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INTRODUCTION

The role of the wastewater treatment plant operator has become very important
in the prevention of environmental degradation in Michigan. The operator is expected to
optimize treatment to obtain the highest quality effluent possible as well as to
demonstrate that the effluent is indeed within the set standards. The laboratory, of
course, is essential to the operator in providing the data to meet these two goals. This
manual was prepared by the MDNRE Operator Training and Certification Unit as a
training tool to be used by those attending laboratory training courses presented by this
unit. Included are procedures that meet governmental regulations for effluent
monitoring as well as procedures to provide reliable data that can be used to make
decisions in the day-to-day control of the treatment facility. Also included are a number
of analytical methods that may be used to monitor influent levels of contaminants that
would have a negative impact on treatment and the environment.

This manual is not intended to replace other more extensive methods manuals
but to be a clarification of many of the procedures specifically applicable to the
wastewater treatment field. The procedures are presented in a step by step "cookbook"
style. This provides an easy to follow and understandable format but any unusual
conditions or applications may require reference to the other more general manuals.

Many of the procedures meet the requirements of the National Pollutant
Discharge Elimination System Program (NPDES) and may be used to demonstrate that
effluent discharges meet applicable pollutant discharge limitations. Those that do meet
these requirements are identified at the beginning of the procedure.

Discussions of the significance as well as the means of treatment of several of
the parameters are included in the manual. These are intended to help the operator

understand the vital link between laboratory data and plant operations and control.
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Also included are several general discussions such as lab safety, sample
handling and preservation, and laboratory quality assurance. Users of this manual are
encouraged to read through these and follow the suggestions given to help ensure the

highest possible reliability of the data generated in the lab.



LABORATORY SAFETY

One of the major concerns of any worker is to be safe while on the job. Both
from the aspect of personal safety and from the aspect of liability for employees, the
concern is justified. Many areas of wastewater treatment involve certain potential
hazards and the analytical laboratory is certainly no exception. The key to job safety in
spite of this is the recognition of the hazards involved in laboratory work, an
understanding of what can be done to reduce the risk of having an accident, and
knowing the proper responses to accidents that may occur.

The following list contains seven of the most common hazards and types of
dangerous materials associated with working in a laboratory which handles wastewater
samples, and includes some suggestions for steps which may be taken to help prevent
an accident from occurring. The list does not include all possible situations which may
arise; many types of hazards may be specific to a particular facility or type of process.

Infectious Materials:

Even a small amount of wastewater or sludge contains millions of
microorganisms; some of them may be disease causing. Diseases such as tetanus,
typhoid, dysentery, and hepatitis may be contracted through improper handling of

wastewater sam ples.
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The table below lists examples of the numerous diseases associated with wastewater

contaminated environments.

DISEASES ASSOCIATED WITH WASTEWATER CONTAMINATED ENVIRONMENTS

Tetanus

Infectious hepatitis
Poliomyelitis
Common cold?
Hookworm disease

Histoplasmosis

tuberculosis
Clostridium tetani
Hepatitis A virus
Poliovirus
Echovirus
Necator americanus
Ancylostoma duodenale
Histoplasma capsulatum

Disease Organism Mode Of Transmission
Bacillary dysentery Shigella spp. Ingestion®
Asiatic cholera Vibrio cholerae Ingestion
Typhoid fever Salmonella Typhi Ingestion
Tuberculosis Mycobacterium Inhalation®

Wound contact
Ingestion
Ingestion
Inhalation

Skin contact

Inhalation

#The common cold is usually associated with various rhinovirus types, several
coronaviruses, and some unknown viruses.
PInhalation is by way of mouth and nose and taken through the lungs and into

the bloodstream.

‘Ingestion is by way of mouth or nose and taken in through the stomach and
intestine and into the bloodstream.

An important means of protection against infection is to receive the appropriate

inoculations. Your local health officials and personal physician should be consulted as

to what inoculation may be needed.

Probably the most obvious means of protection is to observe good personal

hygiene, including thorough washing of hands and face, changing clothes before leaving

work, and the use of protective clothing such as gloves and aprons where warranted.

The analyst must always use a pipet bulb in the wastewater lab, and make the

assumption that all glassware and samples are contaminated. Special precautions

should be taken when working with cuts or scrapes on the hands. There should be no

eating, drinking, or smoking in the lab area, and food and drink should never be stored
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in the same area as samples and reagents.
Poisons:

Many of the chemicals commonly used in the lab are deadly poisons. Some of
these such as carbon tetrachloride or mercury can be absorbed through the skin and
may build up over a long period of time to dangerous levels. Others such as cyanide
may take on a gaseous form that is extremely dangerous when breathed in.

Warning labels on chemicals used should be read and understood. If the
chemical being used is poisonous, special care should be taken to assure that the
material will not be ingested or absorbed through the skin. All such reagents should be
clearly labeled as to its poisonous nature.

Explosive Materials:

Almost all labs use acetone, azide compounds, and many other explosive
chemicals. Other chemicals which may not be explosive alone may form explosive
compounds with other non-explosive chemicals. Heat, an electric spark, sudden shock,
pressure, or even contact with air may trigger an explosion from some compounds.

Whenever explosive solvents such as ether or acetone are being used in the lab,
open flames must not be used. Procedures using these chemicals should be carried
out in the fume hood, if possible, with the fan on. If sample digestions involve the use of
perchloric acid, an explosion proof fume hood rated for perchloric acid must be used.
Analytical procedures must be followed exactly as written using the chemicals specified.
Substitutions of chemicals or alterations in the procedures may cause dangerous
reactions to occur.

Electrical Shock:

This usually occurs due to improper grounding of instrumentation or improper
contact between the analyst, electricity, and water.

Make sure that any instrument is grounded before use. Avoid using electrical
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instrumentation near sinks or other sources of water. Do not operate electrical
instruments while standing in water. If an instrument does get wet do not use it until it
has been dried out and has been determined safe for use. Do not have electrical
outlets placed near sinks. All permanent wiring should be installed by a qualified
electrician. Do not overload electrical circuits in the lab. Know the location of circuit
breaker boxes that control circuits in the lab and have the breakers clearly marked.
Toxic Fumes:

These are generated as part of many routine procedures. An example of this is
the generation of sulfur trioxide fumes during the analysis for total Kjeldahl nitrogen.
This becomes dangerous when a properly operating fume hood is not used.

Observe precautions printed on all reagent bottles. If the analyst uses a
chemical which emits toxic fumes the work must be done in a fume hood. The fume
hood must be inspected at least once each year to assure an adequate air
displacement and to check for leaks in the duct work. Spills of such materials, such as
mercury, must be cleaned up immediately using appropriate procedures.

Corrosive Materials:

Most labs use concentrated acids and bases for a wide variety of purposes.
These not only are corrosive to laboratory equipment and instrumentation, but can also
damage clothing and cause severe burns. This is especially critical when these
materials come in contact with the eyes.

Concentrations of acids and bases should always be specified on the label.
When making up dilutions of acids always add the acid to the water or violent splashing
or explosion will occur. Make such solutions cautiously and slowly, expecting the
solution to get very hot. Quantities of these materials of one gallon or more are best
stored in unbreakable containers. Put together a kit to handle spills of acids and bases

and keep this in a handy location. Always wear eye protection, apron, and gloves when
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handling concentrated acids or bases.
Fire:

Fires are usually caused by improper handling of chemicals or from overloaded
or improper electrical conditions.

Follow proper storage procedures for all reagents. Dispose of chemicals in a
safe manner. Observe shelf lives of any reagents which are so dated. Use common
sense when using open flames. Know the service capacity of the electrical circuits in
the lab to avoid creating an overloaded condition. Label all circuit breakers according to
major equipment operated on each circuit.

General Lab Considerations:

Cylinders of compressed gases are extremely dangerous and require special
precautions for moving and storage. If the valve is knocked off accidentally the cylinder
may be propelled with rocket force, damaging almost anything in its path. When moving
cylinders the valve protection cap must be installed and the cylinder should be strapped
to a trussed handcart. For storage and for use, the cylinders should be chained or
strapped securely to prevent them from being knocked over.

Chemicals should be stored in an adequate storeroom. Heavy items should be
stored as near as possible to the floor. All chemicals should be clearly labeled and
dated. A discussion on proper labeling procedures follows this discussion. The storage
room should be properly ventilated to prevent a possible buildup of vapors or heat.
Care should be taken to assure that incompatible materials are not stored together.

The list on the pages following this discussion list some of the chemicals commonly
used in wastewater analysis and indicate which materials may not be safely stored with
them.

The lab must have at least one emergency eye wash and shower. These must

be inspected and flushed at least once per month. The location of fire extinguishers,

10-5



fire alarms, and telephones must be clearly visible. An emergency telephone number
list should be developed and posted near the telephone. A first aid kit must be readily
accessible in case of emergency.

Proper disposal procedures should be followed for any outdated or spent
reagents. The local fire department may offer information or assistance in disposing of
hazardous chemicals. Broken glass and glass containers should be disposed of in a
container designated for only this type of waste.

Response to Emergencies:

In many types of emergencies quick response may mean the difference between
having a close call or having a disaster. One of the best ways to assure a quick
response to emergencies is to make sure that laboratory personnel are adequately
trained in the use of safety equipment and in first aid procedures. Safety equipment
training should include the use of fire extinguishers, emergency shower and eyewash,
respirators, and all other safety equipment which would be appropriate for the particular
facility. First aid training should include basic first aid as well as a course in
cardiopulmonary resuscitation.

In summary, the best way to prevent accidents from happening is to know the
procedures and materials that must be used, to understand the hazards associated with
them, and to use the proper safety precautions and equipment. The best way to
prepare laboratory personnel to react to an emergency situation is by providing the

necessary safety equipment and by providing training in their use.
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CHEMICAL STORAGE

THESE CHEMICALS:

SHOULD NOT BE STORED WITH:

Acetic acid Chromic acid, nitric acid, hydroxyl compounds, ethylene
glycol, perchloric acid, peroxides, permanganates.
Acetylene Chlorine, bromine, copper, fluorine, silver.

Ammonium nitrate

Acids, powered metals, flammable liquids, chlorates,
nitrites, sulfur, finely divided organic or combustible
materials.

Carbon, activated

Calcium hypochlorite, all oxidizing agents.

Chlorates Ammonium salts, acids, powdered metals, sulfur, finely
divided organic or combustible materials.

Chromic acid Acetic acid, naphthalene, camphor, glycerine, turpentine,
alcohol, flammable liquids in general.

Chlorine Ammonia, acetylene, butadiene, butane, methane,
propane (or other petroleum gases), hydrogen, sodium
carbide, turpentine, benzene, finely divided metals.

Copper Acetylene, hydrogen peroxide.

Flammable liquids

Ammonium nitrate, chromic acid, hydrogen peroxide,
nitric acid, sodium peroxide, the halogens.

Hydrocarbons

Fluorine, chlorine, bromine, chromic acid, sodium
peroxide.

Hydrofluoric acid,
anhydrous

Ammonia, aqueous or anhydrous.

Hydrogen peroxide

Copper, chromium, iron, most metals or their salts,
alcohols, acetone, organic materials, aniline,
nitromethane, flammable liquids, combustible materials.

Hydrogen sulfide

Fuming nitric acid, oxidizing gases.

Mercury

Acetylene, fulminic acid, ammonia, oxalic acid.

Nitric acid, concentrated

Acetic acid, aniline, chromic acid, hydrocyanic acid,
hydrogen sulfide, flammable liquids, flammable gases.

Oxalic acid Silver, mercury.

Potassium Glycerin, ethylene glycol, benzaldehyde, sulfuric acid.

permanganate

Silver Acetylene, oxalic acid, tartaric acid, ammonium
compounds.

Sulfuric acid Potassium chlorate, potassium perchlorate, potassium

permanganate, or similar compounds with light metals.
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LABELING

Adequate labeling of containers of laboratory reagents is essential to
providing a safe working environment in any laboratory. Federal (40CFR Part
1910) and State (R325.70101) laws both specify that "ldentity labels, showing
contents of containers (including waste receptacles) and associated hazards” are
required. These also state that “employers shall ensure that labels on incoming
containers of hazardous chemicals are not removed or defaced."

It is recommended that labels on containers of chemicals acquired by the
laboratory should include the following information:

a) A product name, trade name, chemical name or generic hame if the

product or trade name is used,
b) A signal word to draw attention and designate the degree of hazard
such as:
1) DANGER shall mean most serious hazard
2) WARNING shall mean a lesser hazard
3) CAUTION shall mean the least hazard,

C) A statement as to hazards that are present with customary use or
handling of the substance, for example "causes burns" or "vapor
hazardous".

d) Date of preparation and / or expiration.

The label for a 1 Normal Sulfuric Acid solution would be as follows:

Sulfuric Acid
H2SO4
1IN
Danger — Causes Burns
Prepared 12/3/2007
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Several labeling tools are available, and each has its place in the
laboratory. Most beakers and flasks will have a hexagonal space of ground glass
which can be written on to identify it. A lead pencil should be used for this type of
marking. Grease pencils are primarily used for temporary labeling. It should be
noted that the grease pencil marking will readily rub off. Commercially available
labeling tape is especially useful in many situations. It may be purchased in
several different colors, and may be blank or imprinted with a form which may be
filled out to provide the necessary information.

High temperature markers are available for marking on surfaces that are
exposed to extreme high temperature environments, such as Gooch crucibles.
The marks become permanent after heat is applied.

Whatever labeling techniques you use, be consistent, and remember that

the label is intended not only for convenience but also for safety.
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ATOMIC WEIGHTS OF THE ELEMENTS
IN ALPHABETICAL ORDER

Atomic Atomic
Name Symbol Number Weight
Actinium Ac 89 227.0278
Aluminum Al 13 26.9815
Americium Am 95 241.0568
Antimony Sh 51 121.75
Argon Ar 18 39.948
Arsenic As 33 74.9216
Astatine At 85 209.9871
Barium Ba 56 137.33
Berkelium Bk 97 247.0703
Beryllium Be 4 9.01218
Bismuth Bi 83 208.9804
Boron B 5 10.81
Bromine Br 35 79.904
Cadmium Cd 48 112.41
Calcium Ca 20 40.08
Californium Cf 98 249.0748
Carbon C 6 12.011
Cerium Ce 58 140.12
Cesium Cs 55 132.9054
Chlorine Cl 17 35.453
Chromium Cr 24 51.996
Cobalt Co 27 58.9332
Copper Cu 29 63.546
Curium Cm 96 243.0614
Dysprosium Dy 66 162.50
Einsteinium Es 99 252.083
Erbium Er 68 167.26
Europium Eu 63 151.96
Fermium Fm 100 257.0951
Fluorine F 9 18.998403
Francium Fr 87 223.0197
Gadolinium Gd 64 157.25
Gallium Ga 31 69.72
Germanium Ge 32 72.59
Gold Au 79 196.9665
Hafnium Hf 72 178.49
Helium He 2 4.00260
Holmium Ho 67 164.9304
Hydrogen H 1 1.0079
Indium In 49 114.82
lodine | 53 126.9045
Iridium Ir 77 192.22
Iron Fe 26 55.847
Krypton Kr 36 83.80
Lanthanum La 57 138.9055
Lawrencium Lr 103 262.11
Lead Pb 82 207.2
Lithium Li 3 6.941
Lutetium Lu 71 174.967
Magnesium Mg 12 24.305
Manganese Mn 25 54.9380
Mendelevium | Md 101 256.094
Mercury Hg 80 200.59
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Atomic Atomic
Name Symbol | Number Weight
Molybdenum Mo 42 95.94
Neodymium Nd 60 144.24
Neon Ne 10 20.179
Neptunium Np 93 237.0482
Nickel Ni 28 58.70
Niobium Nb 41 92.9064
Nitrogen N 7 14.0067
Nobelium No 102 259.1009
Osmium Os 76 190.2
Oxygen (@) 8 15.9994
Palladium Pd 46 106.4
Phosphorus P 15 30.97376
Platinum Pt 78 195.09
Plutonium Pu 94 238.0496
Polonium Po 84 208.9824
Potassium K 19 39.0983
Praseodymium Pr 59 140.9077
Promethium Pm 61 144.9127
Protactinium Pa 91 231.0359
Radium Ra 88 226.0254
Radon Rn 86 210.9906
Rhenium Re 75 186.207
Rhodium Rh 45 102.9055
Rubidium Rb 37 85.4678
Ruthenium Ru 44 101.07
Samarium Sm 62 150.4
Scandium Sc 21 44,9559
Selenium Se 34 78.96
Silicon Si 14 28.0855
Silver Ag 47 107.868
Sodium Na 11 22.98977
Strontium Sr 38 87.62
Sulfur S 16 32.06
Tantalum Ta 73 180.9479
Technetium Tc 43 96.9064
Tellurium Te 52 127.60
Terbium Th 65 158.9254
Thallium Tl 81 204.37
Thorium Th 90 232.0381
Thulium m 69 168.9342
Tin Sn 50 118.69
Titanium Ti 22 47.90
Tungsten W 74 183.85
Unnilhexium Unh 106 263.118
Unnilpentium Unp 105 262114
Unnilguadium ung 104 261.11
Uranium U 92 238.029
Vanadium \ 23 50.9415
Xenon Xe 54 131.30
Ytterbium Yb 70 173.04
Yttrium Y 39 88.9059
Zinc Zn 30 65.38
Zirconium Zr 40 91.22




Names and Formulas of Compounds

Compounds are pure substances that are composed of two or more elements.
Elements may be referred to as the basic building blocks of all substances. The current
number of known elements is around 112. The ones up through atomic number 92
(uranium) are naturally occurring, whereas the "transuranic" elements are synthesized in
experiments wherein heavy nuclei are made to interact with each other.

Each element has a particular symbol. The symbol is an abbreviation for that
element. The symbols that are used to represent the elements are also used to represent
compounds. For example the compound NaCl represents the combination of sodium (Na
#11) and chlorine (Cl #17) and its name is sodium chloride.

In several of the chemical formulas, you will note that subscripts are used. The
subscript tells how many atoms of that element are contained in the compound. In water
(H20) there are two atoms of hydrogen and one atom of oxygen. The subscripts help to
differentiate one compound from another. The compound hydrogen peroxide (H,05)
although similar to water is obviously not the same since there are 2 atoms of oxygen in the
peroxide and only 1 atom in the water.

In choosing the proper chemical for an analysis, it cannot be over emphasized that
the name and formula that occur on the label of the chemical must match the name and
formula in the procedure that has been given. Several names may appear to be correct
because of similarities in spelling such as:

sodium sulfate Na,SO, and sodium sulfite Na,SO3
These are not the same. The sulfate compound has one more oxygen atom than the
sulfite. Another minor spelling variation would be potassium nitrate KNO3; and potassium
nitrite KNO,. What is the difference here?

Another variation and, in fact, a very important property of compounds, is the
addition of the word anhydrous to the name. This means without water. The chemical has
been prepared (by the manufacturer) without water. If the chemical does have water in it, it
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will be referred to as a hydrate. Example:
Sodium Thiosulfate Pentahydrate (Na,S,03; - 5H,0)
This means that the compound has 5 water molecules associated with it. Note that the
prefixes to the word hydrate are mono, di, tri, tetra, penta, hexa, hepta, octa, nona, and
deca referring to the numbers 1 through 10 respectively.
Calcium Chloride, Anhydrous (CacCly,)
This means that the compound contains no water.

When choosing a chemical for a particular analysis, the stock chemical bottle must
be considered very carefully. It contains a label that gives the name of the compound as
well as the formula. It also contains cautions such as explosive, toxic (poisonous). The
hazards presented by these chemicals are not evident from appearance, smell, or everyday
knowledge. Hazards must be foreseen and avoided. It is safest to assume that all
chemicals, even water if not safely handled, can be hazardous. Read the label completely
and follow the warnings that are indicated. The label will also mention any additional
storage requirements that might be necessary for a particular reagent such as "Store at 25
degrees C". The purity of the chemical is also indicated. Analytical or Reagent Grade is
the highest purity. The amounts of impurities are shown on the label. The word ACS
(American Chemical Society) also might be shown. This also means reagent grade. A
lower grade of chemical would be laboratory or practical grade. Usually, amounts of

impurities would not be listed on this label. A sample label is shown.

Na,S,03 * 5H,0 500 Grams CAUTION
SODIUM THIOSULFATE Emits Toxic Fumes When Heated
(crystals) Keep container tightly closed.

Do not take internally.
Reagent, A.C.S.
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OPERATION OF THE ANALYTICAL BALANCE

The analytical balance is one of the most important pieces of equipment in the
wastewater treatment plant laboratory, since the accuracy of almost every analytical
procedure depends on being able to make accurate weighings. In gravimetric procedures
the component being analyzed is usually weighed directly, while in titrimetric or colorimetric
procedures, standards and reagents are often prepared by weighing. Thus, the efficient
operation of the laboratory is dependent on the analytical balance in many ways.
Unfortunately, many times laboratory personnel do not realize the limitations of the
equipment and the sources of possible error.

There are three general sources of error that are commonly encountered by the
analyst in using an analytical balance. The first source of error is the balance itself. It is
impossible to develop instrumentation which can consistently make perfect measurements,
even after the elimination of all other sources of error; a tolerance for error is always
specified by the manufacturer. With continued use, the balance may also introduce errors
due to worn parts, or being out of adjustment. Laboratories will usually contract with a
service company to provide annual calibration and maintenance of the balance to minimize
these types of errors.

The second type of errors are those imposed by the environment in which the
balance is used. Excessive humidity, vibration, drafts, temperature changes, and dust are
all environmental factors which may contribute to weighing errors. These errors may be
minimized to a large extent by proper placement of the balance within the laboratory, and
assuring proper preparation and handling of the materials being weighed. The following
pages which have been provided by the Mettler Instrument Corporation discuss these
factors, their effects, and possible solutions to problems.

The third source of weighing errors is the analyst. This is probably the greatest

source of error since it is variable from day to day and from person to person. While other
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sources of errors may be minimized because they would be expected to be somewhat
consistent, operational errors occur very inconsistently. Errors may occur in handling the
material to be weighed, in operating the balance, or even in reading the weight which is
properly displayed by the equipment. The only way to minimize these errors is for the
analyst to make a conscientious effort toward knowing the instrument, following correct
procedure, and taking time to double check results.

There are several manufacturers of analytical balances which are being used in
wastewater treatment plant laboratories, and many models to choose from. In addition, the
age of the equipment being used includes a fairly wide range. This makes it impossible to
include an operating procedure in this manual. The analyst should become familiar with
operating manuals provided by the manufacturer and should consult these when problems

arise, keeping in mind the more general information included here.
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Weighing the nght way

Correct operation of electronic
Part 1 of 2 analytical, semimicro and microbalances

The electronic balances avallable today are much
easier to use than were their mechanical forerunners.
In addition, they are capable of “‘overcoming” certain
environmental influences during operation. N
Perhaps as a consequence of these facts, \

some users of electronic micro-, semimicro- or N \5
analytical balances tend to be careless about

sound weighing procedures.

In this two-part series, we will touch on the most
important points to be considered when working with
micro-, semimicro- or analytical balances.

This instaliment will cover selection of the balance loca-
tion and the weighing table. Next time, we wilf discuss
balance operation and weighing errors traceable to physi-
cal phenomena.

A - sunlight can cause the balance to warm up unevenly. Also
Selection of the balance location keep clear of heating devices. They not only generate heat

radiation, but also produce rather strong convective air cur-
rents that can interfere with the balance's operation.

The accuracy and reliability of weighing results depends not
only on precise measuring performance, but also very much
on the location of the balance. An optimal weighing station
must meet the following requirements.

Whenever possible, the room in which the balance is located The balance should not be set up near air conditioners or
should have only one entrance so that the room is not used fans because they generate a great deal of air turbulence.
as a passageway. The corners of the room are especially ’
suitable as work locations because they are the most rigid
locations in the building and are

subject to the
least amount
of vibration.

Temperature drift: if the temperature of a room changes, the
temperature in the balance will also change shortly there-
after. This can be seen from the “drift” of the balance dis-
i’? play. When working with semimicro- or microbalances, room

Never set up the
balance near a window.
Exposure to direct




temperature should be held constant by using a thermostat.
. With micro- and ultramicro balances, the temperature should
be held constant within 1° C.

Relative humidity: The higher the readability of a balance,
the stronger the effect a change in relative humidity will be
on weight. For this reason, humidity shouid be monitored
and held constant. Recommended relative humidity:
45%—60%.

Lighting: Artificial light—preferably fluorescent—in a room
without windows is best for accurate weighing results. Light
fixtures must be sufficiently far from the weighing table to
prevent disturbing thermal radiation. High wattage lamps
shouid not be installed.

Weighing table

Weighing results from micro-, semimicro- or analytical
balances are as good—or as bad—as the weighing table.
For this reason, the following points should be kept in mind
when selecting the weighing table.

/AN AAOE AR aaM) e M ma o AN _ael
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The weighing table should:

— Not transmit oscillations and vibrations. (Oscillations and
vibrations can be caused by machinery running in the
same building, or on roads or rail lines in the vicinity of
the building, etc.)

— Have no deflection when it is worked on.
— Be made of antimagnetic materials.
— Be protected against static charges.

Figure A Figure B

Weighing tables made of solid stone plates are recom-
mended. They can be placed on consoles which are
fastened to the wall (Figure A), or placed on two solid fioor
supports (Figure B). It is recommended that the plate not be
fastened to both the wall and the floor because vibrations
will be transmitted through both media. The weighing table
should not be used for storage of heavy objects. To prevent
weighing errors, the weighing table should not be covered
with plastic, glass or metal plates.



Part 2 of 2

We:ghmg the nght way

| analytlcal, aomlmlcro and microbalanc-s

Mettler -

Corroct oporatlon of oloctronlc

Balance operation

When weighing with micro-, semimicro- and analytical
balances, the following points always apply:

Proceed carefully, taking into consideration the
requirements of the object being weighed. It is
important, however, to proceed quickly.

These somewhat contradictory statements are based on the
fact that the longer it takes to make a weight determination,
the greater the risk that environmental influences such as
vibrations, air disturbances, temperature fluctuations, humid-
ity, reactions of the object being weighed, etc., can cause the
result to be off.

Specifically, the following points should be taken into
consideration:

Switch the balance on at least 30 minutes prior to making
the first weighing. If possible, leave the balance switched on
all the time.

Reason: Any possible zero point error and sensitivity drift
caused by the balance warmup are eliminated.

Note: The balance warmup time is eliminated when the
instrument is equipped with a standby circuit (Mettler AE
balances, for instance), as long as it is not disconnected
from the power source.

Before opening the weighing chamber, check to make sure
the display indicates zero.

Reason: Any zero point error will be counted in with your
weighing result. :

Do not touch the tare
container or the object to
be weighed with your
fingers; use long
tweezers or tongs.
Reason: Physical con-
tact can cause the tem-
perature and humidity of
the tare container and object to change.

Open the weighing chamber only to place the tare container
or object on the pan, and only for as long as it takes to
assure that the object is squarely on the pan.

Reason: Every time the weighing chamber is opened, tem-
perature changes and air drafts can influence the result.

Place the object in the
middle of the pan.
Reason: This will help to
avoid a cornerload error.

Never place your hand into the weighing chamber; use long
tweezers or tongs.

Reason: You can change both the temperature and humidity
of the weighing chamber.

Close the weighjng chamber immediately after placing the
tare container or object on the pan.

Reason: The longer the weighing chamber stays open, the
greater the risk that temperature/humidity changes and
drafts influence the result.

Once the display stabilizes, read the result.
Reason: The object being weighed can release or absorb
humidity, which means the result can change.

As soon as the weighing is completed, remove the object
from the weighing chamber—using tweezers or tongs—and
close the weighing chamber.
Reason: The object being weighed can change the tempera-
ture and humidity within
the weighing chamber.
1
Reason: The weight \
of any dirt or impuri-

ties on the pan can cause incorrect results.

Keep the weighing
chamber and pan
clean. When weigh-
ing, use only clean
tare containers.

Do not use tare containers made of plastic. And don't use
glass containers when relative humidity is below 30%-40%.
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Reason: There is a risk that the container
" will electrostatically charge. See Section
entitled “Weighing errors traceable to
physical phenomena.”

Always use the small-
est possible container.

Be aware of the possible in- .~
fluence of any surface moisture 0
films. To avoid this, weigh the "+~
object only when it has reached
ambient temperature.

Reason: Every object has a surface moisture film, and the
thickness of the film depends on relative humidity. It also
depends on the temperature of the object relative to the tem-
perature of the ambient atmosphere. For instance, the lower
the temperature of the object relative to the environment, the
thicker the surface moisture film. Thus, a cold object
appears to be heavier than it really is, and a warmer object
appears to be lighter than it really is.

Also be aware of any
possible-influence of
absorbed moisture on ¢r
the weighed object.
Hygroscopic sub-
stances should first be
dried in a desiccator

and cooled in a sealed container. Take
steps to prevent the substance from reabsorbing
atmospheric moisture when it is placed on the weighing pan.
Reason: If you weigh a moist substance, the liquid portion is
also counted in with the result—causing the substance to
appear heavier than it actually is. Hygroscopic substances
can also change their weight while they are being weighed.
This can be seen on the unstable balance display.

Please be aware that an electronic micro-, semimicro- or
analytical balance is a force compensating instrument that
must be calibrated at the location where it is being used.
Leave the instrument on for at least one hour (warmup time)
before calibrating it. Calibration should be repeated period-
ically.

Reason: The force required to compensate a given mass is
very much dependent on both geographic location and alti-
tude above sea level. If such a precision instrument is not
calibrated, or is incorrectly-calibrated, at the location where it
is used, serious sensitivity errors can occur.

Weighing errors
traceable to physical phenomena

Electrostatic influences
Materials with high electrical insulation properties (glass and
plastic, for example) can charge electrostatically. For the
most part, this charging results from friction that occurs dur-
ing treatment or shipment of materials (especially powders
and granules).

If an electrostatically charged material is weighed, serious
weighing errors can result from the electrostatic forces be-

v

© 1985, Mettler Instrument Corporation. NMay be reproducéd, with ourr compliments.

tween the material and its surrounding (e.g. balance hous-
ing, weighing chamber, etc.)

If the material and its surrounding have the same charge,
the charges repel each other. However, if the charges are dif-
ferent, there is attraction between the material and its sur-
rounding. For this reason, it is purely random whether the
weight of an electrostaticaily charged material appears to be
too light or too heavy.

Correction:

It is possible to minimize the effects.of electrostatic forces on

a'weighing result:to.a large extent by:

—Bombarding the material with an antistatic pistol

—Grounding the weighing pan

—lncreasing the relative humidity

—Making sure that the person operating the balance is not
wearing garments made of nyion

(For further information, see

Mettler TIB 9.7346)

Air buoyancy
According to the Archimedean
principle, a body immersed in a
fluid undergoes an apparent
loss in weight equal to the weight
of the fluid it displaces. Since 1 cm3
of air corresponds to a weight of
1.2 mg at 20°C, errors can occur—
especially with bodies that have a )
low specific weight. :
Correction:
After weighing, the weight of the
displaced air is added to the
weighing result. The weight of
the displaced air is caiculated by
multiplying the volume of the ma-
terial being weighed by the weight
of the air (approx. 1.2 mg/cm3).
With higher weights, it is recom-
mended that a more exact determina-
tion of air density be made. This is
dependent on air pressure, tempera-
ture, and, to a lesser extent, on humid-
ity. (Note: most barometers indicate
atmospheric pressure relative to altitude.)

Magnetic influences

Electronic micro-, semimicro- and analytical balances are
high resolution instruments. For this reason, weighing mag-
netic parts is always problematic. This is because ferromag-
netic parts in the immediate vicinity of the pan (balance
housing, table mounts, etc.) produce magnetic forces that
influence the weighing result.

Correction:

Demagnetization of the part, or completely enclosing the
part in a ferrous metal shield.
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LABORATORY WATER

Water used in the laboratory to prepare solutions, or to rinse glassware in preparation
for analytical work must be of adequate quality. It is obvious that water used to prepare
standardizing solutions or other reagents used to analyze for a particular parameter must not
contain a detectable amount of that parameter. It is equally important that laboratory water not
contain materials which interfere with the analyses that are being performed. Some
contaminants may cause a positive interference, making it appear that the sample contains
more of the analyte than is actually present. Or contaminants may cause a negative
interference, reducing the analyzed value of the sample.

Although potable (drinking) water may be thought of as being “pure” from a health
standpoint, it is understood that this water probably contains many materials which would
cause positive or negative interferences in analytical work. Potable water often contains
significant amounts of several of the parameters regulated in wastewater discharge permits,
and analyzed for in wastewater laboratories. Some common water contaminants are listed
below:

Water Contaminants
Particulates

Silt

Plumbing Pipe Debris

Colloidal Material

Iron Particles
Dissolved Inorganics

Calcium and Magnesium

Silicates

Iron and Other Metals

Chloride and Fluoride

Phosphate

Nitrate
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Gases

Carbon Dioxide
Chlorine
Ammonia
Dissolved Organics
Pesticides
Herbicides
Hydrocarbons
Decayed Plant and Animal Tissue
Plasticizers from Piping, Plumbing Fixtures, and Plastic Storage Tanks
Microorganisms
Bacteria
Protozoa

Algae

Pyrogens
Bacterial Cell Wall Fragments

(Lipopolysaccharides)

While it is necessary to remove any material which would interfere with an analysis, it
would be impractical (and impossible) to remove all of the materials listed above to a zero
concentration. It is important to prepare water of sufficient quality for the analyses that are
required. In other words, the required lab water quality depends on the intended use. There
are many processes available for preparation of laboratory water; each with advantages and
disadvantages, and each having the ability to remove certain types of contamination to various
levels of quality. It should be noted that oftentimes a process used to remove one set of
contaminants may introduce another set to the water. The most commonly used methods of

lab water preparation are discussed below:
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Preparing Reagent Water

A.

Distillation

1.

Water is heated to produce steam, and the steam is condensed. Most
contaminates are not carried over with the steam.

Will effectively remove all ionized solids (hardness, salts), organics with
boiling point greater than 212 deg. F, bacteria and pyrogens (bacterial

byproducts)

Typical Bamstead-Type
Water Distiller

Without further treatment, on LN
distilled water may contain Rl
dissolved gases (NHs;, Cl,), and =t V-l R

materials leached from storage

containers and piping. Volatile canta _.:;Ij =
Davice i B
. . ST
organics may distill over, and 5
{ _‘_.—,,:‘._::-:'-'-'A- B—d |
non-volatiles may be carried over ol = M|

by steam.

Often stills (especially the older ones) are constructed of copper, brass, or
bronze, coated with tin. This may be a concern if testing for metals, or for
biological testing if metal contamination occurs.

Many newer units are made entirely of glass to eliminate the possibility of
metal contamination.

Feed water to the still may be pretreated to improve quality of distillate and

to prevent scale formation in boiler

a. Soften hard water to remove Mg and Ca which form scale in boiler

b. Carbon filtration ahead of still removes many organics which may
distill over

C. Mixed-bed ion exchanger ahead of still removes trace ions. This

may be an expensive operation, since the ion exchanger will quickly
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become spent if the feed water is hard or contains high

concentrations of ionized materials.

7. Cleaning of still must be done often enough to keep efficiency high; must
be done carefully, especially in metal still to avoid scratching or chipping
tin plating, and with glass care must be taken to avoid breakage.

8. Stills are usually rated in gal/hr. or liters/hr. distillate produced. Larger
units produce about 6 - 8 liters/hr. Since distillate not produced on
demand, a storage container is required.

B. lon exchange
1. How it works
a. Chemical reaction where an ion from the solution is exchanged for
a similarly charged ion attached to an immobile solid particle.
. . . Deionization
b. Synthetic organic resins
Na* + CI-
(polymers) most often
used as immobile
particle because they _
Cation
can be tailored to Resin
specific applications. H*
c. In water deionization /
systems, the resins ':H(Zg)
exchange either H" ions for the cations in the water (metals, NH,)
or exchange OH ions for the anions in the water (CI’, SO4'2)
2. Classification of resins

a. Strong acid cation resins
(1)  Chemical behavior similar to strong acid s - highly ionized.
(2)  Can convert metal salts to corresponding acid (i.e. resin-
SO3H + NiCly ----- > resin-Ni + HCI
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(3)  Useful over entire pH range
(4)  H" exchange resin used for deionization, Na* exchange resin
used for softening (resin is same, recharge solution is
different)
b. Strong base anion resins
(1)  Highly ionized, behave like strong base, useful over entire
pH range
(2)  In water deionization, used in the hydroxide form; exchanges
anions in solution with OH"
Mixed bed of strong cation and strong anion resins most often used in lab
water purification systems
Where cationic and anionic
resins are used separately,
use anionic resin
downstream from cationic
resins.

Use of ion exchange

columns often adds some
organic material to the water, especially when the resin is fresh. This may
be a significant source of contamination in such analyses as BOD, COD,
TOC, etc. Bacteria may also grow on the media.

lon exchange is sometimes used as a means of pretreating water to be
distilled. While water softening is encouraged for this purpose, the use of
smaller columns will be expensive due to their limited capacity and the
high amount of hardness typically found in many feed water sources.
Many units are capable of supplying sufficient purified water on demand
such that storage is not necessary
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Carbon adsorption

4.

Ultraviolet Oxidation
1.
2.
3.

Activated carbon is a granular, inorganic form of carbon which is very

porous, giving it a very high surface area. Many organic, and some

d Gases and chemicals

Activated Carbon

inorganic chemicals will adsorb onto the carbon.

Generally used to remove chlorine and
organic impurities

May be used before or after distillation
process

Columns may be purchased with

Activated Carbon adsorbs
gases and chemicals

carbon/ion exchange resin mixture

Will not remove bacteria

Oxidizes Organic Contaminants
185 nM UV Lamp

Can Remove Organics to Less

Than 20 ppb

Membrane filtration

1.
2.

Removes particulate matter
Removes bacteria

May contribute some organics to water

(some filters contain as much as 8%

soluble mass)

Reverse Osmosis

1.

First developed in 1958. Uses include several areas:
a. Reclamation of precious metals
b. Reclamation of chemicals
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2.

C. Food processing (maple syrup)

d. Lab water purification

Basic principles

a. Osmosis - water flows from less concentrated solution to more
concentrated solution thru a semi-permeable membrane.

b. Reverse Osmosis - uses pressure to reverse normal osmotic flow;

cotine water flows under pressure from more concentrated
Solution

solution to less concentrated solution thru semi-permeable
membrane. Pressure pushes the purified water through

the membrane, leaving contaminates behind.

C. Combination of reactions is involved, both physical
and chemical
S o Salts are rejected by membrane, only water passes

Semipermeable
Membrane

thru. Large organic molecules, bacteria, and
pyrogens also may be removed.
Since RO removes a only a percentage of the feedwater contaminants,
this process is usually used as a pretreatment system for other water
purification processes.
RO generally removes:
95% of hardness
85% of salts

100% of bacteria and particulates

G. Storage of Lab Water

1.
2.
3.

Purified water will leach soluble materials from glass

Organic plasticizers may be leached from plastic storage containers
Rubber stoppers contain organics which may leach into water, and
concentrations of zinc that will cause significant contamination of water
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4. Highly purified water must be used immediately after preparation; storage
will degrade the quality of the water. See discussion in quality guidelines
below.

H. Piping Systems

1. Lab water may be stored in tank or may be distributed throughout lab by
plumbing system

2. Plumbing may be tin, tin-lined brass, stainless steel, plastic, or glass (tin is
best but very expensive)

3. Plastic or glass plumbing with Teflon O-rings is usually satisfactory; use
glass if concerned with organics

4. For delivery tubes use glass if possible. Vinyl tubing may leach some
organics; latex tubing should be avoided.

Il. Determining Laboratory Water Quality

A. Quality Indicators

1. Specific Conductance, micromho per centimeter, ymho/cm
a. Measures the amount of current that the solution will carry
b. Increases with increasing ionic concentration
C. Does not reflect most organics, particulates, bacteria or very low

concentrations of metals
2. Resistivity, Megohm centimeters, Mohm-cm

a. Measures the amount of resistance to

carrying a current

b. Decreases with increasing ionic concentration
C. Reciprical umho/cm
d. Does not reflect most organics, particulates, bacteria or very low

concentrations of metals
e. Usually in-line instrument monitors water quality
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Silica, pg/L

© © N o g & »

Sodium, pg/L

Total Organic Carbon, TOC, pg/L

Chloride, pg/L

Bacteria, CFU/100 mL

BOD blank depletion

Phosphorus blanks

10.  Split samples, reference samples

Quality Guidelines

1. Standard Methods (21°' Edition)

a. High Quality

1.
2.
3.

< 0.1 ymhos/cm, or >10 megohm-cm at 25°C

SiO; < 0.05 mg/L

Typically prepared by distillation, deionization, or reverse
osmosis treatment of feedwater, followed by polishing with a
mixed-bed deionizer and 0.2 ym pore membrane filtration.
Alternatively, prepare by reverse osmosis followed by carbon
adsorption and deionization.

High quality water cannot be stored without significant

degradation; produce it continuously and use it immediately.

b. Medium Quality

1.

2
3.
4

<1 ymhos/cm, or >1 megohm-cm at 25°C

SiO,2 < 0.1 mg/L

Produced by distillation or deionization.

May be stored for limited time in material that will protect it
from contamination, such as TFE or glass for organics
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analysis, or plastics for metals.
5. Adequate for most general analytical work

C. Low Quality

1. 10 ymhos/cm, or 0.1 megohm-cm at 25°C

2 SiO; <1 mg/L

3. Use for glassware washing, preliminary rinsing, etc.

4 Use as feed water in production of higher grade water

2. American Society for Testing and Materials

American Society for Testing and Materials (ASTM) D1193-91

Standard specification for Reagent Grade Water

Thiz =pecification covers requirements for water suitable for use in methods of chemical analysis
and physical testing, the choice of one of the various grades being designated by the method or
the investigator.

Electrical Conductivity Max. (pS/cm @

2500) 0.056
Fim: (Mo-cm & 356C) . = L -
pH @ 259C - - - 5.0 - 8.0
TOC max. (p a/L) 100 30 200 Mo limit
Sodium max (pg/L) 1 5 10 50
Silica max. (pa/L) 3 3 500 Mo limit
Chloride max. (pg/L) 1 5 10 50
Key:

*Requires the use of 0.2pym membrane filter
** prepared by distillation
#*=* Dequires the use of a 0.45pm membrane filter

When bacterial levels need to be controlled, reagent grade types should be further classified as
follows:

_

Total Bacterial Count max. CFU/100 ml 10 1000
Endotoxin max. IU/ml 0.03 0.25 -

50-10



International Organization for Standardization specification for
water for laboratory use 1ISO 3696: 1987

This standard covers three grades of water as follows:
a. Grade 1

Essentially free from dissolved or colloidal ionic and organic
contaminants. It is suitable for the most stringent analytical
requirements including those of high performance liquid
chromatography (HPLC). It should be produced by further
treatment of grade 2 water for example by reverse osmosis
or ion exchange followed by filtration through a membrane
filter of pore size 0.2um to remove particle matter or re-
distillation from a fused silica apparatus.

b. Grade 2

Very low inorganic, organic or colloidal contaminants and
suitable for sensitive analytical purposes including atomic
absorption spectrometry (AAS) and the determination of
constituents in trace quantities. Can be produced by multiple
distillation, ion exchange or reverse osmosis followed by
distillation.

C. Grade 3

Suitable for most laboratory wet chemistry work and
preparation of reagent solutions. Can be produced by single
distillation, by ion exchange, or by reverse osmosis. Unless
otherwise specified, it should be used for ordinary analytical
work.

International Organization for Standardization specification for water
for laboratory use IS0 3696: 1987

pH wvalue at 25°9C inclusive range 5.0 to 7.5
Electrical conductivity pS/fcm 259C, max. 0.1 1.0 5.0
Oxidizable matter Cxoygen (Dzj content mg/L max. NS A 0.08 0.4
Absorbance at 254 nm and 1 cm optical path length, 0001 001 Mot
ab=orbance units, max. =pecified

Residue after evaporation on heating at 110°C

ma/kg, max. N/A L 2
Silica (SiDzj content mg/L, max. 0.01 0.0z N'?'t.
specified
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METRIC SYSTEM

It is necessary to be familiar with the metric system in order to work effectively in a
laboratory. Most measurements used in the laboratory are in the metric system. The
metric system is convenient and easy to work with because all values are based on
multiples or divisions of ten. Here are some of the most common values of the metric
system used in wastewater treatment plant laboratories. An English system equivalent is

given at the end of each category.

WEIGHTS 1 gram (g) = 1000 milligrams (mg)
1 gram = .001 kilograms (kg)
1 kilogram = 1000 grams
1 milligram = 1000 micrograms (ug)
1 microgram = 1000 nanograms (ng)
1 pound = 453.6 grams
VOLUMES 1 liter (1) = 1000 milliliters (ml)
1 gallon = 3.785 liters
LINEAR 1 meter (m) = 1000 millimeters (mm)
1 meter = 100 centimeters (cm)
1 centimeter = 10 millimeters
1 millimeter = 1000 microns (u)
1 micron = 1000 nanometers (nm)

1 inch

2.54 centimeters




CONCENTRATION
And
CONCENTRATION - VOLUME RELATIONSHIPS

The concentration, or strength, of a solution can be defined as the amount of a substance in
a specified amount of solution. The amount of the substance is described (quantified) by
the weight of the substance and may be expressed in terms of grams, ounces, or any other
weight measurement. The amount of a solution is described (quantified) by volume and
may be expressed in terms of gallons, liters, etc. Concentration, then, would be expressed
as the ratio of the weight of the substance to one unit of volume of the solution, such as
ounces per gallon, or grams per liter. The concentration of solutions used in wastewater
laboratories is very commonly expressed in terms of milligrams per liter (mg/L). For
example if 100 mg of phosphorus were dissolved in water and brought to a volume of 1
liter, the concentration of the solution is 100 mg/L.

Using the above definition of concentration, it can be seen that the weight of material
in a given volume of liquid may be determined as follows:
The weight per unit volume times the number of unit volumes equals the weight of the
substance in that volume of solution:

OR
Concentration X Volume = Weight

In the example of the phosphorus (P) solution, the amount (weight) of P in a solution may
be determined if the concentration and the volume of the solution are known. For example:

Calculate the amount of Phosphorus that would be in 50 mL of a 100 mg/L solution.

First convert the 50 mL to the equivalent volume in Liters:

1 Liter

S0mL X 7000 mL

= 0.05L

Then using the formula Concentration X Volume = Weigh:

100 mg/L X 0.05L = 5.0mg
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Now consider the result of adding enough distilled water to bring 50 mL of this solution to 1
Liter. Since the weight of phosphorus in the total mixture remained unchanged even after

the addition of water, the resulting concentration would be 5.0 mg in one Liter, or 5.0 mg/L.

This discussion demonstrates the principle behind the very important and useful lab

calculation involved in making dilutions of solutions, both standards and samples.

When making a dilution there are two solutions involved, one before adding the water
(Initial) and one after adding the water (Final). Because this relationship between volume
and concentration, (Concentration X Volume = Weight), is true for both solutions, and since
the amount (weight) of the substance is the same in both solutions, the relationship
between the solutions can be given by:

Initial Concentration x Initial Volume = Final Concentration x Final Volume

By abbreviating concentrations with the letter C, the volumes with the letter V, and denoting
the Initial solution by subscript 1 and the Final solution by subscript 2, the above equation
becomes:
Initial Concentration (C,) x Initial Volume (V;) = Final Concentration (C,) x Final Volume (V,)
OR
Ci X V1=C; X V;
Where:

C, is the concentration of the solution before dilution

V1 is the volume of the solution before dilution

C, is the concentration of the solution after dilution

V5 is the volume of the solution after dilution
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As stated above, this equation is very useful for many applications in the lab where dilution

of a solution is involved.

Example One: Calculate the final concentration of a solution made by diluting 50 mL of a
100 mg/L phosphorus solution to one Liter.

C; = Initial Concentration = 100 mg/L

V1 = Initial Volume =50 mL

C, = Final Concentration = ?

V> = Final volume = one Liter = 1000 mL

Cl X V1 = Cz X Vz
100 mg/L X 50 mL = C, X 1000 mL

Rearranging the relationship to solve for Cy:

CiXV1=C; 100 mg/L X 50 mL = 5.0 mg/L
Vs 1000 mL

Therefore, 50 mL of a 100 mg/L solution diluted to one Liter gives a 5 mg/L solution.

Example Two: Calculate the volume (mL) of a 50 mg/L phosphorus needed to make 50 mL
of a 2.0 mg/L phosphorus solution.

C; = Initial Concentration = 50 mg/L
V3 = Initial Volume =? mL
C, = Final Concentration = 2.0 mg/L
V, = Final volume = 50 mL

C1XV1 = CzXVZ
50 mg/L X ? mL = 2.0 mg/L X 50 mL

Rearranging the relationship to solve for V;:

Vi = C XV, 2.0mg/L X50mL = 2.0 mL
Ci 50 mg/L

Therefore, 2.0 mL of a 50 mg/L solution is needed to make 50 mL of a 2.0 mg/L solution.
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There are several other ways of indicating the concentration of a solution. Normality
(N) is defined as the number of equivalent weights of material dissolved per liter of solution.
Molarity is another expression of the concentration of chemical solutions often used in
laboratories, and is defined as the number of moles of a substance dissolved in one liter of
the solution. It is not necessary to be concerned with the technical understanding of
equivalent weights or moles at this point, but to realize that normality and molarity describe
concentration, and may be used in concentration — volume relationship calculations.
For instance, since normality is a concentration term, it can be substituted for concentration
in the formula. We how have:

Normality (N;) x Volume (V1) = Normality (N;) x Volume (V5)

As an example problem, consider the following situation. Suppose we have a 5.0 normal
solution of sodium hydroxide, NaOH and want to dilute that to end up with 500 mL of 0.40N
NaOH. Calculate the mL of 5.0N NaOH that must be diluted to 500 mL to get the 0.40N
solution required.

Initial Concentration, N; = 5.0 N

Volume required, V; = Unknown

Final Concentration, N, = 0.40 N

Final Volume, V, = 500 mL

Ni XVi=Nsx Vs
5.0 N x V; = 0.40N x 500 mL

5.0NxV; = 0.40 N x 500 mL
5.0N 5.0N

0.40 N x 500 mL
5.0N

Vi

Vi = 40 mL
Therefore, if 40 mL of a 5.0N NaOH solution are diluted to 500 mL, the resulting solution

will have a concentration of 0.40N.
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B 5. Section 122.44 is amended by
revising paragraph (i)(1)(iv) to read as
follows:

§122.44 Establishing limitations,
standards, and other permit conditions
(applicable to State NPDES programs; sece
§123.25).

® * * * *

[i) * K &

(1) * k %

(iv] According to test procedures
approved under 40 CFR Part 136 for the
analyses of pollutants or another
method is required under 40 CFR
subchapters N or O. In the case of
pollutarits for which there are no
approved methods under 40 CFR Part
136 or otherwise required under 40 CFR
subchapters N or O, monitoring must be
conducted according to a test procedurs
specified in the permit for such

pollutants.
w® * * * *
PART 136-—GUIDELINES

ESTABLISHING TEST PROCEDURES
FOR THE ANALYS!S OF POLLUTANTS

# 6. The authority citation for Part 136
continues to read as follows:

Authority: Secs. 301, 304(h), 307, and
501(a} Pub. L. 95-217, 91 Stat. 15686, st seq.
(33 U.S.C. 1251, et seq.) (The Federal Water
Pollution Control Act Amendments of 1972
as amended by the Clean Water Act of 1977.)

= 7. Section 136,3 is amended as
follows:

® a. In paragraph (a} by revising the
introductory text and Tables IA, IR, IC,
ID, and IE.

8 b. In paragraph (a) by adding Table IG
after the notes of Table IF.

u ¢. In paragraph (b} by revising
references 6, 10, and 17, and adding
references 63 through 69,

w d. By revising paragraphs (c), (d), and
(e).

§136.3 Ildentification of test procedures.

(a) Parameters or pollutants, for which
methods are approved, are listed
together with test procedure
descriptions and references in Tables
IA, 1B, IC, ID, IE, IF, and IG. In the event
of a conflict between the reporting
requirements of 40 CFR Parts 122 and
125 and any reporting requirements
associated with the methods listed in
these tables, the provisions of 40 CFR
Parts 122 and 125 are controlling and
will determine a permittee's reporting
requirements. The full text of the
referenced test procedures are
incorporated by reference into Tables
IA, 1B, IC, ID, IE, IF, and IG. The
incorporation by reference of these
documents, as specified in paragraph (b)
of this section, was approved by the
Director of the Federal Register in
accordance with 5 U.S.C, 552(a) and 1
CFR Part 51. Gopies of the documents
may be obtained from the sources listed
in paragraph (b) of this section. You can
get information about obtaining thess
documents from the EPA Office of

Water Engineering and Analysis
Division at 202-566—1000. Documents
may be inspected at EPA’s Water
Docket, EPA West, 1301 Constitution
Avenme, NW., Washington, DC
(Telephone: 202—566—2426); or at the
National Archives and Records
Administration (NARA). Far
information on the availability of this
material at NARA, call 202-741-6030,
or go to: hitp:/fwww.archives.gov/
federal_register/code_of federal .
regulations/ibr_locations.htm!l

These test procedures are
incorporated as they exist on the day of
approval and a notice of any change in
these test procedures will be published
in the Federal Register. The discharge
parameter values for which reports are
required must be determined by one of
the standard analytical test procedures
incorporated by reference and described
in Tables IA, I, IC, IE, IF, and IG or by
any alternate test procedure which has
been approved by the Administrator
under the provisions of paragraph (d) of
this section and §§ 136.4 and 136.5.
Under certain circumstances (paragraph
{b) or (¢) of this section or 40 CFR
401.13) other test procedures may be
used if such other test procedures have
been previously approved by the
Regianal Administrator of the Region in
which the discharge will occur, and the
Director of the State in which such
discharge will occur does not abject to
the use of an additional or alternate test
procedure,

TABLE 1A.—LIST OF APPROVED BIOLOGICAL METHODS

Standard Standard ADCAC,
Parameter and units Method 1 EPA methads 18th, methods online ASTM, Other
16th, 20th Ed. USGS
Bacteria:
1. Coliform (fecal), | Most Probable Number | p, 1323 g221C or k ....... | 9221C or E-99.
number per 100 (MPN), 5 tube 3 dilu-
mil. tion, or
Membrane filter (MF)2, |p. 1243 . 92220 ....ccveeveee 9222D-97 ........... | B-0050-
single step. 855,
2. Coliform (fecal) in | MPN, 5 tube, 3 dilution, | p. 1322 ............ 9221C orE ....... 9221C or E-99,
presence of chlo- or
rine, number per
100 mL.
MF, single step® ........... [ p. 1243 ... 92220 ... | 8222D-97,
3. Coliform (total), MPN, 5 tube, 3 dilution, |p. 1142 .......... 92218 ... | 9221B-99,
number per 100 or
mi.
MF 2, single step or two | p. 1083 92228 .............. [ 9222B-97 ........... B-0025-
step. 855,
4, Coliferm {total), MPN, 5 tube, 3 dilution, | p. 1145 . 92218 ............. | 9221B-99,
in presence of or
chioring, number
per 100 mL.
MF2 with enrichment ... [ p. 1113 9222 (B+B.5c) .. | 9222 (B+B.5¢)~
87.
5. E. coli, number MPN7.2.95 multiple | oseeeecrvererron 922181/ 92218.1-99/
per 100 mL.28, tube, 9221F1214, 9221F1214,
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TABLE IA.—LIST OF APPROVED BIOLOGICAL MEeTHODS—Continued
o E hods 19t Standard A Oth
Parameter and units Method * PA methods 18th, . 3 er
19th, 20th Eg, | Methods oniine USGS
muliiple tube/multiple 0223818 ... | 9223B-9713 ..., 991.161 ., | Colilert® 13.17,
well, Colitert-
18®13,16,17
MF two step, or .............  1103.120 . 9222B/9222G 18, | 9222B-97/ D5392—
9213D. 9222G 19, 9310,
single step ..vveeeeeiveens 160321, 160422 | ... IR SR mColiBlue-24®18
6. Fecal MPN, 5 tube, 3 dilution, |p. 1383 ............ | 9230B 9230B-93.
streptococci,
number per 100
mL.
MF2, 08 i | P 1363 i, | 92300 9230C-93 ........... | B-0055—
855,
Plate count ..........c...... p. 14383
7. Enterococgi, MPN7.9 multiple tube, .. | vveoeeeerreeersrsrenens 92308 9230B-93.
number per 100
ml. 28,
multiple tube/multiple | e | e | e DE503~ Entero-lert® 13.23
well. gg1o,
MF2.6.7.8,9 two step ... | 1106.124 .......... 92300 .....oeeer | 9230C-93 .......... | D5255~
single step, or ............. 160025, gz1o,
Plate count .........c.e...e.. | p. 1438,
Protozoa:
8. Crypto- Filtration/IMS/FA ........... 162228, 162327,
sporidium=28,

9. Glardia=s ...........

Aquatic Toxicity;

10. Toxicity, acute,
fresh water orga-
nisms, L .Cso, per-
cent effluent.

11. Toxicity, acute,
estuarine and
marine organisms
of the Atlantic
Ocean and Guif
of Mexico, LCsq,
percent effluent.

12. Toxicity, chron-
ic, fresh water or-
ganisms, NOEC
or ICas, percent
effluent.

Filtration/IMS/FA ...........

Ceriodaphnia dubla
acute.

Daphnia puplex and

Daphnia magna acute.

Fathead Minnow,
Pimephales promelas,
and Bannerfin shiner,
Cyprinella leedsi,
acufe.

Rainbow Trout,
Oncorhynchus
mykiss, and brook
trout, Salvelinus
fontinalis, acute.

Mysid, Mysidopsis
bahia, acute.

Sheepshead Minnow,
Cyprinodon
variegatus, acute.

Silverside, Menidia
beryllina, Menidia
menidia, and Menidia
peninsulas, acute.

Fathead minnow,
Pimephales promeias,
larval survival and
growth.

Fathead minnow,
Pimephales promelas,
embryo-larval survival
and teratogenicity.

Daphnia, Ceriodaphnia
dubia, survival and re-
production.

162327,

2002.0%,

2021.028,

2000.029,

2019.028,

2007.029,

2004.029,

2006.02s,

1000.030,

1001.030,

1002.030,
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TABLE |A.—LIST OF APPROVED BIOLOGICAL METHODS—Continued

Standard Standard ADAC,
Parameter and units Method 1 EPA methods 18th, metheds onfine ASTM, Other
18th, 20th Ed. USGS
Green alga, 1003.030,
Selenastrum

. capticornutum, growth.
13. Toxicity, chron- | Sheepshead minnow, 1004.0%1,

ic, estuarine and Cyprinodon
marine organisms variegatus, larval sur-
of the Atlantic vival and growth.

Ocean and Guif
of Mexico, NOEC
or ICzs, percent
effluent.
Sheepshead minnow, 1005.03%,
Cyprinodon
variegatus, embryo-
larval survival and
teratogenicity.

Inland silverside, 1006.031,
Menidia beryflina, lar-
val survival and
growth,

Mysid, Mysidopsis 1007.031,
bahia, survival,
growth, and fecundity,

Sea urchin, Arbacia 1008.031,
bunclulata, fertilization,

*The msthod must be specified when results are reported.

2A 0.45-4 membrane filter (MF) or other pore size certified by the manufacturer to fully retain organisms to be cultivated and to be free of
extractables which could interfere with their growth.

SUSEPA. 1978, Microbiological Methods for Monitoring the Environment, Water, and Wastes. Environmental Monitoring and Support Labora-
tog[,HU.S. Enc\ir]ironmental Protection Agency, Cincinnati, OH, EPA/800/8-78/017.

aserve :

5USGS. 1988. U.S. Geological Survey Technigues of Water-Resource Investigations, Book 5, Laboratory Analysis, Chapter A4, Methods for
Cotlection and Analysis of Aquatic Biclogical and Microbiological Samples, U.S. Geological Survey, U.S. Department of Interior, Reston, VA,

SBecause the MF technique usually yields low and variable recovery from chlorinated wastewaters, the Most Probable Number method will be
required to resolve any controversies. ’

“Tests must be condugcted to provide organism enumeration {density}. Select the appropriate configuration of tubas/filtrations and dilutions/vol-
umes to account for the quality, character, consistency, and anticipated organism density of the water sample,

8When the MF method has not been used previously to test ambient waters with high turbidity, large number of noncoliform bacteria, or sam-
ples that may contain organisms stressed by chiorine, a parallel test should be conducted with a multiple-tube technique to demonstrate applica-
bility and comparability of resuits. :

9To assess the comparability of results obtained with individual methods, it is suggested that side-by-side tests be conducted across seasons
of the year with the water samples routinely tested in accordance with the most current Standard Methods for the Examination of Water and
Wastewater or EPA alternate test procedure (ATP) guidelines.

10 ASTM. 2000, 1999, 1996. Annual Book of ASTM Standards—Walter and Environmental Technology. Section 11.02. ASTM International. 100
Barr Harbor Drive, West Conshohocken, PA 19428,

1 AQAG. 1995, Official Methods of Analysis of AOAC Intemational, 16th Edition, Volume |, Chapter 17, Association of Official Analytical
Chemists International. 481 North Frederick Avenue, Suite 500, Gaithersburg, MD 20877-2417.

'2The multiple-tube fermentation test is used in 9221B.1, Lactose broth may be used in lieu of lauryl tryptose broth (LTB), if at least 25 parallel
tests are conducted hetween this broth and LTB using the water samples normally tested, and this comparison demonstrates that the false-posi-
five rate and false-negative rate for total coliform using lactose broth is fess than 10 percent. No requirement exists to run the completed phase
on 10 percent of all total coliform-positive tubes on a seasonal basis. .

3 These tests are collectively known as defined enzyme substrate tests, where, for example, a substrate is used to detect the enzyme B-glucu-
ronidage produced by E. coli,

4 After prior enrichment in a l;_?resumpti\.re medium for total coliform using 8221B.1, all presumptive tubes or bottles showing any amount of
gas, growth or acidity within 48 h + 3 h of incubation shall be submitted to 9221F. Commercialty available EC~-MUG media or EC media supple-
mented in the laboratory with 50 pg/mL of MUG may be used, - :

15 Samples shall be enumerated by the multiple-iube or multipte-well grocedure. Using multipte-tube Iproc:edures, employ an appropriate tube
and dilution configuration of the sample as needed and report the Most Probable Number {MPN). Samples tested with Colilert® may be enumer-
ated with the multiple-well procedures, Quanti-Tray® or Quanti-Tray® 2000, and the MPN calculated from the table provided by the manufacturer.

16 Colilert-18 is an optimized formulation of the Colilert® for the determination of total coliforms and £, coff that provides results within 18 h of
incubation at 35 *C rather than the 24 h required for the Colilert® test and Is recommended for marine water samples.

'7Descriptions of the Colilert®, Colilert-18®, Quanti-Tray®, and Quanti-Tray®/2000 may be obtained from IDEXX Laboratories, Inc., 1 IDEXX
Drive, Westbrook, ME 04092, : )

18A description of the mColiBlue24® test, Total Coliforms and E. coli, Is available from Hach Company, 100 Dayton Ave., Ames, IA 50010.

19 Subject total ¢cofiform positive samples determined by 92228 or other membrane filter procedure to 9222G using NAMUG media.

20USEPA, 2002. Method 1108.1: Escherichia coli (E. cof) In Water By Membrane Filtration Using membrane-Thermotolerant Escherichia coli
Agar (mTEC). U.S. Environmental Protection Agency, Office of Water, Washington, DC, EPA-821~R~02—020,

21 USEPA. 2002. Method 1603: Escherichia coli (E, cofi) In Water By Membrane Filtration Using Modified membrane-Thermotolerant Esch-
erichia coli Agar ( modified mTEC). U.S. Environmental Protaction Agency, Office of Water, Washington, DC, EPA-821-R—-02-023.

22Preparation and use of Ml agar with a siandard membrane filter procedure is set forth in the article, Brenner of al. 1993, “New Medium for
the Simuttaneous Detection of Total Coliform and Escherichia coli in Water.” Appt. Environ, Microblol, 59:3534-3544 and in USEPA. 2002. Meth-
od 1604: Total Coliforms and Escherichia coli (E. coli) in Water by Membrane Filtration by Using a Simultaneous Detection Technigue (Ml Me-
dium}. U.S. Environmental Protection Agency, Office of Water, Washington, DG, EPA 821-R-02-024.

23 A description of the Enterolent® test may be obtained from IDEXX Laboratories, Inc., 1 IDEXX Drive, Westbrook, ME 04082,
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SAMPLE PRESERVATION

Complete and unequivocal preservation of samples, either domestic sewage,
industrial wastes or natural waters, is a practical impossibility. Regardless of the nature of
the sample, complete stability for every constituent can never be achieved. At best,
preservation techniques can only retard the chemical and biological changes that inevitably
continue after the sample is removed from the parent source.

The changes that 