drops of liquid may remain in the tip.  This liquid is released by touching the tip of the pipette against the side of the transfer container until no more liquid drains out.

Burettes and certain pipettes are calibrated between two marks with graduations between these points.  The volume required from this type of glassware can be dispensed by draining the liquid column between two chosen graduations.

All measuring devices for liquid volume using a liquid column have a downward curve at the surface of the column.  The curved surface is called the meniscus.  All measurements taken should be made on the graduation closest to the lowest point of the meniscus.  Proper use of this technique of measurement can ensure more consistent results.

USE OF A GRADUATED CYLINDER
TO MEASURE SAMPLES
Graduated cylinders are not nearly as accurate as a similar sized burette or pipette.  The main advantage to using a graduated cylinder is that it requires much less technique than does a pipette and can generally be used for larger volumes.  When deciding between using a pipette or graduated cylinder, a quick generalization is if the sample volume to be measured is larger than 25 mL and the sample size does not have to be extremely accurate, use a graduated cylinder.  Never use a graduated cylinder to prepare standard solutions.  A very common use of graduated cylinders is to measure volumes (or aliquots) of wastewater samples for later analysis.

The method for using a graduated cylinder for sample volume measurement is fairly simple.  Stir the sample well before pouring.  It is important to have all solids swirling around in the sample before pouring.  Hold the cylinder with one hand and, before the solids have begun to settle out, pour the sample into the cylinder in one constant motion.  If the solids begin to settle to the bottom of the container before pouring is completed, the sample will not be representative.

Once the sample has been measured into the cylinder, quickly pour the sample from the cylinder into whatever container (Gooch crucible, flask, BOD bottle, etc.) is to be used for the test.  This is especially important for those tests which do not allow the addition of rinse water to the test container (i.e. pH and chlorine residual tests). The longer it takes to pour the sample from the cylinder into the test container, the more likely solids will settle to the bottom of the cylinder and not be measured in the analysis.

USE OF A PIPETTE
Measuring with a pipette requires more technique than measuring with a graduated cylinder.  To use a pipette, the liquid is drawn up into the pipette, past the zero mark, drained back down to the zero mark, and then the desired volume of liquid drained into the test container.

SAFETY NOTE:  Pipetting should never, under any circumstances, be done by mouth.  Always use a pipette bulb or other type of mechanical aspirator.

Pipettes generally provide the most accuracy obtainable when measuring liquids, with the volumetric pipette providing the most accuracy of all types of pipettes.  Always use volumetric pipettes when preparing standard solutions.  When a small, accurate volume of wastewater sample is required, a pipette can be used in place of the less accurate graduated cylinder.

As when measuring samples with a graduated cylinder, the use of a pipette requires that the sample be mixed thoroughly before measuring.  Stir the sample well before beginning pipetting.  This is accomplished most easily by using a magnetic stirring device.  If one is not available, the pipette itself may be used to stir the sample.  Continue to stir the sample while pipetting.

As the sample is stirred, move the pipette through the sample in the opposite direction of the stirring while drawing the sample into the pipette.  The counter‑stirring motion of the pipette should be just fast enough to eliminate the vortex (or cone in the water by stirring).  This will keep the solids in suspension long enough to be drawn into the pipette.  If the counter‑stirring is too fast, the solids are likely to settle out before pipetting can be completed. If the counter‑stirring is too slow, the force of the stirred water will push the solids past the opening of the pipette and prevent them from being adequately drawn into the pipette.

Dispense the sample from the pipette as quickly as possible.  If too much time elapses between drawing the sample and dispensing it, gravity will pull the heavy solids down to the lower end of the pipette.  If the entire volume is not dispensed, this concentration of solids at the lower end of the pipette can cause errors in the test results.  For samples containing high concentrations of solids or large solids, utilize a pipette with a large “bore” or tip opening to prevent clogging or “filtering” of solids.

USE OF A BURETTE
Burettes are used primarily for titrimetric analyses.  A titration is a technique that involves dispensing an accurate volume of chemical “titrant” into a known volume of sample.

More specifically, titration is the process of adding one solution of known concentration (titrant) to another solution of unknown concentration in order to determine the unknown concentration.  Dispensing the titrant starts a chemical reaction which proceeds as more titrant is added to a recognizable end‑point (change in color, meter reading, etc.).  At this point the titration is complete.

A burette is calibrated to be read from the top down.  For example, a 25 mL burette will have the zero mark at the top and the 25 mL mark at the bottom, above the stopcock, with many divisions in between.  To determine the volume dispensed from the burette, use the graduation that is closest to the lowest point of the meniscus.

Although a burette is not difficult to use, good technique is needed to titrate accurately.  Fill the burette so that the meniscus is above the zero mark, then drain the excess out until the zero mark is reached.  To maintain maximum accuracy, there should be no air bubbles either trapped in the tip or on the sides of the burette. If air bubbles are present in the tip, open the stopcock completely to force them out, then refill.  If there are air bubbles on the sides of the burette, gently tap the burette to get them to rise to the surface, then check to make sure that the meniscus still reads zero.  If necessary, add additional liquid to refill the burette.

The stopcock is designed to allow you to control the rate of flow from the burette.  When the wings of the stopcock on a standard burette are in a horizontal position, the opening is completely closed.  When the wings are in a vertical position, the opening is completely open and flow is maximum.  By adjusting the angle of the wings, the rate of flow can be controlled.  Standard burettes are designed so that the stopcock can be turned in any direction.

There are several precautions which should be observed when using a burette, as follows:

1.
Never use a solution that has been left in the burette overnight.  After the day’s testing has been completed, any liquid remaining in the burette should be discarded and the burette cleaned, rinsed and allowed to dry.

2.
It is recommended that the burette be acid cleaned on a regular basis.  It is especially important to acid clean the burette before using a different chemical.  Be sure the tip is clean and free of partial obstructions.

3.
Take care not to break or chip the burette tip.  The calibration and accuracy of a burette is dependent upon the tip remaining undamaged.  Breaking or chipping the burette tip can make the burette worthless by lowering the accuracy.

4.
Allow liquid to drain slowly and wait for liquid adhering (to glassware) to drain.

WEIGHING SAMPLES
There are many different instances when an analyst must use a balance for weighing.  The type of balance used will be determined by the accuracy required in the weighing and the estimated size and weight of the material to be weighed.  A wastewater treatment plant laboratory will generally have two types of balances, including a pan (or triple beam) balance for weighings that require accuracy to only 0.1 g, and an analytical balance for weighings that require accuracy to 0.0001 g.

Pan Balances: The pan (or triple beam) balance is used most often for weighing chemicals for preparing solutions and for performing the total solids test on sludge.  There are two basic types of pan balances including the electronic pan balance and the mechanical triple‑beam balance.

Operating an electronic pan balance is as simple as placing the material on the pan and recording the weight.  With a triple beam balance, the sample or object to be weighed is placed on the weighing pan and the balance weights are moved along the beams until the indicating needle lines up with the center balance mark.

Each calibration on the beams is equal to a specific weight.  In general, the upper beam is calibrated in hundreds of grams, the middle beam is calibrated in grams, and the lowest beam is calibrated in tenths of a gram.  To obtain the weight of the object, add up the calibrations on each beam as indicated by the position of each weight.

There are two important points to remember when using a pan balance.  First, the pan(s) must be kept clean and dry. Remove all spills quickly using either a good quality brush or soft cloth or tissue.  Second, before using the balance, check to be sure that it is zeroed.  When no samples are on the weighing pan and the weights have been either removed or set to zero, the indicating needle should line up with the center balance mark.  If this does not happen, the built‑in counterweight can be adjusted or special weights can be added to zero the balance.

Analytical Balances: In a wastewater treatment laboratory, the analytical balance is used primarily for performing the suspended solids determination and for weighing reagents.  The analytical balance is also used for weighing chemicals for preparing solutions that require a high degree of accuracy.  Analytical balances can either be mechanical or electronic.  For instructions on how to operate a particular balance, refer to the manufacturer’s literature.

Usually, the analytical balance is the most sensitive and delicate piece of equipment found in the wastewater treatment plant laboratory.  In order to preserve its accuracy, extra care must be exercised in its handling, use and maintenance.

The balance should always be located away from doors, windows and other sources of draft, and should be placed on a solid, sturdy bench or table to cut down on problems caused by vibrations.  Weights should only be recorded with the balance doors closed.

Periodic checks on analytical balances include level adjustments, zero adjustments and balance weight checks.

Level Adjustment:  The balance should be periodically checked to make sure it is level.  A non-level balance can severely reduce both the precision and accuracy of the balance.  Most analytical balances have built‑in bubble levels and adjustable feet for this purpose.

Zero Adjustment:  Prior to each use, the balance should be zeroed to correct for any changes in conditions.

Balance Weight Checks:  A set of calibrated “known” weights should be used to check the accuracy of the balance on a periodic basis.  If the weights do not check within the allowable tolerances, consult the balance manufacturer’s recommendations.

Since mechanical balances contain knife edges that can be dulled very easily, all weight adjustments should be made slowly.  It is recommended that the balance be turned off before making weight adjustments of one gram or greater, or before anything is placed on or removed from the pan.  Avoid dropping samples, especially heavy ones, on the pan as this can cause damage to the balance very quickly.

When weighing chemicals, take care in transferring the chemicals from storage containers to weighing containers to avoid spilling.  Many chemicals used in the wastewater treatment plant laboratory can corrode the weighing pan and even the balance itself.  Clean up all spills quickly and thoroughly.  If the spill is a dry chemical, clean with a good quality, soft bristled brush.  For liquids, use soft, non‑abrasive absorbent tissues.  Avoid using stiff brushes, old rags or coarse towels to clean the balance pan.  These can scratch the pan and change its weight by actually removing metal from its surface.

The analytical balance should be cleaned and serviced on an annual basis by a trained balance technician.  All but the most minor repairs should be done by properly trained personnel to prevent damage to the balance.

VOLUMETRIC SERIAL DILUTION

DILUTION OF SAMPLES AND SOLUTIONS

Often it is necessary to reduce the strength of a sample or solution in order to perform a required test.  The reduction in strength of a sample or solution is done through dilution.  A sample is diluted by adding a specified amount of distilled water to a specified amount of solution or sample.  The degree of dilution will depend on the strength of the sample and the desired final strength needed to perform the test.  Dilution’s are usually performed when the sample strength exceeds the analytical range and when preparing weaker “working” standards from stronger “stock” standards.  Volumetric dilution’s, using volumetric flasks and pipettes, are the most accurate way to dilute samples and solutions.

Performing Volumetric Dilutions:  When preparing a dilution, a measured volume of undiluted sample (or standard) is added to a volume of distilled water to result in a set volume of diluted sample (or standard).  The two measurements the analyst needs to know when preparing a dilution are the original sample volume used and the resulting diluted sample volume.  The dilution “factor” is simply the original undiluted volume divided by the total diluted volume.

For example, if 50 mL of sample is diluted with 50 mL of distilled water, the two volumes important to the analyst are the 50 mL of sample and the 100 mL total volume.  This dilution results in a “dilution factor” of 50 mL/100 mL, or 50:100, or simply 1:2.

When an analysis is performed on this diluted sample, the results must be “corrected” for this dilution.  The correction is done by multiplying the result by a “dilution correction factor”.  The “dilution correction factor” is the inverse of the dilution factor.

In the previous example with a dilution factor of ½, the dilution correction factor would be the inverse of ½, or 2/1.  If in that same example, the diluted sample analysis result was 25 mg/L, the final result (corrected for the dilution of the sample) would be 25 mg/L X 2/1 = 50 mg/L.

Remember, if a dilution of a sample has been made, then the dilution factor must be taken into consideration when performing the calculations of the final results.

If a sample requires a very high dilution, it may be more accurate to make several dilutions in series to achieve the final dilution desired.  This type of dilution, called a “serial dilution”, requires that the analyst perform one dilution, and then use the resulting diluted solution to make a second dilution.  The results must be “corrected” for the series of dilutions.  The correction is done by multiplying the diluted sample result by the product of all dilution correction factors used in the series of dilutions.

For example, if 50 mL of sample is diluted to a total volume of 100 mL with distilled water, and 10 mL of the resulting sample is diluted with distilled water to a total volume of 100 mL, the total dilution actually includes two individual dilutions of 50 mL/100 mL and 10 mL/100 mL.  The dilution factor in this case is calculated by multiplying 50 mL/100 mL and 10 mL/100 mL (or 50/100 X 10/100), which equals 500/10000 which equals 5/100 or 1/20. This dilution could also be called 1:20.

As with a single dilution, when analysis is done on this diluted sample, the results must be “corrected” by multiplying the diluted sample result by a “dilution correction factor” (the inverse of the dilution factor).  In this example with a dilution factor of 1/20, the dilution correction factor would be the inverse of 1/20, or 20/1.  If in this same example the diluted sample analysis result was 25 mg/L, the final result (corrected for the dilution of the sample) would be 25 mg/L X 20/1 = 500 mg/L.

Many times an analyst may need to determine what type of dilution is required to prepare a working solution.  In this instance, a “stock” solution of high concentration is diluted with distilled water to make a weaker “working solution”.  Although concentrations of reagents may be in mg/L, they are often expressed in Molarity (M) or in Normality (N).

To determine the Normality of a working solution prepared from a stock solution if the dilution factor is known, multiply the stock Normality by the dilution factor.  For example, if a stock 1.0 N acid solution is diluted with distilled water using a dilution factor of ½ (or 1:2), the resulting “working solution” would be 0.5 N.  The calculation is:   1.0 N X ½ = 0.5 N

However, many times the analyst will need to calculate what type of dilution is required to achieve a certain working concentration.  To determine this for any type of dilution, the following relationship can be used:

Where:
NS = Normality of Stock Solution

VS = Volume of Stock

NW = Normality of Working Solution

VW = Volume of Working Solution

NS X VS = NW X VW 

For example:

Calculate the volume of a 0.1 N Stock needed to prepare 1000 mL of a 0.05 N working solution given the following:

Normality of stock solution (NS) = 0.1 N

Volume of working solution needed (VW) = 1000 mL

Desired Normality of work solution (NW) = 0.05 N

Unknown is VS
NS x volume of stock (VS) = NW x VW

0.1 N x VS = 0.05 N x 1000 mL

VS = (0.05 N x 1000 mL)/0.1 N

VS = 50 mL/.1 = 500 mL

Therefore, to obtain a 0.05 N solution, 500 mL of the 0.1 N stock solution would be pipetted into a 1000 mL volumetric flask and diluted with distilled water up to the 1000 mL mark on the flask.

STANDARDIZATION OF TEST SOLUTIONS
Many of the routine tests performed in the laboratory require the use of chemical solutions which have specific known concentrations.  Although these solutions can either be purchased in a certain concentration or prepared on-site using reagents, in many instances these solutions must be “checked” or “standardized” to be sure that they are correct.  The process used to determine the exact concentration of solutions is called “standardization.”

Solutions are standardized by comparing their concentration against that of a solution with a known concentration.  The procedures for standardizing test solutions are usually given in standard references whenever standardization is required.




Quiz 1.4

1.
What are the minimum glassware cleaning procedures that should be used in a wastewater laboratory?

2.
What do the terms “TD” and “TC” mean on a piece of laboratory glassware?

3.
What is a meniscus?

4.
What two things should be done on a daily basis to an analytical balance?

5.
In order to prepare 100 mL of a 0.0282 N solution, what volume of 0.100 N stock is used?




Section 9: SAMPLING

If sampling is flawed, the most accurate analytical procedures are meaningless.

PURPOSE AND IMPORTANCE
SAMPLING

The effectiveness of wastewater treatment is demonstrated by, if not determined by, the results of laboratory tests.  The value of any laboratory analysis performed on a treatment plant sample depends on the overall quality of the sample on which the test is performed.  The sample must be representative of actual conditions in the plant.  Often the error most commonly committed in analytical testing is that of improperly collecting or preserving samples.

The purpose of sampling is to collect a portion of the wastewater which is small enough to be conveniently handled in the laboratory and still be representative of the total waste stream.  The sample must be collected in such a manner that nothing is added or lost in the portion taken and no change occurs between the time the sample is collected and the laboratory test is performed.  Unless these conditions are met, the laboratory results may be misleading and worse than no results at all.

Liquid samples for analysis in a wastewater laboratory may be collected from raw waste streams, process streams, effluent streams or receiving waters.

GENERAL RULES OF SAMPLING
The type of sample used and the exact location of sampling cannot be specified to cover all wastewater treatment plants.  Variations occur between treatment plants and different tests have different sampling requirements.  There are, however, some general guidelines which can be listed and apply to almost all samples.

1.
Samples should be taken from well‑mixed areas of tanks or pipes.

2.
The sampling point should be clearly marked and readily accessible.  Proper safety precautions must be observed during all sampling activities.

3.
Unusual particles should not be collected with routine samples.

4.
No deposits, growths or floating materials which have accumulated at the sampling point or on the side walls should be included with routine samples.

5.
Samples should be analyzed as soon as possible after collection.

6.
Samples with heavy solids concentrations, or with large or different sized solids (such as influent or mixed liquor) may often be homogenized in a blender before testing if the analysis does not depend on particle size.  Note that blending should not be done prior to an analysis for total suspended solids.

7.
Storage containers should be made of corrosion‑resistant material (such as plastic), have leak proof tops, be capable of withstanding repeated refrigeration, and be cleaned thoroughly after each use.  Specific types of sample collection and storage containers are specified in the most recent edition of 40 CFR Part 136.

8.
Each sampling point should have its own storage container which is used for that location only.

SAMPLE COLLECTION SAFETY
Whenever possible, rubber gloves should be worn when sample collection requires contact with wastewater (including final effluent) and sludge.  When finished, gloves should be washed thoroughly before being removed. After removing gloves, wash hands thoroughly using a disinfectant type soap.  Samples should never be collected without gloves if open sores or cuts are present.  Do not climb over or go beyond guardrails or chains when collecting samples.  Use sample poles or ropes as necessary to collect samples safely.

The use of personal floatation devices around any body of water (especially moving water) can save your life! Modern designs of personal floatation devices (PFD) make them very practical. PFDs can be made as foul weather gear or coats and can be worn comfortably at all times when working around water.

SAMPLING DEVICES
Some tests, such as the determination of Dissolved Oxygen concentrations, require that specialized devices be used to collect samples.  For most tests, however, special sampling devices are not necessary.  Usually, a sampling device can be made in‑house that will meet the needs and requirements of most tests.

Sampling containers should be made of material that is resistant to rust and corrosion and can be easily cleaned. Sampling devices should be capable of collecting samples from well‑mixed areas of tanks or pipes and in proportion to the flow.  A long‑handled aluminum dipper attached to a wooden pole is usually sufficient to meet most sampling requirements.  Containers such as coffee cans should not be used because they corrode, cannot withstand repeated use and cannot be acid cleaned.

It is highly recommended that each sampling point have its own collection container which is used for that point only.  If this is not possible, the sampling container should be cleaned thoroughly between collections.  All sampling containers should be cleaned on a regular basis. Between each collection, the sample should be cleaned with hot water and a good quality detergent, rinsed thoroughly with tap water followed by distilled water and allowed to dry completely.

On a regular basis (depending on collection frequency and sample characteristics), the samplers should be acid cleaned with chromic acid cleaning solution to remove all residues.  Except for certain samples (bacteriological or oil/grease), sample containers should be rinsed at the time of sample collection with a portion of the wastewater to be sampled.

TYPES OF SAMPLES
The two basic sample types are the grab sample and the composite sample.  The type of sample used will depend on the requirements of the test to be performed, testing frequency, permit requirements and the purpose of the sampling activity.

These two sample types are described as follows:

Grab Samples:  Grab samples (also known as catch samples) consist of samples that are collected at one time, generally during a period of less than 15 minutes.

These samples are not completely representative of the total flow.  However, small plants with low flows and those plants with limited staffing that do not require continual sampling may have permits which require testing only on grab samples. These samples should be collected at that time of day when the treatment plant is operating under maximum load, usually at peak flow.

If good operating efficiency is observed at this time, it can usually be assumed that plant efficiency is satisfactory during periods of lower loading.  If grab samples are used to determine plant efficiency, the collection of the effluent should be delayed long enough after collection of the influent sample to allow for the influent sewage being tested to pass completely through the treatment process.  By doing this, approximately the same sewage is being sampled at the end of treatment as at the beginning.

Chlorine dissipates quickly from water, so in order to get an accurate residual reading, the sample must be tested quickly once it has been collected.

Composite Samples:  Composite samples are used to indicate the character of the sewage over a period of time.

For composite samples, individual grab samples (called aliquots) of sewage are collected at regular and specified time periods, each sample taken in proportion to the amount of flow at that time.  These individual aliquots are mixed (or composited) together to form one large volume which is used for testing.  Usually, composite samples are collected on an 8‑hour, 12‑hour, or 24‑hour basis.  The frequency will depend on the test requirements, size of the treatment plant, permit requirements and the purpose of the sampling activity.

Using composite samples for many test procedures is often important to eliminate the effects of changes in strength and other characteristics of the flow over a period of time.  This helps to gain an overall picture of the total effects receiving water.  Those tests which are performed on composite samples, such as Biochemical Oxygen Demand and Suspended Solids, are not affected by the chemical reactions which take place between individual samples as they are mixed together.

When taking composite samples (either by hand or using an automatic sampler), aliquots should always be kept at 4°C until the final composite is mixed and prepared for analysis. EPA holding times begin when  composite sample is complete, however the sample “age” begins when the first aliquot is collected, you should add any necessary chemical preservatives when this first aliquot is collected provided the preservative is compatible with all tests to be performed on the composite sample.

SAMPLE VOLUMES
One of the most important aspects of a composite sample is that each individual sample must be proportional to the amount of flow at the time the sample is collected.  Flow proportioning can be based either on time or volume.

Time-based flow proportioning is done by varying the time intervals between aliquots of equal volume based on flow, while volume-based proportioning is done by varying the volume of each aliquot (taken at set intervals) based on flow.  For example, time based flow proportioning may require that 5 mL aliquots be collected at 3 minute intervals during high flow, but that the 5 mL aliquots be collected at 10 minute intervals during low flow.  Volume based proportioning may require that 5 mL aliquots be taken 10 minutes apart during high flow but that 2 mL aliquots be taken (at the same frequency) during low flow.  The actual volume or frequency of sample collected at any given time will depend on the volume of flow at that time, the total flow for the day, the total volume to be collected, and the number of individual samples to be collected.

For a volume based composite sample, the amount of sample to be collected at any given time may be calculated by using the following equation:

Amount of sample to collect, mL = (Q1 x V1)/(# x Qa)

Where:

Q1 = Flow rate, MGD at time of sampling

V1 = Total sample volume required, mL

#  = Number of samples to be collected

Qa = Average daily flow, MGD

This method of determining sample volumes for compositing is most effective when individual samples are collected and held to the end of the sampling period before compositing.

Another method used to determine the amount of sample to be collected at any one time is to calculate a proportioning factor which is multiplied by the flow at a specific time.  To calculate this factor, use the following equation:

Proportioning factor (PF) = V1/(# x Qa)

Where:

V1 = Total volume of sample required, mL

#  = Number of samples to be collected

Qa = Estimated or actual average daily flow, MGD

Example:

Total Volume of sample required, mL = 4000 mL

Average Daily Flow, MGD = 11.3 MGD

Number of Samples to be Collected = 24

Proportioning factor = 4000 mL/(11.3 x 24)

Proportioning factor = 14.8

To calculate the sample volume to be collected, multiply the Proportioning factor by the flow at that time.  For example, if the flow at the time of sampling is 5.2 MGD, then the amount of sample to be collected would be calculated as follows:

Amount of sample to collect, mL = 5.2 x 14.8

Amount of sample to collect, mL = 77

SAMPLE PRESERVATION
It is important that all samples be tested as quickly as possible after collection, whether the samples be of the grab or composite type.  If the sample is not analyzed immediately, some type of sample preservation must be used to prevent the sample from deteriorating.  In addition, composite samples must be preserved during the time period that compositing is being performed.

For general sample preservation, refrigeration of the samples at or below 4°C is recommended.  At this temperature, biological activity is significantly reduced, however it does not stop altogether.  Take care not to allow the samples to freeze.

In addition, most tests have specific requirements for preservation and maximum holding time of samples.  To determine how to preserve samples for specific tests, consult the latest version of 40 CFR Part 136 “Guidelines Establishing Test Procedures for the Analysis of Pollutants.”




Quiz 1.5

1.
What is the purpose of sampling for wastewater testing?

2.
Name five rules to observe when sampling.

3.
Name three tests that require grab samples.

4.
What is the importance of composite sampling in wastewater?

5.
If the total volume required for an 8-hour composite sample is 3000 mL, and the average daily  flow is 0.5 MGD, what volume should be added to the composite when the flow rate is 0.237 MGD.

Section 10: RECORDING OF DATA

It is critical to accurately record data related to instrument calibration, reagent preparation, quality control results, sample collection and sample analysis results.  The best way to record this data is on log sheets.

Although the log sheets used by any lab will vary, in general it is best to observe the following guidelines:

Instrument calibration: Keep a single log for each instrument that records date, analyst and results of calibration.

Reagent preparation: Use one log sheet to record date, time, analyst reagent name, concentration and purpose of reagent.

Quality control data:  Data sheets for this information will vary considerably, but generally includes results from blanks, known standards, unknown controls and replicate analyses.  Data on incubator and refrigerator temperatures would also be included.

Sample collection: This type of data is often included on the bench sheet along with sample results, and should include date and time of sample collection and preservation as well as the initials of the sample collector and a description of any preservatives added.

Sample test results:  For NPDES testing, the data must be recorded in pen and initialed by the analyst.  The results ideally should be recorded on consecutively numbered sheets to show that data was not “thrown away”.  No “white-outs” are allowed; any corrections should be made with a single-line cross-out and insertion of the correction with the initials and the date of the analyst making the correction. An explanation of the correction should be made as well.

INTERPRETATION OF DATA
Probably the most important, and possibly the most difficult, part of performing laboratory tests is interpreting the results of those tests.  Laboratory tests are not ends in themselves, but provide the operator with information that is necessary to properly operate his or her plant.

Although laboratory data is important, it is only one of the tools that can be used by the operator to optimize plant efficiency.  Other information needed besides the laboratory results includes sensory observations (such as sight, odor, sound and touch), weather information, time of day, week, month or year, contributors to the system, and characteristics of the receiving waters.  Once all of the proper data and information has been collected, it must be put into a form that allows for easy evaluation.  The idea is not only to find out what is happening, but also where it’s happening, why it’s happening, how it can be maintained or corrected, and what will need to be done in the future.

There are a number of different formats in which raw data can be placed for evaluation.  Use the format which tells you the most and is easiest to understand.  Two of the most useful formats for listing and interpreting data are charts and graphs.

Charts are simply rows and columns of compiled data.  One advantage of presenting data in this format is that computer spreadsheets can easily handle this data and perform many statistical analyses.  It is often difficult, however, for the operator to notice trends and variances in data presented in chart form.  For this reason, many operators prefer to see data in a graph format.

Basically, a graph is a drawing which compares one set of numbers against another.  The biggest advantage to using a graph is that trends and relationships can be seen and demonstrated quickly.  An added advantage to using a graph is that just about any type of data gathered in wastewater treatment can be put into graph form.  In addition, several different sets of data can be compared to illustrate any relationship between changes in the different sets of data.

Another form of graph is the bar graph.  Used more for comparison evaluations rather than trend studies, bar graphs use blocks or bars to picture the data rather than lines.

Remember, the purpose of performing laboratory tests is to gather data that can be used to operate a wastewater treatment plant efficiently and effectively.  This can be accomplished only when all the data and information available has been collected, compiled, evaluated and interpreted properly.




Answers to Quizzes

Quiz 1.1

1.
Name six reasons why a good laboratory testing program is necessary for a wastewater treatment plant.


1.
Laboratory testing provides information to make operational changes;


2.
Indicates problems as they develop;


3.
Establishes “normal” operating levels; 


4.
Provides data to check plant efficiency;


5.
Provides statistical data for future growth; and,


6.
Documents operations to comply with state and federal law.

2.
What three characteristics of test results should be known to make the results useful?


1.
The “normal” range of results;


2.
The causes of abnormal results; and,


3.
What the results mean and how to use them.

Quiz 1.2

1.
Name five potential safety hazards that could affect laboratory workers.


1.
Contact with corrosive chemicals;


2.
Contact with toxic chemicals;


3.
Fire;


4.
Contact with hot glassware;


5.
Contact with infectious materials;


6.
Electrical shock; and,


7.
Accidental poisoning.

2.
Name the minimum safety equipment that should be present in a wastewater laboratory.


1.
Eye wash device;


2.
Emergency deluge shower;


3.
Fire blanket;


4.
Safety glasses or goggles;


5.
Laboratory apron or coat;


6.
Surgical or rubber gloves; and,


7.
Spill kit and fire extinguisher.

3.
What are Material Safety Data Sheets?


MSDS provide essential safety data regarding safe handling of laboratory or process chemicals.

4.
What should you do if you spill a chemical on your skin or in your eyes?

Rinse thoroughly with large volumes of water, notify your supervisor and contact a physician.

5.
What is the minimum information that should be included on the bottle of any chemical?


1.
Contents of the bottle;


2.
Date received; 


3.
Date opened; and,


4.
Safety-related information concerning the chemical.

Quiz 1.3

1.
What is the main difference between a volumetric pipette and a measuring pipette?

A volumetric pipette can measure only one specified volume, whereas a measuring pipette can be graduated to measure several volumes through its range.

2.
What is the primary use for an Erlenmeyer flask?

It is used for mixing chemicals such as in a titration.

3.
What is the primary use for a desiccator?

To provide a moisture‑free environment for chemicals or glassware.

4.
List the following pieces of equipment in order of the relative accuracy of their graduations:  beaker; graduated cylinder; measuring pipette; burette.


1.
Burette


2.
Measuring pipette


3.
Graduated cylinder


4.
Beaker

5.
What is the smallest amount of weight that must be accurately measured on an analytical balance?


0.1 mg (0.0001 gram).
Quiz 1.4

1.
What are the minimum glassware cleaning procedures that should be used in a wastewater laboratory?

Wash all glassware with a good detergent and hot water, rinse with tap water and follow with a distilled water rinse.

2.
What do the terms “TD” and “TC” mean on a piece of laboratory glassware?

“TD” means to deliver a container marked as such would deliver the specified amount between divisions of graduation or when fully emptied;

“TC” means to contain a container marked as such would hold the specified volume when filled to a marked graduation.

3.
What is a meniscus?

The downward curve at the surface of a column of water in a container.

4.
What two things should be done on a daily basis to an analytical balance?


Level and zero the balance.

5.
To prepare 100 mL of a 0.0282 N solution, what volume of 0.100 N stock is used?


(0.0282 N x 100 mL)/0.100 N = 28.2 mL

Quiz 1.5

1.
What is the purpose of sampling for wastewater testing?

To collect a portion of wastewater flow small enough to handle in the laboratory and still be representative of the flow.

2.
Name five rules to observe when sampling.


1.
Take samples from well‑mixed areas of tank or pipe; 


2.
Use only clearly marked and accessible sampling points;


3.
Exclude large or unusual particles; 


4.
Exclude deposits, growths or floating material accumulated at sampling point; 


5.
Analyze samples as soon as possible; 


6.
Homogenize samples with high solids concentrations or particle size variations;


7.
Use corrosion‑resistant storage containers; and 


8.
Each sample point should have its own sampling container.

3.
Name three tests that require grab samples.

pH; Chlorine Residual; Dissolved Oxygen

4.
What is the importance of composite sampling wastewater?

Composite samples indicate the character of the wastewater over a period of time and eliminate the effects of changes in flow and other influent characteristics.

5.
If the total volume required for an 8‑hour composite sample is 3000 mL, and the average daily flow is 0.5 MGD, what volume should be added to the composite when the flow rate is 0.237 MGD?

(0.237 MGD x 3000 mL)/(8 x 0.500 MGD) = 177.75 mL = 178 mL
APPENDIX A
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