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PREFACE

_Naopurpose of this manual is to present a Hazard Breakdown of all Jobs
normally encountered in the laboratory work of the three sections com-
prising the Analytical Section, Metallurgy and Control Division of the
Technical Department. A Hazard Breakdown is a careful analysis of any
Job in which the source of possible dangers is clearly indicated for
each particular step. The analysis is prepared by individuals who are
thoroughly familiar with the specific Job or procedure. It is felt that
if the hazards herein outlined are recognized by the Laboratory person-
nel and the suggested safety cautions followed, the chance for injury
will be minimized and the worker will become generally more safety con-
scious.

The manual, which is prefaced by the general safety rules applying to
all the laboratories, is divided into thr_ main sections, one for each
of the three sections into which the Laboratories Division is divided.
These sections are as follows:

i. Section I - 200 Area Control
2. Section II - 100 Area Control

B. Section III - B00 Area Control, Essential Materials,
and Methods Improvement

Each main section is subdivided into three parts, as follows: (I) Par-
ticular Safety Rules; (2) Cleaning and Decontamination and (3) Proced-
ures and Methods. Each section contains its own index in order that

quick reference may be made to any particular item.

Each H_za_d Breakdown is composed of three parts which are as follows:

1. STEPS: Alogical segment of the operation when something
happens to advance the work.

2. KEY POINTS: Anything in a step which might "make or
break" the job, make the work easier to do,
i.e., "knack" or "trlck", special timing or
bit of special information.

B. SAFETY CAUTIONS: Anything that might injure the worker ar
the equipment or make doubtful the final
result. Special consideration is given
for recognized hazards in,he work.

The greatest benefit from a Hazard Breakdown goes to the individual
worker who prepares the analysis since each step must be carefully
studied. Once made, however, a Hazard Breakdown is a valuable means of

i safety training for a new employee and a convenient form from which to
check-up on good safety practice.

_ The Hazard Breakdown analyses given in this mmmual are net to be con-
sidered as final. To date they have proven adequate but are subject to

i revision depending on future practice and experience

\!i . UNCLASSIFIED
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i. Observe general laboratory Safety Rules

2. Eye protection must be worn at all times while in the laboratory.

3. Visually inspect all glassware for chips, breaks, etc., before
cleaning.

a. Broken glassware which can be repaired should either be placed
in the space provided for glassware which can be repaired or
should be repaired immediately.

b. Broken glassware which cannot be repaired should be discarded
immediately in the proper waste container.

_. Operating machinery must be enclosed by a suitable guard.

5. Wear gloves when working with machinery.

6. Never attempt to make any adjustment or repairs while machine is

e ramming or the s_rltchis in the "on" position. "Tag out" aliswitches before making _dJustments. See "Lock and Tag Procedure",
Safety Bulletin No. 6.

7. Do-net wear loose clothing around moving machinery.

8. Inspect all equipment for defects. Never use faulty equipment.

9. Exercise extreme car_ while working around hot ec.uipment. All com-
bustible material, especially solvent vapors, should be excluded
from the vicinity of the furnace or oven.

10._ Be sure hands are dry when operating electrical equipment.

Ii. Use tongs to remove dishes, crucibles, etc., from ovens and furnaces.
Have a firm grip on the tongs. If muffle furnace is at a high
temperature, asbestos gloves should be worn in addition to the use
of tongs.

12. Conduct all solvent extractions in a well ventilated, flame-free
hood bay," which can be isolated in case of fire.

13. Know the location and method of operating all nearby fire extin-
guishers.

e ... Januaryj
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14. For extinguishing solvent fires, use CO_ extinguisher3 if available;

otherwise, use a "Pyrene" extinguisher.-

15. Avoid contact of the skin with organic solvents.

16. Inflammations of the skin can be caused by continued exposure to
grease and oils. Protect hands while working with these materials.

17. Gloves should be worn at ali times when either handling or working
around live steam lines.

18. Burns resulting from fused caustic or strong caustic solutions are
among the most serious encountered in laboratory work. Flush any
such burns with copious quantities of water and report to First Aid
I_@_DIATELY.

19. Perchloric acid is an extremely dangerous reagent and should not be
used except when absolutely necessary and then only with writte_
permission of the supervisor in charge.

20. Filtering

a. Non-suction

Be sure the equipment is stable. Support glass funnels In
racks.

b. Suction

Be sure the equipment is stable. Use large suction flasks for
large Buchncr funnels, etc. If the rubber tubing connecting the
suction flask to the vacuum outlet is short or rigid, the
apparatus can be easily upset and care must be Used.. Pliable
tubing is preferable.

21. Put on leather gloves before attempting to remove glass stoppers
which have become stuck. Do not twist the stoppers. Try to remove
by gentle prying motions or by the use of hot w_ter. In difficult
cases use the stopper removing apparatus; and if that is not success-
ful, discard the bottle.

O January, 1949
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CLEA_NG SAFETY RULES

I. Observe general laboratory Safety Rules.

2. Eye protection must be worn at ali times while in the laboratory.

3. Visually inspect all glassware for chips, breaks, etc., before
cleanlng.

4. a. Broken glassware which can be repaired should either be placed
in the space provided for glassware which can be repaired, or
should be repaired immediately.

b. Broken glassware which cannot be repaired should be discarded
immediately in the proper waste container.

_. Rubber gloves which have been previously tested for leaks should be
used to protect the hands.

6. Buret stopcocks should turn freely, grease before storing.

7. Use tongs when handling hot objects.
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MASTER SAFET_ RULES

i. Ali injuries, no m_tter how slight, shall be reported to First Aid
and your Foreman immediately.

2. No machine shall be operated unless all guards are in place.

3. Do not start any machine or equipment which has a "DANGER" tag
attached. Do not remove any 'qI_NGER"tag from any machine or equip-
ment unless you placed it there.

4. No "HORSEPLAY" or scuffling is permitted.

9. Compressed air is dangerous. Do not apply to body or use to clean
off clothing.

6. All projecting nails shall be removed or turned down immediately.

7. Do not car_j bottles or other glassware in clothes pockets.

8. Broken glass shall be deposited in special containers marked "For
Broken Glass 0nly".

9. Do not wear finger rings, loose clothing, wrist watches, long neck-
ties, or sweat rags, while working around or operating moving
machinery.

I0. "Roped-0ff-Area" at all times are danger zones and shall be respect-
ed as such. Admittance to or passage through "Roped-0ff-Areas" are
prohibited except to those employees working within the "Roped-Off-
Area".

II. Approved type goggles shall be worn when chipping, grinding, weld-
" ing, handling corrosive liquids, and working with compressed air or

when necessnry to be close to such an operation being performed by
another employee. Familiarize yourself with departmental rules as
to "when and where" to wear goggles.

12. Milk and. soft drink bottles _hall not be used as sample bottles, oil
or soap containers.

13. Exit lights shall be lighted at all times.

14. Fire extinguishers, fire alarm boxes, gass masks mud stretcher
locations sho.llbe kept plainly marked and free from any interfering

e obstacles that would delay emergency use of this protective equip-ment.

o,- • • '_



15. Safety showers shall not be blocked. They shall be inspected
daily to insure proper lighting and operation, and results record-
ed.

16. Do not attempt to lift heavy loads without adequate assistance.

17. 0ily rags, waste and other combustible materials shall be kept in
metal containers provided for that purpose.

18. Do not use any broken or defective tools or equipment. Use only
the proper teel or equipment for any job you do.

19. Good housekeeping is necessary to safety and shall be maintained •
at ali times.

20. Stay away from the scene of a fire unless you are a member of the
fire-fighting personnel.

21. Only authorized persons are permitted to operate valves, electric
switch and other l_ocess equipment.

22. In addition to abiding by the Master Safety Rules, all employees
shall familiarize themselves with and ab'Ideby the Area and Depart-
mental Safety Rules.

UHCLASSIFIED
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GENERAL IABOEATORY SAFETY NUI_S

The general rules listed below cover the usual hazards to be encountered
in the analytical laboratories at Hanford Engineer Works. Hazards im-
herent to particular laboratories will be covered by special safety
rules iu the various laborutory manuals. The general rules contained
herein together with the special rules in the mamuals must be complied
with by all employees. Any suggested additions to, or proposed chauges
in the rules should be submitted to your immediate supervisor.

I, Housekeepiug

In general laboratory work is of a hazardous _ature; however, a
neat and orderly laboratory does much to reduce the hazard of mamy
chemical operations and therefore makes good housekeeping an essen-
tial to amy laboratory.

The flollowing are housekeeping "musts" to be observed in ali
laboratories of this division:

Floors, shelves amd tables must be kept free from dirt, dust amdA.

all excess chemicals and equipment.

B. Spills or leaks must be cleaned up promptly_

1. Flammable Material

If the spilled material is flammable, every precautiom must
be taken to avoid igaitimg the material by extinguishing
ali flames or electric heaters immediately.

2. Toxic Material

If the spilled material is toxic, personnel must be
evacuated immediately and not allowed to return to the area
until all necessary protective measures h_ve been taken and
the area approved for occupancy by supervision.

C. Waste receptacles must be supplied for materials of all kinds,
and as many different receptacles must be provided as ma_ be
necessary to avoid mixing dangerous materials.

D. Flammable packing materio_Is such as excelsior must be disposed
of immediately.

O E. Clothing, such _s coveralls, must not behats, co_ts, orc,,

. stored in the working area.



@
F. Food, such as lunches, candy, chewing gum, and fruit, must

neither bo kept nor eaten in the working area nor placed in a
refrigerator used to store chemicals.

G. Equipment and Chemicals

i.o A definite storage piace must be provided for each labor-
atory item and the item placed therein when not in use.

2. Equipment stored on shelves must be placed so that it
cannot be Jarred off.

3. All necessary stacks of material or equipment must be made
structurally sound.

4. Items dropped on the floor must be removed at once.

II. Safeguards

Before undert-_klmgany Job, the operator must knc_ the method of
attack, hazards involved, and the location of o.I.1safety and fire
protection equipment in the vicinity.

A. Eye Pr@tection

Eye protection must be worn at all times, in the laboratories
and shops, except as follows:

i. Standard chipping goggles or cover-all goggles _zst be worm
during mechanical operations, such as chipping or gri_ing,
where particles may fly.

2. Face shields may be substituted for cover-all goggles if
protection from liquids only is required.

3. Colored glasses of the approved type must be worn when the
following operations are being per_'ormed:

a. Blowing glass.

b. Observing an electric arc.

c. Working quartz with am oxygen torch.

Those employees desiring hoxdened ions spectacles with correction
shoul_ obtain thcir prescription as soon as possible and place ,
their order vith the Safety Department, through their immediate

_ supervision.

e-- -z- January,19_9
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Plain hardened lens spectacles and goggles may be obtained from the
Storeroom.

B. Foot Protection

I. Foot protection is recommended whenever heavy objects are
handled.

2. Open toe shoes must not be worm in the laboratory.

C. Hand Protection

I. Rubber or rubber impregnated gloves must be worn whenever
large quantities of acid or other corrosive liquids are
handled.

2. Cotton or leather gloves must be worn when handling alkall_
or roughand/orheavy objects.

3. The hands must be thoroughly scrubbed before eating, smoking
or leaving the plant.

D. Smoking

Smoking will not be permitted in th_ laboratories of buildings
2223 231, 3213 3706 or in rooms 68 and 70 of building 3706, but
will be permitted in the offices and corridors of the above
buildings.

Smoking will be permitted in all other laboratories except in
those areas designated as "No Smoking".

E. Coveralls

Coveralls must be worn by all personnel working in laboratories
and shops of buildings 222, 231, 3213 3706 and in rooms 68 and
70 of building 3706.

F. Pipettlmg

Use of mouth suction in pipetting is not permitted; Imstea_ a
syringe, rubber bulb or other approved device must be used.

G. Glassware

i. For High Pressure or Vacuum Operations

e a. Equipment for pressure or vacuum work must be carefully
designed, constructed and auneale_ to minimize hazards

"3--



resulting from breakage and the danger of collapse. Alloperations with the above equipment must be carried out
behind adequate safety shields.

b. Flat-bottomed flasks must not be used under vacuum urn-

less made of heavy glass.

c. Vacuum desiccators must be protected by a suitable
shield or heavy wooden box.

d. Full pressure of the plant air system must not be
•applied to glass apparatus.

e. Dewar flasks must be of "Pyrex" rather than soft glass
construction whenever possible. In either case the
flask must either be taped or inserted in a metal con-
taimer to protect the user from explosion and flying
glass.

2. Broken or chipped glassware must never be use_ or placed in
storage. If the glassware is worth saving, it should be
thoroughly cleaned and repalre_.

3. Beakers must be carried by grippimg around the side and not
by the top edge. Both hands must be used in carrying large

beakers.

4. Bottles or other containers, when filled, must always be
labled. Five-gallon bottles or larger must be carried iu
wooden crates or pails.

5. A dust pan and broom or counter brush must be used when

cleaning up equipment which has been dropped on the floor.

6. All-glass hand-type wash bottles of the type shown on page
71 of the Central Scientific Catalog as item I0718, are not
commidered safep and therefore must not be used in the
laboratories.

H. Electrical Equipment

1. Repairs to ordinary electricsl equipment must be made by an
electrician.

2. Repairs to specialized instruments are to be made only by
authorized persons o

3. Electrical groumdlng is required on all equipment connected
to any plant electrical services.

-4-
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4. All electric ovens must be equipped with "explosion-proof"
safety latches.

5. Care must be excercised to prevent the formation of explo-
sive-air-vapor mixtures on the inside of electric refrig-
erators. The presence of motor and lamp switches inside the
box may be responsible for sparks which cam set off air-
vapor mixtures.

I. Compressed Gases and Liquids
f

1. Whenever use of a compressed gas or liquid for am extended
period is anticipated the gas must be piped into the labor-
atory from cylinders located in au outside storage.

2. Where the quantity/of gas required is small, small cylinders
should be used, i_ possible.

/
3. In any case the cylinder must be securely strapped or chain-

ed in place.

_. When opening valves o_ gas cylinders, the operator should
stand as far away as possible from the valve and reducing
mechanism and to one side of the discharge pipe.

5. Cylinders containing more than a few pounds of pressure must
be equipped wlth a regulating needle valve.

6. It is imperative that even traces ef oil be avoided on re-
ducing valve assemblies for oxygen cyllmders; oil will
ignite spontaneously in the presence of compressed oxygen.

7. Cylinders must net be heated unless approval of supervision
is obtained.

"" 8. In amy case where the cylinders are used inside the labora-
tory the following precautions must be observed.

a. The cylinder valve must be closed when the gas is
_ot being used.

b. Gas cylinders must _oither be sot up directly beside a
source of heat nor placed in _.hood where reactions
with flammable materials are being carried out.

c. All "open flames" must be extinguished im any hood vhcre
gases Qf a flammable mature are being used.

O.- -5- 19,9



@
9. Dry ice or liquid air must never be stored in a container

which can be accidentally stoppered.

J. General

i. All-Servlce gas masks are available for emergencies. Ali
employees should become familiar with the location of these
masks.

2. Adequate ventilation must be maintained in all working
areas.

3. Labor crews must be requisitioned for moving heavy equip-
ment, as defined by supervision, in the laboratories.

_. Respirators are available and must be worn where ordinary
dusts are prevalent.

Working alone is allowable only with the permission ofj,

supervision.

6. The cover of a centrifuge must not be removed until rota-
tion has ceased.

7. Molten materials, oil baths, etc.,used at high tempera-
tures must be handled and protected in such a way that the
material will not spill or splash on the user should the
container break.

8. Gas burners must be turned off at the petcock rather than
at the base of the burner.

9. Orgomic solvents must not be store_ in the laboratory in
quantities greater than one gallon.

I0. Petcocks on compressed air, gas, vacuum and water lines
must be closed before leaving umattende_. Changes in pres-
suru may cause rubber tubing to become loosened with result-
ant damage.

ll. Castalloy clamps are manufactured from an alloy which has a
lov melting point and a low tensile strength; consequently,
these claups must not be used to support vessels being
heated dirmctly by gas or electric heaters.

III. Handling Acids and Alkalies

O A. Gloves and goggles must be worn whenever appreciable quantitiesof strong acids or alkalies are being handled.
k.

--6-
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B. Acids must be diluted by adding acid to w_ter2 not the reverse.

C. Safety carriers must be used when one quart or more of strong
acids, alkalies, or other corrosive chemicals are being trans-
ported from one location to another.

D. Storage. Strong acids or alkalies in bottles of five pint
capacity or smaller must be stored in trays or individual con-
tainers. Bottles with a capacity of greater than five pints
must be stored in individual containers.

i

_ For all practical purposes a strong acid or alkali is dcfined as
one having a concentration of 6N or greater.ill

E. Disposal of strong acids and alkalies. These must be &rained
into a sink in small quantities while flushing with a continuous
stream of water. Materials, such as the above3 must never be
placed in refuse cont_Iners.

F. Spilled Acids and Alkalies

1. Acids must be neutralized by treatment with solid sodium
carbonate or bicarbonate and then cleaned up by the method
which best suits the needs of the case.

2. Alkalies must be neutralized with boric acid and then clean-
ed up as above.

f

/"
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_._OUS CHEMICALS

In general, it should be stated that any chemical compound should be
classed as potentially hazardous and handled accordingly, unless it is
either known or has been tested and proven to be non-hazardous.

When handling chemicals it should be borne in mind that in some cases
seemingly small amounts may produce serious effects. This is especially
true if the chemical or solution of the chemical is taken internally ar_
or enters the blood stream. In view of this fact it should be apparent
why all open cuts must be treated at the First Aid station immediately
and all possible care used while working in the laboratory until the
cut has healed completely.

In all cases hazardous chemicals must be disposed of under designated
supervision by the analyst performing the anal_ical work.

The following section is to serve as a guide in handling, use and dis-
posal of chemicals which are dangerous either because of their corro-
sive, inflammable or explosive nature, or because of the toxicity of

their vapors All hazardous materials are net included in the followlmg
@

section, but an attempt has been made to list the more dangerous ones
of those most likely to be met _-ith in the plant laboratories.

I. ACIDS

See Section III of "General Laboratory Safety Rules" for approved
method of handling and disposal.

In addition, the following precautions must be observed:

A. Hydrofltu-oic Acid (Anhydrous or 4@_ Solution)

Hydrofluoric acid is a violently corrosive and volatile acid
which causes slow-healing burns on contact with the skin and

membranes of the respiratory passages. Consequently, whenever
large quantities of the acid are handled, adequate protective
measures, such as rubber or leather gloves, goggles, face shield
and rubber suit or apron, must be used. In addition all work
with hydrofluoric acid must be carried out in a well ventilated

hood, which is within reasonable proximity of a safety shower.

Disposal of the acid should be carried out in a well vontilated
hood as follows:

O -io
• 19_9
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1. 48% Aqueous Solution - Drown the acid in a large volume of
water and then proceed as in Section III of the General
Laboratory Safety Rules.

2. Anhydrous Acid - Collect acid in HF-resistant plastic beakems
then set beaker in back of hood and allow acid to volatilize.
Label the beaker and place a "Caution" sign in the immediate
vlcinity of the beaker.

Whenever it is suspected or known that hydrofluoric acid has
come in contact with the skin, immediately wash the affected
parts _rl%h llme water, rinse with copious amounts of water
and then report to the First Aid station for treatment. In

case the affected part is in the immediate vicinity of the
eyes, neutre.lizationby use of lime water must not be attemp-
ted; instead, wash with large volumes of water and then re-
port to the First Aid station for treatment.

B. Organic Materials

Organic materials must never be treated %-ltheither nitric acid

or mixtures containing nitric acid and other strong acids,

except under controlled conditions and direct supervision.
C. Fuming Sulfuric Acid

Fuming sulfuric acid should be disposed of by adding the fuming
acid to an ec.ualvolume of C.P. sulfuric acid. The acid mixtuze

can then be handled as outlined in the General Laboratory Safety
Rules.

D. Halogen Acids

Concentrated solutions of these acids are corrosive but the

principle danger is due to the volatilization of acid vapors
which irritate the membranes of the respizatory system. When-
ever significant quantities of these acids are used the work

must be carried out in a well ventilated hood, especially if
• solutions containing the acids are to be heated.

E. Osmlc Acid

The vapors of cosmic acid are toxic and have am irritating effect
on the eyes in very low concentrations; consequently, solutions
of the acid should be kept in tightly stoppered bottles when not
in use. All work connected with preparation of solutions from"
the solid acid should be carried out in a well ventilated hood.

" -2- January, 1949
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II. _S (Potassium anl Sodium Hydroxides, etc.)

See Section III of the General Laboratory Safety Rules for approved
method of handling and disposal.

When handling alkalies in the finely divided form, protective de-
vices such as respirator and cover-ali goggles must be wor_.

III. GASES

In general, gases are hazardous either because of (i) their explo-
sive and flammable nature, (2) their poisonous nature (3) or be-
cause they reduce the amount Qf oxygen present in the atmosphere to
such an extent that it will not sustain life. One or more of the
above categories may be common to any one gas. Due to the hazar-
dous nature of most gases, ali work necessitating release of hazar-
dous gases to the atmosphere must be conducted in an efficient fume
hood. The following are examples of the more toxic gases commonly
found in laboratories as the pure cylinder gas or as a product of a
chemical reaction:

A. Arsine

Arsine is one of the more toxic gases, being generated by the
action of acids on impure metals and arsenides.

B. Hydrocyanic Acid

Hydrocyanic acid is one of the more toxic of the common gases.
The gas is generated by the action of dilute acids on cyanides;
therefore, cyanides or solutions containing cyanides must be
disposed of in a hood sink, while flushing the sink and drain
with a constant stream of water.

•- C. Hydrogen Sulfide

Hydrogen sulfide ranks close to arsine and hydrocyanic acid in
toxicity. The gas is prepared by the action of acids on metal4
lic sulfides and is one of the more common laboratory gases.

D. The Sulfur Oxides

The sulfur oxides rank with hydrogen sulfide in toxicity and ax_
prepared either by the action of acids or heat on sulfites or

may be encountered in work with sulfurous and fuming sulfuric
acids.

-S- January, 19_9
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E. The Nitrogen Oxides

The nitrogen oxides, with the exception of nitrogen tetroxide,
are extremely dangerous due to the fact that they lack a charac-
teristic odor which would w_ru of their presence. Nitric acid
and hot_ strongly acid solutions of nitrates or mltri_es me
the principal sources of the nitrogen oxides•

F. The Halogens (Bromine, Chlorine, Fluorine, Iodine)

The halogens and their _apors are powerful irritants, readily
blistering the skin and causing serious inflammation of the
respirntory system, which usually results in "chemical"
pneumonia •

IV. METALS AND 'z_ SALTS

A. Mercuz-j

Mercury Spills must be cleaned up at once, since mercury has am
appreciable roper pressure mud prolonged exposure to the vapors
will result in mercury poisoning.

B. Potassium and Sodium

Potassium and _odium react violently with water and acids, libar-
ating free hydrogen and heat. The quantity of heat liberated
in this case is sufficient to ignite the hydrogen and result _n

serious explosion. Potassium reacts rapidly with oxygen of
the air forming peroxides am_ liberating quantities of heat
sufficient to melt the metal and set fire to objects near by.

Potassium must be protected from oxygen and moisture by storing
under dry benzene or 1_rosene. In the case of sodium, storage

.- under benzene or in sealed containers is satisfactory. When
handling these metals, long handled forceps or tongs must be
used.

Small scraps of the metal must be disposed of by placing in butyl
or some other "higher" alcohol, to which smoAl quantities of
methanol are added as necessary, under designated supervision.

C. The Salts of Antimony, Arsenic, Copper, Lead, Mercury and Silve¢

These salts are particularly hazardous due to their poisonous
nature; therefore, ali due precautions should be observed when
handling them14 •



V. OXIDIZING MATERIALS

A. Perchloric Acid

Perchloric acid or its compounds must never be used unless under
written instructions from the laboratory supervisor. In any
case where permission is granted, the following regulations will
apply:

1. Only persons thoroughly familiar _-ith the properties of the
chemic_l, the hazards involved and the precautionary

, measures necessary should be allowed to use these materials.

2. Peruhlorates must not be used where other safer drying or
oxidizing agents will give satisfactory results.

3. Anhydrous perchloric acid is a hazardous re_ent; consequent-
ly, all reactions must be avoided where there is a possi-
bility of forming the anhydrous acid as an end product.

4. While perchloric acid of 70% strength may be boiled without
harm at approximately 200°C., it cannot be too strongly
emphasized that contact of the boiling undiluted acid or hot
vapor with organic matter, or even easily oxidized inorganic
materials such as compounds of trlvalent antimony, will leed
to serious ex._.losions. In any case where oxidizable sub-

stances are present, nitric acid must always be added to
destroy the easily oxidizable material before the addition

of perchloric acid. Contact of rubber with perchloric acid
is particularly hazardous; consequently, rubber gloves, etco
should .neverbe used where contact with this acid or its
vapors is possible.

5° Perchloric acid or its compounds must always be used dna
fume hood, with the window lowered to protect the face.
Tongs must be used in handling beakers, etc., containing
these materials. In any case where the above materials are
used frequently, the hood walls should be thoroughly washed
at least once per week, due to the possibility of forming
explosive compounds by the reaction of perchloric acid with
ammonia and nitric acid fumes.

B. Peroxides

Peroxides _re strong oxidizing agents which present a definite

fire hazard in the presence of orgumlc matter, such as paper,
excelsior, etc.

O
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C. Permanganates

Permanganates are strong oxidizing agents and as'such react
with easily oxidizable materials, such as organic matter, sul-
fur, sulfides, etc., to form ex_loslve mixtures.

IV. ORGANIC MATERIALS

Indiscriminate use of organic solvents in the laboratory usually
results in explosion and fire hazards in addition to the usual

hazard due to the toxicity of the material being handled. Confine
all work with hazardous organic solvents either to a flame-free,
well-ventilated room or to a flame-free bay of a fume hood. 0r-
ganic solvents miscible with water may be discarded in a sink drain,
accompanied by a steady stream of water. Non-misclble, flammable
solvents in appreciabl_ quantities must be collected in a closed
metal container and disposed of.

Many organic solvents boil at low temperatures and care should be
taken to store them at temperatures well below their boiling points.

Anhydrous ethers, on standing form unstable, explosive peroxides;
however, formation of the peroxides can be retarded by (I) storing
the ether in a dark place, (2) storing in tin lined containers, and
(3) in the case of bottles, by the addition of a coll of fine copper
wire to the container. In any case, the ether should be checked
periodically for peroxide content by use of the method outlined in
the laboratory manual (Essential Materials Code: EE-Ia). Ethers
containing more than 0.2 percent of peroxides as hydrogen peroxide
must not be distilled or otherwise evaporated to dryness.

Carbon tetrachloride should not be used in extinguishing organic
chemical fires if a more suitable extinguisher, such as carbon
dioxide, etc., is available, due to the fact that phosgene is formed
as a reaction product. When fires of this nature are extinguished

. with carbon tetrachloride all personnel should be evacuated and not
allowed to return to the laboratory until supervision has deflnlte_y
ascertained that the area is a safe working place.
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I. ACETIC ACID I. A corrosive chemical- I. Dangerous in contact
(Glacial) which may cause pain- with cromic acid,

ful burns to the skin sodium peroxide, or
Inhalation of the nitric acid; yields
fumes may cause Irri- moderately flammable

tation to mucous men- V_pors above flash-
brznes. _oint 104°F. Forms

explosive mixtures
with air.

2. AMMONIA (ANHYDROUS) 2. Irritant, e_pecially 2. Not flammable in air
in concentration of except in comparative-
the order of _% by ly high concentrations
volume, or when mlx_d with

oil.

3. A_OE_-_{ HYDROXIDE 3. Irritant 3 especially 3, Decomposes explosively
in concentrated form. at 210°C.

4. AMMO  TRAE 4. .... ....

5. AMMONIWJM SULFIDE 5. Solution hydrolyzes 3. ....
and gives off hydro-
gen sulfide fumes %':
which are toxic and
care must be taken
that the fumes are

not inhaled during
the preparation and
subsequent storage

" of the solution.

6. ARSENIC 6. Ali solutions and 6. ....
compounds of arsenic
are poisonous and
care must be taken

to avoid ingestion,
inhalation and con-
tact with the skin.

7. AQUA REGIA 7. Corrosive, suffocat- 7. Dangerous, volatile,
ing, inhalation of violently corrosive

or and will prcm,o_fe cern-
fumes contact with

skin must be avoided, bustlon in contact

Janu_
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With most organic
substances.

8. BARIUM CHLORIDE 8. Poisonous, avoid in- 8. ....
gestion and inhala-
tion.

9. BARIUM NITRATE 9. Soluble in water, 9. ' Oxidizing material.
poisonous if taken Hazard in a class
internally, with sodium peroxide.

i0. BARIUM PEROXIDE i0. POISONOUS I0. DANGEROUS fire hazazd.

Ii. BROMCRESOL GHEEN Ii. 0_Z_ to Phenol- ii. ....
poisonous.

12. BROMIk_ (WATER) 12. Corrosive at ordin- 12. Causes oxidizing
ary temperatures, effect, resulting in
gives off poisonous, heating and may cause
suffocating vapors, fire when in contact

burns skin. with organic material.

I_. BARIUM HYDROXIDE 13• CAUTION, Poisonous, 13. ....
_bsorbs carbon diox-

ide from the air;
keep well stopered'

14. N-BUTYL DIETHANOLf. 14. Irritant to mucous 14. DANGEROUS fire hazard_
AMINE membranes, flash point 245°F.

15. CARBON TETRACHLORIDE 15. Poisonous, avoid 15. Non inflammable.
ingestion.

16. COPPERNITRATE 16. Poisonous,when taken 16. Oxidizing materi_l,
internally, hazard classes with

sodium nitrate.
• .

17. COLLODION 17. ---- 17. Dangerous fire hazazd_
flash point b_ow
80°F., keep lights
and fire away.

18. 0ALC_ CARBIDE 18. Serious umder fire 18. Gives off acetylene
conditions gas on contact with

water or moisture.
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19. CAMPHOR 19. .... _ . Flammable; gives off
flammable vapors whe_
heated which may form
explosive mixture with
air, Flash point
180oF.

. D •

20. CAR30LIC ACID 20. .... 20. ....

(See Phenol)

21. CARBON DISUI,VI_E 21. Toxic. 3200 to 3850 __i.A highly volatile
parts of vapor per liquid with an offen-
million (0.32 to sive odor, giving off
0.385,d,_by volume) m_y even at comparativel7
cause dangerous ill- low temperatures
hess in _ to i hour. vapors which form wi_h
Direct contact with air flammable and ox-

the skin should be plosive mixtures.
avoided. Products of Flash point 3o°c,
combustion contain (22°F) It is eudoth-e

sulphur dioxide, whict eroic, and the v_por
in concentrations of may be ignited by a
0._ by volume in air heavy blew. The
may cause serious in- vapors are heavier
Jury in _ hour or i than air and may trave
less. Often poiso_-" _ _ considerable dis-
ous carbon monoxide _uce to a source of

is present in the ignition and flash
p_oducts of combus- back. More hazardous
rien. than gasoline.

22. CHIDRINE 22, Corrosive. Irritating 22. Is not combustible in
to the eyes and air but reacts chemi-
mucous membranes, cc/ly with many common
Toxic 0.004,_to substances mud may
0.006_ by volume in cause fire or cxplosio
air causes dnngerous vhen in contact with
illness in ½ to i them. It is considere
hour. dnngerous to neutraliz

chlorine in a room wi_
aE_oxMiao

23. CHROMIC ACID 23. Irritating to skin. 23. Oxidizing material;
(Chromium Trioxide or Poisonous. will ignite on contact
Chromium Anhylri_e) Tith acetic acid and

@
t
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alcohol. Chars or-
Eanic material such
as wood, ssscdust,
paper, or cotton,ar_
may cause ignition.
Combustiblematerial
in presence of chromld
acid when ignited
burns with great in-
tensity. May cause
explosionin fire.

24. ETH_L ETHER 24. Anaesthetic 24. A highly volatile
liquid, gi_Img off ._
even at comparatively
low temperaturesvap-
ors which form with
air or oxygen f!_mA-
ble and explosive
mixtures. Explosive
range 1.85% to 36.5%
upwurd propagation.
More hazardousthan
gasoline.

25. HYDROCHLORICACID 25. Aqueous solution is 25. Not combustible,but
corrosive,irritating if allowedto come
and poisonous.Fumes in contactwith com-
are corrosiveand men metals hydrogen
irritatingto the is evolved,which me_
mucous membranes, form explosivemix-

/ tures with air.

26. HYEROC_5INICACID 26. POISONOUS.Avoid con- 26. Forms fla=_ble and
(_russic acid) tact with skin; explosivesvapors

avoid inhalation. %-lthair.

27. HYDROFLUORICACID 27. Acid and its vapors 27. Colorless,volatile
(HF) highly toxic and liquid.Net combusti-

irritatingto the ble but reactswith
skin and eyes and to glass and most sub-
the respiratory stances,platinumbe-
t_. Fumes produced ing au exception,
by contactwith ammc_ aqueous solutionalso

( nia and many other attacksglmss and

• severalmetals.
me%_.Ispoisonous

-4- Jammry, 19_9
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28. HYDROGEN PEROXIDE 28. Prolonged exposure tc 28. Oxidizing liquid, m_
vapor irritating to cause ignition of
eyes and lungs. ' -_ combustible material.
Causes skin irri-
tation.

29. HYDROGEN SULFIIIE 29. Toxic. IrritaUm to 29. Flammable gas. Forms
eyes and respiratory flammable and explo-
tract after exposure sive mixture with air
in concentrations as or oxygen.
low as i part in
i0,000 by volume,
higher concentrations
dangerous.

30. EEXONE 30. Ymhalatlon of vapors 30. Forms explosive mix-
causes irritation of turo with air or

eyes and mucous men- oxygen.
branes at concentra_" ..

tions bel_¢ 0.1% by
volume.

31. FLUORIDE 31. Same as hydrofluoric 31. Same as hydrofluoric
acid. "acid.

32. EYDR0_ 32. Poisonous, avoid in- 32. ----
gestion. Has a cor-
rosive action on the
skin.

33. EIDROXYIAM_ HYDRO- 33. Same as above 33. ......

I CHLORIDE

34. IODINE 34. Poisonous and cor- 3_. Corrosive3 same as
rosive, same as chlorine.
chlorine.

35. LFJ_ ACETATE 35. Poisonous, avoid 35. ....
oral contact.

36. LEAD NITRATE 36. Poisonous, avoid 36. Oxidizing material
oral contact, classes with sodium

nitrate.

I

e 37. M_EiNOL 37. Poisonous, avoid 37. Volatile, infln_annbleingestion, liquid.
k

_ January, 19_9
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38. MERCURY 38. Poisonous, clean up 38. ....
any spill immediately
to avoid prolonged
inhalation of vapors.

• .

39. MERCURIU_CEEORIDE 39. Poisonous and 39. ----
" corrosire.

/

• 40. NICIU_LNITRATE _0. Po_ sonous %,hentaken 40. Oxidizing material,
internally, classes with sodium

nitrate.

41. NITRIC ACID 41. Corrosive, causes 41. Caustic and corrosive,
severe burns by may cause ignition
contact. DANGEROUS when in contact with

to inhale fumes, combustible materials;
corrodes iron or

steel; may cause ex-
plosion vhen in con-

tact with hydrogensulfide or certain
other chemicals.
.,.

42. OSMI_4 TETROXIDE 42. Vapor irritating when 42. ....
breathed, highly
poisonous.

43. OXALIC ACID 43. Poisonous, has a 43. ----
local caustic action
on the skin and mu-

cous membranes, and
causes discoloration
and brittleness of
the uails. It causes

these symptons both
as a dust and as a
solution formed with
the moisture in the

atmosphere.

'44.OSMIC ACID _4. The vapors of osmic 44_ ....
acid are toxic and

have am irritating
effect on the eyes

e even in very lowconcentrations;
\,

J_
-6-
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consequently, solu-
tions of the acid

should be kept in
tightly stoppered
bottles when not in
use. All work con-

nected with prepara-
tion of solutions

[ from the solid acid
should be carried
out in a well ventil-
ated hood,

45. PERCHLORIC ACID 45. Perchloric acid or 4_. ....

its compounds MUST
_v_ be used unless
under written instruc

tions from supervis-
ion. In any case
where permission IS
granted Laboratory
Safety Rules Hand-
book3 Part III, p. 6
MUST be closely
followed.

46. PERMANGANATES _6. Permanganates are 46. ....
strong oxidizing
agents and as such
react with easily
oxidizable materials,

F such as organic
matter.

47. PEROXIDES 47. P_" 47. Peroxide_ are strong
. oxidizing agents which

_wesent ca:',_efinite
ffire hazard in the

presence of organic
matter, such as paper,
excelsior3 etc.

48. PHOSPHOROUS, RED 48. Yields toxic fumes 48. Flammable. Explosive
when burning, when mixed with oxi°

dizing materials. Not
" 1949
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as dangerous to han-
dle as white and more

easily extinguished
when afire.

49. PHOSPHOROUS, WHITE 49. POisonous. Serious 49. Highly flammable. Ex-
(Or Yellow) under fire conditions plosive in contact

Yields highly toxic with oxidizing mater-
fumes when burning, is.l. Ignites spon-
Contact of phosphor- taneously on contact
ous with the skin with air.
causes severe burns.

50. PLUTONIUM 50. Highly toxic. Emits 50. ----
alpha and beta par-
ticles. Cuts or
scratches should be

, immediately treated
to prevent contamina-
tion of the blood

J stream.

51. POTASSIUM (METALLIC) 51. Strong caustic reac- _l. Oxidizes rapidly on
tion. DANGEROUS. exposure to atmos-

phere,_ igniting spon-
taneously if warm
enough. Water is de-
composed sudden*y by
contact with potassi-
um, sufficient heat
being generated to
ignite spontaneously

the evolved hydrogen,
(in the presence of
air). Its reaction
with water is more
violent than that of
sodium.

_2. POTASSIUM CHI_TE 52. Dangerous under fire i2. Oxidizing material;
conditions. Poisonous. explosive when in can-

tact with combustible

material. (Must not
be ground with sugar,

sulfur or other

-8-
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combustible sub-

stance as it may cause
explosion).

53. POTASSIUM_E 53.H__._olamle_s: 53.Cyanides are not
vh_ %_kmn internally flammable but evolve
Evolves hydrocyanic hydrocyanic acid on
acid gas (poisonous) contact with acids Qr
on contact with acids moisture.
or moisture.

54, POTASSIUM HYDROXIDE 54, Extremely causticj_ 54. Generates heat on
may cause severe contact with water.
burros. Classes with calcium

oxide (lime) in s

hazard.

55, POTASSIUM NITBATE 55. ---- 55. In contact with or-
ganic materials

causes violent com-bustion on ignition.
Classes with sodium
nitrate.

56. POTASSIUM P_RCRIOB_TE 56. .... 56. Oxidizing material.
Combustible in con-

tact with organic mat-
erials. More stable
than chlorates. Ex-

_losive in contact
N_Ith concentrated
sulfuric acid.

57. POTASSIUM PERMAN- 57. ---- 57. Oxidizing material.
GANATE Explosive when treat-

ed with sulfuric acid,
and in contact with

alcohol, ether, flam-
mable gases, and com-
bustible materials.

58. POTASSIUM PEROXIDE 38. Strong caustic reac- 38. Does not burn or ex-
tion and dangerous plode but mixtures

under fire condit- potassium peroxide

e ions. Avoid breathing and combustible • '
" Januar2_
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dust in handlings substances are explo-
and wear goggles to sire and ignite
protect eyes. easily even by fric-

tion or on contact
with a small amount
of water. Reacts _

violently with water
and in large quan-
tities this reaction

may be explosive.

59. POTASSIUM SULFIDE 59. Yields irritating 59. Moderately flammable;
and corrosive gases yields flammable
when burning. De- hydrogen sulfide on
liquescent in air, contact with mineral
keep well stoppered, acids and sulfur

dioxide when burning.

60. SILVER NITRATE 60. Corrosive and 60. Oxidizing material.
poisonous.

61. SODIUM 61. Strong caustic re- 61. Water is suddenly de-
action, Dangerous. composed by contact

with sodium with the

evolution of hydrogen,
which may ignite spcn-
taneously (in the
presence of air).
Classes with potassium
in respect to fire
hazard but its reac-
tion is less violent

than that of potassium.

62. SODIUM CHLORATE 62. Dangerous under firm 62. Oxidizing material;
conditions, explosive when in

contact with combus-
tible material.

63. SODIUM CHLORITE 63. Poisonous when taken 63. Strong oxidizing mat-
internally. Dangerous erial. Decomposes

with evolution of
heat at about 175°C.

(347 ).Explosi

e contact with combus-
tible material. In

January, 1949
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contact with strong
acid liberates chlor-

ine _ioxiie, an extra
hazardous gas.

64. SODI_JM CYANIDE 64. Same as Potassium 64. ----

Cy_nlde. "

65. SODIUM NITRATE 65. .... 65. Oxidizing material-in
contact with organic
or other readily com-
bustible substances
will cause violent

combustion on igni-
tion.

66. SULFUR 66. When burning, forms 66. Flammable. Dust or

, sulfur dioxide, which vapor forms explo-
in concentrations of sive mixtures with
0.2% by volume in air air. Hazardous in can-

may cause serious in- tact with oxidizing
Jury in _ hour or _ material.
less.

67. __ ACID 67. Corrosive; dangerous 67. May cause ignition by
fumes under fire con- contact with combus-
ditions, tible materials. Cor-

rodes metal.
• .

68. UPAIVIUM 68. Highly toxic. See 68. ----
plutonlum.

69. ZINC CELOI_%TE 69. Serious under fire 69. When in contact with
conditions, organic material ex-

plodes by slight fric-
tion, percussion or
shock.

70. ZINC, POWDER OR DUST 70. Zinc is comparatively 70. Hydrogen is evolved
volatile at elevated when commercial zinc
temperatures_ Under is in contact with

fire conditions pre- acids, sodium hydrox-
cautionsshould be ".""'_ ide, or potassium
taken to avoid breath- hydroxide. Hydrogen

O ing fumcs_ which may is also evolved by
" January, 1949
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cause metal fume fever. . aci_ forming combina-
tions containing
zinc, such as zinc
chloride and moisture.

Dust may form explo-
sive mixtures with
cir. Zinc dust in

bulk in a damp state
may heat and ignite
spontaneously on ex-
posure to cir.

@

®
January,
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CL_NG OF CKE_CAL GLASSWAHE

..... sTm_s.... _ _ __ _ Pd_S ............ _ CA_ONS_

i. Rinse the glassware i. All glassware should
with water after use be cleaned immedi:

ately after use.

2. Wash the glassware 2 _ Apply the soap with
with soap and water, the proper size brush_

3. Rinse the glassware " 3a. _hen using a hot"
with water, water rinse, use

tongs to handle the
glassware.

° b. Flow of water from
the faucet should not

be too rapid.

4. Clean the glassware 4. Sulfuric acid-dichro-

with sulfuric acid- mate cleaning solu-
dichromate cleaning tion is highly corro-

solution, sive; use clean rub-ber gloves which have
been previously test-
ed for leaks and.

found in good condi-
tion when working
with this solution.

5. Rinse the glassware _. Residual cleaning 5. Flow of water from
with tap water and solution can be as the faucet should nk

then with distilled disastrous to au be rapid enough to
water, analysis as dirty cause splashing. Lo-

glassware, cal concentrations c_
water and acid should
be avoided.

6_ Return the glassware
to the proper stor-
age pXace.

.

January, 1949
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s_s ' K_Y_OInS - --_ S__ CA_ioi_s
_ , _ ,i , , I , II

I, Transfer the sample la. Be sure rubber cu- i, Be sure opposing ,
to the proper con- shlons are in cups. tubes are counterbal-
tainer and place anted, Due to the
container in the b. If only one sample speed of rotation of
centrifuge cup. is to be run, use the centrifuge "hea_",

tube weighed with considerable centrl-
water to counterbal- fugal force is devel-

" amoe the tube con- oped. An unbalanced
talning the sample, m_chine presents a

serious hazard due to

the possible f_ilure
of components under
the strain.

2. Centrifuge the samplel2a. Increase speed slow- 2. Close _md lock lid.
for the required per-i ly. Do not open until ro-
iod of time. tation has ceased crum-

b. When operation is pletely.
complete, turn off

current and slowly"brake" machine to a

dead stop.

l
I
I
|

The above Job Break-Down Method covers WS-lla,
colorlmetric Sodium.

f

e
_uary, 1949



SEITING UP ACID DISPENSING BURE_OR REPLACING STOCK BOTTLE OF ACID

STEPS , KEY POINTS SAFETY CAUTIONS
--_ _ : , ,, , ,, i , _ , - . , ,

i. Drain buret and dis- I. l_emovethe last drop
pensing tip. of acid from the dis-

pensing tip by touch-
ing the tip against
the side of a beaker.

2. Remove the buret 2. Flow of water should

from the stock bot- not be strong enough
tle and rinse with to cause splashing
cold water, outside sink.

3. Clean and dry buret 3_. Visually inspect the
by method described buret for breaks,
on page 2 in "Clean- cracks, etc.
ing" section.

b. Follow safety caut-
ions outlined in

"Cleaning of Chemical
• Glassware".

4. Remove cap from acid 4. Open bottle careful_7
bottle and attach to avoid spurting.
polystyrene adapter.

5. Apply stopcock 5. C_.reshould be excer-
grease to ground - sized to prevent
glass Joints of bur- splashing on the body.
et and place stem of
buret in bottle.

6. Place bottle in

assigned location
and attach tubing
from the vacuum line

7. Fill buret 7. Burets are provided 7. Wash hands and fore-

with a side arm for smms thoroughly when
mn aspirator bulb if work has been com-
a vacuum filling plete_.
system is not to be
used.

O
.... m 1949
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.... STEPS .......... t ."G_.Y.POIhTS '.._. SAFETY CAUTIONS_ , , , , , • , i ,

i. Assemble apparatus, la, Ali parts should be la. Ali connections
supported and bal- should be tight so
auced properly, that no vapors can

escape.

b. Water should be flo_ b. In steam distilla-

ing up through the tions al! ground
condenser, glass joints should

be properly seated,
' c. If volatile and/or well greased, and

i_fY_m_mablevapors clamped in piace. Be
will distill over, . sure the proper
place the apparatus valves are open and
in hood and observe closed.

all necessary cau-
tions, c. Add four or five

glass _ea_s to dis-
d. The distilling flask tilling flask to pre-

should not be more vent bumping.
than two-thirds full.

2. Distill sample. 2a. Watch for possible 2a. Keep the distilling
leakage from (l) top flask supplied with
of distilling flask solution.
and (2) between con-
denser and side arm. b. If the end of the ccd-

denser is below the

b. Adjust intensity of surface of the _is-
heat and quantity of tillAte, either re-
solution in distill- move collecting flask
ing flask so that or remove stopper of
solution can not boil distilling flask be-
over into condenser, fore reducing heat.

3. Dismantle, clean, 3. If parts are hot,
and atore apparatus, follow laboratory

safety rules.

The above Job Break-Down covers Aluminoid Nitrogen, methods
WN-2a and 3a.

January,



IGI_DI_ONAND OVEN DEYIN_

e
- - -' s_s ......... _r PO_ ..... s_"m_ ca_zozm

.... i

I. Piace the crucibles i. Eq_il_ment should al-
etc. in the oven. _ys be in an eve-

so a free circula-
tion of air is
_s st_re_.

2. Ignitions (when call- 2. Ignit_ons should be
ed for in the anal- carries out in a weilo

ytical procedure), ventilated hoo_.

_. Over am open a. If paper is uses c. i) When igniting
flame, as the filtering materials over

medium, "smoke cn open flame,
off" rho paper at piace the cru-
low temperature cibles on a
before igniting, firm base so

there will be

no danger of
tipplng.

t ,
2_ When _ burnar

- "finches .Back",
turn the gas
off at the Pet-
cock, rather
thnn at the base
of the burner.
Allow the basa

, of the burner
to cool before

adjusting
lighting again.

b. By use of a b. Dry first in b. i) Keep hands, mxms
muffle, oven. and clothing

away from open
muffle door.

2) Whenobserving
- items i_ fur-
nace held at

temperatures
e sc,eecliz_

! 1500°F,usea

e -5. 1
L
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--- - s_s ........... z,a'_"Pozi,z_ ........... s__ C_'._T_'ONS
, - .. , . ......

Cobalt glass
shield to pro-
tect the eyes.

3. Remove the crucibles 3a. If several hot cruci- 3, When moving a desi-
etc. from the oven oz bles etc. are placed ccator, grasp it by
muffle furnnce and in the desiccator at the flange so thnt
place in a desiccator the sane time, the the lid cnnnot slide

f-. to cool. lid should be left off.
ajar until the cru-
cibles hnve cooled
somcwh=t. This will
prevent the formn-

rien of a partial
vucuu_ in the les-
iccator, which some-
times causes the lid
tO "freeze",

b. The desiccant should

be chnnged ct least
onco per month in ell

, desiccators; oftener
, if necesscry.

The foregoing Job Break-Down covers the following ana!ytic_l methods:

i. Mngnesium s Grnvimotric ............WM-2_

2. _2o3.............................. _._
3. Suspende_ Silica........... _-------_WS-2a

4. Silica in Residues ................WS-3a
_. Dissolved end Suspended Solidm ....WS-_a _u_ _a

January,



@ USE :OF. MECHA_WICALSTIRRER
o

_TEPS 'KEY POINTS ......... .. SAFEY CAUTIONS...
u_ _ r ,, , , _ • • r .......... ii

I. Set up and adjust i. AdjuSt level of stir- la: Be sure motor is se-
stirrer, rer and position of cutely loced in posi-

container so that _ion and that stlr_

stirrer _addle will ring assembly is true
not strike sides or am_ Well balanced,
bottle of vessel or
break surface of the b. if an _ stirrer is

liquid, being used, the air
_" line should be free

of kinks and other
obstructions.

2. Operation of the 2a. Apply _ower slowly. 2a_ Hands should 1_e_-_
stirrer. When operating elec-

trica_ equipment.

b. Be sure that all b. Wash stirring assem-
rotation has Ceased bly immediately after
before removing use.

stirrer pad&lefrom liquid:

The above Job Break-Dowm covers method WA-3a.

UNCLASSIFED
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0 --

w i i i i l i l |ii

STEPS KEY POlqT_S SAFETY CAUTIONS

I. Pour solution to be I. Never pipet directly la. If solutions are
measured into a from reagent or strongly acidic or
beaker, sample bottle, alkaline, treat as

instructed in "Gener-

al Laboratory Safety
Rules".

b. Volatile solutions
such as concentrated

-_ nitric acid and

hydrofluoric acid
should be pi_etted in
the hood.

2. Attach rubber bulb tc 2. Never pipet by mouth 2a. Hold pipet firmly bu_
end of pipet, avoid pressing ex-

cessively with fin-
gers.

h. Apply bulb to the

pipet stem so as to
,. establish the minimun

contact necessary far
a vacuum. If the
bulb is on too far c_

fits too tightly, it
cannot be quickly re-
moved and there is

danger of breakage ar

3. Draw solution into 3. Control the bul_ 3a. Do not force pipet
pipet, with one hand and into bottom of beaker.

grasp the pipet
firmly with the b. Draw up solution slu_-
other hand at a ly so as to prevent
point low enoug_ to any solution from go.
prevent wobbling of ing up into the bulb.
pipet and possible If solution does get
upsetting of beaker, into bulb, it should

be immediately clean-
ed and another clean,
dry bulb shoul_1_e

e



USE OF PIPEIH

_ _

STEPS I_Y POINTS SAFETY CAUTIONS
i iBl i til nn ] in J n i -- , |_ , ---- i :--_i _ n - $

_. Release bulb and cd- 4a. Spilling drops of
just solution level solution cam be rain-
within pipet with -- imized by (1) touch-
finger or thumb. De- ing pipet tip to side

• liver measured amount of beaker before de-

into nearby container liverSng solution and
by (2) having awaitlmg
beaker nearby.

b. If any solution is

spilled t clean it up
immediately.

5. Clean pipet and place 5. Pipets should never 5. Pipets should be
in pipet rack. be left lying around cleaned immediately

whether clean or after use.

dirty.

AI,L_LYT!CAL.MEI_ODS COVERED

Constituent Method

I. Sodium Sillcate (Alk.)- ............WA-3a
2. Calcium .......................... --WC-la

3. Copper, Colorimetric ...............WC-3a
. Chlorides ..........................WC-4a

9, Fluorine ....................... '---WF-la

6. Hydrogen Peroxide.................. WH-2a
7. Iron (0.3 to 1.5 ppm)..............W'I-la
8. Magnesium .......................... _4-1a an_ 2a
9. __se ..........................WM-3aen_ 3b
i0. Nickel ........................... --WI_-Ia

LI. Albumlnoid Nitrogen ................W_-_ and 3a
12. Nitrate Nitrogen ............."-.....WN-_a

13. Dissolved Oxygen .....---.........--WO-la
14. R20_ ............................... WR-la
15. S_l_hate (Turbidlmetric)----.....--4S-6a
16. Sodium Dichromate .............. ----WS-7a
17. Sodium (Colorimetric)..............WS-IIa

O
',. January,1949
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t

, i- ..... s , PS , i.. Po/'   O' tONS...'..

I. Prepare sample bet- I. Bottles mu_-tbe thor. I. When cleaning bottles,
tles. (Bottles oughly clean and use method outlined
should be cleaned equipped with the in "Cleaning Chemical
by the method out- " proper size stopper. Glnsswure".
lined in "Cleaning
Chemical Glassware" )

, 2. collect the sample. 2. In case it is neces- 2a. Keep wulkways clear;
_, _ to adjust a also clean _ dry.

sampling valve, wait
I0 minutes after _- b. Use a bottle carrier.
Justing before smnp- Never carry bottles
ling. in hands or in pockets

of clothing.

c. Use handrails when os-

cending or descen_iDg
stairs.

e d. Laboratory personnel• are not cleared to
operate valves other
than sc_pllng taps.
Valves which have

been taggel out With
"Do Not Operate" signs
should be operated
only by the appro-
priate Operating Sul_
ervisor.

Analyses covered by the Above _ob Breuk-Down:

I. Al_mlinity .............WA-2a
2. Calcium ................ WC-Ia

Chloride ...............WC-4a

5. Free Chlorine ........--WC-Sa• Iron...................WI-In
7 t4_gnesium.............. WM-la
5 _ugcnese..............WM-3a
9. Diss. Oxygen........---WO-In
i0. pH..........-.........-_-I=
Ii. Diss. Silica-..........WS-In and ib
12. Diss. Sol_ds.......... -WS-_
13. Sulfate................WS-6n
14. Sod. Dichromate ........;'_-7a

e 15. Turbidity- .........----WT-In end Ib

-10-



PREPARATION OF SOLUTIO_

\

STEPS " ".EEY POIq_T'S......... 'sA_ CAUTIoNs

i, Clean equipment by I. Follow precautions
method outlined in outlined in "Clean-

"Cleaulng Chemical ing Chemical Glass-
Glassware". ware".

2. Measure accurately 2a. With corrosive chemi-
the desired quantity c_Is, wear rubber
of chemical or gloves and coverall
reagent, goggles.

b, Cleau up spills
immediately.

c. With poisonous chemi-
calsj wash hands after
handling.

I d. Use inflammable chem-

, icals only in a flame-

free area. Know the, location of the _ear-

I est fire extinguisher
and how to use it.

e. For fumi_ chemicals
all work ahoul_ be

performed in a well-
ventilated hoo_.

f. Knowthe hazar_ of
the chemical used.

3. Transfer chemical or 3a. Avoid splashing.
re_gent to a measured
portion of the water b, Always add _cids to
to be used for solu- water; Never the re-, ,,

tioa. verse.

c. Add reagent slowly;
if heat is evolve,
allow' solution to cool
between additions.

e Jmm v 1949
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UNCLASSIFIED
__aATION OF SOLUTIONS

......... stes .... .,, CATIONS
4. Dilute solution to

volume and shake

thoroughly.

_. Wash hands and fore-
arms thoroughly.

_ The foregoing Job Break-Down covers the follo_rlnganalytical Methods:

i. Alkalinity of Sodium Silicate--- ..........WA-3a
2 Calcium .... WC la. .m• ... . .... 0. me .

3. Copper, Colorimetric ............._-'-------WC-3a
4. Chlorides 3 by Spectrophotometer---.........WC-4a
5 Fluorine ....... -. - WF la• .m. .._....... .. . . ' 'i 0"..'. --. .

6. Soap Hardness .............- ----- - - - -------WH-la
7. Hydrogen Peroxide, Colorimetric .......-----WE-2,
8. Magnesium, Colorimetric---.------ .....----WM-Ia
9. Manganese ................................. WM-3a and 3b
I0. Nickel, Colorimetric ..... -- -............- - WN-Ia

II. Albumin,iclNitrogen ........ - - ....WN-2a
12. Nitrate NitroEen ............ .......-......WN-ha
13. Diss. Oxygen....... .............-- .......-WO-la
14. Oxalic Acid ....................... ----_---W0-2a

I_. R20 -........................ --------..-- ....T_-la
16. D1s_. SLlica ................... --_-.......WS-la and lb

17. Sulphates, Turbidimetric Method ........---WS-6a
18. Sodium Dichromate ............-- - ......----WS-7a
19. Sodium Sulphate---- ..........-----....----ws-ge
20. Sodium Sulfite ........................... -WS-IOa



OPERATION OF COLd&iN MDDEL ii SPECTROPHOTO_TER
..... _ ,, ,, .... • t ,, , , _ , ,, ,,

...._ 'STEPS KEY POINTS Sf/FETYCAUTIONS
, . _ ._ . ..

I. Turn line voltage I. Transformer terminals
switch on. must be shielded.

2. Turn instrument

switch to "galvanom-
eter on" and adjust
setting to zero on
scale.

B. Turn instrument
switch to "on" posi-
tion.

4. Clean and dry ha. Clean cuvettes with _. Cuvettes are made of
cuvettes, fil_ with dilute ammonium hy- soft glass and moy he
distilled water and droxide and rinse easily chipped or
place in carrier, with distilled water, broken.

b. Never piace hot solu- b. Visually inspect the
tions in t-_ukcell cuvettes for chips,
cuvettes, breaks, etc. Soft

glass cuvettes cannot
be repaired unless
they are of t/%etest
tube type; and there-
fore should be dis-

carded immediately iu
the proper waste con-
tainer.

5. Piace carrier so left 5. Shade the scale from
hand cuvette is in room Ii@ht so that n
the light path and more accurate read-
adjust scale setting ing may be taken.
to 100% transmission.

6. Move carrier to left 6. Optical surface of
until right _hand cuvette should always
cuvette is in the be wiped or polished
light path and read with "Kleenex" or

percent transmission. "Wipes", never with
If this is not i0(_, cheesecloth.
reclean the cuvette
indicating the least
percent tr-_usmissiom

e and repeat steps 4through 6. January, 1949
-13-
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OPERATION OF COLE_%N MODEL ll SPECTROPHOT0_
_ _ • .... i, , ,i ILl I

LASSIFIED...... ...............
STEPS ' '-I_YP_OINTS"" -- " _ SI/ETYCAUTIONS

7. When cuvettes balance

the meter is ready to
be used for -_alytic-
bl determinations.

8. Calibration of the 8. Calibration of the

Spectrophotometer spectrophotometer in-
_gainst PC-7 filter, volves adjusting set
(Note: This step is screw on mechanism
not necessary every inside the spectre-
time the spectrouho- photometer case. Core
tometer is used. The should be exercised

calibration of the to prevent cuts on
instrt_ent will be screw heads etc., kur-
performed once per ing the adjusting
week by the chemist operation.
or supervisor, or
oftener if necessary).

The above Job Break-Down covers the follo__ug aual)_ical methods:

i. Sodium Silicate (Alk.).......WA-3_
2. Copper, Colorimetric .........WC-3a
3. Chlorides ................. ---WU-4a

4. Soap Hardness ............---.-WH-la
5. Iron ....................... --WT-la and Ib
6. Magmssium, Colorimetric---'---WM-la
7. Manganese .................... _'_4-3acad 3b
8. Nickel, Colorimetric .........WN-!a
9. Albuminoid Nitrogen ......----WN-2a and 3a
le Phosphate - - - -_TP2a@ --... mm .-- mldm m. .. . ,mm_ .

ll. Diss. Silica ....._----WS-Im and lb

12. Sulphates, Turbldimetrio-----WS-6a
13. Sodium Dichromate ........... -_'_-7a
14. T_bidity ....-...............WT-la

1949
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TITRATIONS I
o.., _ , ,

......... Si_?.S KEY POI_S SA/RN_ CATIONS ....
, i

1. Fill the buret with la. If suction llne is la. Never pour liquids
the solution required used to fill buret, from above eye level.
and then adjust the exercise care to Lower top of buret be-
"zero" mark on the prevent material low eye level before
buret, from passing into filling.

line. Place a trap
in the line as am b. Use extreme care to

added precaution, prevent splashing or

\ spilling.
• b. To fill buret from a

bottle, pour the re- c. Do not stand on rung
agent from the stock of stool to raise
bottle into a clean eye to proper level.
dry beaker. Fill Use footstool or
the buret from the steps.
beaker, using a
small funnel, d. Buret should be firm-

ly supported in two
places.

2. Titrate the sample, 2. Exercise care in 2. If solution to be
following the speci- manipulation to pre- titrated is hot,
lied analytical pro- vent loss of sample, handle according to
cedure, laboratory safety

rules.

3. Dispose of sample and 3a. Rinse container with

clean equipment, water before leaving
it to be washed.

b. If stopcock ever be-
comes stuck,, put on
leather gloves and
remove by gentle pull-

. ing and prying motimns.
Laboratory stopcock
puller my also be
used.

January,1949
-15-
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UNCLASSIFIEB_ _, ,._
,@ The foregoing Job Brea_-Down covers the folowing analytical methc_s:

" i. Free Mineral Acidity .............................. WA-Ia
2. Phenolphthalein and Methyl Orange Alkalinity ......WA-2a
3 Calcium .............. WC la• .m_.--.. _.mm .

4. Free CO"2----.......................-- mm mm - - mm--------WC-2_.
5 SoHp Hardness .............- -- --- WE-la• . .,..--..,i. i,. m.--... . ,,,

6. g_gnesium (Gravimetric ........................- - WM-
7. Nitrate Nitrogen--- ..............- - --- - - - ---------WN-_a
8 Diss Oxygen - -#;0Is• • ......mm . . mm . ._.mm.--..--.. i.

9 Oxalic Acid .................. -WO 2a• ...--.w. ..m,--.w . .e,, mm ,. . . .

10. Total Solids ..................- - - --WS-II.b
II. Sodium Chloride--....................mm . . ._mm.w --- --WS-Sa

/
j 12. Sodium Sulfate--........................... -WS 9a• mm . . ..--D, .

13 Sodium Sulfite ......... WS-10a• ------------ I, --------w--

January,

O -16-
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TZ  ATIO mZl (P OM  ZC

, .. ., u.. . ,., i_ i ---

S_"_PS KEY POINTS SAFETY CAUTIONS

1. Clamp mechanical 1. It should be cl_ped la. The mechanical
stirrer onto ring in two places; and, stirrer is heavy and
stand, because of its weight must be handled with

it should be clamped care.
_t a low point on '
ring s_aud, be Check to see that the

stirring rod is firm-
r ly -ttached and that

the attachment point
is _hielded.

2. Set up and fill bur-
et. Follow the com-

plete Job Break-
Down for Titrations

on page I0.

_. Clamp on electrodes 3. See "Use of L. and 3. Use extreme care in
so that their tips N. or Beckman pH handling electrodes.
are about ½" above Meter", page 13. Be sure they are well
the tip of the out of the path of
stirring rod. the stirring rod.

4. Clamp on beaker con- 4. The electrodes, the
raining buffer solu- stirring rod, and
rien. the buret tip should

all be near the bot-
tom of the beaker.

No part should touch
another or the
beaker.

5. Turn on the stirrer 5a. Start stirrer slowly.
and push the "on"
button of the pE b. See "Use of L. and
meter. N. or Beckman pH

Meter", page 13.

c. See "Use of Mechani-

cal Stirrer", Pg. 14.

6. Turn off the pH metoz 6. Never leave the elec- 5a. Hands should be dry
and the stirrer. Re- tr_les exposed to the when using electrical
move beaker contain- air when the meter is equipment.

e ing buffer solution, rea_ing,
January,

rlT-
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UNCLASSIFIED

_J

STEPS .......... _Y- POINTS SAFETY CAUTIONS
..... L _ : -- ,iii I -

b. Be careful not to
knock the electrodes

while unclamplmg and
removing the beaker.

7. Wash electrodes, bur-i 7. Use wash bottle care-
et tip, and stirring fully te avoid spill-
rod with distillled Ing or k_oo_Img of
water, electrodes.

8. Clamp on clean beak- 8a. See "Use of L. and N.
er containing sample Beckman pH Meter",
_ud rum the analysis, page 13, and Labor-

atory Manual.

b. Keep face and hair
away from stirring
rod when reading
buret.

9. Turn off stirrer and 9. Check to see that all
pH meter. Remove connections are off,
beaker and replace and wipe up any
with a clean beaker spills.
containing distilled
water.

The above Job Break.-_ covers method WA-3a.

I0
-18- Januo#y,19 9
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-UNCLASSIFIED
RECLAIMING USED SOLVENT BY DISTILZATI(Z_

.... s,zm,s _ _ POD,S _ ..... s_ cAuTZo_s_ -_

I. Assemble a_i inspect la. Ali ground Joints
the distil_ion set- should be properly
up for leaks, seated, well greasel

and cl_mped in place.

b. Condenser water should
be O_.

/

2. If necessary, pre-dry 2. Many organic solvents 2. Euow the hazards and
the solvent using the form binaries with properties of the des-
proper deslccaht, water which cannot be iccant use_. 0bser_m

readily separated by all necessary precau-
distillatiou. In rictusfor the safe

case of this type, a hau_li_g of the mat_-
desiccaut must be ial.
used to remove the
water.

la

3. Add the solvent to 3. Collect for re-use 3a. Avoid leaks an_ spilla

the distilling flask only that portion of Clean up s_ea _ter-and distill, the distillate which ial immediately. Yf
has a comstaut Boil- the spilled material
Im_ temperature, is flammable, first

disconnect all elec-

trical equipment and
extinguish all flames
in the vicinity and
then clean up.

b. Distilling flasks
sheul_ not be filled
more than t-_o-thlr_s
full.

c. Heat input to distil-
lation set-up should
be a_Just@d so the
solvent condenses on
the first i-2 inches
of the condenser.

d. Discard all waste sol-
vent and distillatica

residue to proper

waste disposal. (S_
•-. X9_9

-19-
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USED SOL_EI_ BY DISTILIATION
- ,, , , _ .' , _ _-- ..... • -

STEPS " ' KEY POINTS- .... SAFETY CAUTiONS -
L ,, ,i , -- - , , , • J= - --- • | L " " • • ........ --

Safety Rules in Em-
ployee 's Handbook of
Safety Rules".

4. Transfer re_Inlme_ 4, For specific rules cn
solvent to proper . the storage of sol-
co_tmlner and place vents, see the "Em-
in storage, ployee 's Handbook of

Safety Rules".

@

O
.20.
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UNCLASSIFIED
OFSAMPS

r-- , , | ,, , ,,, ,

-- S_J/_S _, 'i .....-i. _''. ,...KE'.Yi_OINTS .... i "' _ CAUTIONS- _-
/

.

i. Weigh sample into I
proper receptacles. I

a. Solids la. If sample is hygros- la. i) Do not allow
copic, it shoul_ be corrosive solids
contained in a to come in com-
weighing bottle; tact with the

otherwise the use of skin. Clean up
, a balance pan is . spills immediate_.

reco_ez_ed.

2) Lime dust is irri-

tating to the eyes,
nose, _ throat.
When working in a
llme-laden atmos-

phere, use res-
pirator aud cover-
all goggles.

b. Liquids and volatile h. Use dropper type b. E_ercise extreme caresolvents, weighing .bottle. to prevent contact cf
the skin with corro-
sive materials. Do

not breathe vapors.

2. Wash hands and fore-

arms thoroughly after
handling chemicals.



DETERMINATION OF CALCIUM' • .....,

s2s Polns i6Ns
_- ,,, , - , l ,,

I. Obtain sample, i. See "Sampling", p. ii.

2. Measure required 2. See "Preparation of
amount of sample int_ Solutions", p. 12 &
graduated cylinder, 13.

3. Add methyl orange 3. Add acid from buret. 3. Add carefully to
, and neutralize with avoid spattering.

concentrated HC1.

4. Add oxalte solution, La. Pipet oxalate 4a. See "Use of Pipets",
and heat to 80° to P. 9 & 10.
90°C. b. Use of hot plate.

b. Be sure beaker is

dry on outside be-
fore placing on hot

plate to avoid spat-
tering. Take care to

keep hands and arms
away from hot plate.

5. Neutralize hot solu- 5. Follow Saster and
tion with Ammonium laboratory safety
Hydroxide. rules.

6. Cool solution. 6. Put solution in a

place where it will
not be accldently
touched or upset.

7. Filter solution 7. See "Suction Filters"
through glass cruci- under "Particular

ble using suction. Laboratory Safety
Rules".

8. Add 5 ml. of concen- 8. Use of concentrate_ 8. Keep hands and arms
trated sulphurlc acid acid. away from acid stream
to the crucible (with- if using acid dis-
out suction), pensing buret. Acid

dispensing buret
should be pl_ced in
protective stall with
buret tip back of

front edge of stall.

' NCLSSIFIED. =,., .,,U .949



.| , -- _ - __

../

_ .. C,'_.I_S ...... -KEY POI/_TS ..... ,_ .... SAFETY cAt_IONS

9. Add 8 to lO ml. of 9a. Adding water to acia 9a. Add water very slow-
distilled water to is especially hazar- ly, pouring it down
the crucible contain- dous. the sides of the
ing concentrated acid crucible. Wear rubber
and precipitate, b. Connecting vacuum to gloves, rubber apron
Then filter, flask containing hot an_ face mask.

acid solution.
. b. Do not touch hot cru-

cible, and take care
not to upset the
flask while connect-
to vccuum outlet.

10. Heat the solution to lOa. Handling of hot 10a. See "Safety Caution"
80°C. and titrate beakers an_ use of #4.

with EMnO_. hot plate.
b. See "Titrations I",

b. Titrating boated p_ge 16.
solution.

• '

The above Job Break-Down covers Method WC-I_ (Calcium).

t

O
January, 1949
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-- , _ • , , , ,,At

-_ S'_ ....... - _ " _KEY POINTS EaavETYCAUTIONS

Z. Obtain sample, i. See "Sampl_"_ p. II

2. Add i ml. of concen- 2ao Pipet volatile acids 2a. Use extreme care when
trated SCf and _ ml. under hood. handling the acids to
of concentrated minimize spattering
nitric acid to i00 b. Add acid slowly, and avoid spilling.
ml. of sample in letting it run dowa

, evaporating dish. the sides of the b. Follow "Use of Pipets_
_ dish. Pg. 9 _ud i0• I

B. Place dish on hot B. Be sure dish is dry
plate and evaporate Before placing on
to dryness, hot plate.

4. Remove _ish on hot _. Add water to acid 4, _Toc_.globus and ad_
plate and allow to: with extreme care. w_ter slowly.
coo_. Add 5 ml. of
concentrate_ HCf and
i ml. of water to
residue.

--
5. Add ammouium hyirox. 5. Take care to avoid

ide and rotate dish. spilling.

6. Filter contents of 6a. See "Use of Suction 6. Use special suction
dish Imto a 50 ml. Filter" under "Par- filter apparatus de- "
gruduated cylinder, ticular L_boratory signed for receiving

Safety Rules". filtrate in graduated
cylinder.

b. Do not use cylinder
smaller than 50 ml.
as it would m=ke _

\. unstable set-up.

7. Wash dish with dis- 7. The filtering set-up
tilled water and add is mot too stable and
washings through care must be use_ in
filter. Do same with working with and near
sodium _iethyldlthio- it,
carbam_te.

8. Separate cyllmder and 8. Turn off vacuum be-

filter. Dilute fil- fore attempting to
irate to volume with separate parts of the

@ distilled water, filtering set-up.i

 949
-24-

UNCLASSIFIED



UNCLASSIFIED
D__ioz._ oFcoz_ ,(coLo,Rskz_,_Zc)

@
......-- ' "S'I;J_FS - -' _ POINTS SAFETY CAUTIONSn -- , L , , , , ,, - w,

9.' Allow the solution to 9. See "Operation of
stand 30 minutes and Coleman Model ii

then read on spectro- Spectrophotometer:',
photometer, p. 14 and 15.

The above Job Break-Down covers method WC-3a (Copl Fr) and method WN-la

•



, , -- - __

_ m ,

..... STEPS ......... "..... _ POI_ -' SAr_-CAtmiONS_-
........... , , • ,,..... , _ .............

I. Install electrodes in la. Make certain calomel
meter, electrode contains

both solid KCl and
KCI solution.

b. Soak glass electrode
in i N IICIfor at

/ lease-8 hours before
11se.

2. Adjust machine _ith 2a. I_ meter should be
buffer solution, in "on" position at

least 2 minutes be-

fore realing is

b, To check for faulty
electrodes use buf-
fer solution at two

pS ranges_ (Usually4.o& 7.o).

" c. Buffer solution must
be within Soc. of
temperuture of solu-
tion on which pH is
to be determined.

I

3. Determine pH of un- 3. Rinse electrodes 3. If constituents in
known solution, thoroughly with sol- water are not known,

ution to be tested, care should be taken
to avoid contact

_,.... with the skin.

4. Shutt off meter. _, Allow electrodes to 4, Wash hands and fore-
st_ in dis%ille& arms when work is

• w_ter when m_ter is completed.
not iu use.

a

The above Job Bre_ :-Down covers the follo_-ilg Analytical Methods:

l. _ .................. .-_-_

2. Sodium Silicate ......WA-3a
•- Jcnu,

-e6-
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, , ,

STEPS KEY POINTS SAFETY CAUTIONS
, i,, , , - , _

i. Clean equilmnentby i. Follow precautions
method outlined in outlined in "Clean-

"Cleaning Chemical ing Chemical Glass-
Glassware". ware".

2. Transfer the quantity 2. Use the proper size
of sample necessary glass stopper for
to the containing mixing cylinders to
vessel and add rea- prevent spattering,
gents in analytical Never use your thumb
procedure, as a substitute for

a stopper.

3. Transfer sample to 3. _ke certain spectre- 3. Cuvettes are made of

spectrophotometer photometer galv. is soft glass and may
curet and determine % be.lanced and that be easily broken or
light transmission, cuvettes balance, chipped.

See "Operation of
Coleman Model ll

Spectrophotometer"..
4. Convert % light 4. Wash hands and fore-

transmission to ppm arms after complet-
of desired constit- ing analysis.
uent using the proper
curve.

Analyses covered by the above Job-Break-Do_:

I. Alk. of Sod. Silicate ...._-WA-3a
2. Chlorides................. -WC-4a
3. Hydrogen Peroxide ..........WH-2a
4. Magnesium ................ --WM-la
5. Manganese ................_-WM-3b
6. Albuminoid Nitrogen ........WN-_ and 3a
7. Phosphate ................- - _TP-2a
8, Silica-- " .....WS-la and ib
9. Sulphates ............... ---WS-6a
le. Sodium Dichromate ..........WS-7a
LI. Turbidity .................. WT-la

O
January,

-27-
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STEPS KEY POI_2S .... SAFETY CAUTIONS
" , i , , , _ |

1. Clean beakers by 1. Observe "Safety
method outlined in Cautions" outlined

"Cleaning Chemical in "Cleaning Cheml-
Glassware". cal Glassware".

2. Add sample and . Add acid by allowin_ 2a. Exercise extreme
ca!s to be-_kor, it to run down the c-_rewhen handling

.. side of the beaker, acids and peroxide;
both are corrosive.

b. In adding acid as
outlined under "Key
Points" the hazard

of spattering is
minimized.

B. Place beaker contain- 3a. Tip beaker b_ck and 3. Beaker bottom must
ing sample on hot forth several times be dry before beaker
plate and allow sam- during the evapora- is placed on hot

pie to evaporate un- rien _rocess to plate.til white fumes of prevent iron ect.

SO3 appear, from plating in
bottom of beaker.

b. Do not evaporate to
_ess,

C. To minimize the

chances of contamin-

ation, beakers must
not be passed over
the top of each

_ other.

4. Remove beaker from 4. Finish the analysis 4. Use beaker tongs
the hot plate and as soon as possible when removing beakers
allow to cool. after cooling to from the hot plate.

avoid contamination

from dust particles
in the air.

5. Rinse inside walls 5. To prevent spatter-
of beaker with a ing:fine stream of dis-
tilled water. Heat a. The acid in the besid-

e to dissolve salts, er must be cool.

-28-
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AZ  ZS s . Zs coz  T _)

- I " , ,

• , ,, p, , |

,4

J

-- _ ,, , | ,,,, , , , | _ , , ,, ,,

STEPS KEY POI'I_S' SA.WET_"CAT_I'0NS--
. ,=, , ......................

b. Use only a fine
stream of distilled
_ter.

6. Transfer sample to 6. Mixing cylinder must
mixing cylinder and be chemically clean.
rinse beaker thor- Use the method out-

oughly, lined in "Cleaning
" ') Chemical Glassware".

7. Add reagents to mix- 7a. Rinse mixing cylln-
ing cylinder com- der stopper with dis-
taining sample and tilled water before
mix. uslmg.

b. Use care when inver-

ting cylinder to mix
sample; stopper may
tend to pop out.

8. Determine the percent 8a. Use chemically clean
transmission of the cells cleaned by the
sample using a spec- method given in Step
trophotometer. _, "Operation of

Coleman Model ll

Spect orphotometer.

b. See Job Break-Down

sheet for spectro-
photometers.

,, c. Optical surfaces of
cuvettes should al-

_ys be wiped or
polished with Klee-

nex or Wips, never
with cheesecloth.

9. Wash hands and fore-

arms thoroughly when
analysis is complete,

The above Job Break-Do_na covers the following analytical methods:

i. Iron ........... %_I-la and ib

J 2. Copper ......... WC-3a3. Manganese ......WM-3e.
,.

• January, l_,L:.9
-29-
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G_._zC ANAL_!S- S_XCA

' - i i _

STEPS KEY POINTS SAFETY CAUTIONS
: L , i ,,,, _ , , : --- _ : ,,,,,, _ ,

1. Clean the platinum la. Platinum ware can be 1. Care should be exer-

ware. conveniently cleaned clsed to avoid
by fusing potassium splashing the molten
bisulph_te in the potassium bisulphate.
vessel. The outside
of the vessel can be

cleaned with punic •.

b. Platinum ware should

al_ays be handled
with platinum-tipped
tongs.

2. Weigh sample into a 2. _nen hot objects are
previously ignited placed in a desic-
platinum crucible, cater, the lid should

be left slightly ajar
for a few minutes to

prevent the formation

of a partial vacuumin the desiccator.

Difficulty is some-
times encountered
when a desiccator

under a partial vac-
uum is to be opened.

3. Add sulfuric acid, 3. An Infrarediator Sa. SO. fumes are very
evaporate sample to should be used in irritating to the
dryness and then evaporating the sam- nose and throat.
ignite, ple to the fuming Carry out all fuming

stage. Then sample operations in a well-
should be placed on ventilated hoo_.
a hot plate, with a
thin asbestos mat or b. Exercise care to pre-
mica sheet between vent acid burns.
the bottom of the

platinum crucible and
the top of the hot
plate. When the
sample is dry, ignite
in a muffle furnace.

4. Cool the crucible in 4. See Step 2, "Key
a desiccator and Points".

I ' then weigh.

-30-



GRAVIMETRIC ANALTSIS - SILICA

_ __ _ ,| .-. ", _ '

_ s_s isX_'PoIns" ,_, , , _ C,AtrnO_S

9. Treat sample with 5a. Wear acid (coverall)
sulfuric and hydro- goggles and rubber
fluoric acids, evap- gloves when handling
orate to dryness and . hydrofluoric acid.
then ignite.

b. Exercise extreme

care to avoid spills.
Olean up spills
immediately.

c. Work involving the
use of hydrofluoric
acid should be con-
fined to a well-ven-
tilated hood.

d. Asbestos gloves pro-
vide additional pro-
tectio_ for the hands

when removing cruci-bles, etc. from a
muffle furmace with

tongs.

6. Cool the crucible in 6. See Step 2, "Key
a desiccator and re- Points".
weigh.

7. Wash hands and fore-

arms thoroughly when
analysis is complete.

The above Job-Break-Down covers method WS-3a.

@
-31-
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DETERMI_ATION OF ARTIFICIAL TURBIDITY
- ' .... - .-.. '"-L ".. - =_L•, ,, ,li

STEPS ..... KEY P'o_S ......... s_ CAV210_6
• i ii_ ,i,i __ i| i ii El _ I J I -- II I i

I. Set up Coleman i. Provide spare bulbs,
spectrophotometer spare cuvettes, klee-
near valve pit head- nex, cheesecloth, a
or sample taps. screw driver and a

char_ based on ppm
turbidity vs. percsnt
transmission.

/"

2. Check spectrophoto- ._. When calibrating
meter with a PC-7 spectrophotometer
filter and adjust if observe precautions
necessary. -. outlined under "Oper-

ation of Coleman

Model LI spectropho-
tometer".

3. Take sample directly 3. Run samples as
into cuvette and rea_ quickly as possible
% transmission on to avoid erroneous

scale of photometer, readings due tosettling out of tur-
bidity.

The above Job Break-Down covers method %._-lb.

h
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J WA-I_

_ ACZD_

The hazards and necessaryprecuutions involvedin this an_lysls are
covered by the following:

i. General L_boratory Safety _tles.

2. Particular Safety Rules for Procedures and Methods, pages I and 2.
3. Titratious, pages 15 and 16.

@

'- 19_9
-33-
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, WA-2a

The hazards and necessary precautions involved in this analysis are
covered by the following:

I. General Laboratory Safety lhules.

2. Particular Safety Rules for Procedures az_ Methods, pages I an_ 2.

3. Sampling, page i0.

_. Titrations, penes 15 an_ 16.

@



@
_ WA-3a

ALKALINITY OF SODIUM SILI_

The hazards and necessary precautions involved in this analysis are
covered by the following.

i. General Laboratory Safety .Rules.

2. Particular Safety Rules for Procedures and Methods, pages I and 2.

_ 3. Use of Pipets, pages 8 a_d 9.

_. Use of Mechanical Stirrer, page 7.

5. Weighing of Samples, page 21.

6. Preparation of Solutions_ pages iI aud 12.

7. Titrations Z and II, pages 193 16, 17 an_ 18.

O
'_ January, 19h9
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WC-2s

CAI_0N DIOZZZ_

The hazards and neoessaryprecautionsinvolved in this analysis are
covered by the followingz

I. General Laboratory Safety Rules.

2. Particular Safety Rules for Procedures a_i Methods, pages i and 2.

3. Titrations,pages15 and 16.

@
January, 1949
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CELORIDES

The hazards and necessary precautions involved in this analysis are
covered by the following:

i. General Labor_toz7 Safety Rules.

2. Particular Safety Rules for Procedures and Methods, pages I and 2.

3. Sampling, page i0.

_. Preparation of Solutions t pages ii an_ 12.

5. Photometric Analysis (Direct), page 27.

6. Use of Pipets, pages 8 and 9.
!

0 -37- _nu_7, 19_9
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_. WC-Se

The hazards and necessary precautions involved in this analysis are
covered by the following:

I. General Laboratory Safety Rules,

2. Particular Safety Rules for Procedures and Methods, pages i amd 2.

f 3. Sampling, page i0.

O January
-38-
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The hazards and necessary precnutiohs involved in this analysis are
covered by the following:

!. General Laboratory Safety Rules.

2. Particulnr Safety Rules for Procedures and Methods, _ages i and 2.

3. Use of Pipets, pages 8 _nd 9.

4. Preparation of Solutions, pages ii and 12.

@
"_ January, 1949

-39-
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SOAP HARDNESS

The hazards and necessary precautions involved in this analysis are
covered by the following:

I. General Laboratory Safety Rules.

2. Particular Safety Rules.

3. Preparation of Solutions, pages ii and 12.

4. Titrations I, page 15 and 16.

i



@
• WH-2a

HYDROGEN FEEOXIDE, COLORIMETRICMETHOD

The hazards and necessaryprecautions involve_ in this analysis are
covered by the following:

i. General Laboratory Safei_yRules.

2. Particular Safety Rules for Procedures and Methods, pages 1 and 2.
/

3. Preparation of Solutions,pages LI and 12.

_. Use of Pipets, pages 8 an_ 9.
\

5. PhotometricAnalysis, page 27.

T

O January
-41-
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WI-la

Z_ON

The hazards and necessaryprecautions involved in this analysis are
covered by the following.

I. Goneral Laboratory Safety Rules.

2. Particular Safety Rules for Procedures amd Methods, pages i and 2.

3. Use of Pipets, pages 8 mud 9.

_. Preparation of Solutions,pages LI aud 12_

_. PhotometricDeterminctions(Where Sample _.sConcentrated),pages
28 aua29.

January,1949
...... -42-
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IRON

The h_zcrds _nd necessaryprecautions involved in this analysisare
covered by the following:

I. Goner_l L_boratory Safety Rules.

2. Particular SafetyRules for Procedures and MeT_hods,pages i and 2.
4

3. Sampllng_ page le.

4. PhotometricDeterminations(Where Sample is Concentrated)- pages
28 cn_ 29.

@

f

" Jauuary, 1949
-43-
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IODIDE

The h_zar_s and necessaryprecoutions involved in this au_lysis are
covered by the follo_img:

i. General Laborat_mySafety _ules.

2. Particular SafetyRules for Procedures and Xethods, pages 1 and 2.
f

3. Distillations,page 4.

4. Preparation of Solutions,pages LI and 12.

e
Jamuary,1949
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MAGI_ESIUMt COLORIMETRIC METHOD

The hazards and necessary precautions involved in this analysis are
covered by the following:

I. General Laboratory Safety Rules.

2. Particular Safety Rules for Procedures and Methods, pages 1 and 2.
11

3. Sampling, page I0.

_. Use of Pipets, pages 8 an_ 9.

5. Preparation of Solutions, pages ii an_ 12.

6. Photometric Analysis, page 27.

@

@
\4
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UNCLASSIFIED



UNCLASSIFIED@
"_.2s

MAGNESIUM, GP_V_ETRIC METHOD

The hazards and necessary precatulons involved in this analysis are
covered by the foll_wimg:

I. General Laboratory Safety _ules°

2. Particular Safety Rules for Procedures and Methods, pages 1 s._d2.

( ' 3. Weighing of Samples, page 21.

4. Titrations I, pages 15 and 16.

5. Ignitions and Oven Drying, pages 5 and 6.



A
_ WM-3a

M__SE, COLOR_ZRIC PERIODATEMETHOD

The hazards and necessaryprecautionsinvolvel in this analysis are
covered by the following:

I. General Laboratory Safety Rules.

2. Particular Safety Rules for Procedures and Methods, pages 1 and 2.

3. Sampling, page i0.

4. Use of Pipets, _ages 8 and 9.

5. Preparation of Solutions, pages li and 12.,

6. PhotometricDetezmimmtions(Where Sample is ComcentrsLted),pages
28 and 29.

UNCLASSIFIED
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MANGANESE,COLORIME'_ICPENSULPKATEMETKaD

The hazards and necessaryprecautions involved in this analysis are
coveredby the followln_:

I. General Laboratory SafetyRules.

2. Particular Safety Rules for Procedures an& Methods, pages I and 2.

_- _ 3. samplln_,pagei0.. @

4. Use of Pipets, pages 8 and 9.

5. Preparation of Solutions, page Ii and 12.

6. PhotometricDeterminations(Where Sample is Concentrated)spages
28 ema.2£.

@
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NICEEL t COLORIMETRIC ME_IOD

The hazards an_ necessary precautions involved in this analysis are
covered by the following:

i. General L_bor_to_y Safety R_ies.

2. Colorimetric Copper, pages 24 and 25.
f

., _949
-49-
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DETE_41NATION OF AMMONIA-NITROGEN

The hazards and necessary precautions involved in this analysis are
covered by the following:

I. General Laboratory Safety Rules.

2. Particular Safety Rules for Procedures and Methods s pages 1 and 2.

3. Use of Pipets_ pages 8 end 9,
f

4. Preparation of Solutions, pages Ii and 12.

9. Distillations, page 4.

6. Photometric Analysis _ page 27.

-20-
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_NOID _T_OGEN

The hazards and necessary precautions involved in this analysis are
coverod by the following:

I. General Laboratory Safety Rules.

, 2. Particular Safety Rules for Procedures and Methods, pages 1 and 2.

'_ 3. Use of Pipets, pages 8 an_ 9.

_. Distillatlons, page 4.

5. Photometric Analysis, page 27.

O
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_TRATE NITROGEN

The hazards and necessaryprecautionsinvolved in this analysis are
coveredby the following:

i. General Laboratory Safety Rules.

2. Particular Safety Rules for Procedures and Methods, pages i and 2.

r 3. Use of Pipets, pages 8 and 9.

4. Titrations, page 15 ar_ 16.

5. Preparationof Solutions, pages II and 12.

6. PhotometricAnalysis (Where Sample is Concentrated),pages 28 and
29.
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WO-l_

DISSOLVED OXYGEN

The hazards mud necesscryprecautions involved in this analysis are
covered by the following:

I. Genercl L_bor_toryS_fety Rules.

2. Pe_tlculo.rS_fety Rules for Procedures an_ Me_hods, p_ges i and 2.
f

3. Use of Pipets_ pages 8 and 9.

_, Preparation of Solutlons_ pages II _ 12.

5. Titr_tionssp_ges 15 and 16.

/

O 19_9
-53-
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OXALIC ACID

The hazards and necessary precautions involved in this analysis _re
covered by the following:

i. General L_boratory Safety Rules.

2. Particular Se/'etyRules for Procedures and Methods, pages I and 2.
/

3. Preparation of Solutions, pages 11 and 12.

_. Titr_tions, pages 15 and 16.



@
WP-2a

PHOSPHATE IN BOILER WATER

The hazards anl necesscry precautions involved in this analysis are
covered by the following:

I. General L_borntory Safety Rules.

2. P_rticular S_fety Rules for Procedures Chi Mothodst po_es 1 and 2.
f

3. Photometric Analysis, page 27.

@

e
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203

The hazards and necessars"precautions involved in this analysis are
coverod by the following:

I. General Safet_ Rules. (Note carefully the section concerning
halogen acids#.

," 2. Particular Safety Rules for Procedures and Methodsj pages 1 and 2.

3. Use of Pipetes, p_ges 8 and 9.

4. Preparation of Solutions, pages iI and 12.

5. Ignition and Oven Drying, pages 5 and 6.



@
"" WS-la

DISSOLVED SiO2 IN TREATED WATER (COLOIKI_,_'/RIC)

The hazards and necessary precautions involved in this analysis are
covered by the following:

i. G_neral Laboratory Safety Rules.

• 2. Particular Safety Rules for Procedures and Methods, pages 1 and 2.

• 3. Sampling, _age lC.

4. Preparation of Solutions, pages ll and 12.

9. Photometric Analysis, page 27.

@
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UNCLASSiFiED



UNCLASSIFIED
@

f •

WS-Ib

DISSOLVED SiO2 IN UNTREATED WATER, COLORIMETRIC METHOD

The hazards and necessary precautions involved in this analysis are
covered by the following:

I. General Laboratory Safety Rules.

2. Particular Safety Rules for Procedures and Methods, pages 1 and 2.
,

3. Sampling, page I0.

4. Preparation of Solutions, pages II and le.

5. Photometric Analysis, page 27.

@

#.

0
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DETERMINATION OF SUSFENDED SILICA

The hazards and necessary precautions involved in this analysis are
covered by the following:

I. General Laboratory Safety Rules.

2. Particular Safety Rules for Procedures and Methc6s, pagos i omd 2.
f

_. # 3. Ignitioms and Oven Drying, pages 9 ana 6.

_. "Key Points" and "Cautions" under "Gravimetric Analysis - Silica",
pages SO and Bl.

-pg-
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ws-4b

_0TALS0LZDS_ 2OO A_ZAPROCESS:0_AZm

The hazards and necessary precautions inTolved i_ this amalysis are

covered by the following:

i. General Laboratory Safety Rules.

2. Particular Safety Rules for Procedures and Methods, pages 1 and 2,
/

i

3. Titratlons,_agos15 and 16.

@

°.

J

' 19_9
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WS-Da

(1) sus__ sou_s
2) Losso_lan_ioNoFsus_m sou_s
IB) NON-VOIATILE SUSPENDED SOLIDS

The hazcmds and necessary precautions involved in this analysis are
covered by the following:

, i. General Laboratory Safety Rules.

2. Particular Safety Rules for Procedures and Methods, pages i and 2.

3. Ignition and Ovem Drying, pages 5 aud 6.

O\

January, 1949
-62-
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_4!_IATION OF SULPHATES, TURBIDIMETRIC METHOD

The hazards and necessary precautions involved in this analysis are
covered by the following:

• i. General Laborato_, Safety Rules.

2. Particular Safety Rules for Procedures and Methods, pages i a_2.

3. Use of Pipets, pages 8 and 9.

4. Preparation of Solutions, pages ll.and 12.

5. Photometric Analysis, page 27.

@

O •

1949
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SOD1-JMDICHROMATE (C0LORI_.r_I_IC)

The hazards and necessary precautions involved in this analysis are
covered by the foll_rimg:

1. General Laboratory Safety Rules.

_- 2. Particular Safety Rules for Procedures and Methods, pages i and 2.

3_ Sampling, page i0,

4. Preparation of Solutions, pages li and 12.

5. Photometric Analysis, page 27.

e
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SODIUM CEIDRIDE

The hazards and necessary precautions involved in this analysis are
covered by the following:

1. General Laboratory Safety Rules.

#- 2. Particular Safety Rules for Procedures and Methods, pages I and 2.
\

-_ 3. Titrations, page 15 and 16.

e

49
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WS-9a

SODIUM SULPHATE

The hazards and necessary precautions involved in this analysis are
covered by the following:

I. General Laboratory Safety Rules.

2, Particular Safety Rules for Procedures and Methods_ pages I and 2.

3. Preparation of Solutions, p_ges ii and 12.

_. Titrations_ pages 15 and 16,

@

e
January, 1949
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SODrUM SUITE

The hazards and necessary precautions involved in this analysis are
covered by the following:

1. General Laborator_j Safety Rules.

2. Particular Safety Rules for Procedures and Methods, pages Iaud 2.

3. Preparation of Solutions, pages ll and 12.

4. Titrations I, pages l0 and 16.

@

e
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SODI-JM,COLORIMETRIC METHOD

The hazards and necessary precautions involved in this analysis are
covered by the following:

1. General Laboratory Safety Rules.

/ 2. Particular Safety Rules for Procedures a_d Methods, pages 1 and 2.

.. 3. Use of Mechanical Stirrer, page 7.

_. Use of Pipets, pages 8 end 9.

5. Use of a Centrifuge, page 2.

6. Photometric Analysis, page 27.

e

19_9
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TURBIDITY

The hazards and necessaryprecautions involved in this amalysis are
coveredby the follovlng:

i. General Laboratory Safety Rules.

2. Particular Safety Rules for Procedures and Methods, pages 1 and 2.

3. Sampling, page i0_

4. PhotometricAnalysis,page 27.

@

@
January, 1949

-69-
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WATER _TEODS SECTION

TABLE OF CONTENTS
_

CO_ TITLE PAGESmmmmmm..mm

WA-la Acidity, Free Mineral 2
WA.-2c Alkalinity 2
WC-Ia Calcium 3
WC-2a Carbon Dioxide, Free 2
WC-3a Copper, colorimetric 4

' _'_C--4a Chlorides, spectrophotometric 3
WC-Sa Chlorine, Free 2
WF-la Fluorine 3
_H-la Soap Hardness 2
WH-2a Hydrogen Peroxide, colorimetric 3
_l-la Iron I
WI-Ib Iron, colorimetric 3
WI-2a Iodide 4
NM-Ia Magnesium, colorimetric 4

WM-2a Magnesium, gravimetric 3

WM-3a Manganese, colorimetric peroxide 4
_M-3b Manganese, colorimetric persulfate 4

NM-4a Mobility of Colloidal Particles 3
Zm-la Nickel, colorimetric 4
WN-2a Nitrogen, Ammonia 4
WN-3a Nitrogen, Albuminoid 3
WN-4a Nitrogen, Nitrate

WO-la Oxygen, Dissolved 3
WD-2a Oxalic Acid 2

, _NP-_a pH of I00 Area Process Water 2

_'_P-_a Phosphate in Boiler Water 3
WR-la R203 3
WS-Ia Sil_ca in Treated Water, Dissolved_ colorimetric 3
WS-_h Silica in Untreated Water, Dissolved, colorimetric 3
WS-2a Silica, Suspended 2
WS-_a Silica in Residues, gravimetric 4

WS-4a Solids, Dissolved 3
WS-4b Solids, Total, in 200 Area Process Water 2
WS-Sa Solids, Suspended 2
WS.6a Sulfates, turbidlmetric 4

WS-7a Sodium Dichromate, diphenylcarbazide 3
WS-7b Sodium Dichromate, direct 3
WS-Sa Sodium Chloride
WS-9a Sodium Sulfate 3
WS-10a Sodium Sulfite 2

e ' WS-IIa Sodium, colorimetricWT-la Turbidity 2
WT-Ib Turbidity, Artificial 2

pl-



Code: WA-Ia

|, _ ,. ,, • i

• K.W. Laboratory Manual Reissued: December, 1948
Water Methods Status • Standard

By: W.J.M.

MINERAL ACIDITY
• u , ,, ,, ,-,, ,

Safety precautions_

Observe general laboratory Safety Rules.
/

Literature References
,,, , , , , _ _ ,L_

A.P.H.A., "Standard Methods for the Examination of Water and
Sewage", Sth Ed., Lancaster Press, luc., 70, (19S6).

Principles_ and Limltations

The free mineral acidity of _ater is determined by titration
with a standard alkali solution using methyl oromge indicator.
The procedure has been in use as standard pr_tice for =
number of years. Results can be duplicated to :.1 ppm.

@ _
Reactions

HA _ NaOH --- NaA r H20

Chemicals and Solutions
,i , • , _ i,

1. Sodium Hydroxide, 0.0__ (Solutions Code: SS-8a)

2. Methyl orange indicator (Solutions Code: SM-_a)

Procedure
, ,

._ i. Measure a i00 ml. sample into a clean i00 ml. graduated
cylinder and transfer to a clean poroelain dish.

=._ Add a llke amount of sample to a second porcel_In dish to
serve as a blank. (This amount need not be measured
accurately).

S. Add 4 dropn_of methyl oromge to the sample dud to the blank.
A reddish orange color will develop if thor is any free
mineral acidity.

4. Titrate with the sodium hydroxide to the first visible color

t change when referred to the blauk.

UNCLASSIFIED
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Calculations

VI x i0.0 - ppm. free mineral acidity as CaCO3

where: VI = ml. sodium hydroxide

Remarks
,

It has been found that the temperature of the sample affects the
pH at which methyl orange changes color. As the temperature is
increased, the color change occurs at a lower pH.^ This effect
is negligibl_ for temperatures between iO_ and 30uC. so the
temperatures of the sample should be _dJusted to withi_ this
range.

@
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PHENOLPHTHALEI_ AND MEF_YL ORANGE ALkaLINiTY
,, ,,-, , L

' " ioo .....

Safety Precautions

, Observe general laboratory Safety Rules.

Literature References
J ,, , , • ,,,

I. A.P.H.A._ "Standard Methods Tor the Examination of Water and
Sewage", 8rh Ed., Lancaster Press, Inc., 64 (1936).

2. Theroux, Eldridge, and _kdJu_ann, ".Analysisof Water and
Sewage", 2hd Ed., McGraw-Hill Book Co., Inc., 8 (1936).

.Principles and.,,Limitatiqns

The _ater is its content ofal_ty of represented by
carbQnate, bicarbonate, hydroxide and occasionally borates,
silicates and phosphates. The alkalinity is determined by
titration with a standard acid solution using phenolphthalein
and methyl orange as indicators.

This is a standard procedure which has been in use for a number
of years. Results are reproducible to about 1 ppm.

Chemicals and Solutions
- ,, ,,, , | ,L

i. Sulfuric acid, O.040N_ (Solutions Code: SS-23a)

2. Phenolphthalein Indi?_to_', 1% (Solutions Code: SP-8a)

3. Methyl orange indlcator, 0.i_ (Solutions Cod_: SM-Sa)

Procedure
_ ,

A. phenolphthalein _init_

I. Measure a IOO ml. sample (at room temperature) into a
clean i00 ml. graduated cylinder and transfer to a flask
or porcelain dish. Filter if turbil.

e 2. Measure a llke amount of sample Into a seco_ flask or•iah to serve as a b_l_mk_

-1-
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3. Add 4 drops of phenolphthalein indicator to the sample
only. If a pink color develops, phenolphthalein alkal-
Imlty is present.

4. Titrate with the sulfuric acid slowly with constant
stirring until the coloration just disappears.

Calculations
, , ,

VI x 20 ": ppm. of phenolphthalein alkalinity as CaCOB

where: V1 : ml. of the sulfuric acid

B. M_2ethyl0ra_e Alkalinit_

i. To the same sample used for determining tho phenolL
phthaleln alkalinity, add 4 drops of methyl orange
indicator. A yellow color will develop if methyl
orange alk_ty is present.

2. Add a llke amount of indicator to the blank.

3. Titrate the sample with the sulfuric acid slowly withconstant stirring until the first visible color change
is noted when referred to the blank.

4. Use the tota! ml. of acid added to the sample (Inc!ue •
ing that used for the phenolphthalela alkalinity) for
the calculation.

Calculation
_.,, .

Vl x 20 .- pun. methyl orange alkalinity, or "total

alkallnity", as CaC03.

where: VI : total volume of sulfuric acid used, ml.

Remarks

lt has been found that the temperature of the sample affects the
pH at which methyl orange changes color. As the temperature goes
up the color change occurs at a lower pH. Samples for titration
should be at a temperature between i0 aud 30°C. In this region,
the effect is very slight.
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CALCIUM

(R_e o-looop_)

Safety Precautions

.. Observe general laboratory Safety Rules.

Literature References
. I.,•

I. Furman, "Scott 's Standard Methods of Chemical Analysls", Sth
Ed., C. Van Nostrand, 9_11(1939).

2. A.P.H.A., "Standard Methods for the Examination of Water and
Sewage", 8th Ed., Lancaster Press, 79 (1936).

Principle and Limitations, ,.H

The calcium in the sample is precipitated as the oxalate froman acid solution. The calcium oxalate is filtered from solution,
dissolved in hot acid, and the oxalate titrated with perman-
g-_uate. From the amount of per_-.ugamaterequired the amount of
calcium present can be calculated and expressed as a percentage
of the original sample.

Iu general this method is one of the standard analytical
procedures. A few modifications have been made to suit the
special purpose. For control analyses it gives accurate results
to about 0.i rag.of calcium. This is approximately a 5_ moximum
error. In checking the procedure for the addition of known

.., calcium to actunl water samples excellent recovery was made.

Reactions

c__" ,.(_4)2°2°_,-'" 0a02o4(ppt)T z'_4_"

5ca02o4 • zmuo_ _ 8_2so_ --- 9c_o_ , _2so_, m_nso4
zoco2 • 8H2o

I ml..IN _,[nO4 - 5 x _0.08 : .020 g/l, Oa : 20 ppm Oa.- - 2xgx_oo

•, Chemicals and Solutions
. .. ,.

e i. Hydroc/_oric acid, C.P.
• Hcl,36_

"l-
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2. Sulfuric acid, C.P.,

z2so4,96%

3. Methyl orange, 0.1% (Solutions Code: SM-Sd)

4. Ammonium hydroxide; 6_N (Solutions Code: SA-12a)

_. Ammonium hydroxide, _:95 s_tur_tod (Solutions Code: SA-12a)

6. Azmonium oxalate, sdtur_ted (Solutions Code: SA-!6b)

7. Potassium permanganate solution,

0.1N_ (Solutions Code: SP-16a)

Procedure

i. Measure 200 ml. of the sample to be analyzed into a 400 ml.
be_ker.

2. Add 2-3 drops of methyl orange _nd neutralize with concen-
trated hydrochloric acid adding 2 ml. in excess.

3. Add i0 ml. of the ammonium oxalate solution and heat to80-90°c.

4. _ile the solution is hot, neutralize with 6N ammonium
hydroxide, and add a smmll excess to insure the solution's
being basic.

5. Let the solution cool and stand for one hour.

6. Filter off the calcium oxalate through a fine sintered glass
crucible.

7. Wash the precipitate including the beaker and crucible with
dilute a_monium hydroxide a number of times, wetting the

- sides of the crucible as _ excess oxalate ions must be
removed.

8. Rinse the filter flask and replace it under the crucible
funnel, add 5 ml. of the conc. sulfuric acid to the crucible
without suction pouring it down the sides, completely
covering the surface.

9. Next add carefully 8 to i0 ml. of distilled water, slowly
pouring it dowa the sides of the crucible. This hot acid
solution dissolves the precipitate.

O i0. suction and filter the
Apply solution.

-2-
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ll. Wash the crucible with several small portions of distilled
w_ter.

12. Heat the solution to approximately 80°C. and titrate with the
potassium permang-_uateto a f_int permanent pink (Remark I,
2, and 3).

Calculations

VI x N1 x .020 x 106 - ppm Ca

V2

or for the above conditions:

VI x N1 x I00 - ppm Ca

where: VI - ml. of potassium permamganate

NI .- Normality of potassium permangau_te

V2 - ml. of sample

Remarks

1. After addition of the first drop of potassium permanganate it
may require some time fox"the reaction to start.

2. lt may be advantageous to use 0.OiN_potassium permauganate
when very small amounts of cc_Iciumoxalate are obtained.

3. During the titration the temperature of the solution should
not be allowed to fall below 60°C.

UNCLAS,F|ED
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FREE CARBON DIOXIDE

o pp=)

saferZ Precautions

Observe generc.llaboratory Safety Rules.

Literature References

1. A.P.H.A., "Standard Methods for the Examination of Water and
Se_ge", Sth Ed., Lancaster Press, Inc., 69 (1936).

2. Theroux, Eldridge, and Mallmaun, "Analysis of Water and
Sewage", 2hd Ed., McGraw-Hill Book Co., Inc., 9 (1936).

Principle s and Limitations

The free c-_rbondioxide is titrated with a stand-_.rdalkali to

au arbitrary standard pH datum as indicated by the color change
of phenolphthalein indicator.

This is a standard method which has been in use for many years.
lt is difficult to reproduce results due to the carbon dioxide
losses in sampling.

Reactions

C02 T H20 "'" H2C03

H2CO3 _ NaOH --- NaHCO3 t H20

Chemicals and Solutions

I. Sodium hydroxide, .09__NaOH (Solutions Code: SS-8a)

2. Phenolphthalein Indlcator, i% (Solutions Code: SP-8a)

Procedure

Special care must be taken in collecting the sample. A 100 ml.
sample must be collected at the sampllug tap in a clean Nessler
tube equipped with a rubber stopper.

O 1. Flush the tap and rinse the tube with %-_ter.

-1-
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_'; 2. Throttle the flow of water from the tap and collect the
.sample by allowing the water to run down the inside of the
tube.

3. Stopper the tube immediately _ud make the titration within,
five minutes after collecting the sample.

4. Make a test titration to determine the approximate total
amount of alkali necessary by adding l0 drops of phenols- °._ ,'_
phthalei_ to the sample and rapidly tltrating to a faint
pink end point, using the sodium hydroxide.

" 5. Remove the stopper for each addition of sodium hydroxide and
mix the sodium hydroxide with the sample by gently inverting

" the stoppered tube.

6. Proceed with a second sample by very rapidly adding the
approximatetotal amount of alkali necessary all at one time.

7. Mix the sample well and titrate to the end point.

Calculations

VI x i0 : ppm C02

where: VI . Volume of sodium hydroxide, ml.

Remarks

By following this procedure carbon dioxide losses are
minimized.
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c0Pz_(COL0_n_EIC_OD)
, "- (RaugeO.Ol-O.1 ppm)......

Safetz Precautions

- Observe general laboratory Safety Rules.

Literature References

I. Hopkins and Williams, "Organic Reagents for Metals", 3rd Ed.,
_2o,(1938).

2. Memo: Story, to Safranski, "Determination of Copper in
Water", May, 1945.

Principles and Limitations

Sodium diethyldithlocarbamate reacts with small amouats of
copper producing a golden brown color in acid, ammoniacal, or
neutral solutions. The color obtained is proportional to the
concentration of copper and is measured on a spectrophotometer at
450mu.

Iron shows no interference when present in amount of 2 ppm or
less. If the iron concentration exceeds this amount it rosybe
removed by precipitation with ammonium hydroxide in the presence
of ammonium salts.

This method gives good results down to about 0.005 mg. or 0.01
ppm. Since this is approximately the amount of copper in "W"
water the method is not very satisfactory. Its accuracy in the
range of 0.01 to O.1 ppm is about 0.005 mg. or 0.01 ppm.

Reactions

S\ C S S

Cu _ 2 { N - C J --- N - C Cu C - N
, /

@
-1-
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-# SPecial Apparatus

• i. Coleman, model ii spectrophotometer (Apparatus Code: AS-16b)

2. Absorption cells, 0 cn. Amlmco (Apparatus Code: AC-21d)

3. Filter3 sintered glass (coarse) (Apparatus Code: AF-gb)

Chemicals and Solutions

I. Hydrochloric acid, C.P.
,f HCf, 36%

2. Hydrogen peroxide_ 3_ (Solutions Code: SH-26d)

3. Ammonium hydroxide, C.P.

4. Sodium diethyldithlocarbam_te, 0.1% (Solutions Code: SS-6a)

_. Standard copper solution, I ml. -
100 ppm cu (Solutions Code: SC-16b)

Procedure

The Colemau Model LI spectrophotometer is used in this deter-
ruination. See Apparatus Code: AS-16a for details on the oper-
ation and m_intenauce of this instrument.

A. Preparation of the Calibration Curve-- m

A calibration curve relating the per cent trausmission to
the concentration of copper must be prepared as a reference
for unknown samples. This curve must be prepared under the
same conditions as the samples to be run dud is good only
for the specific instrument on which it is determined. If

such a curve is not available (Remark l)3 prepare it as
follows before aualyzlmg the sample.

1. Deliver into separate clean, dry evaporating dishes O,
i, 2, B, _, and 5 ml. portions of the standard copper
solution. The dish containing no copper will serve as
a blank on the reagents.

2. Proceed with the color development as described in steps
2 to i0 under part B.

3. Calculate the ppm of solution compared for each sample.

m2eD •



UNCLASSIFIED

,8.,._, Code: ...... ,WC-3a

J a. ppm cu - ml. standard x i00
final volume of dilution

b. % transmission corrected =

transmission of sample x 100
transmiss'ion of blank

4. On semi-log co-ordinate paper, plot ppm copper against
percent transmittance corrected (the latter on the log
scale).

..

B. ._nalysisof the Sample

In the an_lysls of a single sample, run duplicate deter-
mlnations. Run at least one blank on the reagents vith
each s_nple (Remark 2).

1. To a clean porcelain evaporating dish, add 100 ml. of
sample.

2. Add 1 ml. of the hydrochloric acid, and about 4 drops oi"
of the hydrogen peroxide to the contents of the dish.

3. Transfer the dish and contents to a hot plate and
evaporate the contents of the dish Just to dryness.

4. Remove the dish from the hot plate and _ut the residue
completely by adding O.5 ml. of hydrochloric acid; then
add about 1 ml. of distilled water.

5. Add 2 ml. of ammonium hydroxide and rotate the dish to
mix thoroughly.

6. Filter the contents of the dish through a coarse
sintered glass suction filter directly into a le ml.
graduated cylinder (Remark 3).

7. Wash the dish three times _rlth1 ml. portions of dis-
tilled water, adding the washing through the filter.

8. Measure 2 ml. of the sodium diethyldithiocarbamate and
transfer to the filter, filtering into the cylinder.

P

9. Remove the graduated cylinder from the filter flask,
dilute to le ml. with distilled water, nix, and allow
Be minutes for color development.

iO. Fill a _ cn. Aminco absorption cell with the solution,

e insert the PC-4 filter into the spectrophotometer, andmeasure the wercent transmittance of the solution _aint_
_ against the _lank at 430 mu.

-B-
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"' 3_1. Determine the ppm of copper present from the calibra-
tion curve.

Calculations

ppm cu - pure cu from curve
Io

Remarks

i. Prepare a new calibration curve whenever a new sodium
."" dlethyl_ithlocarbamate or copper standard solutions are

introduced. A new calibration curve should be prepared at

frequent intervals, the frequency to be determined by the re-
sults obtained with an old curve.

2. The blank should contain all the reagents, but the sample is
omitted.

3. The final vol_ne of solution is kept do_n to le hl. This
may be conveniently done by the use of a lO ml. graduated
cylinder vlth the base cut down so that it vlll fit through
the neck of a 500 ml. filter flask.

UNCLASSIFIED
@
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CHLORIDES,BY SPECTROPHOTOMETER

(Range0.0. -  pm)

Safety Precautions

I. Observe general laboratory Safety Rules.

2. Observe rules for handling alcohol.

i Principle and Limitations

The addition of silver nitrate to a water sample containing
chlorides (or other halogens or halogenolas) to which alcohol,
nitric acid, omd sodium sulfate has been added produces a turbid
solution that transmits light w_ithau intensity which is
dependent on the amount of chloride present.

The procedure is accurate within 1_% in the range of 0.0_ to
2.9 ppm. Reproducibility is good and a straight line cali-
bration curve is obtained.

Reactions
o

&
Ag _ CI- --- AgCI

S_ecial Apparatus

1. Spectrophotometer 3 Coleman model ll (Apparatus Code: AS-16a)

2. Absorption cells, 5 cm_ (Apparatus Code: AC-21b)

Chemicals and Solutions

1. Ethanol, C.P.

" ''

2. Nitric acid, 10_ (Solutions C=de: SN-ga)

3. Sodium sulfate, 0.2M (Solutions Code: SS-7a)

2. Silver nitrate, 0.1N_ (Solutions Code: ss-ga)

_. Sodium chloride, I ml. : gamma (Solutions Code: SS-4e)

-1-
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@
Procedure

The Coleman Universal Spectrophotometer is used in this deter-
ruination. For details regarding its use and operation see
Apparatus Code: AS-16a.

A. Standardization of InstrumentL

A standard transmittance curve is prepared from a chloride
solution of kro_n strength and is used as a reference for
unknown samples. This curve must be prepared under the same

_ conditions as the sample to be ru_ and is good only for the
In_trumQnt on _b;lchit is determined.

1. Deliver into i00 ml. graduated cylinders portions of l,
5, IO, 20, 30, and 40 ml. of the stand_rd chloride
solution. To another similar cylinder add 40 ml. of
distilled _ater to be used as a blank.

2. Add I0 ml. of the ethauol, i0 ml. of the nitric acid
and 3 ml. Of the sodium sulfate solution to each
cylinder.

3. Dilute to about 98 ml. vlth distilled water.

4. Mix the solutions well, being sure that they remain
clear, since amy color or turbidity at this point _ill
interfez__riththe test.

5. Add I ml. of the silver nitrate to the series of

standards and to the blank, then dilute both the
samples and the blank to the mark with distilled _ter.

6. Mix by slopplyinverting the cylinder once.

7. Allow the solutions to stand from 18 to 22 minutes in a
dark piace.

8. Transfer standards and blank successively to one of a
pair of matched 50 mm. absorption cells and determine
the per cent trausmittauce against distilled _ater at
4_0 mu using the PC-4 filter.

9. On asmi-log co-ordinate paper plot ppm chloride _galnst
the corrected percent transmittance (the latter on the
log scale_.

, UNCLASSIFIED
O I. ppm chloride . ml, of standard xii

....75
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j 2. % transmittance corrected - % tr_nsmittance of sample x i00
' _ transmittance of blank

B. Determination of Chloride in Unknolwn Sample
,

1. To each of two clean 100 ml. graduated cylinders add

75 ml. of fiitered water samples, one to be used as a
blank and the second for the development of turbidity.

.

2. Add le ml. of the ethanol_ i0 ml. of the nitric acid,
and 3 ml. of the sodium sulfate solution.

/ B. Mix the solutions well, being sure that they remain
clear _ud colorless.

4. Add i ml. of the O.1N silver nitrate to the turbidity_m

sample _ and dilute both s_mples to the m22k _ith
distilled _ater.

5. Mix by slowly inverting the cylinder once. DO not,i

shake .vigorously.

6. Allow the solution to staredfrom 18 to 22 minutes in a

7. Transfer the solutions to matched _O mm. absorption
cells and determine the percent transmittance against
distilled water at 450 mu using the PC-4 filter.

Calculations

1. % tranamittauco corrected _- % trausmlttance of sample x lO0
transmittance of blank

2. From the calibration curves read the ppm of chloride for the
transmittance corrected. If other than a 7_ ml. sample is

used, multiply by a correction factor to convert to ppm as of
" a 75 ml. sample.

Remarks

A str_ight llne transmittance curve must be obtained. Any points
that are off more thau 10% should be checked.

)
\
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DEI_ERMINATION OF FREE CHLORINE

(nge 0.0 1.oppm)

Safet_ Precautions

/ Observe general laboratory Safety Rules.

Literature References

Theroux, Eldridge and Mallmann I "Analysis of Water and Scwage" I
McGraw-Hill Co., 67 (1943)•

Principle and Limitations

Chlorine -_udcertain other oxidizing agents produce a yellow
compound with orthotolidine. The intensity of the color is
proportional to the amount of chlorine present and this concen-
tration can be estimated by comparison with color standards.

Hydrogen peroxide interferes with the reaction and must be
absent. Dichromate also interferes, but in the range of i-4 ppm

. the color developed by this reaction is insigr_ficant at the end
of a two minute period. Consequently, if the reading is made
after such an interval, results reproducible to within about
0.05 pion of chlorine can be obtained.

SDe_._c,i_J.Apparatus.

Chlorimeter, Taylor (Apparatus Code: AC-7a)

ana SOl  Ions

Orthotolldlne Solution, 0.I_ (Solutions Code: ST-15a)

Procedure
ii

i. Fill the three cells provided with the chlorimeter to the
mark with the water so=ple.

2. To the center cell add 0.5 ca. of the orthotolidine as sho_n
by the mark on the dropper.

e 3. Mix the solution well and place in the chlorineter.

-I-
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"' 4. Cover the chlorlmeter and let st-_udexactly two minutes.

_. Compare the test solution with the color standards and report
iu ppm of chlorine the value of the st-_udardwhich most
nearly matches the sample.

Renarks
i.

The two mlmute standing time is critic-_l in order to mimlmize
the effect of mmy dichromate which might be present.

@
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FLUORINE...........

Safety Precautions

• Observe general laboratory Safety Rules.

Literature References
,,, • | , ,,

Lamar, Ind. Engr. Chem., Anal. Ed. 13, 901 (1941)

Prlnclple and Limitations

A stable zlrconium-allzarln solution is added to water containing
fluorine. The red zirconium lake is bleached by the fluoride ion
resulting in a yellow to greenish yellow solution. The fluoride
content of water cont_zlningless than 500 ppm of sulfate and less
than 1000 ppm of chloride may be determined within a limit of

O.1 ppm when a 100 ml. sample is used. Control of the pH of the
sample eliminates error due to the alkmlinity of the sample.

Reactions

CI4EsO2(OH)2SO3Na'H20 , ZrONO3 --- Red Violet Lake

Red Violet Lake , F2 --- C14KsO2(OK)2S03Na._0

Special Apparatus

Coleman model LI Spectrophotometer (Apparatus Code: AC-16a)

Chemicals and Solutions

1. Zirconium-alizarin indicator (Solutions Code: SZ-7a)

2. Nitric acid, 0._//_ (Solutions Code: SN-ga)

3. Fluoride standard, F - 1 g/l (Solutions Code: SF-12a)

Procedure

A. Preparation of the Curve

O I. Deliver into a i liter volumetric flask I0.0 ml. of thestandard fluoride solution and dilute to the mark with

-I-
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redistilled water. Mix thoroughly.

2. Deliver 2, 4, 6, 8, and I0 ml. portions of the dilute_
standard fluoride solution into iO0 ml. volumetric

flasks, and dilute to the mark with redistilled water.
These new standards represent 0.2 to I.O ppm cf
fluoride. Prepare a blank by adding I00 ml. of the
redistilled water to a i00 ml. volumetric flask and run
the blank along with the standards.

3. Add exactly I0 ml. of the zirconium-alizarin indicator
# to the standards and the blank, let stand for at least

1 hour.

M. Transfer standards and blank successively to one of a
pair of matched 19 mm. cuvettes and determine the
percent transmittance om the spectrophotometer against
distilled water at 540 mu using the PC-4 filter.

5. On semi-log co-ordinate paper plot ppm chloride against •
the corrected percent transmittance (the latter on the
log scale).

I. ppm fluoride = ml. of diluted standard
iO

2. % transmittance corrected = % transmittance of blank x i00
transmittance of sample

B. Dote!ruination of Fluoride in Unkmown' Sample

A I00 ml. distilled water blank is to be c_rrled through the
procedure along with the samples (Remark 2).

", I. Measure out I00 ml. of each sample iu a i00 ml. gradu-
_.* ated cylindor.

2. To the samples and the blank add exactly lO.O ml. of the
zirconium-alizarln indicator, mix weil, and allow to
stand for at least 1 hour.

3. Transfer standards and blank successivoly to a pair of
19 mm. matched cuvettes and determine the percent trans-
mittauce against distilled water at 540 mu using the

.. PC-4 filter.

) _. Determine the percent transmittance corrected and read

the ppm of fluoride from the curve.
a



Code: WF-la

Calculations

tr_usmittauce corrected = % transmittemce of blank x i00
......_ transmittance of sample '

Rem_xks

i. lt is necessary to divide the percent transmittance of the
blank by the percent transmittance of the sample because the
fluoride ion causes the indicator color to fa_e. This affect

is the opposit_ of that noticed in most spectrophotometrlc
/°'"

determinations.

2. In cases where the alkalinity or acidity of the samples
exceeds about i00 ppm it is advisable to run one extra
sample to which has been added a known amount of the fluoride
and then determine the percent recovery of this added quan-
tity. The percent recovery is used to correct the reading
obtained from the standard curve.

. Calculations

ppm corrected _m read from standard cur_zerecovery of added fluoride

UNCLASSIFIED
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SOAP _NESS

, (Range O-lO0 "ppm)

Safety Precautions

Observe general laboratory S_fety Rules.

Literature References

i. A.P.H.A., "Stand_xd Methods for the Examination of Water and
Sewage", 8th Ed., Laucaster Press, Inc., 59 (1936).

2. Theroux, Eldridge and M_l_, "Analysis of Water und

Sewuge"t_2nd Ed., McGraw-Hill Book Co., Inc.3 l0 (1936).

Principles dud Limltatigns

The soap-consuming power of the _ater is proportional to the
calcium and magnesium content of the water. Calcium, magnesium,
aluminum and iron all contribute to the "hardness" of water.

This is a standard procedure that has been in use for a number
of ye-_rs. Results can be duplicated to vithin ._1 ppm on the
same ss__ple. The soap hardness of a p-___tlcul_ type of water
should be compared with the hardness as determined by an act_u%l
_ualysis for calcium, magnesium, aluminum and iron before any
confidence is placed in the soap hardness test.

Chemicals and Solutions

1. Phenolphthalein indicator, 1.0% (Solutions Code: SP-8a)

2. Star_dard s_dium hydroxide solution,

0.0__ (So]utions Code: SS-8a)

3. Standard sulfuric acid solution,

0.0_ _N (Solutions Code: SS-23a)

4. Standard soap solution

(1 ml. : 1 rag.CaCO3 (Solutions Code: eS-la)

Procedure
•

O 1. Measure a _0 ml. sample into an 8 cz. bottle
glass-stoppered

and add several drops of phenolphthalein indicator.

-l-
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J 2. Adjust to a faint pink color with standard sodium hydroxide.
This color should be maintained throughout the test by
additional adjustments if necessary.

3. Add 0.5 ml. of standard soap solution to the sample, stopper
the bottle, and shake vigorously.

4. Continue adding soap solution in 0.5 ml. portions until a
strong lather is secured which will stand for five minutes
when the bottle is laid on its side after shaking as above.
As the endpo_nt is approached 3 add the soap in 0.1 ml.io

increments (Remark I).

5. If the quantity of soap solution used is greater than 7 ml,,
repeat the procedure using a smaller sample diluted to 50 ml.

Calculations (Remark 2)

ppm total soap hardness as CaCO3 = (.VI- V_) x I000
vB

where: V1 .- Volume of soap solution, ml.

"
V2 = Volume of lather factor 3 ml.

..

V3 - Volume of sample_ ml,

Remarks

1. Oftentimes a "false" endpoint is reached on waters which
contain magnesium. The false endpolnt is assumed to be the
dividing line between the soap's reaction with calcium and
magnesium. .qlwaysadd additional soap to the sample after au
endpoint is secured to mange sure that the endpolnt was a
true one. The lather will "break down" if additional soap i_
added to a sample vhlch is at a false endpoint.

2. The lather factor is the amount of soap necessary to produce
a permanent lather in a _0 ml. sample of distilled water and
it is determined at the time the soap solution is standard-
ized.

-2-
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HYDROGEN PEROXIDE_ COLORIMETRIC METHOD

J t02 io- )

S..af,ety Precautions

Observe general laboratory Safety Rules,
J

Literature References

' I. J. Chem. Soc. 792(1880)

2. Furman.u,"Scott's Standard Methods of Chemical _malysis", II,
Sth Ed., D. Van Nostrand, 2180 (194J4).

"Systematic Water Analysis"3. U. of C., , 9-13-43.

Principles and Limitations

This method depends upon the release of iodine from a buffered
solution of potassium iodide by the action of hydrogen peroxide
using ammonium molybd_te as a catalyst. The amount of iodine
released is proportional to the peroxide concentration and is
determined by measuring its light absorption with a spectre-
photometer.

The method gives good results -_udis easy and rapid for control
analyses. Reproducibility is excellent on duplicate samples.

Based on a large number of calibEztion curve_,the error is lessthan 10% i_nthe r-_ugeof I x 10- to 2 x l0"$ normal.

f

Reactiions

2/_ _ H202 --- 9/<OH • 12

Special Aparatus

1. Spectrophotometer, Coleman model II (Apparatus Code: _Z-16a)

2. Matched cuvettes3 !9 mm. round (Apparstus Code: AC-21a)

Chemicals and Solutions

i. Potassium Iodide-buffered, 6.5_ (Solutions Code: SP-15c)

2. Ammonium molybdate, 5_ (Solutions Code: SA-lOa).,

-1-
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• \

3- Standard peroxide solution_ 0.0005 N (Solutions Code: SH26a)

Procedure

A Coleman spectrophotometer model ll is used in this deter-
mination. For details as to its use and operation see Apparatus
Code: AS-16a.

A. Standardization of Instrumont

A standcxd transmittance curve is prepared from a peroxide
solution of known strength and is used as a reference for
__ukno_n samples. This curve must be preparcd under the
s_me conditions as the samples to be run and is good only
for the instrument on which it is determined.

i. Deliver into _0 ml. volumetric flasks I, 5, 10, 15, and
20 ml. portions of standard peroxide solution.

2. At this point start a blank using 15 ml. of distilled
water in place of the standard peroxide (Remark l).

3. Make standard and blank neutral or slightly acid.

4. Add 9 ml. of the potcsslum iodide reagent and 2 ml. of
ammonium molybdate solution.

_, Dilute to the mark _ith distilled _ater, mix well and
let stand for 5 or l0 minutes.

6. Transfer the standard and blank successively te one of
a pair of matched 19 mm. cuvettes aud determine the per
cent trc_usmittance against distilled water at 450 mu,
using the PC_ filter.

7. On semi-log paper plot normality against corrected per
cent transmittance _th the latter on the log scale.

Calculations

1. _Nof sample _- ml. standard solution x normallt_ of std.
diluted volume

2. % transmittance corrected : % transmittance of sample x 100
transmittance of blank

@
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J B. Determination of Peroxide in Unknown Sample
I [J --. i

1. Pipet into separate 50 ml. volumetric flasks 25 ml. of
rater to be omalyzed and 2_ ml. of distilled _ater for
a blank (Remark 1).

2. Make solutions meutral or slightly acid.

3. Add 9 ml. of the potassium iodide reagent and 2 ml. of
ammonium molybdate to each flask.

.- 4. Dilute to mark, mix weil, and let stand 5 to I0 minutes.

}. Transfer to matched 19 mm. cuvettes and determine the
per cent transmittance against distilled _ater at 450 mu
using the PC-4 filter.

6. From the calibration curve read directly the N for the
per cent transmittance corrected.

Calculations

1. _ transmittance corrected =

transmittance of sample x I00
_ transmittance of blank

2. N of sample :

observed normality from curve x volume of dilution
volume o f stumple

Remarks

'l_nopotassium iodide "-"roage.._may become slightly colored; there-
fore, a blank must be rum on each sample.
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IRON

(Range 0,-T't'o 1.5 ptm_)

Safet7 Precautions

/ Observe general laboratory Safety Rules.

Procedure
,,

1. Pipet 50 ml. portions of sample into each of two 150 ml.
beakers_

2. Evaporate to a volume of l0 to 15 ml.

3. Rinse the evaporated samples into 25 ml. volumetric flasks
_ith distilled water.

_. Continue as directed in Part B, Step 2, of Standard Procedure
No. ESI-2a, except chlculate as follows:

Calculations

Let A = ppm of solution compared (from curve).

B - volume of original sample in ml.

ppm Fe - A x 25
B x sp.gr, of sample

or for the above conditions
\

ppm Fe , A x 25 -_A
BOxl 2

)
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IRON COLORIMETRIC METHOD

(Rez e o - 1

Safety Precautions

Observe general laboratory Safety Rules.

Literature Re_erences

i. Swank &Mellon, "Determination of Iron with Mercapto. acetic
acid, Ind, Eng. Chem., An. Ed., IO, 7 (1938).

2. "Orgainic Reagmnts for Metal," 3td. Ed., Hopkins & Williams
Ltd. 132(1938) •

Principle and Limitations

Thioglycollc _rcapto-acetic) acid is used as the reagent for
iron. In ammoniacal solutions, a reddish-purple color is
produced. The intensity of the color is proportional to the
amount of iron present.

The method will accurately detect less the O.1 ppm of iron.
It is rel2tively free of interferences. Cobalt, nickel, manganese
and uranium interfere but are usually absent in water in amounts
that intergere, cyanide must be absent. The method is rapid and
very reproducible, lt is advantageous for control work because
it is simple and does not require precision measurement of
reagents added.

..

Special Apparatus

1. Spectrophotometer, Coleman Model II (Apparatus Code: P.E-16a)

2. Absorption cells, 5 cn. s_uare (Apparatus Code: AC-21b)
Coleman

Chemicals and Sol_tlon@

I. Sulfuric acid, C.P.
H S04,..

2. Hydrogen peroxide, 3% i(SolutionCode: SH--26K)



Code: •. WI-lb

)

3, Thoiglycolic acid 1_ - neutralized (Solutions Code: ST-8a)

h. Ammonium hydroxide, 6N (Solutions Code: SA-12a)==.

5. Iron Standard - 10 mg. of Fe*3/ml. (Solutions Code: SI-18c)

Preparation of theCa!ibrati0n Curve

A calibration curve relating the per cent tro_smisslon to the con-
centration of iron must be prepared for each instrument used.
Uee am a standard: l0 mg. Fe_3/ml.

/

1. Pipet into 50 ml. glass stoppered cylinders 0.5, 1.0, 1.5:2.0
2.5, 3.0 ml. of the iron standard. These correspond to 0.02,
0.04, 0.06, 0.08, O.lO, 0.12 pp= of iron when using a 250 ml.
sample.

2 Starting with the addition of thioglycolic acid, proceed with
the regular procedure as written below.

3. Run a reagnet blank.

@ 4. Plot the per cent transmission of each solution as ordinateagainst the amount of iron (expressed as ppm of iron)on semi-
log paper. Draw a curve through the various points.

Determination of Iron in Unknown Sample

1. Measure 250 ml. of the w_ter sample into a cleau 600 or 800 ml
beaker.

2. Prepare _ reagent blank with each series of iron samples
star_ing with Stop 3.

3. Add I ml. of the sulfuric acid and _ ml. of hydrogen peroxide
on a hot plate to dense white fumes. At this point solution
must be clear. If solution is not clear, add h ml. of
hydrogen peroxide evaporate to white fumes again.

4. When the solution is colorless, cool aEd le to 15 ml. of
distilled water. Heat to boiling.

5. Pour t_c solution into a 50 ml. graduated flask. Wash the
beaker with dlstillcd water_ keeping the sample volume under
30 ml.

6. Add l0 ml. of neutral 1% thioglycolic acid and mix. Place a

O_' s_'_llpiece of litmus paper in the cylinder and add theammonuim hydroxide until solution is slightly alkaline. Mix
"'... well and dilute to 50 ml. with distilled water.

-_-
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k-- 7. l_t_e the per cent trausmittancy against distilled water
at 520 millimicrons, using tank cells (light path 5.0 cre.).'

Calculation

l. _ transmission ofj, s.,_mple-
t_ansmlssiom of blank x i00 . % transmission corrected

2. From the standard curve_ read the ppm of iron for the
transmission corrected.

3. Whereusing a i00 ml. sample, multip_ answer by 2.5.
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IODIDE
L,

." (R_e 0.05- 2.0ppb)

,.,sar,e_,_ .Precautions

i." Observe general laboratory Safety Rules.
f

2• Observe rules for handling strong acids.

Literature References
J ,,

I. American Public Mealth Association, "Standard Methods for the
Examination of Water and Sewage", Sth Ed. Lancaster Press
Inc., Lancaster: Pa., 39(1936).

2 Snell and Snell "Colorimetric Methods of Analysis" P D.• 3 •

Van Nostran_ Co., Inc., New York, (1936) •

Principle and Limitations

Iodide, present in minute •smo_ts in w_ter_ may be converted by
colorless oxidizing agents s_h as nitrosyl-sulfuric acid, to free
iodine and this extracted with organic solvents such as chlo_o-
form or carbon tetrachloride• In such solvents, the iodine gives
a pine color which is suitable for colorimetric estimatlon of the
iodine. Chlorides of sodium, magnesium, and calcium cause errors
in the extraction. Sulfates do not affect the results.

Reactions

,- 2I- _ 2s02(0_,)0_0.-- 2H_ 2s0__ 2No_I_
Chemicals azcl.:Solutions

i. Sodium hydroxide, O.IN_ (Solutions Code: SS-Sa)

2. Phosphoric acid C.P.

HBPo_, 8_

3. Arsenous acid_ 0.1N (Solutions Co_e: SA-18a)

_. Carbon tetrachloride, purified (Solutions Code: SC-13a)

f

5. Nitrosyl-sulfuric acid solution_ EIH. Sargent Co., Chicago,

,ml-.
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6. Potassium iodide, standard (Solutions Code: SI-16a)
z/ml1

7. Phenol redj alcoholic (Solutions 'Code: SP-ba)

8. Sodium carbonate, 10% (Solutions Gode: SS-3a)

Procedure

I. Evaporate approximately i00 liters of the sample water to
about I liter as follows: Siphon the sample water (from the

/ ', _ gallon bottles) into a sufficiently large (12 liter) flat-
botton flask connected to a water-cooled condenser _,Justed ,:
so the condensate is discarded. Fill the f_sk nearly full
with the sample water and make the solution alkaline with
sodium ccrbonate, using several drops of the phenyl red as
indicator (Remark 2). Continue the above proceedings until
the I00 liters has been reduced to I lira=.,

2. Filter on No. 42 Whatman paper, the rem_iulng volume of
sample water, contained in the distilling flask, to removo
solids. Collect the filtrate in a 1500 ml. Pyrax benker.

3. Evaporate the filtrate to approximately 50 ml. and refilter
on No. _2 Whatma_ paper. Wash the residue on the filter pa_Ir
with several ml. of hot distilled water. Collect the filtrate

and washings iu a suitable=sized platlnum dish.

4. Evaporate the contents of the _latluu= dish to dryness over a
steam bath or in = ll0°C oven.

5. Pulverize the residue, c0_taluod in the platlnum dish, in a
Mullite Mortar and PestEe, and transfer the residue to a
Coors: No. 6 combustion b_at..

' _ 6. Insert'the combustiau boat into- t2_e center.of a Pyrex -
combustion tube which has a drawn out portion one-qua_r
inch in diameter on one ez_ibent down and passing through one
hole of a 2-hole rubber stopper into 30 ml. of the sodium
hydroxide solution in a Pyrex test tube.

7. Through the other hole in the rubber stopper, place a piece of
right-angled Pyrex tubing which does not reach down to the
liquid in the test tubo.

8. Connect the right-angled tube to a source of vacuum.

9. Open the vacuum llne and pull air through the tube at a rate

e 3 bubbles per second.
of to

-_-
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I0. Heat the combustion tube and boat carefully with a Meker
burner until combustion is complete, avoiding fusion of the
_sh (Remark 2).

II. Mechanically transfer the ash from the boat into a 100 ml.
beaker. Pour the sodium hydroxide solution from the test
tube into the beaker. Rinse out the tube with distilled

water and pour the rinsings into the beaker.

12. Boil the solution in the beaker, stirring it until the residue
is dissolved or thoroughly bleached out.

f

13. Evaporate the solution to approximately 20 ml.

14. Filter the residue through Whatman No. 42 paper.

15. Carefully adjust the pH of this dfilrate with phosphoric acid
to a pH of 3 to 4, using suitable pH paper.

16. Meanwhile prepare the iodine stmmdards as follows:

a. Deliver 1.0 ml. of the standard potassium iodide into a
I liter volumetric fl_sk, dilute to the mark with dis-
tilled water , and mix thoroughly.

b. Deliver 0.5, 1.0, 5.0, i0.0 and 15.0 ml. portions of the
diluted standard potassium iodide solution into five 30
ml. separatory funnels, and dilute each to 20 ml. with
distilled water. The standards represent 5, i0, 50, I00,
150, and 200 ppb of iodine in the sample.

17. To the sample and standards, prepared in step 16, add a
drop of arsenous acid.

f 18. Add I ml. of the carbon tetrachloride and one drop of
c_senous acid.

I_. Shako each funnel for 2 minutes and allow the solutions to
settle.

20. Withdraw each carbon tetrachloride layer into separate small
test tubes (Remark 3).

21. Add 1 ml. of the carbon tetrachloride to the _queous phase
remnining in each funnel and extract _galn.

. 22. Repeat step 21, combining the extracts in the test tube and
visually compare the color of the sample extracts with the

e standards.

"3-
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i , i =H, . , ,. i _ i ,

Calculat ions:
,i ii _

ppb I2 =A
B

where A : ppb in standard whoso color matches the color of the
sample.

B : Volume of sample water evaporated, liters.

Remarks
/

I. Because of the safety hazards involved in the laboratory
preparation of nitrosyl-sulfuric acid, only the commercial
reagent is to be used.

2. The powder will turn bl_ck, _hen white indicating that
combustion is complete. If the sodium hydrozide solution
becomes very discolored, it must be evaporated and burned in
the combustion boat iu exactly the same mauner that the s_=ple
was burned, but the sample ash does not have to be treated
again.

3. A Pyrex test tube, I0 x 75 mm., is suitable.

@
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H.W. Laboratory Manual Reissued: December, 1948
Water Methods Status : Standard

By: W.J.M.

MAGNESIL_ COLORIMETRIC METHOD

(Range O'to i0 ppm)

Safet_ Precautions

Observe general laboratory Safety Rules.

Literature References

1. Ludwig and Johnson, "Spectophotometric Determination of
Magnesium by Titan Yellow]' Ind. Eng. Chem., An. Ed.; 14
895(1942).

2. Hopkins and Williams, Ltd. "Organic Reagents for Metal"
3td ed. 136 (1938).

Principle and Limitations

Dilute magnesium solutions, when precipitated by sodium hydroxide
in the presence of titan yellow, give stable suspensions in the
presence of excess calcium and a protective colloid which appear
clear and colored to the eye. The transmittance of these solutions

under the proper conditions is proportional to the magnesium
concentrat ion.

This method has been found very satisfactory. The calibration
curve does not obey the Lambeth-Beer law perfectly but it is

reproducible. The procedure is easy to follow and is rapid for
control work. The accuracy of the method is about 0.03 rag. in the
range of O.10 to 0.50 rag.of magnesium. Excellent results are
obtained on recovery of added magnesium to actual water samples.

Special Apparatus

i. Spectrophotometer, Coleman Model II (Apparatus Code: AS-16a)

2. Matched cuvettes; 19 mm. (Apparatus Code: AC.-21a)

Chemicals and Solutions

I. Sulfuric acid, IN_ (Solutions Code: SS-23a)

2. Starch solution I_ (not stabilized) (Solutions Code: SS-21b)

"l-
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3. Calcium sulfate, saturated solution (Solutions Code: SC-3a)
e

4. Titan yellow indicator 0.09% (Solutions Code: ST-ga)

5. Sodium hydroxide: 4N (Solutions Code: SS_Ba)

6. Magnesium standard (Solutions Code" SM-4a)
I ml. - I00 ppm

Procedure

/

A Coleman Soectrophotometer Model Ii is used in this determination
For details of its use and operation see Apparatus Code: AS-16a.

A. Standardization of Instrument
[. ,, . . ,. ii

A standard transmittance curve is prepared from a magnesium
solution of known strength and is used as a reference for
unknown samples. This curve must be prepared under the same
conditions as the samples to be run and is good only on the
instrument on which it is determined.

I. Transfer into IO0 ml. volumetric flasks samples of 2, 4,6, 8 and I0 ml. portions of standard magnesium solution.

• 2. Dilute to less than 50 ml. with water.

3. Using distilled water prepare a blank of similar volume.

4. Add to each flask the following reagents in the order
given and mix after each addition.

a. 1 ml. of thc sulfuric acid (this must make the sample
acid)

b. I0 ml. of the starch solution, freshly prepared.
_ c. 20 ml. of the calcium sulfate solution.

d. le ml. of the titan yellow
e. 5 ml. of the sodium hydroxide (this must bring the

pH to approximately ll or higher).

5. Dilute to the mark with distilled water_ piace in
mechanical shaker sad shako _or five minutes.

6. Transfer standards and blank successively into one of a
pair of 19 mm matched cuvettes and determine the percent
transmittance against distilled water at 530 mu using
the PC-4 filter.

O' 7. .Oresemi-log paper plot ppm against % transmittance
corrected with the latter om the log scale.

.,O_
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Calculations

ppm Mg = ml. standard x 100
volume of dilution

% transmittance corrected : _ transmittance of 8_m_le x 100
transmittance of blank

8. Determination of Magnesium in Unknown Samole

I. Filter the sample through a #l filter paper into a clean

_" flask. Rinse the flask with filtered sample before
cottecting the sample which is to be used.

2. Pipet 50 ml. of filtered sample into a 100 ml. volumetric
flask.

3. At this point start a blank using 50 ml. of distilled

water . Carry this blank throughout the following
procedure.

4. Add the following reagents to both sample cmd blank in

the order named, shaking after,each addition:

a. 1 ml. of the sulfuric acid (this must make the
solution acid)

b. l0 ml. of the starch solution freshly prepared
c. 20 ml. of the c_lcium sulfate solution.

d. l0 ml. of the Titan yellow.
e. 5 ml. of the sodium hydroxide (pH must be Ii of

higher).

5. Dilute to the mark with distilled water, place in a
mechanical shaker and shake for five minutes.

6. Transfer into 19 mm matched cuvettes and determine the

"'- percent transmittance against distilled water at 530 mu
using the PC-4 filter.

7i From the standard curve read the micrograms of magnesium
per ml. for the % transmittance corrected.

Calculations

i. % transmittanco corrected = % transmittance of sample x I00
transmittance of blank

O _ 2. Where A : ppm Mg of solutions compared (from curve)
B : vol_ne of original sample

-3-
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C - volume of sample prepared for comparison

ppm of Mg = A x C x 10.-6 x l06 . A x C
B B

or for the conditions above

ppm of Mg - A x 100 = 2A
9o

, Remar1_
(

i. The samples can not be measured against the blanks as the
color fades on ex_posureto light.

2. If concentration of the sample is necessary take _n appropriatQ
s_mple, add iml. of the sulfuric acid and evaporate to about
50 ml. Cool and proceed as above except that a suitable
correction factor must be applied to the calculation.

f
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DETERMINATION OF MAGNESIUM, G_.,_!C METHOD

Safet7 PIecautlons

, Observe the general laboratory Safety Rules.

Literature References

1. A.P.H.A., "Standard Method for the Examination of Water and
Sewage", 8th Ed., Lancaster Press, Inc., 79 (1936).

2. Will-_d -=udDiehl, "Advanced Quantitative Analysis", D. Van
Nostrand Co., 293 (1943).

3- Hillebrand and Lundell, "Applied Inorganic Analysis", John
Wiley & Sons, 512 (1929). "

Principle and Limitations

An acid solution of the magnesium is treated with dlammonlum

phosphate !NH4)_PO 4. The solution is then made ammonlacal and
the magnesium filtered off as mmgnesium ammonium phosphate. This
s-_itis then ignited to the pyrophosphate and _eighed as such.
The amount of magnesium is calculated and expressed as a percent-
age of the original samples.

Many other elements interfere. Most of these can be removed by
treatment vith hydrogen sulfide gas in an acid solution, followed
by ammonium hydroxide, ammonium sulfide, and amnonlum oxalate
leaving in the usual cases magnesium associated with ammonia salts
and the alkalies which need not be removed. Barium however, un-
less present as the sulfate, must be removed by treatment with
sulfuric acid.

Reactions

__PO_ _ Heat --- Mg2P20 7 r _3 T H20

I g=.MgzP2o3 -  8.64 o.218 g=.Mg
222.'68=

..
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Chemicals and. Solutions

I. Hydrochloric acid_ C.P.
HCl,

2. Ammonium phosphnte, C.P.

(_4) 2m:'°4 , c, z:'.

3. Ammonium hydroxide, 6_N (Solutions Code: SA-12_)

.. 4. Aumonlum hydroxide, 5:95 (Solutions Co_e: SA-12a)
.o

5. Methyl red, alcoholic, 0.I_ (Solutions Code: SM-6a)

Procedure

I. After removing _ interfering substances weigh or measure a
portion of sample equivalent to frc_ 0.002 to 0.2 g. of
magnesiun (Remark i).

2. Transfer the sample to a new or non-etched 400 ml. beaker.

3. Dilute to about 250 ml. vith distilled water and add 5 ml. of_hs h_oo_.bripi_d warming if necessary to effect solution,

_. Cool the solution and to the cold solution add I to 2 g. of
ammonium 0-phosphate.

5. Add a few drops of methyl red indicator and cool the solution
in an ice bath.

6. Add ammonium hydroxide dropwise with constant stirring until
the solution is alkaline. Do not scratch the beaker while

stirring. (Remark 2).

7. Add 15 ml. of 6N_ammonium hydroxide in excess and stir for 5
to I0 minutes.

8. Leaving the stirring rod in place, cover the beaker and let
stand for at least 4 hours.

9. Filter the solution through a #_2 Whatman paper (Remark 3).

i0. Policeman the beaker and stirring rod and transfer all of the
precipitate to the paper.

II. Wash the beaker and precipitate with cold dilute (5:95)

ammonium hydroxide until free of chlorides.



Code: _-2a_ _
L ,,, _

12. Transfer the precipitate into a tared crucible and dry in am
oven or under an infra-red heater.

13. Ignite to constant weight a lO00°C, and weigh as magnesium
pyrophosphate (Remarks 4 and 5).

Calculations

Mg _- wt. of precipitate x 0.2184 x I00
_. of sample

ppm Mg = _ Mg x i0_000

Remarks

1. If the filtrate from the calcium determination is available,
and contains enough magnesium, it may be used as the sample in
this determination as it will be free of ali interfering
elements.

2. lt is directed mot to scratch the beaker because a clinging
crystalline precipitate will form in such a mark.

3. This solution can not be filtered through a Gooch crucible
since some asbestos is attacked by alkaline solutions con-
taining soluble phosphates.

4. The ignition of the paper must be dome slowly _ud at as low
a temperature as possible until the carbon ia destroyed. At
high temperatures the carbon is apt to become "fireproofed"
and can not be burned out.

5. If the precipitate is of the proper composition, lO00°C, is
high enough for the ignition. In the case of larger preclpi-

•. tates (0.5 g) it is desirable to heat from _ to I_ minutes at

i150 to 1200°C. after reaching constant weight at lO00°C.
This converts any remaining magnesium phosphate to the pyre-
phosphate. However, the ignition to constant velght can not
be carried out at this temperature since ma_wi_m_pyrephos-
phate loses phosphorous pentoxide under these conditions.
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E. W. Laboratory Manual Reissued: December, 1948
Warer Methods Status: S_emdard

By: W.J.M:

M_NGANF__Ej,COLORIHETRIC PERIODATE METHOD
-- • - ,,, " ,- i,

o.02-2o0

Safety Precautions

I. Observe the general laboratory Safety Rules.f

2. Observe rules for handling strong acids.

Literature References

A.P.H.A., "Standard Methods for the Examination of Water and Sew-
age"t 8rh Ed. I Lancaster Press, Inc., 83-84 (1936).

Principle and Limitations
, , i , ,,

The method is based on the oxidation of the manganese to perman-

ganate by periodate and the determination of the intensity of thepermanganate color which is proportional to the concentration Of
manganese present.

This procedure will accurately detect a m_n_mum of about O.01 rag.
of Mn in i00 ml. of sample. Since the manganese content of "W"
water i s very low, this method has been used only to show that Mn
was below 0.02 ppm. If time permits the evaporation of large sam-
ples, manganese c__ube determined with a fair degree of accuracy.

Reactions

2Mu , 5104" r 3H_0 --- 2Mn04" • 5103" • 6Hr

Special Appar.atus

1. Spectrophotometer, Coleman Model II (Apparatus Code: AS-16a)

2. Absorption Cells, 50 mm, Coleman (Apparatus Code: AC-21b)

Che_mlcals and Reagents

I. Sulfuric acid, C.P.

H2so4,

e 2. Nitric acid, C.P.ENO3, 70%

-'I.
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3. Sodium para periodate, C.P.

   31o6,c.;.

_. Sulfuric acid - sodium periodate
solutiau (Solutions Code: SS-16a)

9. Standard Mu solution, 50 ppm (Solutions _ode: SM-Sa)

Procedure

r A Coleman Spectrophotometer modell Li is usedi_u_thia determim-
_ ation. For details as to its use and operation see Apparatus

Code: AS-16a.

A. Standardization of Instrument
,t

A standard trausmittauce cureve is prepared from a mangauese
solution of known strength and is used as a reference for
unknown samples. This curve must be prepared under the same

u_. conditions as the samples to be run and is good only for the
instrument on which it is determined.

1. Deliver into 100 ml. beakers l, 2, 3 aud 4 ml. portions
of staudard maugauese solution-end add I ml. of the
sulfuric acld to each.

2. At this p_int st-_-ta blank using 2 ml. of distilled
water iu place of the standard aud adding I ml. of the
sulfuric acid.

3. Evaporate to dryness.

4. Add 2 to 5 ml. of distilled water, I ml. of the sulfuric
acid and warm to dissolve the residue.

_.. 9. Add I ml. of the nitric acid and evaporate to white
fumes of sulfur trioxide until the solution is colorless.

If the solution is not colorless repeat this step until
the color disappears.

6. Add 25 ml. of the sulfuric acid - sodium porlodate re-
agent and boil.

7. Cool, and filter the solutions through a #_0 Whatmam
paper into clean beakers.

8. Add about _.3 g. of sodium para periodate and 72 ml. of

O the sulfuric _cid - sodium periodate reagent.

"2-

lint3



UNCLASSIFIED

9. Heat to boiling and keep hot for 29 to 30 minutes.

I0. Cool and transfer into a 100 ml. volumetric flask.

II. Dilute to mark with sulfuric acid - sodium perlodate
reagent.

12. Transfer standards and blank successively to one of a
pair of matched 50 mm absorption cells and determine the
percent transmittance against distilled water at 920 mu
using the PC-4 filter.

13. •On semi-log paper plot ppm mamganese against corrected
percent transmittance with the latter on the log scale.

Calculations
_-- JL

ppm - ml. standard x 50
volume of dilution

% transmittance corrected = %,transmittance of sample x I00
tr_smittauce of blank

@ B. Determination of Manganese in Uh3mown Sample

I. Transfer 500 ml. of sample into a beaker and add 1 ml. of
the sulfuric acid.

2. Transfer a similar sample of distilled water to a beaker
and add I ml. of the sulfuric acid. This is to be used
as a blank.

3. Evaporate both samples to dryness and cool.

4. Add 2 to 5 ml. of distilled water I 1 ml. • the sulfuric
acid and warm to dissolve the residue.

5. Add 1 ml. of the nitric acid and evaporate until the
solution is colorless and white f_mes of sulfur trioxide

appear. If the solution is not colorless repeat this
step until the color disappears.

6. Add 25 ml. of sulfuric acid - sodium periodate reagent
and boil the solutionS:

7. Cool and filter the solutions through a #40 Whatmau
paper into clean beakers.

O



Co,be: WM-Sa
i_ _ i llm mlii i i i i

8. Add about 0.3 _g. of sodi_ perio_te crystals and 75 ml.
of sulf_ic acid - sodi_ perio_te reagent.

9. Heat to boillng au_ keep hot for 25 to 30 minutes.

i0. Cool and transfer into a lC0 ml. volumetric flask.

LI. Dilute to the mark with sulfuric acid - sodium periodate
reagent.

/ _2. Transfer to matched 90 mm absorption cells and deter-
mine the percent transmittauce against distilled water
at _20 mu using the PC-4 filter.

iS. From the staudard curve read the micrograms of Mn per
ml. for the corrected percent transmittance.

Calculations

i. % transmittance corrected .- _ transmittance of tangle x I00
trausmittance of blank

2. _pmMn A x C x 10 -6 x 106= = AxC
mm • emm,mmmm,mm

B B

or for the conditions above pp: M_ = A
5

_here: A : ppm of solutions compared (from curve)

B = volume of original solution

C : volume of sample as prepsrcd for compsrison

e
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H. W. Laboratory Manual , Reissued: December, 1948
Water Mothods Status: Standard

By: W.J.M.

D_AmZ0_ OF_GA_mSE,C0LORn_m_ZCmmSm2A_EMmm0D
- ' ' " _ _e-: o.02 --lo0;;m) -

Safet[ Precautions

t i. Observe the general labbratory Safety Rules.

2. Observe rules for handling strong _c_ds.

Literature References

A.P.H.A., "Standard Methods for the Examination of Water and Sew-
age", 8rh Ed., 83-84 (19S6).

Principle and Limitations
,,

This method is based on the oxidation of manganese to permaugau-
ate by persulfate, and the determluatlon of the intensity of the
permamgauate col_r, _hich is proportional to the concentration of
manganese present.

This procedure will accurately detect a m_-_,_ of about 0.01 rag.
of Mu in a i00 ml. sample. The manganese concentration in "W"
wuter is very low_ and this method has been used only to show
that this concentration w_s below 0.02 ppm. If time permits the
evaporation of largo samples, manganese can be determined with a
fair degree of accuracy.

React ions

,..   (No3)a • 5(zm4)2s .oa .,...eeio ... • S •
• _2so4 ,. s_o 4

Special Apparatus

I. Spectrophotometer3 Coleman Model ii (Apparatus Code: AS-16a)

2° Absorption cells, 50 mm, Colemau (Apparatus Code: AC-21b)

Chemicals and Solutions
' i

e i. Sulfuric acid, O.P.H2so4,96%

"I-
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2. Hydrogen peroxide, 3_ (Solutions Code: SH-26d)

3. Ammonium persulfate, C.P.

(NH4)2S208_ C.P.

4. Silver nitrate, 0.10N (Solutions Code: SS-9a)

5. Standard maugauese solution, 50 ppm (Solutions Code: SM-Ba)

Procedure
i .i i • H

/

", .A Colemau spectrophotometer model ii is used in this determination.
For details regarding its use and operation see Apparatus Code:

A. St_.dardization of Instrument
, i , i i

A standard transmittance curve is prepared from a manganese
solution of knows strength and is used as a reference for un-
known samples. This curve must be prepared under the same
conditions as the samples to be run and is good only on the
instrument on vhich it is determined.

I. Deliver into i00 ml. beakers i: 2s 3 and 4 ml. portions
of st_nd_rd manganese solution mud add I ml, of the
sulfuric acid.

2. At this point start a bla_k using 2 ml. of distilled "
water in place of the standard and adding i ml. of the

:.;sulfuric _cid.

3. Ew@orate to dryness and cool.

4. Add 2 to 5 ml. of distilled water and I ml. of the sul-
furic acid to dissolve the residue.

'_" 5. Add i ml. of the hydrogen peroxide and evaporate until
the solution is colorless and white fumes of sulfur tri-

oxide appear. If the solution is not colorless repeat
this step until the color disappears.

6. Add I ml. of t_ e_iver nitrate and dilute to 25 ml. with
distilled w_ter.

7. Heat to boiling, and filter into a clean beaker.

8. Wash with distilled water keeping the total volume less

e than 90 ml.

-2-
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9. Add 0.3 g. of ammonium persulfate and heat to about 90°C.

i0. Allow the color to develop.

LI. Cool to room temperature and transfer into a I_0 ml.
volumetric flask.

12. Dilute to mark with distilled water and mix well.

13. Transfer standards and blank successively to one of a
matched pair of 50 mm absorption cells and determine the

( percent transmittance against distilled water at 520 mu
using the PC-_ filter.

It. On semi-log paper plot ppm against corrected percent
transmittance with the latter on the log scale.

Calculations
,,,,i

i. ppm = ml. standard x 50
voiume"of dilution

2. _ transmittance corrected = %%transmittance of sample _'i00
transmittance of blank

B. . Determination of Mauganese in Unknown Sam_le

I. Measure 500 ml. of sample into a clean beaker.

2. Measure an equal quantity of distilled water to be used
as a blank. Carry this blank throughout the procedure.

3. Add 1 ml. of the sulfuric acid and evaporate to dryness.

_. Cool_ add 2 to 5 ml. of water and 1 ml. of the sulfuric
acid to dissolve the residue.

5. Add 1 ml. of hydrogen peroxide and evaporate until the
solution is colorless and white fumes of sulfur trioxide

appear. If the solution is not colorless, repeat this
step until the color disappears.

6. Add 1 ml. of the silver nitrate and dilute to 25 ml, with
distilled water.

7. Heat to boilimg_ and filter into a clean beaker.

8. Wash with distilled water keeping the total volume less
than 90 ml.

"3-
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Code, , 3b..
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9. Add O.3 g. of ammonium persulfate and heat to about 90°C.
Do not boil,

IO. Allow the color to develop.

ii. Cool to room temperature and transfer into a I00 ml.
volumetric flask.

12. Dilute to the mark _Ith distilled water and mix weil.

13. Transfer into 50 mm absorption cells and determine the
percent transmittance against distilled water at 920 mu
using the PC-4 filter.

14. Using the corrected percent transmittance read the ppm
present in the sample from the curve.

Calculations
,L,' , JIll

i. _ transmittance corrected = % transmittance of _ample x I00
transmittance of blank

2. ppmMn = A x C x 18-6 x 106 - A x C or for the conditions

J B B

above ppm Mn - A"-5-

_here: A = ppm of solutions compared (from curve)

B - Volume of original sample, ml.

C = Volume of sample prepared for comparison, ml.
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., H.W. Laboratory Manual Reissued: December, 19_8
Water Methods Status : Standard

By: W.J.M.

MOBILITY MEASU_ OF COLLOIDAL PARTICLES IN WATER

................(i_ge_l,35 to 1,65_units)

Safety Precautions

Observe general laboratory Safety Rules.

Principles and Limitatioms

All colloidal particles in solution exhibit a positive or a
negative charge. The kind and magnitude of the charge can be
determ.lnedby placing the terminals of a dry cell battery in the
solution and observing to which pole the particles move and the
rate of movement.

In the mobility range of 1.35 to 1.65 the method is accurate to
4 0.15 units. Other ranges have not been investigated.

@
Special A_par_tus

Ultra microscope, Loitz slit and (Apparatus Code: Au-l_)
attachments.
Step watch.

Chemicals and Reagents

Cored carbons, 6 mm x 150 mm.

Procedure

The Leitz slit ultra microscope is used in this determination.
See Appartus Code: AU-la for details on the operation and
maintnance of this instrument. Examination of water sample is to
be made as soon as possible after sampling. Samples over four
hours old begin to lose their charge.

A. Standard Water•

Collect 18 liters of water from the clear wells aud hold at room

temperature in a stoppered carboy. After 3 days there is no
further "loss-of-charge", and the water may then be used from

e time to time to check the settings of the microscope.

-1-
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B. Determination of Mobility in Sample

1. Collect sample in:a cleaned bottle which has been rinse
several times with the water sample being collected°

2. Rinse and flush ti:_eM_ttson cell on the microscope with
_.p_roximately 100 ml. of the sample.

3. Close the lower stopcock on the Mattson cell and then care-
fully fill the cell with the water sample to be tested.
Avoid trapping air bubbles in the cell:

4. Close the upper stopcock when cell is filled.

5. T_1_non the carbon arc lamp dud adjust, if necessary, so that
a concentrated light beam fills the precision slit.

6. Check the cell for alr bubbles by flus_1_ small amounts of the
sample through the lower stopcock while observing the illumi-
nated field. Continue until no further bubbles appear in the
field.

7. Place the battery switch in the No. i postion and observe the

particles flowing across the field; as seen through the eye-
piece of the microscope. Using a stop watch, determine the
lenght of time in seconds that is required for each of five
separate particles to flow through 20 divisions on the
micrometer scale. Record the time for each particle to the
neorost 0._ second.

8. Piace battery switch in the No. 2 position and time _ particles
in the revorse direction (Remark 1).

9. Check the cell for air bubbles as in Step 6 above.

" 10. Repaat Steps 7 and 8 above.

ll. Average the twenty values in secondsobtalned in Steps 7, 8,
and :10 above and then calculate the "average mobility" of
the particles -_sfollows:

Calculations

Mobility* - 200
-' SeConds(Average) x 7.66

* A particle has a mobility of 1 unit when lt moves i micron per
) second undo a potential of 1 volt with the electrodes i cn.

apart. (Remark 2_ ,

-2-
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Remarks

1. It is necessary to tlme the movement in both directions to
eliminate errors due to convection currents, etc._ in the cell

2. With the present set up; i.e., using 92 volts and a cell with
electrodes 12 cre.apart, it has been found convenient to time
the p_rticles for 200 microns (20 divisions on the mecrometer
scale). A curve may be used for determining the mobility of
the particles _md c_u be prepared by plotting time in seconds
against mobility using log log paper.

UNCLA,  Irn
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' H.W. Laboratory Manual Reissued: Deceuber, 1948
Water Methods Status: St_lard

• By: W.J.M.

Safety Precautions
, JILJ___ II _ -- I

i. Observe the general labor_tory Safety Rules.

2. Observe rules for handling strong acids.

Literature References

1. Murray & Ashley, "Determinction of Manganese 3 Nickel and
Phosphorous in Iron and Steel", Ind. Eng. Chem., Anal. Ed.,

2. Hopkins and Williams, Ltd., "Organic Reagents For Metals",
3ra Ed., 41 (1938).

3. Memo: Story, to Safranskl, "Determination of Nickel in
Process Water", June 6, 1945.

Principle and Limitations

In this method, nickel in alkaline solution is determined by the
addition of dimethylglyoxime, with the resultant formation of a
highly colored, slightly soluble compound of nickelic dimethyl-
glyoxlme. The color is measured on a spectrophotometer at 520 mu.

This method is nearly free of interferences. Iron interferes
unless special procautlons are taken, lt is held in solution as
the complex citrate and gives no interference providing the
spectrophotometer readings are taken within one-half hour after
the addition of the dimethylglyoxime, otherwise the complex
citrate causes fading of the nickelic dlmethylglyox_me.

This procedure gives excellent results in the range of 0.01 to
0.03 rag. of nickel. The least amount of nickel readable on the
Coleman spectrophotometer is 0.5 micrograms or 0.005 ppm when a
100 ml. sample is used.
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Reactions 0
i | ,

,°i°Ni _

: N'OH/ CH3-C : N.OH N : C.CH3

Special Apparatus O

1. Coleman Model ll spectrophotometer (Apparatus Code: AS-16a)

2. Absorption cells, 5 cre.Aminco (Apparatus Code: AC-21d)

3. Filter, sintered glass (course) (apparatus Code: AF-9b)

Chemicals and Solutions

1. Sulfuric acid, C.P.

H_O 4, 96%

2. Sulfuric acid, 3 _N (Solutions Code: SS-23a)

3. Citric acid, 10% (Solutions Code: sc-ga)
\

4. Bromine water_ saturated (Solutions Code : SB-18a)

5' Ammonium hydroxlde, C.P.

NH_OH, C. P.

6. Dimethylglyoxime, I% (Solutions Code: SD-ga)

7. Standard nickel solution, l0 ppm (Solutions Code: SN-8a)

Procedure

The Coleman model 11 spectrophotometer is used in this deter-
mination. See Apparatus Code: AS-16a for details on the oper-
ation and maintenance of this instrument.

A. Preparation of the C_libration Curve

A calibration curve relating the per cent transmission to
the concentration of nickel must be prepared as a reference
for unkmo_n samples. This curve must be prepared under the
same conditions as the samples to be run and is good only
for the specific instrument on whlch it is determined. If

such a curve is not available (Remark i), prepare it as

O follows before analyzing the sample.

-2-
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i. Deliver into separate cleau_ dry evaporating dishes
03 l_ 2, 3, 4, and 5 ml. portions of the standard
nickel solution. The dish containing no nickel will
serve as a blank on the reagents.

2. Proceed _-iththe color development as described in
Steps 2 to 9 under B - Analysis of the Sample.

3. On semi-log co-ordinate paper, plot ppm nickel of
solution against per cent transmittance corrected (the
latter on the log scale.

Calculations

Calculate the ppm nickel in solution compared for each sample.

1. ppm nickel - ml. standard x l0
final volume of dilution

2. _ tr_msmission corrected =

% transmittance of sample x 100
_ transmittance of blank_

B. .Analysis of the/Sample

In the aalysls of a single sample, run duplicate deter-
minations. Run at least one blank on the reagents with
each sample (Remark 2).

1. To a clean 600 ml. beaker, add 500 ml. of sample.

2. Acidify the sample with 1 ml. of the 96% sulfuric acid
and evaporate to dryness.

3. Take up the residu_ in 2 ml. of 3N_sulfuric acid.

4. Add 1 ml. of the citric acld_ 5 drops of saturated
bromine _uter, and l0 drops of the ammonium hydroxide.
Mix the contents of the dish by rotating the dish.

5. Filter the contents of the dish through a co_rse
sintered glass suction filter directly into a l0 ml.
graduated cylinder (Remark 3).

6. Wash the dish three times with 1 ml. portions of
distilled water, adding the washings through the filter.

7. Add 5 drops of the dimethylglyoxime solution to the

cylinder,

-3-
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8• Dilute the contents of the cylinder to volume and mix
thoroughly.

9. Fill a _ cn. Aminco absorption cell with the solution,
insert the PC-_ filter into the spectrophotometer, and
measure the per cent transmittance of the solution
against the blank at _20 mu.

10. Determine the ppm of nickel present from the calibra-
tion curve.

Calculations
\

t

ppm nickel _- ppm nickel as read on curve x l0
original 'sample Size (mi.)

Remarks

1. Prepare a new calibration curve whenever a new dimethyl-

glyoxime or nickel standard solutions are introduced. A
new calibration curve should be prepared at frequent
intervals, the frequency to be determined by the results
obtained with au old curve.

2. The blank should contain all the reagents, but the sample
is omitted.

3. The final volume of solution is kept down to iO ml. This
may be conveniently done by the use of a l0 ml. graduated
cylinder with the base cut down so that it will fit through
the neck of a _00 ml. filter flask•

@
-4-
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H. W. Laboratory Manual Reissued: December, 1948
Water Methods Status Standard

By: W.J.M.

WATER
, ,,, _

DETERMINATION OF AMMONIA-NITROGEN

. Safet_ Precautions

Observe the general laboratory Safety Rules.

Literature References
_ | , ,

American Public Health Association, "Standard Methods for the

Exam_natlon of Water and Sewage", Sth Ed., A.P.H.A., New York,
4l-_ (1936).

Principle and Limitations

This method depends upon a comparison of colors produced _fnenthesample and standard ammonia solutions are treated with Nessler's
reagent. Nessler's reagent reacts with the ammonia in al_Ine
solution to give a yellow colored compound. The ammonia is

separated from interfering substances in the sample by
distillation.

Reactions

, "'" • •3
Spec±alApp_atus

I. Coleman spectrophotometer, Model Ii (Apparatus Code: AS-16a)

2. Absorption cells, 5 cre.sq._ Coleman (Apparatus Code: AC-21b)

Chemicals and Solutions

I. Phosphate buffer solution (pH 7.4) (Solutions Code: SB-22b)

2. Ammonium chloride solution, "I0 ppm. (Solutions Code: SA-14c)

3. Nessler' _ reagent (Solutions Code: SN-_a)"

4. Redistilled water (Solutions Code: SW-lc)

O 5. Potassium sodium tartrate, 5% (Solutions Code: SP-22aI

-1-
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Procedure
, •

The Coleman Model Ii Spectrophotoneter is used in this deter-
ruinationt see Apparatus Code: AS-16a for instructions on the
operation and maintenance of this instrument.

A. preparation of the calibration Curve

A calibration curve, relating the per cent transmission to
the _mount of _zmoni_ present in the colored solution must
be prepared for each instrument used. If such a curve isf-

r

not available, prepare it as follows before making the
determination.

i. Pipet 0.6, 1.0, 1.5, 2.0, 2.5, 3.0, and 3.6 ml. of the
standard ammonium chloride solution into separate I00 ml.
volumetric flasks (Remark i).

2. Dilute each solution to the mark with a_monia-free
redistilled water.

3. Add 2 hl. of Nessler's reagent to each flask, and to a

flask containing only i00 ml. distilled water to serve. as a blank, and shake each flask thoroughly.
o

4. Allow the solutions to stand for I0 minutes for com -

plete color development.

5. Determine the per cent transmission of each soltulon
against the blank on the Coleman spectrophotometer. Use
the 5 ca absorption cells, a w_velength setting of _00
mu, and a PC-4 filter.

6. Plot the per cent transmission of each solution as the

f ordinate against the _nmoumt of ammonia nitrogen
(expressed as ppm) present iu e_ch sample on semi-
logarithmic graph paper.

A ysis oftheSample

1. Set up a distillation apparatus 3 iu which a i000 ml.
distillation flask is the sample container. A glass
condenser may be used, and it should be so co_ected to
the flask that it is vertical, and the concentrate may
fall directly from it to the receiver.

2. Add ammauia-free distilled water to the apparatus, and

boil steam through the apparatus until the condensate
gives a negative test for ammonla.

-_-
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'-" 3. Empty the distilling flask and measure 500 ml. of the
sample into it (Remark 2).

4. Add I0 ml. of the phosphate buffer to the contents of
distillation flask.

5. Distill the contents of the flask until approximately
200 ml. of distillate have been received. The

distillation rate should be not more than i0 ml. per
minute and not less than 6 ml. per minute. Save the
residue in the distillation flask for the albumiaoid

f

• nitrogen analyeis.

6. Measure the volume of the distillate in a 250 ml.
graduated cylinder.

7. Pipet iO0 ml. of the distillate and I ml. of the
ammonia standard into a I00 ml. volumetric flask.

8. Proceed with the color development and measurement as
described in Steps 3 to 53 Part A above (Remark 3).

9. Determine the prom.of ammonia nitrogen present in the

sample from the calibration curve.

Calculations
• . . i |

ppm. e.m:7,onianitrogen : (A - B) V
i00 xS

where: A = amount of nitrogen found iu the sample, l_mm.

B = amount of nitrogen adzledto the sample =
i0 ppm.

V - Volume of distillate collected, ml
\. i. •

S - Voiume of sample originally measured, ml.

Remarks

I. These solutions correspond, respectively to 6, I0, 19, 20, 25,
30, and 36 p_m of ammonia nitrogen.

Q

2. If less than _00 ml. of sample is used, it should be diluted
to _00 ml. with ammonia-free distilled water before proceed,
ing.

e
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3. If a turbidity develops in the solutions after the addition'
of the Nesslmr's reagent, add a few drops of 5% potassium
sodium tartrate (Rochelle salts). If the solution does not
clarify, discard and repeat,the determination.
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WATER

DETERMINATION OF ALBUMINOID NITROGEN
_ i nl : IT I , il,,rw ,i I , - 21i _ I

(Range: 0.02-0.12 pl=mi

Safety Precautions
/l ,IUll ILl l l

" Observe the general laboratory Safety Rules.

Literature References
l ,,i ,,l , ,,,,

American Public Health Association, "Standard Methods for the
Examination of Water and Sewage", Sth Ed., A.P.H.A., New York,
_5, (1936).

Principle and Limitations

e This determination is a measure of the nitrogen in the form ofprotein or intermediate decomposition products. The ammonia
'_ nitrogen is first removed by boiling from a buffered slightly

alkaline solution. After the removal of ammonia-nitrogen,
alkaline potassium permanganate is added to the Kjeldahl
distillation flask. This oxidizes the nitrogenous organic
matter and liberates the nitrogen as ammonia. The distillation
is continued and the distillate collected and analyzed for
ammonia-nitrogen.

Special Apparatus

i. Coleman spectrophotometer, Model ii (Apparatus Code: AS-16a)
\

2. Absorption cells, 5 cre.s_., Coleman (Apparatus Code: AC-21b)

3. Flask, distilling, Claissen, I000 ml.

, _. Condenser, Liebig, 300 mm. (or longer)

Chemicals and Solutions
. |, , , , ,

I. Nessler' s Reagent (Solutions Code: SN-Sa)

2. Potassium permauganate, alkaline

e reagent (Solutions Code: SP-23a)3. Potassium sodium tartarate, 5% (Solutions Code: SP-22a)

-I-
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The Coleman Model spectrophotometer is used in m_g this
determination. See Apparatus Code: AS-16a for directions for
the operation and maintenance of this instrument.

A. Calibration of the Spectrophotometer

A calibration curve, relating the per cent transmission of
the colored solution to the amount of ammonia nitrogen must
be prepared for each instrument used in this determination.

S For directions for the preparation of this curve, see W_ter
• Methods Code: WN-2a, Ammonia Nitrogen. If such a cali-

bration curve is not available, prepare it according to the
directions given in the reference code.

B. Analysis of the Sample

This determination should be made on the residue in the

Kjeldahl flask remaining after the ammonia nitrogen
determi_tion. See Water Methods Code: WN-2a, Step _.

O i. To the residue remaimdmg in the distill_tion flask, add
50 ml. of the alkaline potassium permaugan_te solution.

2. Connect the distilling flask to the condensor, aud
continue the distillation at a rate of not more than

i0 ml. aud not less thau 6 ml. per minute until at
least 200 ml. of the distillate has been collected.

3. Measure the volume of the distillate iu a graduate
cylinder, aud transfer i00 ml. of it into a I00 ml.
volumetric flask.

..

4. To another fl_sk, toddlc0 ml. of distilled w_ter. To
e_ch flask, add 2 ml. Nesslerrs reagent (Remark i).

5. Allow the solutions i0 minutes for full color develop-
ment, then measure the trausmissiom of the sample
against the blank in the Coleman spectrophotometer.
Use a wave laugth of 400 mu, a PC-4 filter, aud the
5 cn. absorption cells.

6. Determlue the ppm of nitrogen present iu the sample
from the calibration curve.



/,

Calculations
|j, , ,

ppm. albuminoid nitrogen = A x V
i00 x S

where: A .- ppm. nitrogen read from curve

V .- volume of distillate collected, ml.

S .- volume of sample, ml.

The sample and the blank should be clear at this point. If not,
add a few drops of 5_ sodium potassium tartrate (Rochelle salt].
If the turbidity persists, discard the samples and repeat the
determination.

r
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WATER

DETERMINATION OF NITRATE NITROGEN

- _' " (_'e:"' o;o_:-0.3oz:_) '-

Safety Precautions

I. Observe the general laboratory Safety Rules.

2. Observe rules for handling concentrated acids.

Literature References

American Publich Health Association. "Standard Methods for the

Examination of Water and Sewage," 8th Ed. I A.P.H.A. I New York s
4s (z936).

e Principles and Limitations
" When nitrates are treated with phauol-disulfonlc acid and the

resulting solution made alkaline with sodium hydroxide s a
yellow compound is produced. The yellow compound formed is the
sodium salt of picric acid formed by the nitration of phenol.
The color produced by this method in the sample is compared with
potassium nitrate standard solutions treated In a similar manner.

Chlorides greater than 130 ppm in the portion being tested,
nitrites greater than 0.25, and/or carbohydrates interfere with
the accuracy of this method.

f_

Reactions "

(c6H_(o_)(so3_)2 • 5m_o3 -.- c6H2(oH)(_o2)3 _ Silo4 •_2o
Special Apparatus

i. Coleman spectrophotometer, Model ii (Apparatus Code: AS-16a)

2. Absorption cellss 5 co. sq.s Coleman (Apparatus Code: AC-21b}
o

Chemicals and Solutions

e i. Phenol disulfonic acid (Solutions Code: SP-3a)

-1-
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_-. 2. Nitrate standard, I0 ppm (Solutions Code: SN-lOb)

3. Sodium hydroxide, 50% (Solutions Code: ss-Sd)

_. Sulfuric acid, 3_N (Solutions Code: SS-23a)

5. Methyl orange indlcator_ 0.i_ (Solutions Code: SM-Sa)

Procedure
ii

The Coleman Model II Spectrophotometer is used in this deter-
t_ ruination. See Apparatus Code: AS-16a for details on the oper-
•_. ation and maintenance on this instrument.

A. Preparation of the Calibration Curve

i. Pipet 0.5, 1.0, 1.5, 2.0, 2.5, and 3.0 ml. of the
nitrate standard solution into separate 50 ml.
volumetric flasks. To a seventh flask, add 3 ml. of
distilled water to serve as a blank (Remark I).

2. Add 3 ml. of the phenol disulfonic acid reagent to each
flask_ and then dilute the res_Iting solutions to

approximately 30 ml.

3. Adjust the pH of the solutions to 3 tO 6 by the
addition of the strong c_ustic. With the ai_ of pH
paper and a diluted caustic solution, adjust the pH of
each solution to a value of approximately 8.

4. Dilute the solutions to the mark with distilled water
and mix well.

5. Transfer each of the solutions to 5 cn. sq. Coleman ab-
sorption cells, and measure the transmission of each

' solution against the blank at 400 mu. Use a PC-4
-_ filter in the Coleman spectrophotometer°

6. Plot the per cent transmission as ordinate against the
ppm of nitrate nitrogen in the standards. Draw a
smooth curve through the points obtained (Remark 2).

B. Analysis of the Sam_le

i. Determine the amount of 0.01 N sulfuric acid necessary
to neutralize i00 ml. of the sample to the methyl orange
end point.
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2. Pipet lO0 ml. of the ss_ple to be aualyzed into a
porcelain evaporating dish, and add the amount of O.OIN
sulfuric acid used in step I (Remark 3).

3. Add I.O ml. of the nitrate standard solution.

4. Evaporate the resulting solution to dryness on a steam
bath.

5, Add 3 ml. of the phenol dlsulfonic acid solution to the
residue in the evaporating dish, and rub it in well

,_ with _ glass rod (Remark 3).

6. Dilute the solution with 20 ml. distilled w_ter.

7. Add sufficient 50% sodium hydroxide to adjust the pH of
the solution to 3 to 6. With the aid of pH paper and
diluted caustic, adjust the pH to 8.

8. Filter the resulting solution through No. 42 Whatman
paper into a 50 ml. volumetric flask.

e 9. Wash the dish and filter thoroughly with distilledw_ter, adding the rinsings to the contents of the
volumetric flask.

• IO. Dilute the solution to the mark with distilled w_ter,
and mix thoroughly.

II. Transfer the solution into the 5 cn. absorption cell,
and determine the percent tr_usmission _f the sample
against the blank at 400 mu, using a PC-_ filter.

12. Determine the ppm of nitrogen present in this sample
from the calibration curve.

f-

Calculations

ppmN - _O X (A,B_
" I00

where: A = ppm. nitrate re_ from curve

B : ppm added in Part B3 Step 31 -- 0.2 ppm

Remarks

/_ I. These solutions will contain, respectivelyp 0.I0, 0.20, 0.30_

e O._0, O.50, and O.60 ppm nitrogen.

"3-
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2. This curve should_be nearly a straight line.

3. Good contact must be obt_ned betveen the residue and theI

phenol dlsulphonlc acid.

f"

f
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H. W. Laboratory. Mauual Reissued: December, 1948
Water Methods Status: Standard

By: W.J.M.

DETERMINATION OF DISSOLVED OXYGEN
,,, _ _

-- , i

(Range 0o00,_ - 56 l:rpm)

SafetT Precautions

i. Observe the general laboratory Safety Rules.
/

2. Observe rules for handling strong acids.

Literature References
_____ , , , ,nn ,

i. A.P.H.A., "Standard Methods for the Examination of Water and
Se_rage"_8rh Ed., Lancaster Press, 139 (1936).

2. Swartz and Gurmey, A.SoT.M., _, Part 2, 796 (1934).

Prluci_le and Limitations '

O The method is based upon the oxidation of mamganous ion
to the

mauganic state by the dissolved oxygen. The maugaulc ion in
acid solution liberates iodine from the iodide iu the solution
and the iodine liberated is equivalent to the oxygen present in

the sample. The iodine is determlmed by tltratiom using thio-
sulfate with starch indicator.

, Iron salts, reducing agents or strong oxidizing agents will
interfere with the method.

The procedure will give accurate results to 0.01 ppm oxygen. By
using extreme care in all operations, and titr_ting with 0.OIN
thiosulfate from a micro buret, it may be possible to obtain
results reproducible to a 0.001 ppm. The minimum quantity
detectable is about 0.005 ppm.

For routine control omnlyses it has been found that the Swartz-
Gurney modification did not increase the accuracy enough to
Justify its use. Good reagents were used and the increased ,
number of steps probably introduced as many errors as was com-
pensated for by the modified method.

Reactions
vn L [_

:L. _,'mCl2 ,. _KOH ,. 02 --- 4KC:I. _. _4n0(0H)2

-1-
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2. 4K_ _ _eSO_, t S_O(OH)2 --- _SO 4 • me,so4 2I 2

. 6_2o

3. 2x2 _ 4Na2s2o3 --- _Na2S406 _ 4_aT

1 ml. N Na_S203_ .- 32 .- 0.008 ga. O2
4 xlO0

Special Apparatus

i. Buret, seml-micro, I0 ml. (Apparatus Code: AB-21a)

2. Bottle, dissolved oxygen, 250 ml. (Apparatus Code: AB-12a)

Chemicals and Solutions

I. Mangauous chloride solution,
approx. 20% (Solutions Code: SM-2a)

2. Alkaline iodide solution,
approx, i0_ (Solutions Code: SP-l_b)

3. _2so4,c.P.,96%

_. Sodium thiosulfate solution 0.10N (Solutions Code: SS-18a)_m

or 0.01N or

- (Solutions Code: SS-18b)

5. Starch solution, I _ with no
preservative (Solutions Code: SS-21b)

Procedure
I

The sample must be at a temperature of between _0 aud 70°F.
Collect the sample by running it into the 290 ml. glass-
stoppered bottle through a glass tube which extends to the
bottom of the bottle. Run enough sample through the bottle so
that the total volume has been displaced several times. Regu-
late the flow so that no bubbles are formed and the glass tube
can be removed leaving the bottle full of sample with mo air
bubbles trapped iu the sample (Remark I).

i. Immediately (at the point of sampling) add 2 ml. of the
manganous solution followed by 2 ml. of the alkaline
iodide. Theso solutions must be added from pipets or cali-
brated glass tubes which are immersed below the surface of
the sample. Do not blow the solution from the pipet.

2. Stopper the bottle carefully, allowing the excess liquid to

_ overflow_ with no air bubbles left in the bottle.

_-

m
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3. Mix the solution several times by inverting the bottle and
allowing the precipitate to settle at least three times.

4. Remove the stopper carefully aud add 2 ml. of concentrated
sulfl_ic acid immersing the pipet below the surface.

_. Replace the stopper without trapping auy _Ir in the bottle
and mix. The precipitate will dissolve leaving a colorless
or brownish solution (Remark 2).

6. Mix the solution well and transfer into a 500 ml. flask.

7. Titrate to the starch-iodide end point with thiosulfate.

a. If the solution is dark brown, tltrate with 0.1N thio-
sulfate to a light color, add 1 ml. of 1% starch solu-
tion and continue titratlng to the end point.

b. If the solution is light colored or colorless add 1 ml.
of 1% starch solution and tltrate with 0.01N thio-m_

sulfate to the end point.

c. If no blue color develops upon the addition of starch
report the oxygen content as less than 0.005 ppm.

Calculations
, , , ,

i. ppm dissolved oxygen - ml. of 0.I___sodium thiosulfate x 3.2

2. p_m dissolved oxygen = ml. of 0.01N sodium thiosulfate x
o.32

3. If no blue color develops upon addition of i ml. of starch,
report as less than 0.005 ppm dissolved oxygen.

Remarks

I. If other than 250 ml. sample is used apply proper correction
factor as follows:

a. i ml. _N sodium thiosulfate .- 0.008 g. 02

b. I ml. N sodium thlosulfate : 0.008 X 106
= ppm02- wt. of sample

2. At this point the sample m_y be transferred into the
laboratory but the titration should be completed within one
hotlr.

@
"S"
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Water Methods Status: Staudard
By: W.J.M.

DETERMINATION OF OXALIC ACID

--

Safety Precautions

_- I. Observe general laboratory Safety Rules.

2. Potassium permanganate is an oxidizing agent and should not
be allowed to come in contact with reducing material except
under controlled conditions.

Literature References
, ., . ,, •

Furman t "Scott 's Standard Methods of Chemical Analysis",
D. Van Nostrand Co.3 2253 (1939)

Principle and Limitations

e A known sample is titrated while hot with potassium permanganate
to a faint pink end point. The amount of oxalic acid present is
calculated and expressed as ppm of the Qriginal sample.

The reaction is slew to start by proceeds rapidly as soon as
some of the permanganate is reduced since the mauganous ion acts
as a catalyst.

The results obtained are accurate to 0.5 ppm and should be
reported as such.

Reaction
.. i,

3(cooE)2 A _o 4 , ._o_ --- E2so4 • z_o 4 + loco2
8H20

ml. N EWmO4 = 126.05 0.06303 g (COOH)2
1

maooo = . • _o
Chemicals and Solutions
, ,. . i ,

i. Potassium permanganate, 0.01N (Solutions Code: SP-16b)

2. Sulfuric Acid, C.P. _ .r..-.

E_o4,96_ -

e
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" Procedure

1. Measure 100 ml. ss=ple of _ter containing oxalic _ci_ i=to a

250 ml. Erlenmeyer flask.

2. Add 5 ml. of the sulfuric acid and heat to 70 to 80°C°

3. Titrate the hot sample with the standard potassium permau-
gauate adding the reagent In increments of O.1 ml. and
shaking between each addition.

_. Continue the titration until _ faint pink end point is
obtained which persists for 3 mluutes.

Calculations
l,

I. a. % oxalic acid . ml. KMnO£ XNX 0.0630 _X ioo
wt. of sample

b, ppm oxalic acid - % oxalic acid X lO,O00

2, ppm oxalic acid = ml. EMnO4 X N X 630

@

)
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ON LIO0 AREA PROCESS WATER
, , _ , | Ii ii " i

Safety Precautions

Observe general laboratory Safety Rules.

Literature References
,, , i, L ,

Dole, "The Glass Electrode", John Wiley & Sons 3 N.Y.

principle an d Limitations

The I00 Area process water is not well buffered and ten_s to
loss of carbon dioxide. Temperature variations are large enough
to cause serious errors unless corrected for by careful
attention to proper use of the temperature compensator during
analysis.

O The method is designeed to standardize conditions in order to
compensate as much as possible for the numberous sources of
error,

On the basis of experience using this method the relative error
in the determinations will be less than 0.05 pH unit.

Special A_paratus

Flow cell (Apparatus Code: AC-Sa)

Chemicals and Solutions
,|

I. Concentrated buffer solution (Solutions Code: SB-22a)

2. Dilute phosphate buffer solution
pH 7.50 (Solutions Code: SB-22b)

Procedure

i. Rinse the flow cell and electrodes with distilled water.

2. Flush the flow cell and electrodes once with special buffer
solution which has been cooled to the temperature of the

e water to be tested.

-i-
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3. F_ll the flow cell with buffer solution, regulate the temp-
erature compensator _O the temperature of the buffer
solution.

4. Check the electrodes to make certain that the glass elec-
trode is suspended in the solution Just enough to completely
cover the bulb, and that the calomel electrode tip is i inch
beneath the surface of the solution.

_. Adjust the slide wire scale to the pH of the buffer solution

(_. at that temperature.

6. Press the push button in the center of the slide wire knob
dowa. If the needle deflects from zero, turn the "zero
ad_uste.r"with a small screw driver until the needle is
zeroed. (This adjustment should be made frequently for
precise work, but need be done about every 8 hours in most
work).

7. Drain flow cell, them flush with distilled water for two
minutes to remove all traces of buffer solution.

8. Flush cell for 2 minutes with the process water to be
measured by attaching a rubber hose from the sample tap to

. the flow cell.

9. Disconnect rubber hosej let water stand in flow cell for
½ minute.

i0. Take the temperature of the water in the flow cell and set

%amperature compensator within _°C.

II. Take pH _ f sample.

,12. Repeat until duplicate readings agree within 0.02 pH units.
r

13. After taking pH measurements, rinse the flow cell an_
electro_es with distilled water and discard the rlnsings.
Leave the cell filled with distilled water when not in use.

/

e
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PHOSPHATE IN BOILER WATER

o pi=

Safety Precautions

_ I. Observe ganeral laboretory Safety Rules.

2. Observe rules for handling strong acids.

Literature References
m ,, |

i. Snell and Snell_ "Colorimetric Methods of Analysis"s 2hd
Editions D. Van Nostrand Co. Chapters 49 and 50 (194B).

2. Biffen and Snell t "Commercial Methods of Analysis", Chapters
on Phosphate and Water.

S. A.P.H.A. "Standard Methods of Water Analyses"1 A.P.H.A.
109-lll (19S6).

Prlmci21e and Limitations

This method is based upon the formation of the yellow phospho-
molybdic acid. The iutensity of the color is proportional to the
phosphate presaut. By controlling the acidity and drawiug up a
curve with standard PO4 solutions containing the approximate
amount of silica found in boiler water, silica i_terference is
practically elimluated.

The method is reproducible aud if the limits of the procedure are
not exceeded2 spiked samples of boiler water can be checked

withlu 2 ppm of NaRP04. The acidity is controlled by the
molybdate reagent _sed_h°ich is made up to __ iu sulfuric acid.

The color of the phospho-molybdate is read after staudiug 5
minutes aud is stable for 20 minutes. The intensity of the color

' is affected bv temperature, the higher the temperature the more
intense the dolor aud a correction factor must be used if the

temperature of the aualysis is different from the temperature at
which the calibration curve was drawa. This correction is as
follows:

A. Add one percent to the uncorrected transmission reading

e for each degree cautigrade above temperature at whichCt_ve waS C_'aWJ:I,

UNCLASSIFIED
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B. Substract one per cent from the uncorrected transmission
reading for each degree centrigrade below temperature at
which curve was drawn.

Reactions
.

24H'+'1" PO4"3.12 M°04 "3 "--P(Mo3Old)4 "3 _ 12 E20

Special Apparatus

_ i. Spectrophotometer I Coleman model II (Apparatus Code: AS-16a)

2. Matched cuvettes, 19 mm (Apparatus Code: AC-21a)

3. PC-4 filter for Coleman Spectrophotometer

Chemicals and Solutions
.... • i Ill _

I. Molybdate reagent (Solutions Code: SM-15b)

2. Standard phosphate solution -

250 ppm Na3PO4 (Solutions Code: SP-gc)

3. , Standard silica solution - approx.
60 ppm silica (Solutions Code: SS-lOd)

Procedure
,, , _ J

The Coleman model II Spectrophotometer is uso& in this deter-

ruination. Seo Apparatus Code: AS-16a for details on the oper-
ation and maintenance of this instrument.

A. Preparation of the C_libr_tio n .Curve

I. Follow the procedure for the unknown and run I0 samples
, each containing 25 ml. of a 60 ppm silica solution_ plus

i ml. standard sodium phosphate in the first, 2 ml. in
the second, 3 ml. in the third and so on up to i0 ml.
added. These correspond to I0 ppm, 20 ppm, 30 ppmp
40 ppm_ 50 ppm, 60 ppm, 70 ppm, 80 ppm_ 90 ppm and I00
ppm in a 25 ml. sample expressed as sodium phosphate.
Run a d/stilled water_ plus molybdate reagent_ blank.

2. Draw a curve from this data basing it on a 25 ml.
sample with a final dilution to 50 ml.

!



@ Code: WP-2a
t

J

3. Make a notation on the curve of the temperature of the
analyses at the time the readings were taken.

B. Determination of Na3PO_ in Unknowa Sample
,... .... __ .. ., _ ... .

1. Measure accurately 25 ml. of clears filtered sample.

2. To another flask s add 25 ml. distilled water for use as
a blank.

_ 3. Add I0 ml. molybdate reagent to the samples and blank,
dilute to 50 ml., shakes let stand 5 minutes, read the
temperature. Determine the percent transmittance at
400 mu using 19 mm cuvettes and a PC-4 filter.

Calculations

I. Correct for temperature difference by adding one percent to
the transmittance for each degree above temperature shown on
calibration curve and deducting one percent for each degree
below.

2. _ transmittance corrected =

% tr_u_ttauce of sample (corrected for temp) x i00
transmittance of blank

3. Read directly from curve the ppm of sodium phosphate. If
greater than 100 ppm, take a smaller sample.

f'

o
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Water Methods Status : Standard

By: W.J.M.

DE_t, TION OF RoO_

o- 5oo

Safety Precautions

l. Observe &eneral laboratory Safety Rules.(

2. If the modification of this method designed to give a value
not including the silica is used, follow carefully all the
safety rules for handling hydrofloirlc acid.

Literature References
=

Essential M_terials_ Code: ESE-2a

Principle and Limitations Of the Method

.tknown amount of aample is conentrated, treated with au excess ofammonium hydroxldo, cud the precipitate is filtered off. This
precipitate is then ignited to the oxides and the residue is

known as the 2203 . The _ight is expressed as a percentage of the
original samole.

The composition of the residue may vary widely and may contain the
following elements: Al, Fo, Cr, B, Cb, Be, In, Ga, Ce, Zr, Ta,
TJ, T1, Si, V and ali the rare earths. For this re_son the

results sometime lead to erroneous conclusions. A spectrographic
analysis is the best way of determining the constituents, but, if
the residue is large enough, iron and silica may be determined by
standard procedures.

Phosphate, arsenate, vanadate, and silicate interfere by formlmg

insolubles with the R@O_ elements. Organics, such as citric acid
and sugar, interfere By'forming soluble complexes of iron aud
aluminum, but the alkali or alkaline earths do not interfere

providing sufficient ammonium salt is present aud phosphate and
carbonate are absent.

A mqdificatiom has been found useful when the silica content of
the water varies _-ldely. In this procedure the ignited residue is
treated with sulfuric and hydrofluoric acid and then reigalted to

give a value for 2203 less silica.

,e
-l-
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The procedure as used is not very accurate, but better reprod-
ucibility is obtained using the above modification.

Chemicals and Solutions

1. Hydrofluoric acid, C.P°
48%

2. Sulfuric acid, C.P.

H2S0 4, 96%

3. Ammonium chloride, C.P.

m  Cz,c.P.

4. Hydrochloric acid, 10% (Solutlon Code: SH-25a)

5. Ammonium hydroxide, 6N " (Solution Code: Sa-12a)

6. Ammonizm nitrate, 2% (Solution Code: SA-15a)

Procedure

A. Determination of Total R203
i. Evaporate 5 liters of the water sample (to which has been

added I0 ml. of 10% hydrochloric acid) to about I00 ml.
(Remark I)

2. Wash the concentrated sample from the evaporating dish
into a 400 ml. beaker using a small quantity of 10%
hydrochloric acid.

3. Add 2 to 3 grams of ammonium chloride.

4. Add 6N ammonium hydroxide until the solution is alkaline.

_ 5. Heat to boiling and let boil for a few minutes until the
excess ammonia escapes.

6. Add 1 ml. of 6N ammonium hydroxide and let cool for 15
to 30 minutes.

7. Filter off the precipitate through a#40 Whatman paper.

8. Wash the precipitate with 2% ammonium nitrate until free
•of chlorides.

9. Transfer the paper and precipitate to a tared, ignited,

platinum crucible and dry in an oven or under infre
an

,, red heater. :
-2-
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i0. Ignite at 900 to IO000C to constant weight and record

the increase in weight as I_20B.

Calculation

ppm R203 (including silica) = weight of residue in milligrams
Eiter of sample.\.

B. Determination of _903 less Silic a

,- _ To the residue obtained in Step i0 above , add i to 2 ml.
; of distilled and 2 to 3 drops of sulfuric acid.

2. Add cautiously I0 to 15 ml. of hydrofluoric acid and
evaporate to a small volume under the hood.

3. Add another 5 ml. portion of hydrofluorice acid evaporate
to dryness.

_. Heat carefully over a burner until ali the sulfuric acid
has been decomposed.

5. Ignite in a muffle at 900 to lO00°C to constant weight

an_ record this weight as the R203 less silica.(Remark 2).

Calculation

ppm R203 less silica - Weight residue less silica in rag.
liter of sample

Remarks
,, ,

I. The sample size depends upon the amount of R203 present and
must be varied to meet specific conditions.

<
2. This weight will closely represent the oxides of irom and

aluminum present. The iron can be determined and the

aluminum estimated by difference.
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DETERMINATION OF DISSOLVED .SILICA, COLORIMETRIC METHOD
"(Ba e-O.4 - 200 ' ' •

Safety Precautions

(.. Observe general laboratory Safety Rules.
Literature References

, , ,,,,__ _ ,

Schwertz, "Ind. Eng. Chem.", Anal. Ed. , __I_"893 (1942)

Principle an.dLimitations

This method is based upon the formation of a colored silico-
molybdic acid complex. The intensity of the color le
proportional to the dissolved silica present when Interferi6g
substances are absent or eliminated. Oxalic acid is added to

eliminate phosphate interference.

This method is reproducible and is very rapid for control work.
Errors due to silica in the reagents are most prevalent. All
recgents should be kept in Pyrex bottles and a blank must be run
with every determination. A freshly prepared silica solution
must be used for standardizing or checking the st_=udardizatlonof
the instrument. Under these conditions results accurate to
0.4 ppm silica can be obtained.

Special Apparatus

I. Spectrophotometer, Coleman model II (Apparatus Code: AS-16a)-

2. Matched curvettes, 19 mm (Apparatus Code: AC-ZIa)

Chemicals and Solutions

1. Ammonium molybdate solution, 5_ (Solutions Code: SA-10a)

2. Hydrochloric acid, 20_ (Solutions Code: SH-25a)

3. Oxalic acid, 10% (Solutions Code: SO-2_b)

4. Standard silica solution, I00 ppm (Solutions Code: SS-10a)

O
-1-
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/ Procedure
•_ ,,,_ n _

The Coleman Spectrophotometer model II is used in this deter-
ruination. For details regarding its use and operation see
Apparatus Code: AS-16_

A. Standardization of Instrument
_ _ _ ,|, - ......

1. Transfer to = 100 ml.. vol_etrlc flask containing about
50 ml. of w_ter i, 3, 5, and 7.5 ml. portions of
standard silica solution. Use a fifth flask containing

/ ',_ distilled water only as a blank.

2. Add 5 ml. of the hydrochloric acid solution to the
samples only and 8 ml. of the ammonium molybdate
solution to both series of flasks.

3. Shake and let stand for ten minutes.

4. If phosphates are present add 3 ml. of ox_llc acid to
all flasks and mix again.

5. Dilute to mark with distilled water and mix well.

O 6. Transfer the solutions into 19 zm matched cuv_ttes and
" determine the percent transmittance against distilled

water at 400 mu _mlng the PC-4 filter.

7. On semi-log co-ordlnate paper plot ppm against % trans-
mittance corrected (the latter on the log scale)_

Calculations
,,,_

I. ppm silica = ml...standard x i00
Volume of dilution

2. _ transmittance corrected .-

transmittcnce of sample x l00
_ transmittance of blank

B. Determination of Silica in Unknown Sample, _

i. Transfer a 25 ml. sample of filtered water into
100 ml. volumetric flask.

2. To a second flask add 75 ml. of distilled water for a
blank.

f

O 3. Add 5 ml. of the hydrochloric acid and 8 ml. of theammonium molybdat e.

-2-
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' _. Shake and let stand for i0 minutes.

5. If phosphates are present, add 3 ml. of the oxalic acid
and mix.

6. Dilute to the mark _ith distilled water and mix again.

7. Transfer into 19 mm matched cuvettes and determine the
percent trausmittance at 400 mu using the PC-4 filter.

. Calculations
/

i. _ transmittance corrected =

% transmittance of sam?le x lO0
transmittance of blank

2. Using the corrected % transmittance determine the ppm
silica present in _he diluted sample.

3. ppm silica = A x C x 10"6_x 106 .- AxC
B B

or for a 25 ml. sample diluted to I00 ml:

ppm silica _- A x i00 . 1.33 A
25
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H. W. Laboratory, Manual Reissued: February, 1949
Water Methods Status: Standard

By: W.J.M.

DISSOLVED SILICA IN UNTREATED WATER, COLORIMETRIC METHOD

--....  p-pm...........

Safety Precautions

Observe general laboratory Safety Rules.

Literature References

i. Schwartz, "Ind. Eng. Chem." Anal. Ed., l__,893 (1942).

2. Galbraith's report on Silica.

Principle and Limitations

This method is based upon the determination of silica in untreated
water by means of gravimetric and colorimetric analysis with the

subsequent comparison of results by plotting on semi-log co-
ordinate paper. The silica is determined kravlmetrically by Essen-
tial Materials Code: ES-6b, and colorimetrically by the formation
of a colored sillcomolybdic acid complex.

In the colorimetric method, the intensity of the color is propor-
tional to the dissolved silica present when interfering substances
are absent or eliminated and conditions are closely standardized.
Oxalic acid is added when phosphate is present in order to elimin-
ate interference of phospho-molybdic acid.

The method is reproducible providing the sample to be analyzed
,, and the standard used in preparing the calibration curve have bee_

.\_ treated exactly alike. Directions for preparing standard silica
solutions must be followed with great care in order to avoid large
errors.

It has been found that the reaction between silica and molybdate
is for practical purposes of an emperical nature. For this reason

this method must be fitted to each analysis by rigidly treating
the standard silica solution exactly llke the silica used umder
-plant conditions.

Providing the limitations are thoroughly understood, and the proper
precautions taken it is believed that results approaching am

overall accuracy of 1.0 ppm cam be obtained under ordinary control_ conditions.
,

-1-
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Special Apparatus

i. Spectrophotomotor, Colemaz_modell ll(App_tus Code: AS-16a)

2. Matched cuvettes, 19 mm. (Apparatus Code: AC-21a)

3. PC-4 filter for Coleman spectrophotomoter

Chemical_Isand Solutions

1. Ammonium molybdate, _ (Solutions Code: SA-IO_
,/

2. Hydrochloric acid, lCW_ (Solutions Code: SH-29a)

3. Oxalic acid, 10% (Solutions Code: SO-2_b)

Procedure

The Coleman model ll spectrophotometer is used in this determina-
tion. See Apparatus Code: AS-16a for details on the operation and
maintenance of this instrument.

A. Preparation of the Calibration Curve

1. Gravimetric Method

a. Add 25 ml. of the hydrochloric acid to a liter plati-
num dish. Add untreated water and heat the platinum
dish and its contents on an izfra-radlator. Continue

the addition and evaporation of untreated water until
total of 15 liters have been evaporated. Run in

duplicate.

b. Analyze the contents of the dish gravimetrically by
following Essential Materials Code: ES-6b, starting

\ with Step 4.

2. Colorimetric Method

a. Transfer to 100 ml. volumetric flasks, 5, 10, l_, 25,
40, and 50 ml. of the untreated .water. Dilute the
flasks to 5 total volume of 90 ml. with distilled

- water. Add 50 ml. of distilled water to a seventh
flask for use as a blank.

b. Add 8 ml. of the ammomlum molybdate solution and le
, ml. of the hydrochloric acid to each flask, stoppmr

and shake vigorously.
c. Let stand for ten minutes.

-2-
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d. Dilute to the mark.with dlstillod water and mix
thoroughly.

e. Transfer the solutions to 19 mm, matched cuvettes
and determine the percent transmittance against the
blank at 400 mu using the PC-4 filter.

o, . f. On semi-log co-ordinate paper plot ppm silica against
% transmittance corrected.

Calculations
/. - _ ,

XY (O.OP) - ppm silica in each aliquot of untreated water

where: X = ac. of untroate,iwater used

Y = ppm silica in u_treated water as found by gravimetric
analysis

% transmittance corrected : _ transmittance of sample x i00
_ transmittance of blank-

B. Determination of Silica in Unknown Sampl0

I. Transfer _0 ml. sample of untreated water to a i00 ml.
volumetric flask.

2. To a second flask add _0 ml. of distilled water for use es
a blank.

3. Add 8 ml. of the ammonium molybdate and le ml. of the
hydrochloric acid.

4. Shake vigorously and let stand for ten minutes.

_. If phosphates are present, add 3 ml. of the ox_lic acid
and mix.

6. Dilute to the mark with distilled water and mix again.

7. Transfer to 19 mm. matched cuvettos and determine the
percent transmittance at 400 mu using the PC-4 filter.

Calculations
_- - i ,

i. % transmittance corrected ..%,transmltt_uce of sample x Ie0
transmittance of bl_uk

. 2. Read directly the ppm silica from the curve.

e 3. if other than 5o ml. sample is taken:

ppmsio2 in samgle: s±o frez curvex 5o
ml. sample

"B-
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_ H.W. Laboratory Manual Reissued: December, 1948 .
Water Methods Status: Standard

By: W.J.M.

D_ATION OF SUSPENDED SILICA

(R_e0- io_p_=)

SaferZ Precautions

I. Observe general laboratory Safety Rules.

2. Observe ali rules for handling hydrofluoric acid.

Principle and Limitations of Method

The suspended solids are filtered from the sample with filter
paper. Silica is determined by the weight loss of the ignited
suspended so.__Idsresidue upon treatment with hydrofluoric acid
to volatilize the silica.

The method is a standard silica procedure. In the range of 0.i0

ppm Si02, results can be duplicated to vithin 5_.

Reactions

s_o2 _ 4_ --- s_4 ,__zo
Chemicals and Solutions
, ,,, , , i

i. Hydrofluoric acid, C.P.

2. Sulfuric acid, C.P.

s2s04,96%
Prooedure

I. Measure a somple which will contain at least 2 rag,of sus-
pended silica and filter through a No. 42 filter _aper.

2. Piace the filter paper in a platinum crucible and ignite iu
muffle furnace at I000 to Ii00° C.

3. Remove the crucible from the muffle furaace, cool, ad_ 3 to 5
drops of the sulfuric acid aud sufficient distilled rater to
cover the solid residue.

@
, -1-
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_. Place the crucible in = fused silic& tz_i_ngle on & hot p!_te,
end evaporate rollof the _-_ter _nd cold.

5. Ignite in the muffle furnace _nd then plnce in the hottest
floraeof a g_s burner for 15 minu_es.

6. Cool in _ desiccator _nd weigh accurately.

7. Add 3 drops of the sulfuric acid _nd then cautiously add
enough hydrofluoric acid to cover ell of the solid residue.

" 8. Ev_porcte to dryn_ss on the hot pl_to.

9. Ignite in the muffle furnace _nd then plnce in the hottest
fl_me of c g=s burner for 15 minutes.

I0. Cool in _ desicc=tor end weigh cccurctely.

C_Icul_tions

ppm Suspended Si02 = Loss in wt. of crucible during _ treatment
X i0°

t , , , , • ,,,, |, i ,

ml. of ssmple
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H. W. Laboratory Manual Reissued: December, 19_8
Water Methods Status: Standard

By_. W,J.M.

Safety Precautions, ,

i. Observe general laboratory Safety Rules.

2. Observe all rules for handling hydrofluoric acid.

Literature References
,

i. Kolthoff I.M., and Sandell E.B., "Textbook of Quanitative
Inorganlc Analysis" 381 (1937)

2. Grasselli Chemicals Experimental Laboratory Methods No. 66,05,
June 7, 1940.

3. Willard H.H., and Diehl H., "Advanced Quantitative Analyses",D. Van Nostrand Co. 180-184 (1943).

principle and Limitations ,ofMethod

The silica is de_<_Ire_tedin the presence of hydrochloric acid
ignited and weighted. It is then treated with hydroflouric acid
and ignited aga_ causing the volatization of silicon tetra-
fluoride. The ignited residue is weighed and the loss in weight
is calculated as silica and expressed as a percentage of the
original sample. The procedure is applicable to soluble (basic)
silicates and to insoluble silicates after fusion with sodium
carbonate.

Reactions
Heat

s±oz _ 4_ ---s_ 4 _ _zo.
Chemicals and Solutions Required

i. Sulfuric acid, C.P.

H_o_,96_

2. Hydrofluoric acid, C.P.
_,_

\
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3- Hydrochloric acid, I:i (Solutions Code: SH-25a)

_. Hydrochloric acid_ I:I00 (Solutions Code: SH-2_a)

5. Methyl orange indicator, 0.i_ -(solutions Code: SM-Sa)

6. Sodium carbonate, C.P.

Na2CO 3# C.P.

Procedure

r-t m ,-t

m

i. I. Weigh by difference a sample containing approximately
0.5 g. of silica.

2. Transfer the sample into a platinum crucible and add
about 5 times its weight of sodium carbonate.

3. Fuse the mixture until the reaction is complete.

6. Dissolve the melt in I:I hydrochloric acid.

2. Transfer the sample to aplatinum evaporating dish and
dilute with water until the dish is about half full.

3. Warm until the sample dissolves.

4. 5. Proceed as in step 6.

6. Add 20 ml. of concentrated hydrochloric acid with constant
stirring.

7. Evaporate to dryness on the steam bath; (Do not heat over
l°C)

• ,

8. Heat the residue at Ii0 to 120oc for 30 minutes.

- 9. Add 25 to 50 ml. of i:i hydrochloric acid.

i0. through a #40 ashless paper as soon as the solubleFilter
"- salts have dissolved.

.2
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Ii. Policeman the dish and rinse the dish and filter paper sev-
eral times with i:i00 hydrochloric acid. (Remark i)

12. Wash with hot distilled water until the filter paper is alk-
aline to methyl orange. (Remark 2) Test by adding a drop of
indicator to the top edge of the paper.

13. Collect the filtrate and washings in the original platinum
dish and evaporate to dryness.

14. Repeat steps 6 through 12 on this residue using a separate
i paper for the filtration. (Remark 3)

15. Transfer the filtex:papers to au ignited platinum crucible,
and dry in au oven or under au infra-red heater.

16. Ignite _u a muffle furnace at 1000 to llO0°C until free of
carbon.

17. Remove the crucible from the furnace and ignite at the high-
est temperature of a blast lamp for 15 minutes.

18. Cool in a desiccator and weigh. The weight recorded is the
weight of the silica plus the impurities. (Ramark 4)

19. Moisten the residue with about 5 ml. of distilled water and
add 3 to 5 drops of the sulfuric acid.

20. pautLiousl_ add i0 to 15 ml. of the hydrofluoric acid.

21. Evaporate to a small volume, cool, end add 5 ml. more of
hydrofluoric acid.

22. Evaporate to dryness, fuming off all the sulfuric acid.

23. Ignite in a blast lamp gradually increasing the temperature
to full heat, Continue the ignition at full heat for 15 min-
utes.

2_. Cool in the desiccator and weigh. •The loss iu weight repre-
sents the silica present.

Calculations

I. %SiO 2 . loss inweight x I00
weight of sample

2. pms±o2 = %sio2xlo 4

"3-
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Remarks

1. The filter paper is washed with dilute hydrochloric to prevent
hydrolysis of iron and aluminum salts and subsequent retention
on the paper. _f such salts are present in amounts consider-
ably less than the amount of silica present, this operation
may be omitted.

2. Filter paper containing hydrochloric is not easily ashed.
Consequently all acid must be washed from the paper.

3. If the amount of silica present is small or if cn accuracy
less than 95_ is acceptable this second evaporation and fil-
tration may be neglected.

4. If the amount of occluded material is small the first weight
less the weight of the crucible may be taken as the weight of
the silica present. This procedure gives reasonably accurate
results, but a check should be made with both procedures be-
fore omitting the volatization.

@
\
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H. W. Laboratory Manual Reissued: December, 1948
Wat er Methods Status: Standard

By: W.J.M.

DETERMINATIO_ OF: (I) TOTAL DISSOLVED SOLIDS

.......... - ..........(2) T,OSS0N-IGNITION OF'D_SSOLVED SOLIDS
(3) NON VOLATILE DISSOLVED SOLIDS

o ' Zoo ........

Safety Precautions
__ i i J _ _ _ i _2 ii _

Observe general laboratory Safety Rules.

Principle and Limitations of Methodi _- I Ii ___ J I I . Illl I _

The residue from an evaporation of a filtered water sample is
the dissolved solids that were present. From an ignition of
the dissolved solids, the Non-Volatile Dissolved Solids and
Loss on Ignition of Dissolved Solids can be calculated.

In order to speed up the test_ the evaporation is made beneath
an infra-red heater instead of over a steam or water bath. The

drying operation is made in a I05°C oven.

Procedure

A. Total Dissolved Solids
• ., . ....

i. Ignite a clean i00 ml. platinum dish to constant
weight.

2. Evaporate a 300 ml. sample iu the dish by making 50 ml.
additions with a 50 ml. pipet. Use an infra-red heater
for the evaporation (Ramark 1).

3. Dry to constant weight iu the Io_Oc oven.

Calculations
- li i

p_m total dissolved solids = g. saln in wt. bYdlsh x%0 6
ml. of sample

B. Loss on Zgniti0n of Dissolved Solids_ LI

I. Ignite at 850 to 900°C the platiuum dish that contains
the _eighed residue from the dissolved solids

determimation.

-l"
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2, Cool the dish and moisten with a few drops of distilled
_ater.

3. Dry to constant weight in the i05°C oven.

Calculations

ppm loss on ignition of dissolved solids .-

loss i Itlon,g.x lO6
ml. of sample

C. Non-Volatile Dissolved Solids
, , ......._, = u -, -_ , __ -

Calculations

ppm non-volatile dissolved solids =

ml. of sample

D. Total Solids in Process Water

a. preparation, pf Calibration Curve

I. Determine the ppm total solids on a sample of raw
water as in WS-4a, part A.

2. Titrate at least five samples each of raw and Sis-

tilled water using 0.01N_hydrochloric acid with 2
drops methyl red indicator for 50 ml. samples.

3. Make at least five mixtures of raw and distilled

water (i.e. one part raw, four parts distilled; tvo
parts raw, three parts distilled_ etc.) and titrate
as before with O.01N hydrochloric acid. The total
solids in each sample should be known.

4. Plot a curve of ppm total solids _g_ins% ml. 0.01N
, hydrochloric acid.

b. Analyses of the s_!e

I. Place 50 ml. of process water in a clean, dry I00 ml.
beaker.

2. Add two drops of methyl red indicator and titrate
with 0.OIN hydrochloric acid.mm.

3. Refer to calibration chart to determine ppm total
solids.

>

-2-
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R_marks

I. Neve_____rallow the dish to go dry while under the heater since
t_e temperature would be high enough to drive off volatile
matter.

2. The endpoint using O.01N hydrochloric acid is not very
distinct and a little p_actlce is necessary before consistent
results c_u be obtained.

3. In practice it is usually found that the OO ml. sample will
stay pink on the addition of two drops methyl red indicator.
This normally indicates less than I0 ppm.

@

•
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H. W. Laboratory Manual Reissued: December, 1948
Water Methods Status: Standard

By: W,J.M.

T,.OTALSOLID.S,,IN. 20Q, _ .I_ROI_S8 WATER
II _j II III I i ____ _ •

Safety Precautions

Observe general laboratory Safety Rules.

Principle and Limitations-- _ I, II I I

The tot_l solids in the process wuter are tltr_ted with hydro-
chloric acid and the amount of the solids read from a

predetermined calibration chart.

Chemicals and Solutions

A. Preparation of Calibration Curve
. _ -- _ II_ _ _ • ]

i. Determine the ppm total solids on a sample of raw water
as in Water Methods Code: _Si4a, Part A.

' 2. Titrate at least five samples each of raw and
distilled water with hydrochloric acid with 2 drops of
the methyl red indicator for _0 ml. samples.

3. Make at least five mixtures of raw and distilled water
(i.e., one part raw, four parts distilled; two parts
raw, three parts distilled_ etc.) _nd titrate as before
with the hydrochloric acid. The total solids in each
sample should be known.

4. Plot a curve of ppm total solids against ml. of 0.01 N

. hydrochloric acid.

B. Ann!ysls of th.eSamPle

I. Place 50 ml. of process water in a clean, dry I00 ml.
, beaker.

2. Add 2 drops of methyl red indicator and titrate with the
hydrochloric acid.

3. Refer to the calibration chmrt to determine ppm total
solids.

e
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) Remarks

I. The end point using 0.01 N hydrochloric acid is not very
distinct and a little practice is neoess_ry before
consistent results c_n be obtained.

2. In practice it is usually found _at the 50 ml. sample will
stay pink on the addition of 2 drops of methyl red indicator.
This no_-zmlly indicates less than iO ppm.

@

O
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BY: W.J.M.

D ma?zoNoF. (1) susnm msoL
- - " , , a,

2) LOSSON IGnTZO_OF SUSm_EDS0_S3) NON'VOLATILE SUS_ SOLIDS

.......o- 10o - -....

Safety Precautions
_ , L

f
Observe general laboratory Safety Rules.

Literature References
- _ , ....

Theroux, Eldridge, and Mallmann, "Analysis of Water and Sewage"
2hd Ed., McGraw - Hill Book Co., Inc. 5-6 (1936).

principle and Limitations `

The suspended solids are filtered from solution on the ignited
asbestos mt of a Gooch crucible dud are weighed directly.

Ignition of the solids drives off the matter which can be vola-
tilized and leaves the non-volatile suspended solids. These
quantities are calculated to parts per million based on the
original sample.

The procedure has been in use as standard practiae in water labor-

atories for a number of years. In the range of 0-I0 _pm sus-
panded solids, results can be duplicated to within i0_.

S_ecial A_aratus

Crucible, Gooch, with asbestos mat (Apparatus Code: AO-IBa)
/

' Procedure

A. Suspended Solids- _ , t

I. Dry a Gooch crucible in the 105°C oven and then ignite
it in the 850 to 9OO°C muffle furnace (Remark i).

2. Cool the crucible, moisten the mat with a few drops of
distilled water, and dry in the 10500 oven to constant
weight.

e
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3. Measure a sample which wall contain at least 2 rag. of
suspended solids and filter the sample through the pre-
pared Gooch.

_. PolIow the sample filtration with several distilled
water rinsings of the sample flask to insure that all of
the suspended matter has been transferred to the cruci-
ble.

5. Dry to constant weight in the I05°C oven.

/ Calculati__+ _ ,,--_,,tamm

mm totalsuspm_easo_de , g_n iu_. b_ Qrucible,_. X I06
" ml. of semple

B. Loss on .Ignition of Suspended Solids

i. Ignite for one hour at 850 to 900°C the crucilbe that
contains the _ighed solids from the suspended solids
do_ermlnatlen.

2. Cool the ¢ruciSle and moisten with a few drops of dis-
tilled water.

3. Dry to constant weight in the I05°C oven.

Calculations

ppm loss on ignition of suspended sollde -
loss in -_,. _.ofcrucible duri_ i_Ition g.

+ ml. of Se_plo

C. Non-Volatile S_uspended Solids

Calculations
/ .......

ppm non-volatile suspended solids =

wt. of residue in crucible..afterigni.ti0n L_.X 106
ml. of sample

Remarks

I. The igxLitic_may be omltted if the loss on i_Itlon of
suspende_ solids is not to be _etermlned.

-2-
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H. W. Laboraoty Manual Reissued; December, 19_
Water Methods Status: Standard

By: W.J.M.

DETERMINATION OF SULFATE3, TURBIDIME_IC METHOD

S ety.  ecaution,

Observe general laboratory Safety Rules.

• • This method depends on the formation of highly insoluble bari,_
sulfate which is precipitated in the presence of excess ralt _%d
acid an_ held in suspension by glycerol. The percent of li_h_i
transmitted by the suspension is proportion_ to the sulfate
concentration.

This is a very ra_id method for control analysis, lt gives re-
_roducidble results and will accurately detect as low as 0.025 mg
of sulfate in a 50 ml. sample.

Reactiona
,

"z z ... 4

Special A_rparatus

I. Spectrophotometer, Coleman model II (Apparatus Code: AS-16a)

2. Matched cuvettes, 19 mm (Apparntus Code: AC-21a)

Reagents and Chemicals
.... .--.

_ i. Barium chloride crystuls, C.P.t 60 mesh

BaCI2._20 t C.P._ 60 mesh

2. Glycerol solution, 33.3% _Y vol. (Solutions Code: SG-12_)
..

3. Sodlum chlorlde-hydrochloric acid solution, 1.6% NaC1-
2.4% HCI (Solutions Co_e: SS-4c)

4. Standard sulfate solutions i00 p_m (Solutions Code: 8S-24a)

@
-1-
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} Procedure

A Coleman Spectro_otometer model _.1 _s_d. in this determina-
tion. For details as to its use and operation see Apparatus
Code: AS-16a.

A. Standardizationof Instrument

A standard transmittancecurve is prepared from a sulfate
solution of known strength and is usel as a referencefor
unknown samples. This curve must be prepared under the same

: conditions as the samplssto be run and is good only for the
instrument for which it is determined.

I. Deliver into I00 ml. volumetric flasks, 5, I0, 15 and SD
•ml. portions of standard sulfate solutionand deliver
I0 ml. of distilledwater into a fifth flask which ser-
ves as a blank.

2. Add i0 ml. of sodium chloride-hydrochlorlcacid solu-
tion and i0 ml. of glycerol sol_tionto each flask and
mix.

3. Add about 0.25 of barium chlorideg. to the sample an_
the blank.

4. Shake until the crystals dissolve.

5. Dilute all samplesto the mark with distilledwater and
mix.

6. Transfer a portion of standards and blank successively
to one of a matched pair of 19 mm round cuvettes and
determinethe percenttransmittanceagainst distilled
water at 450 millimicronsusimg the PC-4 filter.

7. On semi-logpaper plot ppm sulfate againstthe corrected
transmittancewith the latter on the log scale.

Calcul ti0ns

i. ppm sulfate - ml. standardX I00
" volume of dilution

2. _transmittancecorrected - _transmittanceof sample x I00
" _transmittanceof blank -

e



Code: _-6a

B. Determination of S..ulf.a_t.esin Unknown,,S.am_l..e

i. Transfer duplicate 50 ml. portions of filtered sample to
iO0 ml. volumetric flasks, one portion for a blank and
the other for the development of turbidity.

2. Add i0 ml. of sodium chloride-hydrochloric acid solution
and lO ml. of glycerol solution to both samples and mix
weil.

3. Add about 0.25 g. of barium chloride to the turbidity
sample only.

4. Shake until the crystals dissolve.

5. Dilute both samples to the mark with distilled water
and mix well.

6. Transfer to 19 mm round cuvettes and determine the per-
cent transmittance against distilled w_ter _t _50 mu
using the PO-_ filter.

@ Calculations'
i. %transmittance correctel .- _tro._smittanceof smmple x 1.00

_transmittance Of blank

2. From the standard curve read the ppm of sulfate for the cor-
rected percent transmittance.

3. _. pp:o___t_ : Axcx_o-6x lo6 . Ax___c
B B

,_

or for the conditions nbove

b. ppm of sulfate = i00 A - 2A
50

where A . ppm sulfate of solutions compared(from curve)

B = Volume of original sample, ml.

C .- Volume of sample as proparod for comparison, ml.

Remarks
i

1. The barium sulfate suspension prepared in this procedure is
stable for about 2 hours.

e
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2, If the sample does not give a p_rcant transmittance bergen
50 and 97 use a smaller or larger sample as follows:

_. If the percent transmittance is less than 55 use a i0_i.
so_ple and proceed as above but multiplying the result
obtained by 5.

b. Zf the percent transmittance is more than 97 use a i00
ml, sample and evaporate to about 50 ml. Proceed as
above but multiply the result obtained by 0.5.

®
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S_fet_ Precautlons

Observe general laboratory Safety Rules.

Literature References

l
Furman, "Scott's Standard Methods of Chemical Analysis", I, _Sth
Ed., D. Van Nostraud- Co., Inc., New York 3 290 (1939).

Principle an_ Limitations• , _ _,,

An acid solution of_dichromate ion reacts with diphenylcarbozide
to form a violet color which is stable for more than two hours. In

the presence of sulfuric acid the color develops immedi,ately and the
intensity is proportional to the amount of chromium (Vl) present.
The color is measured on a spectrophotomoter at 540 mu.

Reactions

Cre_ "e _ -N-N-C-N-N --- Violet colored complex

NHOHH

Speciql Al_pO.ratus

i. 0ol_mn Model il Sp0otro_hotometer (A_Pmratus Code: AS-16a)

2. Filter PC-4 for Coleman spoctr?photometar

3. M_tchel cuve_%es; 19 _m, (A_a_%ms Code. AO-_ln)

Chemicals and solutions

i. Chromium st_ad_r_, 50 _n (Solutions Code: SO-lOb)

_. su//_r_c_=_, _ (solutionscoae: ss-_sai

3. DiphenylcarB_zide, 0.2% (Solutions Co_e: SD-lObi

-I-

UNCLASSIFIED



UNCLASSB:IED
Code: ........... ws-7

The Coleman Model II Spectrophotometer is used in this determlnatimr
See Apparatus Codel AS-16a for details on the operation and main-
romance of this instrt_4ent.

A. Preparation of the .0allbration Curv_e

A callbr,_.tloncurve relating the percent transmission to the
concentration of the chromium must be prepared for each instru.

meritused. If such a curve is not available,.prepare it as
follows before analyzing the s_mple (.RemarkI).

I. Pipet _O ml. of the chromium standard solution into a 500
c ml. volumetric flask and dilute to the mark with distilled

water. This solution is not stable for very long and must
be made fresh each time.

2. Pipet 2.5 ml, 5 ml, 7.5 mi, i0 ml, 12.5 ml, 15 zAI_17.5
ml, and 20 ml samples of the diluted standard into 50 ml.
glass stoppered graduated mixing cylinders (Remark 2). ".
The so cerrospend to O.5 ppm, 1 ppm, i,_ ppm, 2.0 ppm, 2.5
pl_m,3.0 pp-u,3.5 ppm and 2.0 ppm dichromate solutions.

3. Proceed with the color development and measurement as de-
scribed in Stops 2 to 6 under Part B below.

4. Plot tl_ percent transmittance of oath solution as ordln_e
against the amount of chromium (expressed as ppm of
sodium dichromate on semi-log graph paper. Draw a smooth
curve (Remark 3) through the v_rious points.

B. Analys softhe lq

Prepo.ro a blank wlth,'e_hh sot of saup'loshnalyze_.

i. Pipo_'a 2_ ml. s_uple ":t_to.'a50_,g_audated gldss
stoppered mixing cylinder (Remark 2).

_. Add I ml. of the sulfuric aeid to the contents of the
cylinder.

3. Ada O.5 ml. of diphenylcarbazide solution to the cylinder,
and s_irl the contents to insure thorough mixing.

2. Dilute to the mark with distilled w_ter. Mix weil.

5. Allow to stand 5 minutes but not more _an I0 minutes.

I 6. Transfer the solution into a 19 mn Oolauan cuvette.

@
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@
7. Detonuine thc percent transmission of rho sa_21e solution agains

distilled W_tor. Uso rho PC-4 filtor in tho spoctrophoto_etor,
and nako tho _asuro_ont at 5_0 nu,

Calculations

% tr_nsmittancO corroctod = _ tr_nsmitt_nco rc_d x I00

Romarks

I° Chock rho c_libration curve whenovor _ now chromium sto_nd_rd

solution is introlucod, or at least onco o_ch month.

2. Dd not clean thc gl_ss_re usod in this iotoruination with
chromic acid clowning solution. Gl_ssw_ro _cy bo satisfactor-
ily clo_nod by rinsing in conccntratod sulfuric acid.

3. This curvo should be a s%r_/_ht lino, Consult suporvision if
it Joos not follow a straight lino botwoon 100% and 30% tr_ns-
mission.

@

@
"3"
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soDr DI

Safety Precautions

Observe general laboratory Safety Rules.

Literature References

,' Memoranda, _asmussen and Stehney to Kitson, "The Effect of pH on
the Absorption of Dichromate"j March 26 and April I0, 1945.

Princigles end Limitatigns

sodium dichromate solutions possess en orange or yellow color,
depending upon the pH or acidity of the system. In any case, the
radiation absorption in the near ultra violet wave lengths (350-
_00 mu) is relatively intense, end permits "colorimetric" measure-
ment of the amount of dichromate in the system. Since the inten-
sity of the absorption depends on the wave length and the pH of

O the system, these variables must be carefully controlled.

In the present method, a Beckman spectrophotcmeter is used for
the color measurements. The pH of the system is adjusted to a
value of 7.0 with the aid of buffers. Since the amount of _i-

chromate in the sample is extremely small, a i0 cn. absorption
cell is used and dilution of the original sample avoided as much
as possible.

Since no color development is necessary, the accuracy of the
method is limited only by the accuracy of the spectrophotometric
measurements, and is of the order of about i_.

Spec±al

I. Beckman spectrophotometer (Apparatus Code: AS-16b)

2. Cells, absorption, i0 cm., Beckman (Apparatus Code: AC-21J)

Chemicals end Solutions

I. Phosphate buffer, pH 7 (Solutions Code: S_-22c)

e , mlee
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Procedure

The Beckman spectrophotometer is used in this determination. See
Apparatus Cede: AS-16b for details on the maintenance and oper-
ation of this instrument.

A. preparation of the Calibration .Curve,,,, ,_ ,= "'__'L ' __ _ II J_

A calibration curve relating the per cent transmission to
the concentration of sodium dichromate must be prepared for
each instrument used. If such a curve is not available

( (Remark l), prepare it as follows:

I. Pipet 50 ml. of the standard dichromate solution into
a 250 ml. volumetric flask.

2. Dilute the solution in the flask to the mark with dis-

tilled water, and mix thoroughly.

3. Pipet it 2_ 3, 4, 5, I0_ 15, and 20 ml. portions of this
d/luted standard into individual 50 ml. vol_metri flasks.

4. Dilute the contents of each flask to the mark with dis-

tilled water. Fill extra flazk with distilled water
an

to serve as the blank.

5. To each of the solutions prepared in Step 4 add 2 ml. of
the phosphate buffer. Mix each solution _mll, and tran-
sfer each into a clean I0 ca. absorption cell.

6. Measure the transmission of each solution against the
blank at 370 mu.

7. Plot the per cent transmission of each solution as the
ordinate against the amount of chromium (expressed as Pgm
sodium dichromate) (Remark 2) on sami-log graph paper
(Remark 3). Draw a smooth curve through the vurious
point s.

B. .Analysis of the So, le

Run duplicate determinations on each sample. Run a blank
with each sample analyzed (Remark 4).

i. Fill a 50 ml. volumetric flask to the mark with the sam-
"ple.

2. Add to the volumetric flask 2 ml. of the phosphate buffer.
k,

-2-
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J 3. Mix the solutions thoroughly. Transfer each solution
into a clean i0 cre.absorption cell.

4. Measure the tr_usmission of the sample against that of
the blan2 at 370 mu.

5. Determine the omount of chromium in the ssmple (express-
ed as pp_ sodium dlchrom_te) from the calibration curve.

Remarks
,,m _ nn _

..

I. Prepare a new calibration curve whenever a new phosphate
--" buffer is used.

2. The solutions correspond, in orderl to 0.2_ 0.41 0.6_ 0.8,
I.O, 2. O, 3.O, _u_ 4.O PI_ sodium dlchromate.

3. This curve should be a straight lino. If it is not, consult
supervision.

4. Prepare this bl_nk following the given procedure, but sub-
stituting distilled water for the scruplein Step I.

, .... . , rl, r
I
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S_fgty Precautious

Observe general laboratory Safety Rules.

Literature References
_ J , , i, _ j

Theroux, Eldridge, aud Mallmam_, "Aualysis of Water and Sewa@e",
3rl. Ed. 3 McGraw-Hill Boom Co. _ New York_ 94 a_ 163 _194S).

Princi_le_a .Li_tat_,o_

Sodium chloride iu boiler w_ter is determimed by titratlo_ of _e
neutralized sample used iu Water Methods Code: WA-2a with
stamdard silver nitrate solution in the presence of potassium
chromate indicator. The chloride is precipitated as silver
chloride. The en_ point of the titration is reached when a red

precipitate of silver chromate (Ag_CrO_.)first appears owi_ to
the recctiom of a slight excess of-sil_er mitrate with the
potassium chromate.

Reactions

_cl , Ag_O3 --- AgOl _ N_o 3

K2cro4 * 2A@WOS --- A_20rO4 • m_o3

4,- , S_ecia! Apparatus

Buret, semi-micro Io ml. (Apparatus Code: AB-21a)

Chemicals and Solutions
r L _ i, _ _ ___ ra

I. Potassium chromate, 10% (Solutions Code: SP-12a)

2. Silver nitrate, 0.5 mc. Cl'/ml. (Solutions Code: SS-9d)

Procedure

, _ i. To the sample neutralized to the methyl orange en_ point add

e - 0.5 ml. of the potassium chrom_te indicator.

UflCLASSIFIED
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2. Mix the contents of the cont_.__ner thoro_y _d titrate with
s_andar_ silver nitrate from a buret, a few drops at a time,
with constant stirringuntil the first permanent reddish .
colo_,is obta/ned (Remarki). Reoor_ the _I. of silver
nitr_teused.

C_Iculaticns

ppm sodi_r_chloride .- i0 x (ml. of silver nitrate - 0.2)

Remarks

I. This color change tonybe more readily determinedby com-
parison with n distilledwater sampleto which 0.5 ml. of
potassium chrom_te indicatorhns been adde_.

O %
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SODIUM SULFATE

(Rangeo-15o0ppm)

Safetz Precaution 8

Observe general laboratory Safety Rules.

" Literature References "
_

Theroux, F.R., Eldridge, E.F., and Mallmann, W.L. s "Analysis of
Water and Sewage", 3rd. Ed., pp. 93, 94, and lO9j McGraw - Hill
Book Co., Inc., New York, (194B).

Principle and Limitations :,n ,,.m i , •

Benzidine hydrochloride reacts with sulfates in a hydrochloric
acid solution to form a slightly soluble compound of benzidine

and sulfuric acid. This compound is filtered and washed entire-ly free of excess hydrochloric acid. The amount of sulfuric zcid
in the compound is then determined by titration with standard
sodium hydroxide.

Reactions

_2so_ _ c_.2%(_2)_._c_.- - - c12_8(zm2)2.H2so__ etrc1

cz2e6(_2)2_2so_ ,__oe --. _2so__ c_e8(_2)2._2o
•Special A_pcratus

- ,,, l j li -- l ,| _

i Buret, semi-micro i0 ml. (Apparatus Code: ABo21a)/

Chemicals and Solutions

i. Benzidine dlhydrochloride, 3_ (Solutions Code: SB-4b)

2. Hydrochloric acid, 6N (Solutions Code: SH-25a)

3. Phenolphthalein indicator, 0.5% (Solutions Code: SP-8_)

4. Sodium hydroxide, O.02N_ (Solutions Code: SS-8a)

e'
,.
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Procedure
i|_ i

l. Filter at least I00 ml. of the boiler water sample through
a filter paper.

2. Measure i00 mX. of the filtered sample into a 250 mx. Erlen-
meyer flask.

3. Add sufficient hydrochloric acid to the sample to make neut-
r_ or slightly acid to litmus paper,

(_'" 4. Add i0 ml, of 3_ benzidine dlh_Irochloride solution to the
•. contents of the flask and mix by swlrling_

5. Allow the mixture to stand for about I0 n_Inu_esor suffici-

ently long so that the precipitate settles.

6. Decent the supernatcnt liquid through a Wha%mnn No. 1 filter

paper without tnmecess_ mixing of the liquid _ud precipi-
tate. Collect the filtrate in a second 2_0 mx. Erlemneyer
flask (Remark I). Discard the filtrate t but retain the flask
for Step (8).

7. Transfer the preclplvate (benzidine sulfate) to the filter
paper by mixing with small qum_ities of distilled w_ter and
pourir_ the precipitate onto the filter paper. Rinse the
flask sev_rol times with distilled w_ters adding the rinsin_
to the precipitate cont_ned on the tilter paper. Allow each
rinse to drain through the paper before the next is added

8. Tr_usfer the filter paper contoining the benzidine sulfate to
the original fl_skl add about 50 mX. of distilled _uter, atop-
per the flask and shake tho_u_xly to disintegrate the filter

._- payer.

9. Add several drops of 0._ phonolphth_ein indicator to the
contents of the flask and titrate with the sodimn hydroxide
solutian, using a 10 ml. semi-micro buret_ to a pink end
point.

I0. Heat the s_m_le to boiling _ud continue the titration until
per_nent pink end point results.

3.l. Record the ml. of standard sodium hydroxide use_.

e
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-_ Colculatlons
! i

ppm so_lum sulf_te- 14.2 X ml. O.OZ__so_t_ hydroxide.

Remorks
,L __

1. Prior to disc_rdiu8 the filtrate cont_iued in the 250 ml.
@rlenmeyer flask, test for the presence of sodium sulfo, te by
_dding 1 ml. of benzidiue dihy_ochloriEe. If _ precipit_te
is foundp repect steps (4) th_ou_ (9) _ddin6 the pre-
cipit_te to the original filter p_por.

-/ 2. The _ushir_ removes undesir_ble hydrochloric acid.
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H. W. Laboratory Manual Reissued: December, 1948
Water Methods Status: Standard

By: W.J.M.

SODIUM SULFITE
i oJ _ - _| J_ i _ --

Cz_e._geo-3o_pm)

Safet_ Precautions

:_ l. Observe gensral laboratory Safety Rules.
../

2. Observe rules for handling acetic acid.

Literature References

Treadwell and Hall, "Analytical Chemistry', II 9rh Ed. John
Wiley and Sons, New York, 623 C1942).

.Principle end L,i_itatione,,

lodate oxidizes sulfite to sulfate in the presence of sufficient

acid. Iodide must be present to indicate the complete oxidiza-ties of the sulfite, which is evident by the production of free
iodine to form the intensely blue-colored complex in the pre.
sence of starch solution.

Reactions
, i i !

3so3"2 _ zo3 --- 3so4"2_ z"

IO3" } I" { 6H$ --- 12 _ 3H20

SpecialA_arat._

\. Buret, semi-micro I0 ml. (Apparatus Code: AB-21a)

Chemicals and Solutions

I. Potassium iodate, 0,01586N_ . (Solutions Code: SP-20_)

2. H_-ochloricacid,20_ (SolutionsCode:Sa:-290_

3. Potassium iodide _ 3%
e

P

4. Starch indicator solution, 1.0_ (Solutions Code: SS-21a)

-i°
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Procedure
IL I

I. Measure I00 ml. of the freshly collected and coole_, but un-
filtered t sample an_ transfer into a 250 ml. Erlenmeyer flask.

2. Ad_ 6 ml. of 20_ hydrochloric _aci_ _n_ 5 =i. Of 3% potassium
iodide to the flask containing the sample.

3. Add 2 ml. of strach indicator and mix the contents of the
flask by swirling.

(,"'" 4. Titrate the solution with standard potnssium iodate solution
until a faint blue color results from the llberatlon of free
iodine.

Calculatlo=
,,_ j|

ppm sodium sulfite .- i0 X ml. 0.01586N _otaselum +
iodate.

',r

e
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Sa_et7 Pr,ecautions
/

I. Observe general laboratory Safety Rules.

2. Observe rules for handling alcohol.

Literature References
_ . nn i J , ml

I. __N H , "Scott's Standar_ Methods of Chemical Analysis"
I Sth Ed., D. Van Nostraud Co., Inc., New York, 879-880 (1939)

2. McCormick, D. R., and Carlson, W. E., Chemist Amalyst, SI, 15,
(1942).

O Principle and Limitations mf :i_thod

Sodium my be precipitated from slightly acid solutions as the
complex sodium magnesium uramyl acetate. This precipitation must
be dome in the cold iu the presence of ethyl alcohol to reduce the
solubility of the precipitate. The filtered precipitate may be
dissolved in warm water aud estimated directly be means of the
yellow color of the solution. The color obeys the Beers-Lambert

law over the range I0-i00 ppm of sodium. The accuracy of this '
method, if care is exercised ta iusure complete precipitation,

Reactions
...

_a_ __(c2H3o2)2 , 3uo2(c_3o2)2_ cg3o2"---

__3o2.Mg(c_3%)2.mj-o2(c_3%)2
Special Apparatus

. i. ColomauModel IS.Spectrophetometor (Apparatus Code: AS-16a)

2. Absorption cells, 5 ce. Amiuco (Apparatus Code: AC-21d) '

O 3. i_-4 filter for spectrophotommter

\ 4. Filtration tube (Apparatus Code: AT-20c)
•

., ml _
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Chemicals and Solutions
, , , ,,, , J ,_ ,j _ ,,

I. Staudar_ sodium solution, i000 ppm (Solutions Code: SS-_2a)

2. Ethanol, C.P.

c 5o ,

3. Magnesium uranyl acetate (Solutions Code: SM-lh)

_.. Sodium magnesium, ur.e_l _cetate, (Solutions Code: SS-29a)
saturated

Procedure
. , ± |

The Coleman Model LI Spectrophotometer is used in this determin-
ation. See Apparatus Code: AS-16a for details on the operation
and maintenance of this Instrument.

A. Preparation of the Calibration Curve

A calibration curve relating the per cent transmission to
the concentration of sodium must be prepared for each
instrument. If such a curve is not available (Remark I),
prepare it am follows before analyzing the sample.

I. DeLiver into a 6 inch test tube i ml. of the standard
sodium solution.

2. Proceed with the color develol_nent as described in Steps
" 2 to l0 under B-_malysls of the sample.

3. Transfer into separste I0 ml. volumetric flasF_, 0.i,
0.5, I, 2.5, and 5 ml. of the solution and dilute to
the mark with distilled water.

4. Mix the flasks thoroughly and transfer the solution
to clean, dry 5 cre.Aminco absorption cells, Insert the
PC-h filter into the spectrophotometer, set the wave-
length at 4fi5mu, and measure the transmission of the
solutions.

_. Plot, on single cycle semi-log papter, the per cent
transmission of each solution as the ordincte ogainst
the sodium in each solution.

B. Aualysls of the Scraple

@ In the analysis of a single smmple, run duplicate _etermin-
..... ations. Run at least one blank on the reagents (Remark 2).

em2_
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i. Pipet I ml. of the sample into a 6 inch test tube.

2. Add i ml. of 95% ethanol to the test tube.

3. Cool the contents of the test tube to 0°C by placing the
test tube _uto a beaker containing ice-salt. Assemble
the cooling medium au a ring stand, c_p the test tube
firmly into position iu the beaker, and insert the
agitator of a mechanical stirrer into the test tube.
Clamp the stirrer into position.

4. Start the mechanical agitator and add I0 ml. of the
magnesium uranyl acetate reagents. Continue the
stirring, allowing the precipitation to proceed for
45 minutes.

5. Discontinue the stirring and remove the agitator from
the test tube, first bei=g sure to wash off all part-
icles of precipitate with the alcohol wash solution.

6. Transfer the test tube to a centrifuge and centrifuge
for 5 minutes at 2000 to 2_00 r.p.m. Decant off as much
of the su_ernatatmmt liquid as possible.

7. Tr_usfer the precipitate contained in the test tube to
a 3 ml. "F" frittod-glass furmel by moans of the
saturated sodium m_gnesium uranyl acetate wash solution
cad filter with suction. De not allow the solutio_ to

w_rm u_ d'_riugthe filtration.

8. Wash the precipitate with several portions of the

saturated sodium magnesium uranyl acetate wash solution
anl then allow the precipitate to suck dry. Discard the
filtrate.

9. Insert the 3 ml. fritted-glass filtering funnel into the
filtration tube (AT-20c) and insert the assembly into a
clean, dry I0 ml. volumetric flask. Add several sm_ll
portions of hot distilled water to the _recipitato
contained on the filter and collect the dissolved
preipitate iu the 10 ml. volumetric flask.

iO. _._onthe procipitate has boon completely dissolved off
the filter, remove the filtarlmg funnel from the fl_sk,
dilute the contents of the flask to the mark and mix

thoroughly.

ll. Trausfer the solution to a clean, dry 5 cn. Amlmcoabsorptiou cell. Insert the PC-4 filter into the spec-
trophotometer, set the w_velength at 425 mu, aud measure
the transmission of the solution.

"3-

UNCLASSJFIFn



" UNCLASSIFIED
Coa_" .......Ws-u_,

J

12. Determine the ppm of sodium in the sample by comparison
with the standard transmittance curve.

Remarks
,,i. .

I. Prepare a new c_libration curve whenever new magnesium uranyl
acetate _ sodium standard solutions are introduced. A new

calibration curve should be prepared at frequent intervals,
frequency to be determined by the results obtained vith au
old curve.

2. Prepare this blank by following the given procedure, omitting
the sample addition and filtration.

@
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H. W. Laboratory Msnual Reissued: December, 1948
Water Methods Status: Standard

By: W.J.M.

DETEP_INATION OF TURBIDITY

(Range 2 - 500 _)

Safety Precautions

Observe general laboratory Safety Rules.

principle and Limitations of the Methoa

The particles which make up the turbidity of water absorb ez_i
scatter light. The amount of light transmitted by such a turbid
solution is proportional to the turbidity.

This method is entirely empirical, lt is believed to give results
which are correct to about 1 ppm and is reproducible to i ppm.
Although it is known that particle sizs has a very pronounced
effect on the absorption and scattering of light, it is belie_._d
that the photoelectric method is as good as any other method of
observation.

Special Apparatus

I. Spectrophotometer, Coleman Model ii (Apparatus Code: AS-16a)

2. Absorption cells, 50 mm., Coleman (Apparatus Code: AC-21b)

Chemicals and Solutions

Standard turbidity solution, 100 ppm (Solutions Code: ST-23a)

Procedure

The Coleman Spectrophotometer Model li is used iu this deter-

ruination. For details about its use and operation see (Apparatus
Code: AS-16a).

A. St_udardization of Instrument

l, Deliver into 25 ml. volt_netric flasks 5, i0, 15, 20, aud
25 ml. samples of staudard silica solution.

O 2. Dilute to the mark with distilled water and mix weil.

-I-
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3. Transfer to marched 50 mm absorption cells and determine
thQ tr_nsmltt_uce of each sample at 520 mu using the
PC-__filter.

- °o p °. _

4. On semi-log co-ordinate papor plot p_m against percent
transmittance as read on the spectrophotometer.

Calculat ions

ppm : ml. std. x 100 -.4 x ml. standard, ,, ___ , , ,

25

B. Determ_unation of Turbidit_ in Unknowa Sample

I. Shake and mix the sample well.

2. Determine its percent transmittance at 520 mu using 50
mm absorption cell_ and the PC-4 _ilter.

Calculations

Read the turbidity in plmndirectly from the sts_lard curve o

@



Code: WT-lb

H. W. Laborator_/Ms.uual Reissued: December, 19h8
Water Methods Status : Stantard

By: W.J.M.

DETERMINATIONOFARTIFICIALTURBIDITY
o-16o"p =)

Safety Precaution

Observe ganeral laboratory Safety Rules.

principles and Limitations of Method

The particles which are added to water to give aritifical
turbidity absorb and scatter light. The amount of light trans-'
mitted by such a solution is proportional to its turbidity.

The method gives results reproducible to about i ppm providLng
the solution is well mixed in the absorption cell. A settling
time of one minute without agitation causes an error of 5 to l0
ppm.

Dichromate up to 15 ppm does not interfere.

Special A_aratus

1. Spectrophotometer, Coleman Model li (Apparatus Code: AS-16a_

2. Matched cuvettes, _0 mm (Apparatus Code: AC-21a)

Chemicals and Solutions

Artificial turbidity material simiar to that in sample.

Procedure

A Coleman Universal Spectrophotometer is used in this determination:
For details regarding its use and operation see Apparatus Code
AS -16a.

A. Standardization of Instrument

A standard transmittance curve is prepared from a solution
containing a knowa amount of the material used to produce
the turbidity. This curve is good only on the instrument
on which it is determined and under the conditions of
standardization, lt should also be checked for each
separate material.

-i-
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@
i. Dry a sample of the material in am oven at 150°C.

2. Weigh out a portions of 0.i000 g. of the material.
Transfer into a I liter volumetric flask, and dilute to
the mark with distilled water, mix weil.

3. Deliver into I00 ml. volumetric flasks 10, 20, 30, 50,
75, and 100 ml. portions of the suspension being sure
that it is kept well mixed.

4. Dilute to the mark with distilled water and mix weil.

5. Transfer each sample into a 50 ml. absorption cell and
- compare immediately against distilled water in the

•". spectrophotometer at 600 mu. (Remark I)

6. On semi-log paper plot turbidity as micrograms per ml. of
solutions against percent transmittance with the lat_r
on the log scale.

Calculations

Calculate the turbidity in ppm of solution compared for

sample.

ppm - ml. standard x I00
volume of dilution

\

B Determination of Turbidit _ in Unknown Sample

I. Shake the sample thoroughly and transfer into a _0 mm.
absorption cell and compare immediately against distilled
water at 600 mu. (Remark I)

2. Read the percent transmittance on the spectrophotometer.

3. From the curve read the turbidity in ppm corresponding
•' to the observed percent transmittance.

Remarks

1. The sample must be kept thoroughly agitated at all times to
prevent errors due to settling.
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100 _ LABORATORYS0LIt2IOI_ SECTION

TABLE OF CO_S
_ __L,

CODE TITLE PAGES

SA-6a Aqua Regia 2

SA-IOa Ammonium Molybdate: 5% 1
SA-IOc Ammonium Molybdate, 1% 1
SA-12a Ammonium Hydroxides 2
SA-I_b Ammonium Chloride, 0.38% 2
SA-14c Ammonium Chloride, 0.01 rag.N or 0.01288 rag. i

• imi+l.
SA-15b Ammonium Nitrate, 4M in 5M Nitric Acid I
SA-15c Ammonium Nitrate, 5M in 6.2_M Nitric Acid I
SA-16a Ammonium Oxalate, _ i
SA-16b Ammonium Oxalate, Saturated I

SB-ib Barium Chloride, 0.025N_ 2
SB-4b Benzidine Dihydrochloride, 3% 1
SB-Sa Benzidine, 2% i
SB-7c Bismuth Nitrate, i0 rag.Bi/ml. i
SB-18a Bromine Water, Saturated 2
SB-22b Buffer, Phosphate, 7._ pH i
SB-22c Buffer, P_sphate, 7 pH i
SB-22d Buffer, Phosphate_ Diluted, 7.00 pH 1
SB-22f Buffer, Phosphate, 7.5 PH i
SB-22g Buffer, Phosphate, Concentrated 2

SO-la Calcium Chloride, Standard, 1 rag.CaCO3/ml. 1
SC-2a Cadmium Chloride, Ammoniac al , _ 2
SC-3a Calcium Sulfate, Saturated .I
SC-Sb Cesium Chlo_ae_ I0 rag.Cs/ml. I
SO-Tc Cerium Ammonium Nitrate, Standardized_ i0 rag. _3

Ce/ml.
sO-ga Citric Acid_ i0_ -.'i
SC-IOa Chromium Standard, 0.I00 g. Cr/l. I

SC-IOb Chromium Standard, 50 rag.Na Ct20 .2H 0/I. _2
SC-15a Platinum-Cobalt Color Stanjd, C71or 2- 500 -2
SC-16b Standard Copper Solution, i00 micrograms Culml. I
SC-19a Cleaning Solution_ Chromic Acid I
SC-23a Cupfarron_ _% "i
SD-9a Dimethylglyoxime, I_ I
SF-Sa Ferrou_ Ammonium Sulfate, O.01N -3
SF-12a Fluori_e Standard, 1.000 rag.FT=i. i
SG_12a Glycerol Solution_ 33.3% by volume

,, SG-23a Gum Arabic, 5% "i

e sH-25a Hydrochloric Acids 5 ...
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CODE TITLE PAGES

SH-26a Hydrogen Peroxide, 5 x i0"_ 2
SH-26c Hydrogen Peroxide, 7.5% Sup_roxol I
SH-26d Hydrogen Peroxide, 3% i
SH-28a 8-Hydroxyquinoline, 2% Alcoholic I
SI-14e Iodine, 0.2N 2
Sl-15a Iodine Monochloride 2
SI-18c Ferric Nitrate, I0 rag.Fe/ml. i
SM-ib Magmesium Ur_l Acetate ' 2
SM-2a Manganous Chloride, approximately 2_ i
SM-3a Manganous Sulf_te_ 0.050 rag.Mu/ml. 2
SM-_a Magnesium Stamdar_, I00 micrograms Mg/ml. I
SM-Sa Methyl 0range, 0.1% i
SM-6a Methyl Red, Alcoholic, 0.1% - I:

SM-6b Methyl Red_ O.i_ half neutralized i
SM-10b Mercuric Chloride, 0.35% I
SM-10c Mercuric Chlori_e, Saturated I
SM-I_b Molyb_te Reagent 1
SN-Sa Nessler' s Solution 2
SN-8_ Nickel StonerS, I0 micrograms Ni/ml. 1
SN-ga Nitric Acids 2

@ SN-lOb Nitrate Staudard,_0.01 rag.N/ml. 1
S0-24a Oxalic Aci_I O.IN I
S0-24b Oxalic Acid, I0_ - 1
SP-3a Phenoliisulfonic Aci_ •2

SP-4a Potassium Hydroxide, Alcoholic, 0.__ 2
SP-5_ Phenol Red, Alcoholic t 0.1% I
so-Sa Phenolphthalein Indicator, 1.0_p 1
SP-Sh Phenolphthalein Indicator, 0.5_ 1
sP-ge Phosphate Standard_ 250 ppm N_POH I
SP-12a Potassium Chromate, 10% _ _ i
SP-13c Potassium Chloride, 4% in 0.5% Hydrochloric Acid 1
SP-14a Potassium Bi-lodate, 0.029N •1
SP-15a Potassium Iodide, 10% and _% 2
SP-I_b Potassium Iodide, Alknline, abozZ_I_ i
SP-15c Potassium Iodide, Buffered, about 6.5% i
SI_-I6n Potassium Permamganate, O.IN -2
SP-20b . Potassium lodate, 0.01586N - -I
SP-_0c Potassium Io_ate, Primary-Standard _l
SP-22a Potassium Sodium Tc_trate, 5% i
SP-23a Potassium Permanganate, Alkmline I
SP-25a Potnssium Pyro@mll_te, AI]ro.line '2
SR-23b Ruthenium Chloride, I0 rag.Ru/nl. -I

SS-Ia Soap Solution, 1 rag.CaC03/ml. _2
SS-Ib So_p Solution, I_ i

, SS-3a Sodium Carbonate, 10% 1

ss-4b co=i o,0.oog.cl/=z, zSS-4c Sodium Chloride-Hydrochloric Acid, 1.6% Boilum _I-_
Chloride3 2.4_ H_chloric Acid
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CODE TITLE PAGES

SS-4e Sodium Chloride St_ndn_, 5 nicks 1
NcCl/ul.

SS-6_ So_iun Dicthyl_ithioc_rb_te, 0.1% 1
SS.-7a Sodlun Sulfate, 0.2M 1
S_-8_ Sodium H_xicle s 6
ss-Sa sod/unH_U_oz_de,50_ I
SS-9a Silver Nitrate, 0.1N 1
ss-gd Silver Nit,to, 0.5 _g. Cl/nl. 2
SS-IO_ Sillc_ Stananrd, 0.i rag.SiO_/nlo 2
SS-IQd Sili_= Solution, apl_:roxinnto'_y 60 ppn 1
SS-16a Sod/un Para Perio_nte, O.I_ Perlo_Ite in 1

11% Sulfuric Acid
SS-18_ Sodium Thiosulfate, 0.1N 3
SS-18b Sod/un _hlosulfato, O.O_N 1
SS-20a Sod/unStan_, ".rag._/ml. 1
SS-21h S_c_ Sol, ion, i_, not stabilized 1
SS-23a Sulfuric Acids 5
SS-23k Sulfuric Acid, Silica Yroe, _ 1

SS-2_ Sulfate,Standard,100=icro_=s S0_ml. i
SS-27a Sulfanilic t_Id, 0.33N_ I

8S-27b Sulfanilic i_id s
SS-29a Soc'LI.unMnsnosiuu Uromyl Acetate, Saturated 2

In 9_ Em_mol
ST-_b Tolluriun Soluticu, i0 _. To/ni.. 2
ST-8_ Thloglycollc Acid, neutrulized_ I_ 1
ST-ga Titan Yellow Indicator, 0.05% 1
ST-15a Orthc_oli_Ine, 0.i_ 1
ST-23a TurBidity St_ndn_, I00 ppn 1
SW-In Redlstille_ Water 1

S_-15 Rod/stilled Water, Silica Free 1
SW-lc Rodistillc_ Water, Ammonia Free 1
SZ-Ta Zirconiun-Aliz_ Indicator S

" sz-ge Zixconiun Nitrate, 50 rag.Zr/hl. in 3__ 1
Nitric Aci_

!

e
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Code.' SA-6a

H.W. Laboratory Manual Reissued: August, 1948
Laboratory Solutions Status: Standnr_

By: D.W.T.-L.F.W.

AqUA_Q_
(iVol.coz= m_0 )
(Svol.cone__i3)

S_/gty Precautions

i. Observe general laboratory Safety Rules.

2. Observe the rules for handling corrosive chemicals,
particularly those pertaining to concentrated nitric
and hydrochloric acids.

3. Aqua regia is _ corrosive, volatile liquid with a
suffocating odor. lt attacks _ metals includiz_
gold and platinum.

Literature References
,, m, J , I I •

Wclcher, Frank, "Chemical Solutions", D. Van Nostrand Co., Xnc.,
_ew_ork,2_(19_S).

,guantit7 llndConta__er

iO0 ml. in a 125 ml. glass-stoppered Pyrex bottle.

Bo_ents m:d,S_?cific=tion s

For Preparation Per Liter Tot_l

i. Nydrochlcric acid, C.P. 750 ml. 75 ml.
HCl,36_

2. Nitric cci_, C.P. 250 ml. 25 ml.

HNO3, 70%

Preparation

i. Measure 25 ml. concentrated nitric acid and 75 ml. of
concentrato_ hydrochloric _cid and add together into a
250 ml. beaker.

2. Transfer the acid into a 125 ml. glass-stoppered Pyrex
, bottlc "_adstore in a -dark, cool place (Remark i).

e
-1-



Code. SA-6a

i : - i i , ii | . J i i

_ o..z_.,.rks_

i. When the aqua regia is to be stored for sometine_ o_d
25 ml. of distilled water to the _cid mi._ure. The

c_i_ion of water reduces the quantity of chlorine and
other objectionable gases which _o evolved.

UNCLAS|FIED
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H. _I.Laboratory _mual Reissued: August, 1948
Laboratory Solutions Status: Standard

By: D.W.T.-L.F.W.

AM_,DNIUM MOLYBDATE

Safety Precautions

Observe general laboratory Safety Rules.

Quamtity and Container

500 ml. in a 900 ml. glass-stoppered _jrex bottle.

Reagents and Specificatior_s

For Preparation Per Liter Total

Ammonium Molybdate, C.P. 50 g. 25 g.

Prep arat ion

I. Transfer the 25 g. of ammonium molybdate into a 500 ml.
volumetric flask.

2. Add approximately 400 ml. of distilled water and dissolve
the salt.

3. Dilute to volume with distilled water.

°,

4. Transfer the solution into a 500 ml. glass-stoppered
Pyrex bottle for storage.
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H. W. Laboratory Manual Reissued: August, 1948
Laboratory Solutions Status: Standard

By: D.W.T.-L.F.W.

AMMONIb_!MOLYBDATE

Cl )

S_fety Prec_utior_

Observe general labor_tory Safety _ules.

Quantity and Container

_o ml. in a 60 ml. medicine dropping bottle.

Reagents and .S_ecif.ications

For Preparation Per Liter Total

Ammonium molybdate, C.P. i0 g. O._ g,

preparation

I. Trausfer 0._ g. of ammonium mol_ba_te into a 50 ml,
volumetric flask. ..

2. Add approximately _0 ml. of distlllod water and dissolve
the salt. .,

• .

3. Dilute to volume w_th distille_ wuter.
: .

4. Transfer the solution into o, 60 ml. medicine dropping bottle.

e
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H. W. Laboratory Manual Reissued: August, 19_8
Laboratory Solutions Status: Standard

By: D .W.T.-L.F.W.

A_DNIUM HYDROXIDE SOLUTIONS
I.... J . , lm l _&ll ' - -- ' _L , ']' '

Safety Precautions

i. Observe gener_l laboratory Safety Rules.

2. Observe the rules for handling corrosive chemicals,
particularly those pertaining to concentrated ammonium
hydroxide.

Reagents

For Preparation

Ammonium hydroxide, C.P.

 4oH,

Preparer!on

I. C-_Iculatethe volume of concentrated ammonium hydroxide
required to make the desired concentration cs follows:

a. For normality or molarity.

ml. of concentrated NH40H -"67.7 (A x B)

where A = desired normality or molarity.
B : _esired total volume in liters.

Example: A : 6N or 6M andB : 0.9

thus 67.7(6 x 0.5) : 203 ml. of concentrated

b. For percentage of NH3.

ml, of concentrated N_0H = (-_)B

where A : desired percentage of NE_
B : desired total volume in _LI.

Example: A : 10% and B --250.

_ thus (2-_)25010 -"90 ml. of concentrated
-I-
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\ c. For Parts.

ml. of concentrated _OH. A (_-)

where A -"desired total volume in ml.

a . desired parts of hydroxide.

b = desired parts of hydroxide plus desired
parts of wuter.

E::_mple: For 1:2 where A = i000, then a t i and b --3.

thus I000(_) = 333 ml. of concentrated

2. Using a graduated cylinder, slowly add the required amount
of concentrated arsonium hydroxide into a volumetric flask
of the proper size which contains at least 50_i_of the
total volume of distilled water. This work must be done
in a well-ventilated hood.

3. _lixwell cmd dilute to volume with distilled water.

4. After the solution is thoroughly mixed, transfer it into
a dry, glass-stoppered Pyrex bottle of the proper size.



Code: SA- 14b

i@ _[._W. Laboratory Manual Reissued: August, 1948
. Laboratory Solutions Status : St_.ndard

o . By: D.W.T.-L.F.W.
I

m\_4ONIUM CHLORIDE

' (o.38 ).......

Safety Precautions

Observe general laboratory Safety Rules..
..

..,) Lit erature References

"Standard Methods of the Examination of Water and Sewage",
Eighth Edition, American Public Health Association, New York,
42 (Z936).

Quantity and Container

i000 ml. in a i liter glass-stoppered Pyrex bottle.

Reagents and Specifications

F_orPreparation Per Liter Total
,,

I. Ammonium chloride, C.p. 3.818 g. 3.818 g.
NH4CI, C.P.

2. Distilled water, ammonia-free
(Solutions Code: SW-lc)

Preparation

1. Obtain the tare weight of a 100 ml. beaker.

2. With the tared beaker on the b_-lancepan, add ammonium
chloride until a total of 3.818 g. have been tr-_usferred
into the be_.ker.

3. Add approximately 60 ml. of ammonia-free distilled water
and dissolve the salt.

4. Transfer the solution quantitatively to a 1 liter
volumetric flask. Rinse the beaker at least three times

with ammonia-free distilled %_ter, adding the rlnsings to
the flask without loss.

J

@
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5. Dilute to volume with ammonia-free distilled waterl and
mix well.

6. Tr_nsfer the solution into a 1 liter glass-stoppered
Pyrex bottle for storage.

@

!
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H. W. Laboratory Manual Reissued: August, 1948
Laboratory Solutions Status: Standard

' By: D.W.T-L.F.W.

AMMONIUM CHLORIDE
•., .. - , ,__

(i ml. -- .01 rag.of nitrogen)

(iml.: .o1288rag.of_4 )

_Safet7"Prec autions

Observe general laboratory Safety Rules.

Literature References
_,,

"Standard Methods for the Examination of Water and Sewage",
ESghth Edition, American Public Health Association, New
York, 42 (1936).

Quantity and Container

1000 ml. in a 1 liter glass-stoppered Pyrex bottle.

Reagents and Specifications

For Preparation Per Liter Total
• j J

, I. Ammonium chloride, 0.38% i0 ml. i0 ml.
(Solutions Code: SA-14b)

2. Distilled water, ammonia-free
(Solutions Code: SW-lc)

Preparation

i. Using a pipet, deliver i0 ml. of 0.38% ammonium chloride
into a I liter volumetric flask.

2. Dilute to volume with ammonia-free distilled water, and
mix well.

3. Transfer the solution into a I liter glass-stoppered Pyrex
bottle for storage.

Remarks

i. This solution should not be used after 2 weeks and should
be kept away from light.

@
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H. W. Laboratory Manual Reissued: August, 19_8

' Laboratory Solutions Status: Standard
By: D._'.T.-L.F.W.

AMMO_I NI_

_(_M_n5__m_o3)

Safety Precautions

1. Observe general laboratory Safety Rtules.

/

2. Observe rules for handling corrosive chemicals, particularly

those pez_aining to strong acids.

Quantity and Container

100 ml. in a 125 ml. glass-stoppered Pyrex bottle.

Reagents and Specifications

Per Liter TotalFor Preparation

i. Ammonium nitrate, C.P. 320 g. g.32

_N03, C.P.

2. Nitric acid, C.P. 375 ml. 37.5 ml.

_o 3, 7o_

Preparation

1. Place about 50 ml. distilled water in a 250 ml. beaker.

2. Dissolve 37.5 ml. concentrated nitric acid in the water,

mixing thoroughly.
)

3. Dissolve 32 g. ammonium nitrate in the nitric acid solution,
heating if necessary.

4. Transfer the solution into a I00 ml. volumetric flask, and
dilute to volume _rithdistilled _ter.

5. Transfer the solution into a 125 ml. glass-stoppered Pyrex
bottle for storage (Remark 1).

Remark

e _ I. If the solution crystallizes on cooling, store in an oven' at 50 to 6000.

-l"



@ Code: SA-15c
H. W. Laboratory Manual Issued: August, 1948
Laboratory Solutions Status: Standard

By: D.W.T. -L.F.W.

AMMOI_IT_ I_'1_

6.25 3)

Safety Precautions

-- 1. Observe general laboratory Safety Rules.
r

" 2. Observe the rules pertaining to the handling of
concentrated nitric acid.

Quantit7 and Container

100 ml. in a 12_ ml. glass-stoppered Pyrex bottle.

.Reagents and Specifications

For Preparation Rer Liter Total

I. An_monit_nnitrate_ C.P. 400 g. 40 g.

S,c.P.
2. Nitric acid, C.P. conc. 390 ml. 39 ml.

HN03, C.P. cone.

Preparation

1. Dissolve 39 ml. of concentrated nitric acid in approximately
40 ml. of distilled water contained in a 2_0 ml. beaker.
Mix weil.

2 Weigh out 40 g. Of ammonit_nnitrate, and dissolve in the
nitric acid solution, heating if necessary.

3. Transfer the solution into a 100 ml. vol_metric flask, and
dilute to volume with distilled water.

_. Transfer the solution into a 100 ml. glass-stoppered Pyrex
bottle for storage (Remark l).

Remarks

1. In case the solution crystallizes out on cooling, store in

am oven at _0 to 60°0.

UNCLASSIFIED
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H.W. Laboratory Manual Reissued: August, 1948
Laboratory Solutions Status: Standard

By: D.W.T.-L.F.W.

AMMONIUMOXALATE

.....

Safety Precautions

Observe general laboratory Safety Rules.

Literature References
|

1. Gr_fln, R. C., "Technical Methods of Analysis", McGraw-
Hill, 2 (1927).

2. Hodgman, C. D., "Handbook of Chemistry and Physics" 27th.
Edition, Chemical Rubber Publishing Co., 1268 (1943).

Quantity and Container

500 ml. in a 500 ml. glass-stoppered Pyrex bottle.

Reagents and Specifications

For Preparation Per Liter Total

Ammonium oxalate, C.P. 40 g. 20 g.

°, c.P.

Preparatio n

I. Transfer the 20 g. of ammonium oxalate into a 500 ml.
volumetric fl_sk.

2. Add about 400 ml. of distilled water and dissolve the salt.

3. Dilute to volume with distilled water, and mix weil.

4. Transfer the solution into a 500 ml. glass-stoppered
Pyrex bottle for storage.



Code- SA-16b
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H W. Laboratory Manual Reissued: August, 1948
Laboratory Solutions Status: Standard

By: D.W.T. -L,F.W.

AMMONIUMOXAIATE

"" - (Satiated)

Safety Precautions-- _ _ , m

Observe general laboratory Safety Rules.

Quantitz and Container

500 ml. in a 500 ml. glass-stoppered Pyrex bottle.

Reagent s and _2.ecifications

For Prepazation Per Liter Total

Ammonium oxalate, C .P. 50 g. 25 g.

( 4)2e2o. o,c.P.

Preparation

i. Transfer the 25 g. of ammonium oxalate into a 500 ml.
volumetric flask.

2. Add about 400 ml. of distilled water and dissolve the salt.

3. Dilute to volume with distilled water, and mix weil.

4. Transfer the solution into a 500 ml. glass-stoppered Pyrex
bottle for storage.

@
-I-
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: H.W. Laboratory _knmual Reissued: August, 1948
Laboratory Solutions Status: Standard

By: D.W.T.-L.F.W.

BAP_ CHLORIDE

(O.025_e)

S_fet7 Precauti0ma

Observe general laboratory Sofety Rules.

Literature References
, , ,, |,,,

A. P. H. A. "St_udard Methods for the ExaCtion of Water and

storage",lo8 (z936).

Q_uantity,,andContaine r

1000 ml. in a i liter glass-stoppered Pyrex bottle.

Reagents and Specifications

For Preparation Per L iter Total

Barium chloride, C.P. 3.1 g. 3.1 g.

BaClo, C.P.

For St_ndardiz_.tion

" Sulfuric acid, _% (SoltrtionsCode: SS-23a)

Preparatio n

1. Di_soAve 3.1 g. of barium chloride in a small amount of
water contained in a i liter volumetric flask.

2. Dilute to _rk with distilled water, and mix well.

3. Trmmsfer the solution into a I liter gl_ss-stoppered Pyrex
bottle for storage.

Staudardlzation

I. Pipet a 50 ml. sample of barium chloride solution into a
250 ml. beaker.

2. Heat to boiling and add an excess of 5% sulfuric acid.

°l-



Code: SB-ib
..... _ , L H

' 3. Cover with a w_tch glass and digest on _ stc_-mbath
until the precipitate has completely settled.

_. Filter by decantation, through cn igr_itodGooch crucible,
(Apparatus Code: AC-18a).

5. Wash the precipitate, by decantation, with three I0 ml.
portions of hot acidified water and three portions of
hot water.

6. Dry, ignite at about 900oc to constant weight.

7. CoS.culatethe nor_//ty of the barium chloride as follows:

wt. BcS04 x i000
_N of B_Ci2 : • _0 xli6.?i

8. Adjust the normality of the solution as follows:

Total volume required -" Actual volume x act_l m.ormalit_
desired normality

9. Dilute the solution to the required volume as calculated
above. This dilution must be made accurately as the
solution should be 0.0o N

e
" m2e,
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By: ,D.W.T.-L.F.W.

BENZIDINE DIEYDROCBTJDRIDE

"" ' '...." ..........

Safet7 Precautions

i. Observe general laboratory Safety Rules,

2. Observe the safety rules pertaining to the handling of
strong acids.

Quo_tity and Container

I000 ml. in a I liter brown Pyrex bottle.

Reagents _ S2ecificatigns

For Preyar_io_n Per _Liter__,___ Total

i. Benzidine dlhydrochlorido, 30 g. 30 g.

2. Hyd_'ochloric acid 50 ml. 50 ml.
 Cl,

preparation

1. Weigh S0 g. of benzidine dihydrochloride into a i00 ml.
b_akor.

2. Add 50 n_i.of concentrated hydroc._loric acid to the contents
._) of the beaker and mix to c paste.

3. Rinse thu p_ste into a I liter volumetric flask with
distillsd-_utsr. Rinse the beaker thorougl_lywith distilled
_ater 3 adding the rinsings to the volumetric flask.

_. Di?.ute the flask to volume -_ith distilled w_ter and mix

thoroughly.

5. Filter the solution through a _atmau No. 5 filter paper
inmo a brown l_jrexbottle for storage.

e
-1-
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H.W. Labor_tory Manual Reissued: August, 1948
Labor_tory Solutions Status: Standard

By: D.W.T.-L.F.W.

BE_N_IDINE

Safety Precautions

Observe general laboratory S-_fetyRules.

Literature References

A. P. H. A. "Standard Methods for the Examination of Water

and Se_ge", 106, (1936).

Quantity and Container

500 ml. in 500 ml. glass-stoppered Pyrex bottle.

Reagents and S_ecific_tions

For Prep.c.r_tig_ Per Liter Total

I. Benzidine hydrochloride, C.P. 22.4 g. 11.2 g.

CI2HI2N2.2H_I

2. Hydrochloric acid, 10% HCl i00 ml. 50 ml.
(Solutions Code: SH-25a)

preparation •

I. Dissolve the weighed portion of reo_ent in 450 ml. of
distilled water.

l

2. Add 50 ml. of 10% hydrochloric acid.

3. Shrikeand mix well and stare in a 500 ml. glass-stoppered
Pyrex bottle.

%

I

e
-1-
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H.W. Laboratory Manual Reissued: August, 1948
Laboratory Solutions Status: Standard

By: D.W.T.-L.F.W.

BISMUTH NITRATE

(lo

SafetyPreca_ions

i. Observe general laboratory Safety Rules.

2. Observe rules pertaining to the handling of concentrated
acids.

Literzture References

Coryell, C.D.I Hume, D.N., Ballou, N.E. and Glendenin, L.,
Clinton Secret Report, CL-CDC-4 or 5211 (March i_, 1944).

_Qua,titZ an_Cont_alne,r

i000 ml. iu a i liter glass-stoppered Pyrex bottle.

Reagents analSpecificat_ons

For preparation Per Liter Total

" i. Bismuth nitrate, C.P. 23.2 g. 23.2 g.

B (No3)3.  2o,c.P.
2. Nitric acid 63.0 ml. 63.0 ml.

Imo3, 70%

Preparat ion

) I. Transfer the bismuth nitrate into a i liter volumetric flask.

2. Add approximately 750 ml. of distilled water containing
63.0 ml. of concentrated nitric acid, and dissolve the salt.

3. Dilute to vol_me with _istilled w_ter.

4. Trausfer the solution into a 1 liter glass-stoppered Pyrex
bottle for storage.

\

e
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I@ H.W. Laboratory Manual Reissued: August, 1948

A

L_boratory Solutions Status: Start_dard
By: D.W,T.-L,F.W.

BROI._NEWATER

(Saturated)

Safet7 PrecautionsL JJ__ | ii j _ -

i. Observe genoro.llaboratory Safety Rulos.

2. Bromine is c very corrosive liquid and gre_t care should
be excercised in handling it.

3. As many operations as possible should be carried out in
the hood with the window lowered,

_. If bromine is received in the laboratory in am ampoule it is
opened as follows:

a. Cool the ampoule of bromine to about I0°C6

b. Score the neck of the ampoule s about one inch from thetopj with a triangular file.

c. Cover the ampoule with a cloth and break it at the file
mark by placing the thumbs together on the opposit_
side from the file mark and exerting a slight down-
ward pressure.

d. Drain the ampoule into a pint glass-stoppero_ bottle,

Quantity .mnd Containe r

500 ml. in a 500 ml. glass-stoppered Pyrex bottle.

Reagents and_Specifications

For Prewaration Per Liter Total

Bromine_ C.P. I0 ml. 5 ml.

Br2, C.P.

_Preparatio _

i. Pipet _ ml. of bromine into _00 ml. of cold _istilled w_ter
contained In a 500 ml. glass-stoppered Pyrex bottle. Hold

O -i-
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the tip of the pipet beneath the liquid surface of the
water during delivery.

Remarks

I. A slight excess of llqui_ bromine must be visible in the
bottom of the bottle im order that complete saturation
may be assured.
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H. W. Laboratory Manual Reissued: August, 1948
Laboratory Solutions Status: Standard

By: D.W ,T.-L.F.W.

, PHOSPHATE BUFFER

' (pH " 7.4)--

Safety Precautions

Observe general laboratory Safety Rules.

Literature References

American Public Health Association "Stando_rdMethods for the

Examination of Water and Sewage", A.P.H.A., New York, 8th.
Ed. 42 (1936).

Qu_mtlty and Container

i000 ml. in a 1 liter glass-stoppered Pyrex bottle.

Reagent s andSpeciflcatlons

For Preparation Per Liter Tot_____

1. Potassium monobasic phosphate 14.300 g. 14.300 g.

KHeP0_, C.P.

2. Potassium dlobasic phosphate 90.150"g, 90.150 g.

K2HP04, C.P.

3. Redistilled water
(Solutions Code: SW-la).

Preparation

i. Transfer 14.300 g. of potassium dibasic phosphate cad 90.150 g.
of potassium monobasic phosphate into c i liter volumetric flask.

2. Add approximately 900 ml. of redistilled water and dissolve
the salt.

3- Dilute to vol_me with redistilled water_ and mix well.

4. Transfer the solutiou into a I liter glass-stoppered Pyrex
bottle for storage.

5. Check the pH of the solution with the Beckman pH meter.

-1-
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i_ H.W. Laboratory Manual "Reissued: August, 1948
Laboratory S_lutlons Status: Staudard

By: D.W.T.-L.F.W.

PHOSPHATE BLUFFER

: 7) .....

Safety Precautions

Observe the general laboratory Safety Rules.

Quantity and Container

560 ml. in a glass-stoppered Pyrex bottle.

Reagents and Specifications

For PreParatio___n Per Liter Total

1. Sodium monobasic phosphate, C.P. 300 g. 167 g.

c.P.
2. Sodium dibasic phosphate, C.P. 38 g. 25 g.

Na2HP04, C.P.

preparation

1. Prepare solution A by dissolving 167 g. of sodium monobaslc
phosphate in 500 ml. of distilled water,

2. Prepare solution B by dissolving 25 g. of sodium dibasic
phosphate in 75 ml. of distilled water.

3. Pour 500 ml. of solution A into a dry, glass-stoppered
Pyrex bottle.

4. Add 60 ml. of solution B to the contents of the bottle.
F,_xthe resulting solution weil.



SB-22dCode:

H.W. Laboratory Mznual
Reissued: August, 1948

Laboratory Solutions Status: Standard
By: D.W.T.-L.F.W.

DILUTED PHOSPHATE BUFFER

(pE 7.oo)

Safety Precautions

Observe general laboratory Safety Rules.

Quantity and Container

I000 ml. in a 1 liter glass-stoppered Pyrex bottle.

Reja_ents and Soecifications

For Preparation Per Liter __---T°tal

PhospD_te buffer, concentrated I00 ml. I00 ml.
(Solutions Code: SB-22g)

Preparation

1. Pipet 100 ml. concentrated phosphate buffer into a I liter
volumetric flask.

2. Dilute to volume with distilled water before transferring
into the Py_'exbottle for storage.

3. Check the pH of the solution on a Beckman pH meter.

-I-
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By: D.W.T.-L.F.W.

P osPm

Safety Preca_ionsm=_-,

Observe general laboratory Safety Rules.
/

Quautlty and.Container
J i i i

20 liters in _ 20 liter rubber-stoppered Pyrex bottle.

Reagent S amd SHe_ci_icaticns

For Pre-aratf cn Per Liter Total- - _ _l i /i_ i i L

I. Buffer, phosphate3 concentrated I00 ml. 2000 ml.
(Solu_ioms Code: SB-22g)

2. Naticual Technical Laboratory
Concentrated Buffer (7.00 pH)

preparation

i. using a I liter graduated cylimder, deliver 2 liters of the
concentrated phosphate buffer into the 20 liter Pyrex bottle
(_o_tha graduatiom mark at 20 liters).

2. Add app:.'cxlmatelyI0 liters of dlstilled water, and mix well
with au electric stirrer.

3. Dilute to 20 liters with distilled water; mix weil.

4. Standardize a Beckman pH meter with the National Technical
Laboratory concentrated buffer at room temperature.

5. Determine the _lue of the pH of the diluted buffer at the
seinetemperature.

6. If the deviation from 7.50 is greater thau 0.02 pH, follow
the procedure given in step 5 of the Standardization iu
SoSutlons Code: SB-22g.

O'
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, H.W. Laboratory Mauual Reissued: August, 1948
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Safety Precautions

Observe general laboratory Safety Rules.

Literature References
| _ •

Lang, N. A., "Handbook of Chemistry", Haudbook Publishers, Inc.,
1121 (I_). .s

Quantit_ and Container

I000 ml. lm a i liter glass-stoppered Pyrex bottle.

Reagents and Specifications

For Preparation Per Liter Tot_____

I. Sodium hydroxide pellets 16._6 g. 16.56 g.
NaOH, Reagent Grade

2. Sodium monobaslc phosphate

N_2Po4-H2O 69.0g. 69.0g.
N_O 4._o 78.og. 78.0_.

For Standardization
m ,, m i , ,

National Technical Laboratory
Concentrated Buffer (7.00 pH)

Preparation

I. Obtain the weight of a 200 ml. beaker. With this beaker on
the pan of a torsion balance, add sodium hydro_de pellets
until a total of 16.56 g. have been transferred into the
beaker (Remark i).

2. Slowly add, with stirring and with cooling, about I00 ml. of
distilled water. After the pellets have dissolved, transfer
the solution into a i liter volumetrio flask. Rinse the

beaker three times with distilled water, delivering these

e washings into the volumetric flask without loss.

es I _
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3. S_l_r_; wei_ out 69,0 g. (or 78.9 _.) of so.urn
monobasic phosphate, dissolve lt in dlstille_ w_ter_ an_
transfer into the volumetric flask.

4. Add about 650 ml. of distilled water_ emd mix well.

5. Allow the solution to cool. Then dilute to 1 liter with
distilled w_ter; mix well and transfer to a dry, 1 liter
gl_ss-stoppered Pyrex bottle for storage.

stcnd_rdization

i. Pipet i0 ml. of the concentrated phosphate buffer solution
into a I00 ml. volumetric flask.

2. Dilute to I00 ml. with distilled water; mix well by
shaklng.

3. Standardize a Beckn_n pH meter with the National Technical
Labor_tory concentrated buffer at 25oc.

4. Determine the pH of the phosphate buffer at 2_oc.

O 5. the deviation from 7._0 is greater than 0.02 pH_ _roceed
as follows:

a. For a pH less thnn 7.5Oj the product of the difference
multiplied b--'_i0 is numerically equal to the number of
groinsof sodium hydroxide pellets that must be added.

b. For a pH more than 7.50s the product of the difference
multiplied b---_75 is numerically equal to the number of
grams of sodium monobasic phosphate thct must be added.

c. Mix the solution thoroughly after dissolving the
nddition_l reagents. Then repe=t the stcnd=rdization
procedure.

6. Repeat steps 3, 4 and 5 h_ving the temperature of the
solutions at 201 15_ iO and 5°C,

Remarks

I. Weigh the sodium hydroxide pellets _s rcpidly as possible t
for the hydroxide is very hydroscopic.

2. Each new let of reagents racycause vcri_tions in the final

O pH of the buffer.

-2-
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CALCIUM CHLORID_, STANDARD

,, ._-.... (lrag. )

Safety Precautions

Observe general laboratory Safety Rules.

Literature References

A.P.H.S., "Standard Methods for the Examination of Water and

Sewage", 59 (1936)-

Quantity and Container

500 ml. in a 500 ml. glass-stoppered Pyrex bottle.

Reagents and Specifications Per Liter Toral

i. Calcium carbonate, C.P. 1.0 g. 0.50 g.

CaC03, C.P.

2. Hydrochloric acid, 3N
(Solutions Codez SH_25a)

3. Ammonium hydroxide, 6N
(Solutions Code: SA-"[2a)

Preparation

I. Dissolve the accurately weighed portion of carbonate in about
6 ml. 3N hydrochloric acid, being careful to avoid splattering.

2. Wash down the dish with carbon dioxide-free, distilled water.

3. Neutralize with 6N ammonium hydroxide to a sligl_talkalinity
using litmus as an indicator.

4. Transfer the solution into a 500 ml. volumetric flask and
dilute to mark with carbon dioxide-free, distilled water.

5. After the solution is thoroughly mixed, transfer it into a

dry 500 ml. glass-stoppered Pyrex bottle for storage.



Code: SC- 2a
, i ,, |

/
i

• I=I'.W. Laboratory Manual Reissued.: August, 1948
Laboratory Solutions Status: Standard.

By: D.W.T.-L.F.W.

(ma.O CAL)

Safe.rF Precautio.ns

Obsorve general laboratory Safety Rules.

Literature References

Furman, N. H., "Scott's Standard Methods of Chemical Analysis",
D. Van Nostrand Co., Inc., _I, 619 (1939).

_u&utity and Container

i000 ml. in a I liter glass-stoppered Pyrex bottle.

Recgents and Specifioations'

For preparntiou Per Liter Tot

i. Cadmium chloride, C.P. 22 g. 22 g.
CdC! .2H Oj C.P.

2 2
I

2. Ammonium hydroxide 550 ml. 550 ml.

Preparation

I. Weigh into a 500 ml. tared beaker about 22 g. of cadmium
chloride.

2. Add 250 ml. of distilled water to dissolve the cadmium chloride.

3. Transfer into a i liter volumetric flask.

4. Measure in a graduate_ 550 ml. of concentrateE ammonium
hydroxide and add it to the flask.

5. Dilute the solution to I000 ml. with distilled water.

6. Tramsfer the solution into a I liter gloss-stoppered Pyrex
bottle for storage.

®
-1-
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R_Ir.S

i. This solution is of such strength that 50 ml. will
precipitate _pproximately 0.175 g. of sulfur evolved ns

_S, which is equivalent to about 3.5% sulfur on n 5 g.
smmple.
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CAIEIUM SULFATE

Saf.,etyPrec,at_,i.onsj

Observe general l_boratory Safety Rules.

Quantity end Container

500 ml. in a 500 ml. glass-stopperel Pyrex bottle.

Reagents an_ Specifications

For Preparation Per Liter Total

Calcium sulfate, _mhydrlte 5.0 g. 2.5 g.

CaSO_, C.P.

O preparations

I. Plnce the welghed portion of the salt into a I liter bottle.

2. A_d 500 ml. of dlstille_ water.

3. Allow to stcnd, with frequent shaking for 24 hours.

4. Filter off the clear supern_t_nt m_l store in a 500 ml. bottle.

Remarks

i. Calcium sulfate is more soluble in cola water thnn in hot.

The solution shoul_ be prepcre_ at normal room temperature
to insure a saturated solution.

e
" mm I m
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CESIL%!CHLORIDE

CLO  csl,.)

Safety Precautions

Observe general laboratory Safety Rules.

Literattwe References

Coryell, C. D., Hume, D. N., Ballou, N. E. mud Glendenln3 L.,
Clinton Secret Report, CL-CDC-_ or 5211 (M_ch IF, 1944).

Quantit_ and iContainer

I000 ml. in _ i liter glass-stoppered Pyrex bottle.

Reagents and Specifications

For Preparation Per Liter Total

Cesium chloride, C.P. 12.7 g. 12.7 g.
CsCl, C.P.

Pre?qrati0n

i. Transfer 12.7 g. of cesium chloride into a I liter
volumetric fl_sk.

2. Aid approximately 900 ml. of distilled %_ter, and dissolve
the salt.

3. Dilute to volume with distilled water s and .mixweil.

4. Transfer the solution into a I liter glass-stoppered Pyrex
bottle for storage.

@
\
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By: L.F.W.

Safety Precautions

1. Observe general laboratory Safety Rules.

" 2. Observe the rules for handling ether.

Literature References

Coryell, C.D., Hume, D.N., Ballou, N.E. and Glendenin, L.,
Clinton Secret Report, CL-CDC-4 or 5211 (March 15, 1944).

Quantity and Container

500 ml. in a 500 ml. glass-stoppered Pyrex bottle.

@ Rsagents and SpecificatiohS

For pre_arat_cn Per Liter Total

Cerium ammonium nitrate $9.2 g. 19.6 g.

Ce(NIIb12(N03)6

For Standard._zation

i. Ethauol, C.P.

2. Ether, az_yd2ous

(c2 >2o,c.P.
3. Oxalic acid, 10% (Solutions Code: S0-24b)

.S.2ecia! Apparatus

Crucible, sintered glass (fine) (Awoaratus Code: AC-18c)

preparation

i. Transfer 19.6 g. of ceric ammonium nitrate into a 500 ml.

e volumetric flask.

UNCLASSIFIED
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2. Add approx_mnately400 ml. of distilled water, and dissolve
the salt.

3. Dilute to volume with distilled water, and mix well.

_. Transfer the solution into a 500 ml. glass-stoppered Pyrex
bottle for storage.

Standardization

i. Prepare t_-osintered glass crucibles in the following manner:

a. Wash with 5 ml. of water.

b. Wash three times with 5 ml. portions of 95% ethanol.

c. Wash three times with 5 ml. portions of anhydrous ether.

d. Plac_ the crucibles in a vacuum desiccator (containing no
deslccant).

e. Evacuate for two minutes and open the desiccator to the
air.

f. Repeat step (e) twice.

g. Weigh the crucibles accurately.

h. Replace the crucibles in the desiccator until ready for
US6°

2. Pipet dupllcate 5 ml. portions of ceric ammonium nitrate into
I_0 ml. beakers.

3. Add 20 ml. of water and heat to boiling.

4. Add 15 ml. of i_ oxalic acid with stirring.

5. Cool in an ice bath for exactly I0 minutes.

6. Filter through the sintered glass _crucibles.

7. Wash the precipitate by follo_rlng the procedure outlined for
the crucibles alone in step (1), (a) through (c). The portions
of water and alcohol washes should be poured first into the
beakers and from there on to the filter.

8. Dry and weigh the crucibles and precipitates by exactly the

O samo procedure used for the crucible alone in step (I), (a)through (g).

-_-
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9 - CALC_/LATIONS

vhere x = Weight of the crucible and precipitate in g.

Y = Weight of the crucible in g.

looo (=-_h -E

NOE_: Dt_licate results should agree _-ithin 1% and the
avo:-agevalue should De recorded as the final result.

e
"3-
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S_-_et _'LPrec____Ec'i."ion___'_,

CIservc generc" labo':atorySafety Rules.

Quautlt 7 and Container

250 ml. in a 250 ml. glass-stoppered Pyrex bottle.

"'_:_;_ and Spec___L_atiens

For Preparatiom Per Liter Total

Citric acid, C.P. 100 g. 25 g.
C 6E807, C.P.

p,reparation

i. Transfer _-5g. of citric acid into a 250 ml. volumetric flask.

2. Add approximately 200 ml. of distilled water, and dissolve
the acid.

3. Dilute to volume with distilled water, and mix weil.

_. Transfer the solution into a 250 ml. glass-stoppered Pyrex
bottle for storage.
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By: L.F.W.

CHR0_XUM ST_/_MD

,,S,_fe,ty.Precautions

Observe general laboratory Safety Rules.
i

Quantity and Container

1000 ml. in a 1 liter glass-stoppered _Tex bottle.

Reagents and Specifications

For Preparation Per Liter Total

Potassium dlchrom_te 0.2828 g. 0.2828 g.

K2Cr2073 Reagent # recrystallized
from water.

preparation

I. Powder I-2 g. of the recrystalllzed potassium dichromate in a
mortar.

2. Dry the ground material at 105-110°C. for several hours.
Allow to cool in a desiccator.

3. Obtain the tare weight of a 100 ml. beaker.

4. With the tared beaker on the balance pan, add potassium
dichromate until a total of 0.2828 g. have been transferred
into the beaker.

5. Add approximately 60 ml. of distilled water, and dissolve
the salt.

6. Transfer the solution into a i liter volumetric flask. Rinse

the beaker at least 3 times with distilled water adding the
rinsings into the beaker.

7. Dilute to volume with distilled wuter, and mix well.

8. Transfer the solution into a i liter glass-stoppered Pyrex

bottle for storage.

-I-
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CEEO_b%! STANDARD

N 2c  oT.aH2/.l

Safetz,Prec_.utlpns

,.. Observe general laborntory Safety Rules.

_uomtity aud Container
l

I000 ml. in a I liter glass-stoppered Pyrex bottle.

Reagents and Specifications

For Prepar&tion Pcr Lite._r Total

Potassium dichromate 0.9871 g. 0.9871 g.

K2Cr207, primary standard

Preparation
_i| | ! , _ iiii

I. Dry i-2 g. of powdered primary standard potassium dichromate
at ll0°C, for at least 6 hours. Allow the dried salt to
cool in a suitable desiccator.

2. Obtain the tare weight of a I00 ml. beaker.

3. With the tared beaker of the balance pan, add potassium
dichromate until a total of 0.9871 g. have been transferred
into the beaker.

t

4. Add approxlm_tely 60 ml. of distilled water, mud dissolved
the salt.

5. Transfer the solution into a i liter volumetric flask. Rins_

the beoJcer at least three times with distilled water, adding
the rimsizgs into the beaker.

6. Dilute to volume with distilled rater, and mix weil.

7. Transfer the solution into a I liter glass-stoppered l_n'ex
bottle for storage. This is the stock solution.

8. Pipet 50 ml. of the stock solution into a i liter volumetricflask.



Code: SC-IOb

@
9. Dilute to volume with distilled water, and mix weil.

I0. Transfer the diluted solution into c i liter glass-stoppered
Pyrex bottle for storage.

Remarks

i. The stock solution contains dichromate ion equivalent to

looop.p.m,o_N_20_o_.2_2o.
2. The diluted solution contains dichromate ion equivalent

to 50 p.p.m, of Na2Cr20_.2H_0.,=

e
-2"
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By: L.F.W.

PLATINUM-COBALT COLOR STANDAZ_
,. _ _ _ ,,,

(Color : 500)

Safety Precau_zions

I. Observe general laboratory Safety Rules.
,/

2. Observe the rules for handling corrosive chemicals, partic-
ularly those pertaining to concentrated hydrochloric acid.

Literature References

Am. Public Heo!th Assoc., "Standard Methods for the Examination of
Water and Sewage", Am. Public Health Assoc., iS (1936).

Quantity and Container

100 ml. in a 100 ml. glass-stoppered Pyrex bottle.

O Reagents and Specifications

For Preparation Per Liter Total

1. Potassium chloro platinate 1.245 g. 0.1245 g.

K21_aCl6,C.P. (0.5 g. Pt) (0.05 g. Pr)

2. Cobalt chloride, C.P. 1.0 g. 0.I0 g.

coc12.6 o,c.P. (0.248g.co)(o.o2 8 Co)

3. Hydrochloric acid i00 ml. l0 ml.

BCl, S6%

Preparation

i. Obtain the tare weight of a I00 ml. beaker.

2. With the tared beaker on the balance pan, add potassium
chloro platinate until a total of 0.1245 g. has been
transferred into the beaker.

3. Continuing with the tared beaker o_ the balance pan, add
cobalt chloride until a total of 0.i0 g. has been transferred

into the beaker.

-l-
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4. Add approximately 60 ml. of distilled water, an_ dissolve
the salts.

5. Quantitatively transfer the solution into a 100 ml.
volumetric flask. Rinse the beaker at least 3 times vlth

distilled water, adding the rinslngs into the flask.

6. Dilute to volume vlth distilled _ter, and mix _ell.

7. Trausfer the solution into a dry 100 ml. glass-stoppered
Pyrex bottle for storage.

!

Remarks

i. Solutions of other color values ca_ be prepared by diluting
a specific volume of this 500 standard.

@
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By: L.F.W.

COPPER STANDAPd3

(io0 cU "

Safety Precn.d_!oms.°_.m

0bservc _ener_i labcratory Safety Rules.

Quantity ant!Container

1000 m!o in a 1 liter glass-stoppered PYrex bottle.

Reagen_.s and,._oeci,:i_atinns

Fcr Pr_,_aratlr_n Per Liter Total
---- ; _ -m _ _. _ ,,

Copper sulfate, C.P. 0.3930 g. 0.3930 g.

Cu_o4 .SH,Ao, C .P.

Preparatio n

1. Obtain t_._tare weight of a 100 ml. beaker.

2. With the tared beaker on a balance pan, add copper sulfate
crystals until a total of 0.3930 g. has been transferred
into the beaker.

3. Add approximately 60 ml. of distilled water, and dissolve
the salt.

4. Trsmsfe_ the solution into a 1 liter volumetric flask. Rinse

the beaker at -east S times with distilled water, adding
'- the rinsings i_to the flask.

5. Dilute to volume with distilled water, and mix weil.

6. Transfer the solution into a dry i liter glass-stoppered
Pyrex bottle fcr storage.
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qP H.W. Laboratory Manual Reissued: September, 1948
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By: L.F.W.

CLEANI_ SOLUTION

Safety Precautions

i. Observe general laboratory Safety Rules.

2. Observe the rules for handling concentrated acidss i.e. n
wear a rubber apron, rubber gloves, safety glasses, and a
face shield.

Quantity. and Container--- = , -- in i, i_

7-1/2 liters in a 2 gallon porcelain crock and cover.

Reagents and Specifications

_For Preparation Per Liter Tota_

@ --
I. Sodium dlchromatos Co:_orcial _O g. 305 g.

N 2%o72%o,
2. Sulfuric acid, C.P. 1 I. 7-1/2 i=

H2SO4, C .P.

3. Distilled water 18 ml. 135 ml.
%o

Prep arntign

I. A_ approximately 135 ml,, of distilled,wnter and the 30_ g.
of sodium dichromate into a 600 ml. beaker.

2. Place the beaker on a hot plate and boil the solution until
ali the sodium dichromate has dissolved.

3. Pour the hot dichromate solution into _ 2 gallon porcelain
,. crock, _ud add cautiously, with constant stirring, three

(2-i/2 liter) bottles of concentrated sulfuric acid.

4. Continue stirring until the solution is well mixed.

e
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CUPFERRON

S_fety Preccutions

Observe gcnurcl l_borcto_v Scfety Rules.

Qu_ntltT,"cn_ ,,Cont_Ine_r

50 ml. in c 60 ml. medicine dropping bottle.

Recgents _n_ Spocificctions

For prep_rution pe r Liter Tot_!

Ammonium s_it of 60 g. 3.0 g.
N-nitroso N-phoz_ylhydroxylmmlne
c B' )No,c.P.65

i, ii iPrep_r_tlon

i. Trcnsfer 3.0 g. of cupferron (the cmuonlum so.ltof N-nitroso
N-pha_,vLhydroxpl_mine) into _ 50 ml, volumetric fl_sk.

2. Ada cpproxim_tely 25 ml. of dlstillel _tor, nnd dissolve
the sclt.

3. Dilute to volume with dlstillel wcter, _ mix wull.

4. Tzunsfer the solution i_to c 60 ml. medicine _ropping bottle
for storuge.

e_
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H. W. Laboratory Manual Reissue_: September, 1948
Laboratory Solutions Status: 8tandar_

By: L.F.W.

t

DIMETHYLGLYOXIME

Safety Precautions

i. Observe general laboratory Safety Rules.

2. The alcohol solution is inf1_,,,_ble and must be kept away
from open flames.

.Quantit7 and Containerl II I _ II I - I I I __ I

250 ml. in a 250 ml. glass-stopper_ Pyrex bottle.

.Reagents and Specifications

For Preparation Per ILiter Total

I. Dimet_vlglyoxlme,C.P. I06. 2.56.

0 cP.
2. Ethanol

c2_5oz,9_

preparation

i. Transfer the 2.5 g. of dlmethylgl_oxime into a 2_0 ml.
volumetric flask.

2. Adl approximately 200 ml. of ethsm_l, and dissolve the
dimethylglyoxime.

3. Dilute to volume with ethanol, and mix well.

4. Transfer the solution into a 250 m_. gl_ss-stoppered Pyrex
bottle for storage.

-i-

UNCLASSIFIED



UNCLASSIFIED
Code: . .... SF-Sa'

H. W. LaboratoryManual Reissued: November,1948
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By: W.J_.

FERROUS _ONID_ SULFATE

Safety Precaut$ons

I. Observegeneral laboratorySafety Rules.

2. Observerules pertainingto the handling of strong acids.

Quantity and Container

I000 ml. in a I liter glass-stopperedPyrex bottle.

Reagents and Swecifications

For Pre9aration Per Liter T_ota!

I. Ferrous ammonium sulfate,C.P. 4.0 g. 4.0 g.Fs 4)2(so 12. 20
2, Sulfuric acid, 0._ I000 ml. I000 ml.

(SolutionsCode: SE-23a)

For Standardization

I. Sulfuric acid, 6N (SolutionsCode: SS-23a)

2. Sulfuric acid, silica free, I_ (SolutionsCode: SS-23k)

3. Sodium oxnlate, 0_0100_ (SolutionsCode: SS-IIa)

4. Coric sulfate, 0.01N_ (SolutionsCode: SC-6b)

5. Ferroin indicator,0.0025 M (SolutionsCode: SF-7B)

, preparation

I. Weigh out e_ctly 4.000 g. of ferrousammonium sulfate,and
transfer to a 250 ml. be_er.

2. Dissolve in 0_I__sulfuricacid, and transfer the solution
into a I liter volumetric __iask.

-1-
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3. Rinse the beaker with several portionsof 0.1L_sulfuric acid,
and add the rinsings to the volumetric flask.

4. Dilute the solution to the mark with 0.II_sulfuric acid,
and after thorough mixing, transfer into a I liter glass-
stoppered Pyrex bottle for storage.

Standardization

The following directions for the standardization of the ferrous
ammonium sulfate solution are given for the use of ultramicro
equipment. For certain uses_ it is desirable to standardize the
solution with ordinary micro equipment_ and certain adjustments
of the _mount of reagents used will have to be made.

A. Dgtcrmination of the Ceric-Ferrous Equi_mlence Value
$

Run duplicate dote1_inations until consecutive results within
0.1 _ are obt_ir.cd.

I. Add I00 _ of 6 N sulfuric acid to a micro titration dish.

2. Add 50 A of the 0.01 _ ceric sulfate solution to the

O : the used with i sulfurictitration dish. Rinse pipet
acid, and add the rinsings to the titration dish.

3. Dilute the solution to about 3/4 the "_capacu _y of the dish.

4. Add 5 oA of the 0.0025 M Ferroin indicator to the con-
tents of the titration dish.

5. Insert the stirrer thread into the solution and start the

magnetic stirrer.

6. Fill the capillary buret with the ferrous ammonium sul-

fate solution and, after noting the zero reading, insert
the buret tip into the solution In the titration dish.

7. Titr_to the solution to the first appearance of _ pink
color.

8. Noto the fino_ buret reading and convert the number of cn.
of ferrous ommonium sulfate solution used to microlitors.

B. Standardization of the Ferrous Ammonium Sulf_te Solution

Run duplicate determinations until consecutive chocks within

O 0.0001 N cre obtained.

UNCLASSnFIED
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I. Pipet I00 A. of the 6 ___sulfuric acid into a micro
titration dish.

2. Add 25 A of the 0.0100 N sodium expiate solution to
the titration dish.

3. Add 50 A Of the coriQ sulfate solution. Rinse the

pipet used to make the addition with I N sulfuric acid,
and cdd the rinsirgs to the titration dish.

4. Dilute the contents of the dish with distilled water u_til
their total volume is about 3/4 that of the dish.

5. Insert the stirro_ thread into the solution -_ndstart
the magnetic stlrror.

6. Heat the solution to 60° C., _nd allow to cool, while
stirring, for 3 minutes.

7. Add 5 A of the 0°0025 I!Ferroin indicator to the solu-
tion in the titration dish°

8. Fill the cnp_.Isry buret with the ferrous am_oni_ sul-
fate solution to be stomdardizod, and after noting the
zero road_.ng of the burot_ iusort the buret tip into
the solution in the titration dish.

9. Titrato the solution to the first appearance _of c pink
color,

I0. Noto the final buret reading and convert the/,umber of
cre.of ferrous oamonium squ!fato solution used into micro-
liters.

Calculations

= x,,O.,0lOOO

whore A = amount _f ferrous ammonium sulfate solution

(expressed as microlitors) used in section A
above°

B = amount of ferrous _mmonium sulfsto solution

(expressed as microlitors) used in section B
above.

Nf = norzality of ferrous _mmonium sulfate solution
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.qP'_' H.W. Laboratory Manual Reissued: October_ 1948
Laboratory Solutions Status: Standard

By: W.J.M.

FLUORIDE STANDARD

( ;ooo F/i.)

Safety Precautions

1. Observe general laboratory Safety Rules.

_" 2. Sodium fluoride is a toxic chemical. Care should be used
to avoid transmission into the body.

Quantity and Container

1000 ml. in a i liter glass-stoppered Pyrex bottle.

Reagents and Specificatlpns

For _preparatlon Per Liter Total

i. Sodium fluoride, C.P. 2.2103 g, 2.2103 g.NsF, C.P.

2. Water, redistilled
(Solution Code: SW-lc)

Preparation

1. Dry 4 g. of sodium fluoride in an oven at ll0°C.

2. Weigh out 2.2103 g. of the dried and cooled salt, and trans-
" fer _to a i liter volumetric flask.

" 3. Dlsso].vethe salt with redistilled water, and dilute the
solution to the mark with redistilled water.

4. Transfer the solution after thorough mixing, to a 1 liter
glass-stoppered Pyrex bottle for storage.

Standardi zation
i

This solution is prepared to contain exactly 1 rag.F/ml.

O
-I-
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By: W.J.M. "

GLYCEROL SOLUTION

Safety Precautions

Observe general laboratory Safety Rules.

Quantity and ContainerJ

500 ml. in a 500 ml. glass-stoppered Pyrex bottle.

Reagents and SPecifications

For Preparation Per Liter Total

Glycerol, White 333 ml. 167 ml.

c3 8o3

Preparation

1. Using a graduated cylinder deliver 167 ml. of glycerol into
a.500 ml. volumetric flask and dilute to the mark.

2. Transfer the solution to a 500 ml. glass-stoppered Pyrex
bottle for storage.



Code: SG-23a

H. W. Laboratory Manual Reissued: October, 19_8
. Laboratory Solutions Status: Staudard

By: W.J.M.

GUM ARABIC

Safety Precautions

Observe general laboratory safety Rules.

QuantSty and Container

500 ml. in a 500 ml.glass-stoppered Pyrex bottle.

Reagents and Specifications

For Prepartlon Per Liter Total

1. Gum arabic 50 g. 25 g.

2. Salicylic acid, U.S.P. O.10 g. 0.05 g.c7 6o3

Pr_parat _On

I. Dissolve 2_ g. of gum arabic and 0.05 g. of Salicylic acid
in distilled water in a _00 ml. volumetric flask.

2. Dilute to the mark.

3. Shake and mix weil.

4. Transfer to a _00 ml. glass-stoppered Pyrex bottle for
storage.

e
-1-
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By: W.J.M.

HYDROCHLORIC ACID SOLUTIONS

Safety Precautlcns

I. Observe general laboratory Safety Rules.

( 2. Observe the rules for handling corrosive chemicals3 particu-
larly those pertaining to concentrated hydrochloric acid.

Reagent s

For P_.eparation

Hydrochloric acid
 Cl,36%

For Standardization

O i. Sodium hydroxide (Solutions Code: sS-Sa)

2. Sodium carbonate, C.P.

Na2CO3, C.P.

3. Methyl red indicator, 0.i_ (Solutions Code: SM-6a)
Alcoholic

• _. Modified methyl red3 0.i_ (Solutions Code: SM-6c)

S ecial Apparatus

,, Semi-mlcroburet, I0 ml. (Apparatus Code: _-21a)

Preparation

1. Calculate the volume of concentro.tedhydrochloric acid re-
quired to make the desired concentration as follows:

a. For normality or molarity.

ml. of 36_ HCI = 86.2(A x B)

_here A " desired normality or molarlty.

B " desired total volume in liters.

/

-I-
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Example: A : 0.33_!or 0.33M and B : 1.

thus 86.2(0.33 x l) - 28 ml. of 36% Hal

b. For percentage of HCI.

A

ml. of 36_ HCl -(_)B

where A = desired percentage.
B - desired total volume in.ml.

_ Example: A : 19_ .-rodB .-900.
15

thus( )500: 208ml. of Hal

c. For p__rts.

where A : desired total volume _ ml.
a .-desired pc.r_s of acid.

b : desired parts of acid l_ desired p'arts of

w_ter.
Example: For i:I where A = 500, then a .-i and b = 2.

i

thus 500(_) : 290 ml. of 36% HCf.

2. By means of a graduated cylinder, slowly add the required
amount of concentrated hydochlorlc acid into a volumetric
flask of the proper size, which contains at least 50% of
the total volume of distilled _yater. This work must be
done in a well ventilated hood.

3. Mix well and dilute to the mark with distilled water.

, 4. After the solution is well mixed_, store it in a dry, glas.q-
stoppered Pyrex bottle of the proleer size.

Standardizat ion

One of tho methods given below will be suitable for standar-
dizing hydrochioric acid solutions used on this project, lt is
Importaut in scat:ratework to select a standardization using
the same indicator as will be involved Sm,the subsequent uses
of the solution.

A. Against primary stand-_rdsodium carbonate.I. Piace the solution in a i0 ml. semi-mlcroburet and
thoroughly flush the system.

-2-
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2. Dry about lg, of the standard primary sodium oarb_ate
to constant weight in an oven held between 155 and 150°C

3. Cool in a desiccator containing sticks of po"-_ass.-_
hy&._oxide.

4, Obtain the tare weights of chreo I00 ._..i:e_kers.
Weigh _:curateiy and trausfc': ._,_,o the_ bookers 0.13
to J.!5 g. of the dried carbonate.

5. Ad_l_2p_czi_tely 15 ml. of disi!ll_i w_ter a_ di_._.,_?_._

{ the sodium carbonate.

6. Add 1 drop of 0.i_ alcoholic methyl red indicator.

7. Titrate wit] rho _,droch!oric _.:_'id_,_the c_haractex'c._ic
_'edend po_';;. Add about i ml. exce_z of _id. Rec.'d
this volume.

8. Cover the beakers and boil the solution for at least

5 mlr.?Atesin order to completely expel the carboz
dioxido. Do not evaporate to d_:yness.

9. Cool to room t_,_p_r_ture aua add I drop of 0.1%
alcoholic mothyl red indinator.

i0. Back titrate with standard _odium hydroxide (Rom_rk l)
to the fi_'styellow t_mt, using split drops ae the o_d
point is approached. Recor! this volume.

ii.. Titr_te _ kno_ amount of th_ stondazdsodium hydroz_Ido
_th the hydroc_hloric _cid, us_ 0.1% alcoholic metl
red indicator (Calculation "),

Calculations

_'_. of HCf
_ I. rl. of HCf/ml. of No.OH_ _I-'o__ Na0H

2. ml. of HCI .-A - (B x ml. of HC_/'ml.of PaOH)

where A = Volume of HCI from Step 7.
B = Volume of EaOh from S_ep I0.

_. of Na_O_ _
3. oZ =

the N values obtained from the triplicate samplos sh_;_id
not vary more t_un 0.0002.

-3-
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B. Against staud__rdsodium hydroxide with modified methyl red
as indicator.

I. Pipet l0 ml. of the hydrochloric acid into a 250 ml.
Erlenmeyer flask. Add 50 ml. of distilled water.

2. Add i drop of modified methyl red Indicatcr. Addition
of excess indicator tends to give a purple or black
color at the end point. If this occurs repeat the
d_termlnation, using less indicator.

f 3. Titrate the solution with standc_d sodium hydroxide
(Remark I) from a I0 ml. semi-microburet. The end point
is reached when the solution goes from red to colorless
or a slight grayish tinge. Addition of excess base turns
the indicator green.

_. The normality of the sodium hydroxide should correspond
to the no___nalityof the hydrochloric acid being prepa_-ed.

Calculations

e N of SOl - ._b X B .
- l0

where Nb - Normality of the sodi_m hydroxide.

B - ml. of Sodium hydr_:ide used_

Standardization should be repeated until 3 consecutive
tltrations give N values within 0.0002..n.

C. Gravimetric standardization using silver nitrate.

1. Pipet l0 ml. of the hydrochloric acid into a 250 ml.
beaker.

2. Add 100 ml. of distilled water.

3. Calculate the volume of silver nitrate of any normality
required to completely precipitate a given volume of
hydrochloric acid of any normality as follows:

Vs ..... Va x Na ,,,
" Ns

where Vs = Volume of silver nitrate in ml.

Va = Volume of hydrochloric _cid.
Na - Normality of hydrochloric acid.
Ns - Normality of silver nitrate.i

-4-

UNCLASSIFIED



UNCLASSIFIED
.@ Code: SK-25a
i

' 4. Using a graduated cylS_nderadd the calculated amount of
silver nitrate to the hydrochloric acid solution.

5. Add a 20_ excess of the silver nitrate to insure com-
plete precipltaticn.

6. Heat carefully to gentle boiling. Stir occasionally
anl continue heatir4_with stirring until the silver
chlorido precipitat,,_coagul_bes, leaving a nearly c].e-_
sup ,_rn_tantsolution.

7. ___lowthe precipitate to settle for 9 minutes in a dark
p?.ace.

8. Obtain the tare veight of a fine slntezed-glass crucl-
bla.

9. Decant the clear liquid t_:ough the sintered-glass
us£ug g_..?::_!e_uction _ud catch the filtrate in a 29C -_l.
Erlenme_r flask.

i0. Quantitatively tr-_usfer the precipitate left in the

O beaker into the sinte--ed-glass.
ll. Ei_se out the beo/_er with severcl portions of prepared

solutions and _ad the %rashingsto the sintered-glass.
(Remark l)

12. Test the filtrate with a fe:r drops of silver nitrate.

13. If a _hit_ cloudiness app_carsropeat Steps 6,7,9,10,
_nd iI until the filtrate remairs clear upon ,_idition
of silve_ nitzate.

Co/culations

_,'sx I000
Na - -.., ,, ------

14_.34 x _'_

vhere Na : Normality of the hydrc.-h]oric acid
_,'s - Weig'r_ of the sii_,erchLcrlde precipitate
"9a = Volume of the hyd_'ochloric acid

Remarks

Owing to the slight solubility of silver chloride it has been
recommended to _rashfirst with _ter contaSz.:Lugsilver nitrate
(0.05 g./l approximately) then vlth _._sol?:;ionof nitric acid

O and finally twice with r(.distilledw,%ter.
\
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H. W. Laboratory Manual Reissued: October, 1948
Laboratory Solutions Status: Standard

By: W.J.M.

HYDROGEN PFaOXIDE

(5

Safet7 Precautions

i. Observe general laboratory Safety Rules.

2. Observe rules pertaining to the handling of strong acids.

Quantity and Container

I000 ml. im a 1 liter glass-stoppered Pyrex bottle.

. Reagents and Specifications

For Preparation Per Liter Total

O Hydrogen Peroxide, C.P. 0.028 g. 0.028 g.
°2,

For Standardization

I. Potassium Permanganate, 0.1N_ (Solution Code: SP-16a)

2. Sulfuric acid, 6_N (Solution Code: SS-23a)

Preparation

i. Pipet 2 ml. of the 30% peroxide Smto a 500 ml. volumetric
flask and dilute to the mark with distilled water.

2. Shake and mix well.

3. This procedure gives a solution about 0.07N_in peroxide.

Standardl zation

I. Pipet I0 ml. of the approximately 0.07N_peroxide into a
_0 ml. beaker.

2. Add I0 ml. of water and i0 ml. of 6_NH_04.

• _
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3. Titrate with the standard .IN_potassium permanganate to au
enl point that will holl for 30 seconds.

4. Calculate the normality of the peroxide by the following
formula:

,,.,, VmxNm, ,_

_P : vp -

where Np : Normality of the hydrogen peroxide
Vm = Volume of the potassium permanganate
Nm = Normality of the potassium permanganate
Vp : Volume of the hydrogen peroxide

5. From this normality calculate the volume of hydrogen peroxide
necessa_ to dilute to i000 ml. to produce a solution of
5 x 10"__ as to:Ll.owa:

Volume hydrogen peroxide needed : _I000 x 5X i0"_
Np

5x, lO"I
_Tp

6, Using a Mohr pipet accurately measure the amount of_hydrogen
peroxide calculated and Crausfer it into a I000 ml. volu-
metric flask.

7, Dilute to .parkwith water and mix weil, This solution should
be 5 x IO'__Nin hydrogen peroxide.

B_arks

This solution must be prepared and standardized each time it is
to be usod since it can not Be stored without deteriorating,

0
\_ _~

.,: ,-2-



Cede: SH-26c
i |i ,,, ,,

. H.W. Laboratory Manual Reissued: October, 19_8
"- Laboratory Solutions Status: Standard
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HYDROGEN PEROXIDE SOLUTION

......(7.

Safety Precautions

i. Observe general laboratory Safety Rules.

2. Strong hy_gen peroxide (30_) is a corrosive chemical and
should not be brought in contact with the skin.

Quantlty and Container

I000 ml. in a liter glass-stoppered amber bottle.

Reagents and Specifications

For Prep.aration Per Liter Total

Hydrogen peroxide, C.P. 2_0 ml. 250 ml.

Preparation
_ -- ,. ,.==

I. Using a graduated cylinder trausfer the 2_0 ml.' of the
30% hy&rogen peroxide solution into a I liter volumetric
flask.

2. Dilute the solution to the mark _rlth distilled water, aud
mix thoroughly.

3. Transfer the solution to a I liter glass-stoppered amber
bottle for storage.

-I-
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By. W.J.M.

HYDROGEN PEROXIDE
_ _ ,,,

Safety. Precautions

1. Observe general laboratory Safety Rules.
/_

) 2. Observe rules for handling hydrogen peroxide.

Quant itY a__dCont ainer

2000 ml. in a 2 liter glass-stoppered Pyrex bottle.

Reagents and Specifications

For Preparation Per Liter Total

Hydrogen peroxide, C.P. 107 ml. 214 ml.

O  2o2,
Preparation

i. Using a graduated cylinder, measure 2_14ml. of the hydrogen
peroxide into a 3000 ml. beaker.

2. Add slowly and with constant stirring 1786 ml. of distilled
water.

3. Transfer into a 2 liter glass-stoppered Pyrex $ottle for
storage.
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8-EYDROXYQUINOLINE

Safety Prec_z'tion_

Ob Bezve general labo:atory Scfety Ru!_s.

Q,mm_it:_ _ad Container

29,]ml. in a 250 _., glass _'-"_ --s_.,_p.r,-.ai:yr._xbomt!e_

.;.acgents end '..]pecjf.Lcatlonn

Fo.'."Pre=.._a%ion Pe..-LLt_.r Totc.l

I. 8-Hydro::i_u:noi:.ne_.C.P. 20 g. 5 g.

CgR_O_:_ .';.

O 2. _m-.,hy]::.l.:cho],C..P. l:),,O=J.. 250 m.i.

C27,.".- ,_i

"°:'" :':-"ti

I. Weigh 5.0 g. of the g-_--a--_-_u_-cI;,__-__ ...._ _ ....... on a torsion bainite
and transfer into a 259 ml. w,i_,::.ebricfl._sk.

2. D.!ssc!vs i".the e+hyl _D.ccl.o!_,C.,i_l,._eto the :,av3w_.th
the _thyl ,'_Lzoho!.

3. Mix yell s_.._"r_trar_sfer_-,._.toa 930 J.. g]ua._-._o_p._._-e_..,_ bc.c_.1._
foc uborage,.

0
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By: W.J.M.

IODINE
", _ __ ,

(0.2NSolut±on).m

Safety Prec_utlons

Observe genernl laboratory Safety Rules.

Literature References

"Scott '1. Furman, N.H., s Standard Methods of Analysis", I,
9rh Edition, D. Van Nostrand Co., Inc. ; 1207 (1939).

2. Griffin, R. C._ "Technical Methods of Analysis", McGraw-
Hill Publishing Co., 10-12 (1927).

Quantity and Container

e IOOO ml. in a i liter glass-stoppered Pyrex bottle.
Reagents and Specifications

For Preparation , Per Liter Tot____al_al

1. Iodine, resublimed 29._ g. 29.4 g.

I2, resubllmed

2. Potassium iodide, C.P. de g. 40 g.
KI, C.P.

For Standardization

i. Arsenous acid, .I_ (Solutions Code: SA-18_)

2. Starch indicator, (Solutions Code: SS-21_.)
stabilized i.0%

Special Ap2aratus

Buret, semi-micro, i0 ml. (Apparatus Code: AB-P_Ia)

Preparation

,_ 1. Dissolve 40 g. of the potassium iodide in as little distilled
_ater as possible in a i liter volumetric flask.

-1-
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2. Add 25.4 g. of the iodine and dissolve in the potassium
iodide solution.

3. Dilute to the mark with distilled water.

4. Mix well and transfer into a 1 liter glass-stoppered Pyrex
bottle for storage.

Standardization

1. Deliver from a l0 ml. semi-micro buret, about 8 ml. of .1N
arsenous acid into a 90 ml. beaker.

2. Add 1 ml. of the 1% starch indicator.

3. Using a i0 ml. semi-micro buret tltrate with the iodine
solution to a light blue end point.

_. Repeat Steps I through 3, using 9 ml. of arsenous acid.

Calculations

xV2

vhere NI = Normality of the iodine

N2 : Normality of the arsenous acid

V2 - Volume of the arsenous acid

VI - Volume of the iodine

e
°
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" H.W. LaboratoryManual Reissued: November1948
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By: W.J_.

!0DriVE_,_ONCCHLORIDE
.,

(o.oo5M)

Safety precauti0ns

i. Observe generallaboratorySafety Rules.

2. Observerules pertainingto the handling of strong acids.

Literature References

1. Smith, G. F., "Cerate0_dimetry", G. F. Smith Chemical Co.,
3s

2. 0esper_R. E., '_Tewor_ethods of Volumetric_alysis", D. Van
Nostrand Co., 30 (1938).

e Quamtity and Containe_r

500 ml. in a 500 ml. glass-stopperedPyrex bottle.

Rea_onts and Specifications

For Preparation Per Liter Tot_.__

I. Potassium iodide,C.P. 0.558 g. 0.279 g.
KI, C.P.

2. Potassium iodate,C.P. 0.356 g. 0.178 g.

KI03, C.P_

3. Hydrochloricacid, C.P. 500 ml. 250 ml.
HCf, 36%

4. Chloroform,C.P. I0 ml. I0 ml.

_H C13, C.P. r-

preqaration

I. Dissolve 0.279 g. of potassium iodide and O.178 g. of potassium
iodate in 250 ml. of distilledwater containedin a 500 ml.

. vol_netric flask.

e 2. Add immediately250 ml. of the hydrochloricacid.

--I-- . i • _
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3. Adjust to equivalenceof potassium iodide _nd potassium iodate
by adding I0 ml. of chloroform.

4. Mix well and if the chloroform layer is discoloredcdd drop-
wise a very dilute solution of the iodato until the color
disappears sharply. Then add an equally dilute solution of
the iodide until one drop restores the color. If the chloro-

(" for_ layer is colorlessadd dropwise a dilute solution of the
iodide until the color _ppearse

5. Dilute to the mark with distilled water.

6. _ix well and transferto a 500 ml. glass-stopperedPyrex
bottle for storage.

(

\
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H. W_ Laboratory Manual Reissued: November, 1948
Laboratory Solutions Status: St_udard

By: W.J.M.

FERRIC NIT_%TE

Safety Precautions

I. Observe general laboratory Safety Rules_

2. Observe rules pertaining to the handling of strong acids.

Lit erature References"

Coryell, C. D. 3 Hume, D. N., Ballou, N. E., and Glendenin, L.,
Clinton Secret Report, CL-CDC-4 or 9211 (March 15, 1944).

Quantity and Container

I000 ml. in a I liter glass-stoppered Pyrex bottle.

@
t R_eagents and Specifications

For Preparation Per Liter Total

I. Ferric nitrate, C.P. 72 g. 72 g.

Fe(N03)B.gH20, C.P.

2. Nitric acid, C.P. I ml. i ml.

3,

preparation

I. Dissolve the 72 g. of the ferric nitrate, weighed cn a
torsion balance, in distilled water in a I liter volumetric
flask containing 1 ml. of comcentr_ted nitric acid.

2. Dilute to the mark with distilled water.

3. Mix well and transfer into a I liter glass-stoppered Pyrex
bottle for storage.
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H. W. LaboratoryManual Reissued: November,1948
Laboratory Solutions Status: Standard

By: _1.JJ_.

!_A_E_S.r_!URAIq_LACEtaTE

Safety Precautions

1. Observe genercilaboratorySafety Rules.

2. Acetic acid producesburns on the skin; avoid contact.

Literature References

Fustian,N. H., "Scott'sStandard!icthodsof Chemical:malysis",
5th Ed., I, D. Van Ncstrand Co., Inc., Ne_ York, 880 (1939).

quantity and Container

2000 ml. in a 2 liter glass-stopperedamber-coloredbottle.

e Reagents and'Specifications
For Preparation Per Liter Total

I. Glacialacetate acid, C.P. 60 ml. 120 ml.

2. I1agnosiumacetate, C.P. 300 g. 600 g.

Hg(C_302)2.4H20, C.P.

3. Uranium acetate, C.P. 45 g. 90 ge

uo (c2H3o2)2. 2o,c.P.
Proup?r_tion

Solution A

I. _leigh90 g. of uraniumacetate and tr_nsfer into a 2 liter
Erlonmoyerflask.

2. Using a graduatedcylindermeasure 60 ml. of glacialacetic
acid and add to the contents ef the flask.

3. Add sufficientdistilledwater to the contents of the flask to
make I liter (Remarkl).

e 4. _.larmthe flask and its contents to 70° C and stir until solu-
tion is ccupleto.

--I--
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" Sol_.,ut_on__._B

I. ]:;eigh600 g. of magnesiun acetate and transfer into a 2 liter
Erlo_eyer flask.

2. Using a graduated cylinder measure 60 ml. of glacial acetic
acid and add to the contents cf the flask.

3. ,_ddsufficient distilled water to the contents of the flask to
mc/(o1 litcr (Rozark i),

/ 4. W-_rm the flask and its contents to 70° C and stir until solu-
tion is c_ploto.

5. Ilix together solutions A and B at 70° C, and then cool to 20° C.

6. Allow the solution to sto_d at this tor,peraturo for 2 hours
or longer.

7. Filter the solution through filter paper into a glass-stop-
pored 2 liter amber-colored bottle (Rc_larks2 _nd 3).

Remarks

1. Prior to prcparing the solution, mark a 2 liter Erler_.eyer
flask at the liter level by mcasurimg a volume of water and
adding to the flask.

2. Preserve this rcagent away from direct sunlight.

3. If furthcr precipitation occurs, the solution should be fil-
tered again before it is used.

,.

\.
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(I=:L.- .c;_°_g"-."_O

SafotT _rocn_ltions

Observe gonoro/ laboratory Safety Rules.

Liter&turo Rofcrenogs

A.P.H.Ao, "Stcndnrd L_ethodsfor the Examination of Water and
Sowago_" A.P H.A. and A.W._.A., 83 (1936).

__.t7 and Container

500 ml. in a 500 ml. glass-stoppered Pyrex bottle.

Boa_onts an.CSDec._.ficaticns

e For Propars___Sio___n Per Liter Total

I, Potc.ssiumpormcag_uate_ C.P.

Km_O4, c.P. o.:u,38¢. o.o719_.

2. Sodium bisulfito, C.P.

_:_:_o3, c._. 0.4 ¢. o.;2¢.
3. Sul_uric acid, I_! 4-6 ml. 2-3 ml.

(Solutions Code: SS-23a)

Pre_____rction

i. Add 2 - 3 ml. of IN_sulfuric acid to about I00 ml. of dis-
tilled wutcr.

2. Dissolve the accurately weighed 0.0719 g. of the potassiu_
perm_u_to in the acid solution.

3. Add the .2 g. of the sodium bisulfito to reduce the pormnn-
g_uctQ.

4. Boil to remove the excess sulfur dioxide _ud transfer into
a 500 ml. volumetric flask.

5. Dilute to the mark with distilled _mtor cad mix well.

-I-
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6. Transfer into a 500 ml. glass-stoppered Pyrex bottle for
storage.

Standardization
, , ,u _

The procedure is designed to give a solution containing 50 micro-
grams of manganese per ml.
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By: _I.J_:I.

(I ml.. io'O"mimrograms M_zml.)

Safety Precautions, ii ,, ,,

Observe generallaboratory Safety Rules.

Literature References

Snell, F. D._ and Snoll_ C. T., "ColorimetricEethods of Analy-
sis", I, 2hd Edltiom, D. Van 1TostramdCo._ Inc., 477 (1943).

Qucmtit.vand Container

I000 ml. in four 250 ml. glass-stopperedPyrex bottles.

Reagents an,.,dSpecifications

e For Prowar_tion' Per Lito_r To_ta_l

Magnesium su!fate#hydratod_ C.P. 1.014 g. 1.014 g.

Eg S04_20 , C.P.
J

preparation

I. Dissolve the 1.014 g. of the magnesium sulfate in distilled
_utor in a I liter volumetricflask.

2. Dilute to the mark and mix well.

, 3. Transfer into four 250 ml. glzss-stopporodPyrex bottles.

Standardization
d

This prcpar_tionis designed to give a solution containingI00
micrograms magnesium per ml.

e
.... .1. ijplULxaS,Flill liilr



UNCLASSIFIED

Code: _-_a

H. W. Laboratory Manual Reissued: November, 1948
Laboratory Solutions Status: Standard

By: W.J.M.

_ETHYL ORANGE

'

Safety Precautions

Observe general laboratory Safety Rules.

Literature References

Furman, I.'i.H., "Scott's Standard Methods of Chemical Analysis,"
II, Sth. Edition, D. Van Nostrand Co., Inc., 2.192(1939)

Quantity and Container

250 ml. in a 250 ml. glass-stoppered Pyrex bottle.

Reagents sm.dSpecifications

@
For Preparation Per Litl_r Tot_____

I:ethyl Orange, commercial dye 1.0 g. 0.25 g.

Prepast ion

I. Dissolve the .25 g. portion of methyl orange in 250 ml. of
• water contained in a 250 ml. volumetric flask.

2. Shake and mix weil.

3. Transfer into a 250 ml. glass-stoppored P_ex bottle for
storage.

@
"l"
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ME YLRED.ALC OLj C

Safetz Precautions

I. Observegenerallaboratory Safety Rules.

2. Keep t_healcohol away from open flames.

LiteratureReferences

Furman, N. H., "Scott'sStandardMethods of Analysis"_ II, Sth.
Edition, D. V-_ul!ostrandCo., inc., 2.192(1939)

Quantitv and Container

500 ml. in a 5c0 ml. glass-stopperedPyrex bottle.

O Reagents and S_ocifications

For Pre_.aration Per Lit0r Total

I. Methyl red, ccmmQrcialdye I g. 0.5 g.

2. Ethyl alcd_ol, C.P. 600 ml. 300 ml.

C_5_ , C.P.

Prooaration

I. Dissolvethe 0.5 g. of the methyl red in 300 ml. of the 95%
ethyl alcohol in a 500 ml. volumetric flask.

2. Dilute to the mark with distilledwater.

3. Shake and mix well.

4. Transferinto a 500 ml. glass-stopperedPyrex bottle for
storage.

-1-

UNCLASSIFIED



UNC.LASSIFIED

Code: .... a_/-6b

H. _;.Laboratory_lanual Reissued: November,1948
Laboratory Solutions Status: Standard

By: W.J.M.

NETHYL RED

(0.1%,½ neutralized)

Safety Precautions

Observe generallaboratory Safety Rules.

Literature References

Kolthoff, I. M._ and Laltinen,H. A.w "pH and Electro Titraticns,"
John Wiley and Sons, 28 (19Zl).

_uantity and Container

lO0 ml. in a 100 ml. glass-stopperedPyrex bottle.

R._ea_entsand S_eclfications

For Preparatlon Per liter Tot_____

I. L{ethylred, Cozmercial Dye 1.0 g. 0.I0 g.

2. Sodium hydroxide solution 74 ml. 7.4 ml.
0.05N
(SolutionsCode: SS-Sa)

Pre_aration

1. Grind to powder 0.10 g. methyl red in an agate or _lu!lite"
mortar with 7.4 ml. 0.05 N sodium hydroxide solution.

2. After the indicatoris dissolved, transfer the solution into
a 100 ml. volumetric flask.

3. Wash out the mortar and pestle well with distilledwater add-
ing the washings to the flask.

4. Dilute to the mark with distilled_uter.

5. L'ixwell and transfer into a 100 ml. glass-stopperedPyrex
bottle for storage.

e



Code: SL_-IOb

H. W. LaboratoryZanual Reissued: November, 1948
Laboratory Solutions Status: Standard

By: W.J_.

_ERCURIC CHLORI_E

Safety Precautions

I. Observe general laboratorySafety Rules.

2. L_ercuricchloride is extrauelypoisonous,and care must be
exercised that it is net taken internally.

01uantit_vand Container

1000 _I. in a I liter glass-stopperedP_TOX bottle.

Rcagents and Specifications

For Prewaration Per Liter Total

Idorcuricchloride,C.P. 3.5 g, 3.5 g.

HgCI2, C.P.

Preparation

1. Weigh the 3.500 g. of the mercuric chloride on a watch glass
and transfer it into a 1 liter volumetricflask, rinsing the
watch glass with distilledwater and adding the r_usings to
the flask.

2. Add about 500 rA. of distilledwater to _c flask.

3. Shake the flask until the mercuric chlorideis in solution.

4. Dilute to the mark with distilledwater and mix well.

5. Transfer into a I liter glass-stopperedIbTex bottle for
storage.

e
-I-
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H. _. Laboratory_anual Reissued: November,1948
LaboratorySolutions Statu_: St_.n_dard

•By: W.J.M.

L_ERCUR!CCHLORIDE

(SaturatedAqueous)

SafetyPrecautions

I. Observe generallaboratory Safety Rules.

2. _ercuric chlorideis extremely poisonous. Avoid oral contact.

LiteratureReferences

L_erckand Co., "TheilcrckIndex", 5rh Ed., Lierckand Co._ Inc.,
Rahway, N.J., 1027 (1940).

O_unntity'and Container

100 ml. in a 125 ml. glass-stopperedP_Tox bottle.

Reagents and Specifications

For Prc_arati0n Per Liter Total

llorcuricchloride,C.P. 75 g. 7.5 g.
HgC12, C.P.

Prewaration

1. Weigh 7.5 g. of the mercuric chloride and transfer into a
100 ml. volumetric flask.

2. Dissolve in distilledwater and dilute to the mark.

3. _Ix well and transfer into a 125 ml. glass-stoppered_Tox
bottle.

e
main
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H. _0;.Laboratory Manual Reissued: November, 1948
Laboratory Solutions Status: Standard

By: W.J J_.

M OLYBDATE RFAGE_
-_- _"--7 • • 1 ----_ ----

Safety Precautions

I. Observe general laboratory Safety Rules.

2. Observe rules pertaining to the handling of strong acids.

Literature References

Snell, F. D., and Snell, C. T.,'_olorimetric Methods of Analysis",
I, Second Edition, D. Van Nostrand Co., 509 (1943).

Qu_ntity and Container

I000 ml. in a I liter glass-stoppered Pyrex bottle.

Reagents and Specifications

For Preparation Per L_te__rr Tot"1

I. Ammonium molybdate, C.P. 128 64

c.P.

2. Sulfuric Acid, ION i000 ml. 500 ml.
Solutions Code: SS-23a

Preocration

i. _cigh on a torsion balance 64 g. of the ._moni__ mo]ybdato.

'- 2. Transfer into a I000 ml. beaker and dissolve in 500 mi. of
distilled water.

3. Transfer the solution into a I liter vol-_metricflask.

4. Using a graduated cylinder, add slowly the 500 ml. of the
IC_isulfuric acid.

5. _,:!ixwell and transfer _to a 1 liter glass-stoppered Pyrex
bottle for storage.

0
k
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Laboratory Solutions Status: Standard

By: H.J_M.

E_SSI_R'SSOLUTION
'L"--"------. ' ' " : i ' | 'l _ ....

Safety precautions

I. Observe the generallaboratory Safety Rules.

/ 2. Mercuric chloride is a poisonousand corrosive chemical;
avoid any oral contact.

3. Observethe rules pertaining to handling strong acids.

Literature References

Snell, F. D., and Snell, C. T., "ColorimetricHethods of
Analysis", I, D. Van Nostr_nd Co., Inc., 653 (1943)

_uantit.vand Container

I000 ml. in a I liter glass-stopperedPyrex bottle.

Reagents and S_ecifications

,For Preparation per Liter Total

I. Potassium iodAde,C.P. 50 g. 50 g.
KI, C.P.

2. Eercuric chloride,sat_zrated
aqueous solution (Solutions
Code: S_-10c)

/

" 3. Potassiumhydroxide, clear 50%
solution (StandardsCode: 400 ml. 400 ml.
SG-P-5b; cmit the standard-
ization)

4. Redistilledwater, ammonia
free (SolutionsCode: SW-lc)

UNCLASSIFIED
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Preparation
4

I. Weigh on a torsionbalance 50 g. of pct_ssiumiodide.

2. Transfer the 50 g. of potassium iodide into c i liter
volumetric flask.

3. Add approximately35 ml. of cold ammonia-freedistilled
water and dissolve the potassium iodide.

4. Alternately,add the saturatedmercuric chloride solution,
., and swirl the flask until a very slight,red precipitate

is formed and remainsA

5. Using a graduatedcylinder,cdd 400 ml. of the 50% potassium
hydroxide solution,and swirl the flask.

6. Dilute to the mark with o_moni_-froedistillodwctor, _nd
mix well by shaking (Remarki).

7. _l!ow the solutionto stand for 24 hours and then decant
the clear solution into a I litor glass-stopporedPyrex
bottlo for storage.

O Remarks

I. If a heavy procipitater_mains, a new Ne_slerts solution
should be made up.

O
-2-
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H. W. Laboratory Manual Reissued: November, 19&8
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By: W.J_.

NICKEL SOLUTI_'_ STA/_

Safety Precautions

Observe general laboratory Safety Rules.

Literature References

1. Snell, F. D. and Snell, C. T., "Colorimetric methods of
Analysis", I, D. Van Nostrand Co., Inc., 316 (19&3)

Quantity and Container

i. 1000 ml. in four 250 ml. glass-stoppered P_Tex bottles.

Reagents and Specifications

For Preparation Per Liter Tota!

i. Nickel ammonium sulfate, C.P. 0.0673 g. 0.0673 g.

N±so c.P.
preparation

I. Transfer the 0.0673 g. of nickel ammonium into a sulfate
1000 ml. vol_netric flask.

2. Add about 500 ml. distilled water to the volumetric flask °
and mix until the salt is dissolved.

3. Dilute to the mark with distilled water and mix weil.

%. Store in four 250 ml. glass-stoppered Pyrex bottles_

UNCLASSIFIED
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H. W. LaboratoryManual Reissued: November,1948
Laboratory Solutions Status: Standard

By: W.JJ._.

EITRIC ACID SOLUTIC_S

Safety Pr0cautions

I. 0bsorvogenerallaboratory Safe_y Rules.

2. 0bservothe rules pertainingto handling strong acids.

Roa_onts and Specifications

For Preparation

Nitric acid_ C.P.

H To3,
Preparation

I. Colc_ato as follows the volur_eof conccntratcdnitric acid
required to m_(o the desired volume and concentrationof
dilute acid:

a. Fcr normality or nolcrity:

VI -- 63.2 (V2 x N2)

whore VI = ml. of 70% nitric acid to be t_ed.

V2 -desired total voluzo in lltors of dilute solu-
tion.

N2 : desirednormality or mo!arity of dilute solution.

Exnmplo: To make up I liter of 0.I N HNO_

VI = 63.2 (I x 0.I) .-6.3 ml. of 90% KN_

b. For percentage of HN03:

vz =(N !,,

whore VI = ml. of 70% 1_itricacid to be used

N = desired percentage

e v2 = desired total volume in ml.

-l-
i
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Ex_ple:Ton_o up500_I.of15%HNO3

vI:_m_\70/500- 107=i.of7_ H_03

c. For parts:

whore V1 - ml. of 70% HN_ to be used
V2 -desired total volune in ml.
a = desired parts of acid.
b .-desired parts of acid _ desired parts of

water

Exnnple: To make up 500 zl. of 1:3 HNO3

HNO3

2. By moans of a graduatedcylinder slowly add the required amount
of concentratJdnitric acid into a volumetricflask of the

proper size containingat least half of the tcL_l volume of
distilledwater to be used. This work z,_stbe done in a well
ventilatedhood.

3. Mix well and dilute to the mark with distilled_ater.

4. Mix well and transfer into a glass-stopperedPyrex bottle
of the proper size for storage.

@
-2-
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H. W. Laboratory Manual Reissued: November, 1948
Laboratory Solutions Status: Standard

By: W.J.M.

(o'.ozrag.ei. i '

Safet.yPrecautions

Observe general laboratory Safety Rules.

Literature References
_ _ m,, __ ,

American Public He_Ith Association, "Standard Methods for the
-Ex_ticn of Wcter and Sewage", 8th Edition, A.P.H.A.,
New York, 45 (1936).

@am_tit,v and Contclner

500 ml. in a 500 ml. glass-stoppered Pyrex bottle.

Reagents..and S_ecifications

For Preparation Per Liter Total

i. Potassium nltrate, C.P. 0.07216 g. 0.7216 g.

KN03, C.P..

2. Phenoldlsul_phonlc acid, C.P. 4 ml. 2 ml.

Preparation
-- m|

I. Weigh out exactly 0.7216 g. of the potassium nitrate, and
transfer _mto a 1 liter volumetric flask.

2. Dissolve the salt in a little distilled water, then dilute
the sclutien to the mark and mix thoroughly.

3. Pipet 50 ml. of this stock solution into a small evapor_tlng
dish, and evu_orate it to dryness on a stem bath. Do not
allow the material to spatter.

_. Add 2 ml. of phenoldlsulfcnlc acid to the contents of the

dish, und rub the mixture thoroughly with a glass rod to
insure intimate contact.

5. Dilute the solution with distilled water, and transfer it

O into a 500 ml. volumetric fl_sk.6. Dilute the solution to the mark _rlthdistilled _rater_ an_
mix thoroughly.

7. Transfer the solution into a 500 ml.
bottle for storcge. -I-

Q
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By: W.J.M.

OXALIC A_ID

Safety Precautions

1. Observe general l_boratory Safety Ib_les
2. Oxali_ acid is poisonous and care should be exercised to

prevent takir_ it internally.

Literature Reference

Griffin, R. _., "Techr_IcalMethods of Analysls", McGra'_and Hill
Co , 9 (1927).

Quantity and _ontalner

I liter in I liter dark bottle.

Reagents and Specification__.__s

For Preparation Per Liter Total

i. 0xalic axid, an_drous, C.P. 4,501 g. 4a501 g.

H2c2o ,,_* Pa

or

2 Oxalic a_Id, crystalline, C.P, 6,302 g. 6e302 g.

H2C204.2_0, C.P

preparation

I. Weigh accuretly the required amount of oxalic acid and
transfer into a 100 ml. beaker.

2. Add about 50 ml. of distilled water to dissolve the acid
and transfer into a I liter volumetric flask. Rinse the

beaker and add the washings to the flask.

3. Dilt_e to the mark with distilled water3 mix well, and
tramsfer into a dark bottle for storage.

B

0
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H.W. L_boratory Manual Reissued: November t 1948
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By: W.J.M.

OXALIC ACID

(lo 1

9 etyPrecaut%ons

1. Observe general laboratory Safety Rules.

2. Oxalic acid is poisonous and care should be exercised to avoid
taking it internally.

Quantity and Ccmtainer

500 ml. iu 500 ml. soft glass bottle.

Rea.__gents and Swecifications

For .=reparation Per Liter Tote!

Oxalic acid, C.P. i00 g. 50 g.

½c2o4. ,c.z:,.
Preparation

i. Weigh on a torsion balance the required amount of the oxalic
acid.

2. Transfer into a 500 ml. beaker_ adding about 300 ml. of dis-
tilled water to dissolve the oxalic acid.

3. Transfer the solution into a _00 ml. volumetric f__ask,dilute
to the mark with distilled water.

4. Mix well and transfer into a 500 ml. soft glass bottle
for storage.
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By: W.J._._.

FHEIIOLDISI_G_IC ACID

Safot_vPrecautions

I. Observe generallaboratorySafety _ulos.

2. 0bsorvo rules portalnlngto handling strong acids and bases.

3. The fumes from fuming sulfuric acid are very irritating;mix
acids and phenol under the hood.

Literature References

American TublicHealth Association,"Standard[_othodsfor the
Examination of Water and Sowuge" Sth Edition,A.P.H.A._ Now
York 45 (1936)

Quantity and Contqiner

225 hl. in 250 hl. glass-stopperedPyrex bottle.

Reagents and£uocifications

For Preparation Pcr Liter Total

I. Phenol, C.P., colorless IIi g. 25 g.

C6HgCH, C.P. colorless

2. Sulfuric acid, C._. 667 ml. 150 ml.

H2S04, 96%

3. Fuming sulfuricacid, Tech-
nical grado 333 ml. 75 ml.

H2s%,
Preparation

. I. Dissolve 25 groomsof colorless phenol in 150 ml. of pure
concentratedsulfuricacid in a 400 ml. beaker.

2. Add V5 ml. of fuming sulfuric acid containingat least 15%
free sulfur trioxide.

e 3. stir well and heat in a flask on a water bath for two hours.

UNCLASSIFIED
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Tho ro_gonts _ro thon froe of nono- and tri-_ulfonic_cids.

4. Tr_nsforrho roagont into _ 250 ml. gl_ss-stopporodFyrox
bottlo for stor_go.
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H. W. Laboratory Manual Reissued: November, 1948
Laboratory Solutions Status: Standard

By: W.J.M.

POTASSIUM HYDROXIDE t ALCOHOLIC

.Safety Precautions

I. Observe general laboratory Safety Rules.

2. Observe _es pertaining to handling strong bases.

Literature References

Furman, N.H., "Scottts Standard Methods of Chemical _alysis",
II, Sth Edition, D. V_u Nostrand, New York, 1771 (1939).

_ntlty and Container

I000 ml. in a I liter cork-stoppered l_Tex bottle.

Reagents .andSpecifications

For Preparation Per Liter Total

I. Potassium hydroxide, C.P. 29 g. 29 g.
KOH, C.P.

2. Ethanol, 95%, Purified i liter I liter
(Solutions Code: SE_21b)

For Standardization

i. Hydrochloric acid (Solutions Code: SH-25a)
0.3

2. Phenolphthalein indicator (Solutions Code: S_-8a)

' Special Apparatus

Pipet, special calibrations, 25 ml. (Apparatus Code: AP-ga)

preparation

A

i. Weigh out 29 ' 1.0 g. of C.P. potassium hydroxide rapidly into
a 750 ml. Pyrex beaker on a rough scale or balance.

o
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2. Dissolve in 500 ml. of 95% purified ethyl alcohol.

3. Allow the solution to settle in a dark place.

4. Filter through au asbestos filter.

5. Transfer into a I liter volumetric flask.

6. Dilute to the mark _zlththe 95% purified __Icohol. Shake and
mix weil.

/ 7. Tr__usferi_to a p_-raffln-llned cork-stoppered bottle and
.' store in a dark place.

Stamdo_di zation

1. Using the c,_libr_,tedpipet, transfer 25 ml. of the solution
to a i00 ml. Erlemmeyer flask.

2. Add i drop of 1.0% phenolphthalein indicator solution.

3. Titrate, using c 50 ml. buret, with standard 0.3___hydro-
chloric acid to a faint pink color.

4. Duplicate determlm_tlon should check within 0.005.

Calculations

V? .x N2___-

NI - V1

where NI - Normality of potassium hydroxide.

VI = Volume of potassium hydroxide.

N2 - Normality of O.33___hydrochloric acid.

V2 = Volume of hydrochloric acid.

Remarks

I. This solution should stand at least 24 hours before staudard-
i_Ing.

2. Restandardize before each determination.
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"[ H.W. Laburatory Manual Reissued: November, 1948
Laboratory Solutions Status: Standard

By: W.J.M

F_o_ r_, i_o_o_c
(o.±_)

Safet_ Precaution_

I. Observe _eneral laboratory Safety Rules.

2. Do not use alcohol near a flame.

Literature Before:Ices

Rieman, W., Nouss, J. D., aud Naimanm, B., "Quantitative Analysis_'
McOr_.w-_7.1,454(1942).

Qucautity and Conta'.mor

500 ml. it.503 ml. glass-stoppered Pyrex bottle.

Rc_gents and Specifications

For Prop_-ratlon Pcr Liter Total
_

1. Phenol red, commerclal dye 1 g. 0.9 g.

2. Ethyl alcohol, C.P. 1000 ml. 500 ml.

c2_oE,9_
preparation

1. Dissolv._ 0.5 g. of phenol rod c_'stals in about 200 ml. of
the alcohol in a 600 ml. beaker.

2. Transfer into a 500 ml. volumetric flask and dilute to the
mark with the alcohol.

• 3. Mix thc_roughly and transfer into a 500 ml. glass-stoppered
Pyrex bottle for storage.

-i-
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By: W.J_.

PHENCI,I_ITHALEI%_ INDICATOR

..... -

Safety Precautions

I. 0bsorvogeneral l_boratorySafety Rules.

_J 2. Observerules for hcadlin_ alcohol.

LitoraSuroReferences

_ruan, kT.H., "Scott'sStandard Iiothodsof Chemical Analysis";
II, 5rh Edition, D. Van Nostrand Co. 2192 (1939)

_uantitz and Container

500 ml. in 500 ml. glass-stoppered_Tex bottle.

Reagents and SDecifications

For Preparation Per Liter Total

1. Phonolphthaleln,commercial dye I0 g. 5 g.

C2(H1404, commercial dye

2. Ethyl alcohol, C.P. i000 ml. 500 ml.

czs , 95%

Prouaration

_ I. Dissolve the 5 g. phenolphthaleinin 250 ml. of the ethyl
_ alcohol in a 500 ml. volumetric flask.

2. Dilute to the mark with alcohol.

3. [_ixwell and transfer into a 500 ml. glass-stopperedPyrex
bottle for storagoo

e
-I-
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i Laborat ory Solutions Status: Standard
By: W.J.M.

PHENOLPHTE_EIN I_DICATOR
,,

0

S"_.fety Precautions

i. Observe general laboratory Safety Rules.

2. Observe rules pertalnimg to haudling e.lcohol.

Quantity end Container

I00 ml. in 125 ml. glass-stoppered Pyrex bottle.

Reagents and Specifications

For Preparation Per Liter Total

I. Phenolphthalein, Commercial 5.0 g. 0.5 g.

2. Etho.uol,C.P. I liter I00 ml.

c 5oE,
Preparation

1. Weigh out 0._ g. phenolphthalein, and dissolve iu about
50 ml. of the ethanol In a 100 ml. volumetric flask.

2. Dilute to the mark with et-hauoland mix weil.

3. Transfer solution into a 125 ml. glass-stoppered Pyrex bottle
for storage. '

-1-.
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H, W. Laboratory Manual Reissued: November S 1948
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By: W.J.M,

PHOS__TE STANDARD

(25o N% O4

Safet7 Prec__autIpn_ss

Observe general laboratory Safety Rules.
/

Quantit_ and Container

i000 ml. in a 1 liter glass-stoppered Pyrex bottle.

Reagents aud Specificatlons

For P:-eparation Per Liter Total

Sodit_ dihydrogen phosphate j C.P. 2.I0 g. 2.i0 g.

N_H2P04.H20, C.P.

Preparatio n

I. Weigh 2.10 g. of the sodium dihydrogen phosphate and trans-
fer to a i liter volumetric flask.

2. Dissolve in distilled water, dilute to the mark with distilled
water, and mix weil.

3. Pipet 100 ml. of this solution into another I liter volumetric
flask and dilute to the mark with distilled water.

4. Mix well and transfer into a dry I liter glass-stoppered
Pyrex flask for storage.

e
-l-
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By: W.J.M.

POTASSIUM CHROMATE

-- (zo_) ....

SafetZ Precautions

Observe general laboratory Safety Rules.

Quantity and Container

50 ml. in a 60 ml. dropping bottle.

Reagents andSpeciflcations '

For Prenaration Per Liter Total
, i, j

Potassium chrcmate, C.P. I00 g. _ g_

K2CrO_, C.P.

Preparation

I. Weigh 5 g. of the salt into a EO ml. beaker.

2. Add 50 ml. of distilled water to the beaker and mix until the
salt is in solution.

3. Transfer the contents of the beaker into a 60 ml. dropping
bottle for storage.

e
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H. W. Laboratory Mauual Reissued: November, 19_8
Laboratory Solutions Status: Standard

By: W.J.M.

POTASSIUM CHLORIDE

Safety ,Precautions

1. Observe ge_ere_ laboratory Safety Rules.

2. Observe rules pert_g to haudli_g strong acids.

Quantity and Container

5000 ml. in a 5 liter glass-stoppered Pyrex bottle.

_eagents and Specifications

For Preparatiom Per Liter Total

I. Potassium chloride3 C.P. 40 g. 200 g.
KCI, C.P.

2. Hydrochloric acid, C.P. 5 ml. 25 ml.

Preparation

I. Weigh on a torsion balance 200 g. of the potassium chloride
and transfer Imto the 5 liter storage bottle contsimimg about
2975 ml. of distilled water.

2. Mix the contents of the bottle, using a stirring assembly,
until the salt is in solution.

3. Acidify the solution with concentrated hydrochloric acid us-

ing litmus paper t then add 2_ ml. of concentrated hydrochlori_
aci&.

4. Mix the solution thoroughly aud store for use.

e _
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H. W. Laboratory Manual Reissued: November, 1948
Laboratory Solutions Status: Standard

By: W.J.M.

POTASSII_4BI-IODATE

' (0,O25 "

Safety Precautions

Observe general laboratory Safety Rules.

Lit erature References
, _ • .......

American Public Health Association, "Standard Methods for the
Examination of Water and Sewage"# 8rh Edition, A.P.H.A., 142 (1936).

Quantity. and Container

500 ml. in a 500 ml. glass-stoppered Pyrex bottle.

Reagents and Specification s

For Preparation Per Liter Total_ ,, ,

Potassium bi-iodate, C.P. 0.8124 g. 0.4062 g.

KIO3.EI03, C.P.

Preparation

I. Transfer the accurately weighed portion of the potassium bi-
iodate into a 400 ml. beaker, and dissolve in about 200 ml.
distilled water.

2. Transfer into a 500 ml. volumetric flask, rinsing the beaker
and adding washings to the flask.

3. Dilute to the mark with distilled water.

4. Mix well end store in a 500 ml. glass-stoppered Pyrez bottle_

®
\

-I-
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H. W. Laboratory Manual Reissued: November, 1948
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By: W.J.M.

POTASSIUM IODIDE

Safety Precautions

, Observe general laboratory Safety Rules.

10% Solution
i

_tity and Container

250 ml. iu a 250 ml. glass-sto_p_re_ sm_sr bottle.

.Reagents and Speclfications

For Preparation Per Liter Total
-- , !

Potassium iodide, C.P. I00 g. 25 g.
El, C.P.

!_reps_ation

I. Transfer the 25 g. of potassium iodide into a 250 ml
volumetric flask and ada about 150 ml. of distilled
water.

2. Dissolve the crystals, dilute to 250 ml. with dis-
tilled water, and mix well by shA_-_.

3. Transfer the solution into a dry, 250 ml. gla_;s-
sto_pered amber bottle for storage.

2_ Solution
• _,

_Q_amtity and Container

250 ml. iu a _ ml. glass-stc_er;_ amber bottle.

Reagents and Soecification_
w=-- m ,, |,

For Preparatio n Per Liter Total

0 Potassium iodide, C.P. 200 g. 50 g.
. KI, C.P.

--l-
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,,preparatign

I. Transfer the 50 g. of potassium iodide into a 250 ml.
volumetric flask and add. about 150 ml. of distilled
water.

2. Dissolve the crystals, dilute to 250 ml. with distilled
water, and mix well by shakimg.

3. Transfer the solution into a dry, glass-stoppered amber
bottle for storage.

@

e
\
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, H.W. Laboratory Ma_nual Reissued: November, 1948
Labor_tory Solutions Status : Standard

By: W.J .M.

POTASSIUM IODIDE_ ALK_II}_

(about I0_;)

S_.fetvPre zautlons

i. Observe general laborato._-Sufety Rules.

2. Observe rules pertaining to handling strong bases.

Literature References

_,merican Public Eealth Association, "Standa_-dMethods for the

Examination of ;later_n_ Sewage", 6rh Edition, A.P.H.A.,
143(1936).

Quantity and Container

i00 ml. Lu 4 oz. rubber-stoppered P_Tex bcttle.
?

Reagents and SPecifications

For Preparation Per Liter T_tal

I. Potassi_n iodide, C.P. 150 g. 15 g.
kq, C.P.

2. Potassit_nhydroxide, C.P. 700 g. 70 g.
KOH, C.P.

Preparation

i. Dissolve the 70 g. of potassium hydroxide in 50 ml. of
freshly boiled distilled water in a 250 ml. beaker.

2. Add the 15 g. of notassium iodide and mix until solution is

complete.

3. Transfer into a i00 ml. voltnnetric flash and dilute to the

mark with distilled vatmr.

4. Mix well and transfer into a _ oz. rubber-stoppered Pyrex

O bottle.
\

-_-
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By: W.J.M.

POT.,"S,,_UMIODIDE -'-Bb_'_'_

(_bout 6'59)

Safety Precautions

f Observe general l_boratory Safety Rules.

Quantity and C0ntainer

1000 ml. in I liter glass-stoppered amber bottle.

Reagents _d Specifications

For Preparation Pet"Liter Total

I. Potassium iodide s C.P. 65 g. 69 g.

KI, C.P.

2. Ammonitun chloride, C.P. 2 g. 2 g.

NH4CI, C.P.

Preparation

1. Dissolve the weighed potasslt_a i6dide an& am_.Snium.ahlorlde
in 100 ml. of distilled water in a 125 ml. beaker.

2.: Transfe'_-to a I liter volumetric flask and dilute to mark
with distilled %__ter.

3."Mix wQll and store in a g_ss-stoppered amber bottle.

-l-
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H. W. Laboratory Manual Reissued: November, 1948
Laboratory Solutions Status: Standard

By: W.J.M.

POTASSIUM I__GANATE

........ (o.:LE,T_)....

Safety Precautions

i. Observe general laboratory Safety Rules.
/

2. Potassium permanganate is a strong oxidizing agent and should
not be allowed to come iu contact with reducing agents except
under controlled conditions.

Quantity and .Container

1000 ml. iu a i liter glass-stoppered Pyrex bottle painted black.

Reagents and Specifications

For Preparation Per Liter Total

Potassium permamgauate, C.P. 3.2 g. 3.2 g.
EMu04, C.P.

For Standardization

i. Sulfuric acid, C.P.

E2so4,
2. Sodium oxalate, C.P.

Na2C204, C.P.

Special Apparatus

Buret, IO ml. (Apparatus Code: AB-21a)
@

preparation

I. Weigh the 3.2 g. of the potassium permaugamate and transfer
into a i liter volumetric flask.

2. Dissolve the weighed salt iu distilled water and dilute to the
mark with distilled water.

3. Transfer to a 2000 ml. beaker and boll the solution vigorously
for I0 mlnutes.

-1-
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4. Filter through ignited asbestos and catch the solution in a
I liter gl_ssostoppered clean _darkbottle for storage.

5. Allow to age iu the dark bottle for several d_ys before
staudardiziug.

Standardization

i. Dry in a weighing bottle about I g. of primary standard sodium
oxalate at 105°C iu the oven.

2. Cool bottle in disiccator for about 30 minutes.

3. Weigh accuretly 0.50 to 0.625 g. portion of the dried salt
and trausfer into a 250 ml. Erlemmeyer flask.

4. Dissolve in about 200 ml. of distilled water and add i0 ml.
of 96_ sulfuric acid.

5. Cool to room temperuture, transfer into a 250 ml. volumetric
flask and dilute to the mark with distilled rater.

6. Pipet 25 ml. of this solution into a I00 ml. beaker and heat

to 80 to 90°0. (l emark I)

7. Using a I0 ml. buret add potassium permmlganate solution
dropwise until each drop is decolorized immediately. (Remark 8.)

8. Then add the permaugauate rapidly until about seven ml. has
been rum in.

9. Allow all the color to become discharged and then titrate

dropwise to a 30 secondt light pink endpoint.

Calculations

wt. of Na C
Normality .- b.667ox mo4

Duplicate determinations should agree to _thln 0.0001

Remarks
_ m, ,

i. A temperature of 80 to 90°C must be maintained throughout the
standardization In order to obtain the sharpest possible end
point.

2. The titration is started by dropwise addition to prevent side
reactions taking place. _ile this is not experienced iu this
reaction, it is possible in certain other permaugan_te

@ determinations.

-_-
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By: W.J.M.

POTASSIUM ICDATE ".." .....

' '

Saf____e,ty Pre:autlon_s

.... Observe general laboratory Safety Rules.

Quantity and Contalner

i000 ml. in a I liter glass-stoppered Pyrex bottle.

Rea__gentsand S_e_zlfications

For P:'eparation Per Liter Total

i. Potassium iodate, C.P. 0.5655 g. 0.5655 g.

KI03, C.P.

2. Sodium bicarbonate, C.P. 0.25 g. 0.25 g.

NeJ<C0B, C.P.

Preparation

1. Weigh 0.5655 g. of the potassium iodate and 0.25 g. of the
sodium bicarbonate and transfer into a i liter volumetric
flask.

2. Dilute the contents of the volumetric flask to the mark with

distilled Water and mix thoroughly.

B. Transfer the solution into a i liter glass-stoppered Pyrex
bottle for storage.
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By: W.J.M.

POTASSIL_ EDDATE AS PRIM_/_YST/_NDARD IN ACIDD_IT_Y

Safety Precautions

0bsezve gener_.llaboratory Safety Rules.

f

, Literature References

Eoltoff, I. M., and Saudell, E. B. 3 "Quantitative Inorgc.uic
Analysis", _ae Macmillan Co., New York, _50 (1943).

Quom.tity ard Co._-_iner

100 ml. in a 125 ml. glass-stoppered Pyrex bottle.

Reagents

For Preoaration

Potass_u_n iodate, Primary Standard (Remark I)

KIO3, Primary Standard

For Staudardization

I. Sodium thiosulfate, 0.1N (Solutions Code: SS-18a)

2. Potassium iodide, C.P.
El, C.P.

3. Methyl red, alcoholic, 0.i_ (Solutions Code: SM-6a)

Special.Apparatus:"

I. Pipet, i0 ml. calibrated (Apparatus Code: A_-ga)

2. Buret, lO ml. semi-micro (Apparatus Code: AB-?_Ia)

Preparation

i. Weigh the calculated amount of primary standard potassium
iodate to the fourth decimal place, into a I00 ml. beaker
(R mrk2).

@
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2. Add about 50 ml. of distilled water to the beaker and mix
until the salt is iu solution.

3. Transfer the solution into a I00 ml. volumetric flask. Rinse
the beaker at least three times with distilled water, adding
the rinsings to the flask.

4. Dilute the contents of the volumetric flask to the mark with

distilled water, mix thoroughly and transfer the solution into
a 125 ml. glass-stoppered Pyrex bottle for storage.

" Standardization
_ , ,,

i. By means of a calibrated I0 ml. pipet, transfer an aliquot
of the standard potassium iodate solution into a 100 ml.
Erlenmeyer flask.

2. Add 2 ml. of the IN sodium thiosulfate, 0.17 g. of the po-
tasslum iodide crys-tals, and 1 drop of the 0.I_ methyl red
indicator to the flask and mix thoroughly (Remark 4).

3. Titrate the contents of the Erlenmeyer flask with the hydro-
chloric acid to be standardized, using a i0 ml. semi-micro
buret.

_. Repeat steps (I) through (3) until three successive titrations
• agree within 0.I_.

Calnulations

V1

where NI : Normality of the hydrochloric acid.

N2 - Normality of the potassium iodate.

V - Volume of the hydrochloric acid.
1

V2 - Volume of the potassium iodate.

Remarks

I. Calculate the g. of the potassium iodate required to make the
desired normality and volume as follows:

AXBXC
g" El03 " D X E
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where A .- 214.02 (M.W. KI03)

B - Desired normality

C - Desired volume (100 ml.)
!

D - 6 (HT equivalent)

E - 1000

2. The primary stan-dardpotassi_n iodate should be dried to
constant weight in a sulfuric acid desiccator. Heating the
salt above IooOc causes decomposition with resultant liber-
ation of iodine. Therofore, the former meame of drying
should be resorted too.

3. Potassium iodate may be used for the direct standardization of
acids by making use of the reaction:

---
By adding au excess of neutral alkali iodide and sodium thio-

sulfate to a solution of potassium iodate, hydrogen ions areremoved upon addition of hydrochloric acid, until all of the
icdate has been converted into iodine. The iodine is removed

by the excess sodium thlosulfate:
a.

2s2o3 _ Ia - -- s_o6 f 21"

Therefore, the liquid remains neutral and colorless during
the titration with hydrochloric acid until the end-point is
reached. :_ssoon _s all of the iodate has been used up, the
solution becomes acid, as indicated by the color change of
methyl red.

4. The values given are based on the use of O.IN potassium

iodate solution. For other than a O.IN_solution, vary these
values accordingly.

O
"3-
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H. W. Laboratory Manual Reissued: November, 19_8
Laboratory Solutions Status: Standard

By: W.J.M.

POTASSIUM SODIUM TId_

Safety:Precautions

Observe gener--Ilaboratory S_Zety Rules.

QuantIty and Contalner

i00 ml. in 125 ml. glass-stoppered Pyrex bottle.

Reagents and Speclflcat.loqs

For Preparztion Per Liter Tot___

Potassium sodium tartrate, C.P. 50 g. 5 g.

ENaC4H406"_H20 (Rochelle S_£tts)

Preparation

I. _ Weigh out 9 g. of tho potassium sodium tartrate, and transfer
the weighed crystals to a i00 ml. volumetric flask.

2. Dissolve the crystals in a small amount of distilled water_
and dilute to the mark with distilled _uter.

3- Transfer the solution into a 125 ml. glass-stoppered Pyrex
bottle for storage.
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H. W. Laboratory Manual Reissued: November, 19_8
Laboratory Solutions Status: Standard

By: W.J.M.

POTASSIUM PERMANGAN_FE
.-,.. , ,, , --- _

(Alkaline Reagent )

Safety Precautions

Observe the general laboratory Safety Rules.

-J Literature References
- . . , , ,, ,

_-_nericanPublic Health .ssociation, "Standurd Methods for the
_atlon of Water and Sewage", 8rh Edition, J..P.H.A,,
Ne_ York, 45 (19B6).

Quantity and Container

I000 ml. in a I liter glass-stoppered amber bottle.

Reagents and Specification

For Preparation Per Liter Tot_____

I. Potassium permanganate, C.P. 8 g. 8 g.

EMn04, C.P.

2. Sodlt_ hydroxide, C.P. 180 g. 180 g.
NaOH, C.P.

preparation

I. Boll 600 ml. of distilled water iu a 1000 ml. beaker for
i0 minutes.

2. Allow the water to cool, and add 8 g. of the potassium
permanganate.

B. In a separate 600 ml. beaker, dissolve 180 g. of the sodium
hydroxide iu _00 ml. of redistilled water. Allow the solu-
tion to stand until the insoluble m_terial settles.

4. Pour the pe_rmangauatesolution into a 2000 ml. beaker, and
add 400 ml. of the clear supernatant from the sodium hydro-
xide solution prepared in step 3.

5. Add 2_0 ml. distilled water.

6. Concentrate the solution to I liter by evaporation. Transfer
the cooled solution to a i liter glass-stoppered amber

e bottle for storage.

UiICLASSIF
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, Code: SP-_a
'" H.W. Laboratqry Manual Reissued: November, 1948

Laboratory Solutions Status: Standard
By: W.J.M.

POTASSIUM PYROGALLATE

(:_ikal_nePyrogallol)

Safety Precautions

I. Observe general laboratory Safety Rules.

2. Pyrogallic acid is extremely poisonous. Avoid internal
and external contact.

3. Observe rules pertaining to handling strong bases.

Literature References

Welcher,F., "Chemical Solutions", D. Van Nostrand Co., Inc.,
, New York, 280 (1942).

.Q_tit_ and Container

200 ml. in a 2_0 ml. glass-stoppered Pyrex bottle.

Reagents and Specifications

For Preparation Per Liter Total

i. Pyrogallol, C.P. 50 g. i0 g.

c6H6oB,c.P.

2. Potassium hydroxide, C.P. 500 g. 100 g.
KOH, C.P.

Pre_aratlon

I. Neigh i00 g. of the potassium hydroxide into a _00 ml. Pyrex
beaker.

2. Add 200 mis of distilled w_ter to the contents of the beaker
and mix thoroughly.

3. Weigh out i0 g. of the solid pyrogallic acid on paper and
pour into a funnel inserted in the 250 ml. glass-stoppered

.. Pyrex bottle.

4. Pour the potassium hydroxide upon the pyrogallic acid. The
latter will dissolve at once, and the solution is ready for

use. -i-



Code: SP-25a

• Remarks

i. This amount of potassium pyrogallate ,'_olutionis sufficient
for one determ_matlon when used _.th the Tin _,pparatus
Code: AT-ga. A fresh batch should be made up for each
determination.

2. The concentration of the potassium p3Togallate is suitable
for mixture of g_ses containing less than 28% or_Igen.

UNCLASSIFIED
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,@ Code: SR-23b
H. W. Labor_tory Manual Reissued: November, 1948

. Laboratory Solutions Status: Standard
By: W.J.M.

RUTHENIUM CHLORIDE

rag.

SqfQt:tPrecautions

Observe general laboratory Safety Rules.
/"

", Literature References
t

Hume, D.N., Glendeninl I.E._ Bsllow, N.E._ Coryell,"C.D.I "Ele-
ments of Methods for the Fissicn Product iu Plant Process Solu-

tions", Clinton Secret Report CN-1312 or A-30_.

Q%u_utitzjund Container

i000 ml. in a I liter glass-stoppered Pyrex bottle.

Reagents sad Specifications

For Preparation Per Lite r Tgtal

Ruthenium chloride, C.P. 28 g. 28 g.

RuCI3, C.P.

Prep_rat iota

i. Weigh 28 g. of the ruthenium chloride into a 400 ml. beaker
and dissolve in about 200 ml. distilled water.

2. Transfer into a I liter volumetric flask cad dilute to the
mark with ddstilled w_ter.

t

3. Tr_usfer into a I liter glass-stoppered Pyrex bottle for
storage.

e
-l-



Code: SS-la

" H.W. Laboratory Manuc_l Reissued: November, 19_8
Laboratory Solutions Status: Standard

By: W.J.M.

SOAP S_LOTION

(i : i c c03)

Safety Precaution_

i. Observe general laboratory Safety Rules.
/

2. Obsez-terules pertaining to handling alcohol.

Literature References

American Public He,__IthAssociation, "Standard Methods for the
Examln:tion of _,.Tmteromd Sewage," A.P.H.A., 60 (1936).

Quantity _nd.Container

i000 ml. in a 1 liter glass-stoppered Pyrex bottle.

Reagents _ud Specifications

For Preparation Per Liter Tot_

i. Stock soap solution, lO_,0 110-125 ml. 110-125 ml:
(SolutiozlsCode: SS-Ib)

2. Ethanol, C.P. about 900 ml. about 900 ml

c 5oH,
For St_ndardiz.-.tion

Calcium carbonate solution, i ml..- i rag. CaCO3.
(Solutions Code: SC-Ia)

Preparation

I. Using a graduated cylinder measure out Ii0 - 125 ml. of stock
soap solution into a 1000 ml. Erlenmeyer flask.

2. Dilute to about a liter with 80% ethanol.

3. Adjust the solution according to the procedure given under
the standardization.

' ml m

UHCLASSIFIED
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@ Code: SS-!_

St_.ndardlz_tion

A. Determinmtion of Lather Factor

1. Using z graduated cylinder, measure 50 ml. of distilled
water into au 8 oz. glass-stoppered bottle.

2. Add from a buret 0.i to 0.2 ml. of soap solution and
shake the bottle vigorottsly.

3. Let bottle staud on its side until lather fades.

4. Continue addi_ soap solution in 0.i to 0.2 ml. incre-
ments until a lather lasting 5 minutes is obtained.

5. Record the volume of soap solution used as the lather
factor.

6. Repeat steps 1 - 5 until five determinations agreeing
wlthing O.2 ml. are obtained.

B. Determination of CaCO3 Titcri ,, ,, _ ,

I. Pla@e 4_ ml. of distilled water in au 8 oz. glass-

stoppered bottle and add 5 ml. of the standard CaCO3
solution.

2. Titrate with standard so-.psolution as above until a 5
minute lather is obtained.

3. Deduct the lather factor from the titration and com-

pare the volumes of soap and CaCO3.

4. Ad4ust the volume of the soap solution until i ml. of
soap solution is equivalent to i ml. of CaCO_.
(Remark I).

Remarks

i. The lather factor must be determined at each adjustment of the
soap solution.



Cocle: SS-lb

H.W. Laboratory M_nunl Reissued: November, 1948
L_boratory Solutions Status: Standard

By: W.J.M.

SOAP SOLUTION

(Io_)......

S_etzpr_c_utlons

Observe general laboratory Safety Rules.
/"

Literature Reference
,, , -- _ i , ,,

A.P.H.A., "Standard Methods for the Examination of Water cad
S_wnge", A.P.H.A. and A.W.A.A., 60 (1936).

Quantity and Container

i000 ml. in a 1 liter gl_ss-stoppered Pyrex bottle.

Reagents _ud S_ecificntigns

ForPrep_tlon PerL±ter Tot_

i. C_stile soap_ pure powdered. I00 g. I00 g.

2. Ethanol, C.P. I000 ml. I000 ml.

c 5oH,
Preparation

i. Dissolve about i00 g. of the so_p In about _00 ml. of the
80% ethanol in a i liter volumetric flask.

2. Dilute to the mark with 80% et_hauolmix, and let stand at
least overnight.

3. Decant the clear solution into a I liter glass-stoppered
Pyrex bottle for storage.

e
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z E.W. L_bor_tory Manuc'.l Rei.ssuod: November, ]948
Laboratory Solutions Status : Standard

By: W.J.M.

(lo )

Safety Proc aution__s

/ Observe general laborato_j Safety Rr,los.

Literut:_roReferences

Griffin, E. C., "Technical Methods of Analysis", 2hd Edition,
McGraw-Hi!l, 5(!9_7) •

_!uomtit_ _m.dContainer

_00 ml "- - _ .• _ • _ 500 ml. glass-stopnorc& _=Vr_exbottle

_eagonts _uldS_ecifications.
For Prop_'ration Pcr Liter Total

Sodium carbonate, C,P. 1CO g. 50 g.

Na2C03, C.P.

Prcpar_.t!on

1. Dissolve _0 g. of the sod!rracarbonate in about 200 ml. of
• _ ._dist__l_,_dwater in & 500 ml. volumotrlc fl_-.sk,and dilute

to the mark with distilled w_ter.

?.. Mix well and tr_usfcr into a 500 mS.. glass-stopporcd

_ox bot'_le.

-I""



Code: SS-4b

" H.W. Laboratory _Manual Reissued: November, 19_8
Laboratory Solutions Status: Standard

By: N.J.M.

sT_._a9 C_LOarDE(STOCKSOLUTION)
.......... (OfO05g. cii_.) "

Safet_fPrec_.utions

Observe general laboratory So_ety Rules.

Qu_utlt7 and Container

500 ml. in 500 ml. glass-stoppered Pyrex bottle.

Reagents _nd Specifications

For Prep_ratipn Per Liter Total

Sodium chloride, C.P. 8.240 g. 4.120 g.
NAC1, C.P.

Prep_.r_tion

I. Weigh out exactly 4.120 g. of dry sodium chloride nnd
dissolve in about 200 ml. distilled water in a 400 ml.
beaker.

2. Tr_nsfer quantitatively into a 500 ml. volumetric flask and
dilute to volume.

3. Transfer into a 300 ml. glass-stoppered ._Tex bottle for
storage.

e
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H. W. Laboratory Manual Reissued: November, 1948
Laboratory Solutions Status: Standard

By: W.J.M.

SOD_,'Mt,_ZLOR_- mn)Z_OC_ORZCAC_
- '" (1.6_N:_cl)..........

(2.4_Ht1)

Sg_ety Precautions

I. Observe general laboratory Safety Rules.

2. Observe rules pertaining to the handling of strong acids.

Quantity and Contalaer

I000 ml. in a i liter gl_ss-stoppered Pyrex bottle.

Reagents and S_ecificationsf _ , l

For Preparation Per Liter Total

i. Sodium chloride, C.P. 16 g. 16 g.
NAC1, C.P.

2. Hydrochloric acid, C.P. 20 ml. 20 ml.
_c1,3_

Preparation

i. Dissolve the weighed sodium chloride in 500 ml. of distilled
wuter in a 600 ml. beaker.

2. Add the hydrochloric acid slowly with stirring.

3. Transfer into a I liter volumetric flask _md dilute to the
mark with distilled water.

4. Mix well and transfer i_to a i liter glass-stoppered Pyrex
bottle for storage.



UNCLASSIFIED
Code : SS-he

H. E. Laboratory Manual Reissued: November, 19_8
Laboratory Solutions Status : Standard

By: W.J.M.

SODI_4 C_LORIDE STA_D_.KD

(1 ml. - 9 micrograms)

Safety Prema_/tions

Observe general Izboratoz-jSafety Rules.

QuantitZ and Container

1000 ml. in a I liter glass-stoppered Pyrex bottle.

R_eagents and Specific_.tions

For Premaration Per Liter Total
LL _ ' '_L " • . __

Sodium chloride I ml. I ml.

I ml. = 0.00_ g. Cl/ml.
(Solutions Code: SS-_b)

preparation

i. Pipet the 1 ml. of the sodium chloride into a I liter
volumetric flask.

2. Dilute to mark _ith chloride-free distilled %-ater.

3. Transfer into a illtor glass-stoppered Pyrex bottle for
storage.

i
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H. W. Laboratory Manual Reissued: November, 19_8
Labor_tory Solutions Status : Stc_%dard

By: W.J.M.

SODIUM DIETHYLDITHI 0Cf/_AMATE

(O.i_)

Safety Precautions

0bser_e gencral labor_tory Safety Rules.

Literature References

S _,_,d_r_Methods for the, Ameri__l_ablic Health Association, " _ _ _
Examination of _.7_ter-_udSo_go" A.P.K.A 2_ (1936)J "2 "

_uantity -_ndContainer

I000 ml. in a i liter glass-stoppered amber bottle.

Recogents o_udSpecifications
For Preparati0 n Pcr Liter Total

Sodium diethyldithiocarbamate% C.P. 1.0 g. 1.0 g.

z (c 9)2cs2 : -, C.P.

Preparat __on

1. Dissolve 1.0 g. of the sodium dethyldithiocarbamate in
about 90 ml. distilled water in a 125 ml. beaker.

2. Transfer into a 1 liter volumetric flask, dilute to the
mark with distilled water and mix _oll.

3. Filter into a 1 liter glass-stoppered amber bottle protected
from li6ht for storogo.

UNCLASSiFiED
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H. W. Laboratory Mauual Reissued: November, 1948
Laboratory Solutions Status: Staudard

By: W.J.M.

SODIUM SULFATE

(,o-; - -

Safety Precautions

Observe general laboratory Safety Rules.

Quantit_ and Container

250 ml. in a 250 ml. glass-stoppered Pyrex bottle.

Reagents and Specifications

For Preparation Per Liter Total

Sodium sulfate, C.P. 28.40 g. 7.1 g.

Na2SO,,t C.P.

Preparation

i. Weigh out 7.1 g. of the sodium sulfate andtransfer into a
250 ml. volumetric flask.

2. Dilute to the mark with distilled water and mix weil.

S. Trausfer into a 250 ml. glass-stoppered Pyrex bottle for
storage.

f

e
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_,, Code : SS-8a

. H.W. Laboratory Manual Issued: November, 1948
"" Laboratory Solutions Status : Standard

By: W.J.M.

SODIUM HYDROXIDE SOLUTIONS

Safety Precautions

I. Observe general laboratoy Safety Rules.

." 2. Observe rules pertaining to handling strong bases.

Reagents and Specifications

For Preparation

Sodium hydroxide, 9C_ solution
(Solutions Code: SS-8d)

For Standardization

l'. Potassium acid phthalate, primary 'standard

EHCsH404, primary gtandard

2. Hydrochloric acid, 0.33N primary standard or
secondarystandard.( mark7)

3. Pheno!pthalein indicator, 0.7% (Solutions Code: SP-Sb)

4. Methyl red indicator, 0.1% (Solutions Code: SM-6a)

Special Apparatus

Burets, semi-micro, IO ml. (Apparatus Code: AB-21a).

preparati.on

I. Calculate the v01,mue_ t,hesodium hydroxide solution required
to make the desired concentration as follows:

J a. For normality or molarity
ml. of 50% sodium hydroxide = 52.6(A x B)

i

where" A : Des___elnor_AlltF o_ molarity.

B = Desired total volume in liters.

Example: to ma_:eI liter of 0.2_. sodium ikydroxide.
.

-_-
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ml. of 5o% sodiumhydro=iae- 52.6(0.25z l)

- 13.2 ml. 50% sodium hydroxide.

b. For percentage of sodium hydroxide ml. of 5_ sodium
hydroxide= (A)B

_here A'= Desired percentage

B = Desired total volume in liters.

Example: to make 500 ml. of 20% sodium hydroxide

ml of 50% sodium hydroxide - (20) 200 ml• _, 5oo= •
of 50% sodium hydroxide.

c. For rafts

ml. of 50%.sodltnuhydroxide = A(a)
(_)

where A : Desired total volume in ml.

a : Desired parts of base.

b : Desired parts of base wl_____desired parts of
- _ter. -

Example: to make 500 ml. of 1:3 sodium P_droxido.
l

ml. of 50% sodium hydroxide - 500 (I) = 125 mi. sodium-I-

hydroxide.
,..

2. Slowly add rhe required amount of 50% sodi_n hydroxide to a

volumetric flask of the proper size, containing at least 50_

of the total required volume of distilled _ter.

3. Mix well and dilute to the .mark vlth distilled water.

4. Transfer into a dry rubber-stoppered Pyrex bottle of the
proper size. (Rem_rks 1,2 and 3)

• • _ w ' "



Code: Ss,-Sa

f

Standardization

A great many methods are available for stande_dizing alkali
solutions. However, one of the methods given bolo:_will be
found suitable for standardizing sodium .hydroxide_hich is
intended for any common use on this project. It is important
In occurate work to select a standardization using the s_ne
indicator as will be involved in the subsequent uses of the
solution (Remark 5).

Against Prim_%ry Stcmd_'d Potassium Acid Phthalate
#

I. Determine the approximate weight (in g.) of potassium acid
phthalate samples to be weighed _s follows:

g. Potassium acid phthalate . A x B x C

where A --0.2

B - Estimated normality of sodium hydroxide.

C- Desired volume of all_li for titration

(approximately 3/4 buret capacity)

2. Weigh accurately to four dec!nal places into suitable.

titrating containers several samples of about the above
determined size.

3. Add about 50 ml. of distilled water (neutral to
phenolphthaloln) to each of the weighed samples, then add
one drop of phenolphthalein indicator.

4. Titrato each of the phthalato samples with the alkali
solution to he -stnndardizcd to a light pir,k end-point which
is permanent for 30 seconds.

". 5. Read the buret and apply temperature corrections (see below
and Remark &) to the observed volumes used.

Calculations (Remark 6)J

NI -- W_
• o.204o-Ci'Vx

where NI - l_orzzlity of sodium hydroxide

WI = Weight of potassium _cld pht.haLute
"\

O V I . Volt,no of sodium hydroxide

"3-
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AgaLnst Standard Hydrochloric Acid

This method is applicable to standardizations against either
primzry or secondary standard hydrochloric acid (Remark 7).

I. Measure accurately from a buret into a 100 ml. beaker or
flask the required amount of hydrochloi-ic acid standard.

2. Dilute with about 30 ml. of distilled _.ter _T,ich is neutral
to the indicator to be used.

3. Add one drop of phenolphthalein or met!kvlred indicator
solution (Remark 5).

&. Titrate with the sodium hydroxide solution to be stcmdardized.

3. Record the buret reading and apply temperature corrections to
both buret readings if required (Remark 4).

Calculations (Rezczk 6)

N1 --V_2X N?

where Nl = Normality of sodium hydroxide

,V l - ml. of sodium hydroxide

N2 - Normality of hydrochloric acid

V2 : ml. of hydrochloric acid

Temperature Corrections

Temperature corrections for st-_lard solutions are calcuL-ted as
follows :

Correction to be added (ml.) - V x (e - a) x (20 -t)

where V : observed volume (ml.)

t = temper_ture of the solution at time of reading.

a : Cubical co-efficient of expansion of glass. For
our purpose am average value of 0.00002 is appli-
cable to either soft gl,-.ssor Pyrex.

e e = Cubical co-efficient of expamsion of the solution
which may be obtained for various strengths of
sodi_ hydroxide solutions from the .'._Dllowingtable:

-_-



Coa_:..... ss-8a
!

Normality of sodium Cubical co-effecient of expansion

h_droxide solution ml. per ml._e r eO.

o - 0.20 0.00025
0.2o- o.4o o.ooo27
o.4o- 0.6o o.ooo29

I.o o.ooo34
1.5 o.ooo37
.o . o.ooo_o

Tables of co_Tections to be applied to solutions heving
"- normalities be_w_en 0.20 and O.hO and 0 and 0.20 have been

worked out and will be foun_ in this manual _cde: SA - 18a.

Remarks

I. Solutions of strength greater the_ o.33N should be stored
in paraffin-lined P3_.exbottles stoppered _.th corks which
have been soaked in melted paraffin or with rubber st_l_erss
which have been boiled in I0_ sodium hydroxide solution and
thoroughly washe_ _rithdistilled water..

2. lt is best to allow sodium hydroxide solutions to age for atleast a week with daily sh_kings before attempting standard-
ization.

3. Sodium hydroxide solutions of strength greater than 0.33 N
should not be allowed to stand in a buret as etching of %_e
buret and freezin_ of the stopcock will occur°

4. If the solutions are at the same temperature and of
• approximately the same strength no temperature corrections

need bo applied.

5. The chief important difference between the use of methyl red
and l_lenolphthalein indicators is caused by the presence of

• small amounts of carbonate in nearly all alkali solutions.
When using methyl red indicator this carbonate is titTated
and included in the normality of the solution. This yields
a value which is not greatly affectod by carbon dioxide. In
using phenolphthalein i_dlcator the v_lue of the carbonate is
not includ.edin the normality of the solution. Variations in
normality obtained using the two indicators will be found to
be in the order of 0.1%.

6. Duplicate determinations of normality should agree within
0.OOO2.

e 7. For best results the acid solution s.houl_have a strength of

-5-
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. •.,_.o,

within a factor of 2 of that of the solution to bo

standcriized. Primary standard 0.33 N hydrochloric acid
refors to material propared iirectly from constant boiling
hydrochloric acid.

/
I

@

@
-6-
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H. W. Laboratory Manual Reissued: November, 19_8
Laboratory Solutions Status : St_idard

By: W.J.M.

SODII_iHYDROXIDE
-- _ |

: 19N)''

Safety Precautions

/.. I. Observe general laboratoz_ySafety Rules.

2. Observe rules pertaining to handling strong bases

Quantity and Container

I000 ml. in 1 liter rubber-stoppered wax-lined Pyrex bottle•

Reagents and Specifications

For PreParation Per Liter Tota____l

Sodium hydrozide pellets, C _. 760 760g. g.
NaOH, C. P.

Preparation

I. Dissolve the 760 g. of the sodium hydrozide in about 700 ml.
of distilled water in a I000 ml. beaker and allow to cool.

2. Transfer into a I liter volumetric flasM, lilute to the mark
with distilled water, mix well and let stand until supernatant
is clear.

4

3 • Decant of su_ornatant liquid and transfer into a 1 liter Pyrex
bottle wax-lined for storage.

4. Stopper with a cork previously soakod in paraffin or _ rubber
stopper which was boiled in I0% sodium hydroxide and oare-
fully washed in distilled water.

@
-1-
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By: W.J.M.

Safety Prec_.utions

Observe general _,abor/to_-Safety Rules.

Quantityand Cg_cr,lner

_00 mt. in 500 ml. glass-stoppered Pyrex bottle.

Reagent s _md Specifications

F_._rpreparatlon Per Liter , Total

Sodium chloride, C.P. 8 240 g. _ 4.120 _• _

N_CI, C.P. ' ,

Prepzr::tlon

i. Wolgh out _ 4.120 g. of dry sodium ciuloridennd
dissolve in about 200 ml. distilled wate_ in a 400 ml.

beaker.

2. Tr_sfer quantitatively into a _00 ml. volumetric fl_sk _d
dilute to volume.

3. Transfsr into a 500 ml. glass-stoppered _Tex bottle for
storcge.

\

e
-l-
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H. W. Laboratory Manual Reissued: November, 1948
Laboratory Solutions Status: Standard

By: W.J.M.

(2.45 ci)

Safety Precautions

i. Observe general laboratory Safety Rules.

2. Observe rules pertaining to the handling of strong acids.

Quantity c_ndContaingr

I000 ml. in a i liter glass-stoppered Pyrex bottle.

Reagents and Specifications

For Preparation Per Liter Total

• i. Sodium chloride, C.P. 16 g. 16 g.
NAC1, C.P.2

2. Hydrochloric acid, C.P. 20 ml. 20 ml.
. Etl, 36%

... Preparation
.0 -- _ __

i

i. Dissolve the weighed sodium chloride in 500 ml. of distilled
., water in a 600 ml. beaker.

/

2. Add the hydrochloric acid slowly with stirring.i

3. Transfer into a I liter volumetric flask cad dilute to the
mark with distilled water.

4. Mix well and transfer into a 1 litar glass-stoppered Pyrex
bottle for storage.

-1-
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H.W. Laboratory Manual Reissued: December, 1948
Laboratory Solutions Status: Standard

By: W,J.M.

ZIRCONYUM NIT_TE

(50 4 3)

Safety Precautions

I. Observe general laboratory Safety Rules.

2. Observe rules pertaining to handling strong acids.

_uantit Z and Container

2000 ml. iu a 2 liter glass-stoppered Pyrex bottle,

Reagents and Specifications

Eor Preparation per Liter Total

i. Zirconium nitrate, C.P. 186 g. 372 g.
zr(No3)_

2. Nitria acid, C.P. 190 ml. 380 ml,

_o3, 70%
Pre_arati0n_

I. Weigh 372 g. of zirconium nitrate .andadd to a 600 ml. beaker
containing 380 ml. of the nitric acid and 220 ml, distilled
water.

2. Mix well and transfer into a 2 liter volumetric flask, dilute
to the mark with distilled water.

3. After thorough mixing transfer into a 2 liter glass-stoppered
Pyrex bottle for storage.

L
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H. E. Laboratory Manual Reissued: November, 1948
Laboratory Solutions Status : Standard

By: W.J.M.

SODIUM CKLORIDE -.STAND__KD

(I ml. - 5 micrograms)

Safety Precautions

Observe general laboratory Safety Rules.

Quantity and Container

I000 ml. in a 1 liter glass-stoppered Pyrex bottle.

Reagents and Specific_.tions

For Premaration Per Liter Total

Sodium chloride 1 ml. 1 ml.
1 ml. : 0.005 g. C1/ml.

(Solutions Code: SS-_b)

Preparation

1. Pipet the 1 ml. of the sodium chloride into a 1 liter
volumetric flask.

2. Dilute to mark _ith chlor!de-free distilled _ater.

3. Transfer into a 1 liter glass-stoppered Pyrex bottle for
storage.

@
I
k

•,LASSIFIED



Code : SS-6a

H. W. Laboratory Manual Eeissued: November, 1948
Laboratory Solutions Status : Stcmdard

By: W.J.M.

SODIUM DIET_'LDITHIOCIZ_BAM&TE

S_,fetyPrecautions

! Observe general laboratory Safety Rules.

Literature References

0 Am_ric'__u_b!ic Health.Association, "Standard Methods for the

ExcmMuation of 1..Taterand Sc_ge", A.P.H.A., 2_ (1936).

._uantity an_ Container

1000 ml. in a 1 liter glass-stoppered amber bottle.

Rc:c.gentso_udSpec ifications

For Preparation Pcr Liter Total

Sodium diethyldithiocarbamate_ C.P. 1.0 g. 1.O g_

N(C_9 )2cS2Na , Eastmrm, C.P.

preparation

1. Dissolve __.0g. of the sodium deth_-idithiocarbam_te in
about 90 ml. distilled wuter in a _ ml. beaker.

2. Transfer into a 1 liter volumetric flask, dilute he the
mark _.rlthdistilled _ater and mix weil.

3. Filter into a I liter glass-stoppered amber bottle protected
from light for storsgc.

O
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E. W. T _boratory Manual Reissued: November, 1_8
Laboratory Solutions Status: Standard

By: W.J.M.

SODIUM SULFATE

" ' (O._Z) '

Safet_ Precautions_ ,,m

Observe general laboratory Safety Rules.

QuantltZ and Centairier

250 ml. in a 250 ml. glass-stoppered Pyrex bottle.

Reagsnts and SDecifications-- ,, L _ _ _ , _, , _

For Preparation Per Liter Total

Sodium sulfate, C.P. 28.40 g. 7.1 g.

Na2SO 4t C.P.

preparation

i. Weigh out 7.1 g. of the sodium sulfate andtransfer into a
250 ml. volumetric flask.

2. Dilute to the mark with distilled _ater and mix weil.

3. Transfer into a 250 ml. glass-stoppered Pyrex bottle for
storage.
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Code : SS -8a

" H.W. Laboratory Manual Issued: November, 1948
" Laboratory Solutions Status : Ste_udard

By: W.J.M.

SODYJM HYDROXIDE SOLUTIONS
m

Safety Precautions

I. Observe general laboratoy Safety Rules.
t.

2. Observe rules pertaining to handling strong bases.
• _. ,

Reagents and Specifications

For Preparation

Sodium hydroxide; 9C_ solution
(Solutions Code: SS-8d)

For Standardization

I'. Potassium acid phtha!ate, primary 'start&aral
KHC8H404, primary  t dara

2. Hydrochloric acid, 0.33N primary standard or
second_ry standard'. (R_mark 7)

3. Pheno!pthalein indicator, 0.5% (Solutions Code: SP-Sh)

4. Methyl red indicator, O.l_ (Solutions Code: SM-6a)

Special Apparatus

Burets, semi-micro, I0 ml. (Apparatus Code: AB-21a).

"'_ Preparat ion

I. Calculate the v01t_e _ the sodium hydroxide smlutio_ required
to make the desired concentration as follows:

a. For normality or molarity
ml. of 90_ sodium hydroxide - 92.6(A x B)

where A .-Des__ge_nor_AlltF om molarity.

B - Desired total volume i_ liters.

Example: to ma_:e I liter of 0.29_..sodium Ikydroxide.

-I-
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ml. of 50_ sodium hydroxide = 52.6(0.29 x I)

= 13.2 ml. 50_ sodium hyd._oxide.

b. For percentage of sodium hydroxide ml. of 5_ sodium
hydroxide = (A)B

where A = Desired percentage

B = Desired total volume in liters.
/

Example: to make 500 ml. of 20% sodium hydroxide

ml. of 5C% sodi_ hydroxide- !2_0)500: 200 ml.
_vj-v-

of 50% sodium Ikydroxide.

c. For Tarts

ml. of 50%,_odi_ hydroxide --AI__

where A : Desired total volume in ml.

a : Desired parts of base.

b : Desired parts of base l_ desired parts of
1_ater.

Example: to make 500 ml. of 1:3 sodium P_ydroxidc.
P

ml. of 50_ sodium hydroxide : 500 (_) = 125 ml. sodium
"I"

hydroxide.

2. Slowly add rhe required amount of 50% sodium hydroxide to a

volumetric flask of the proper size_ conta__uing at least 50_to

of the total required volume of distilled water.

3. Mix well and dilute to the .markwith distilled water.

_. Transfer into a dry rubber-stoppered P_TeX bottle of the
proper size. (Romarl_ 1,2 and 3)

_.,

O
_.. ..

• w_,_ _ • ,
i
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Stmud_rdization

A great many methods are available for stande_dizing alkali
solutions_ Howovcr_ one of tLo methods given bolo:;will be
found suitable for sta_nA_rdizimgsodium .hydroxide_hich is
intended for any common use on this project. It is important
in occur_te work to select a stand,ardization using the s_me
indicator as will be involved in,the subsequent uses of the
solution (Remark _).

_._ainstPrim_.r.yStcmd_.d Potassium Acid Phthalate
1

I. Determine the approxlmato weight (in g.) of potassium acid
phthalate samples to be weighed as follows:

g. Potassium acid phthalate - A x B x C

where A = 0.2

B = Estlm=.tednormality of sodium hydroxide.

C- Desired volume of alkali fez titration

(approximately D/_ buret capacity)

@ .2. Weigh accurately to four decimal places into suitable
titrating containers several s_mples of about the above
determined size.

,'-Cdabout 50 ml. of distill,_d%_ter (neutral to
phenolphthalein) to e_ch of the weighed scarples,then add
one drop of phenolphthalein indicator.

4. Titrato each of the phthalato samples with the alkali
solution to be -st__udardizcdto _ light pink end-point which
is pormcment for 30 seconds.

" 5. Read the buret and apply temperatt_ro corrections (see below
and Remark 4) to the observed volumes used.

Calculations (Remark 6)

N1 = "_;_

where NI - Norzu_.lityof sodium hydroxide

WI : Weight of potassium _cid phthalnte

O V I = Volume of sodium hydroxide

"3-
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Against Standard Hydrochloric Acid

This method is applicable to standc_dizatior.s against either
primz_5, or secondary stnnd-_rdhydrochloric acid (Remark 7).

I. Measure accur_teI$-from a buret into a 100 ml. beaker or
flask the required amount of hydrochloi'ic acid standard.

2. Dilute with about 30 ml. of distilled wuter which is neutral
to the indicator to be used.

' 3. Add one drop of phenolphthalein or methyl red indicator
solution (Remark 5) •

&. Titrate with the sodium hydroxide solution to be st_%dardized.

3. Record the buret reading and apply temperature corrections to
both buret readings if required (Remark 4).

Cc.lculations (Rcmc_h 6)

_i - W__
VI

where N I : Normality of sodium hydroxide

V I - ml. of sodium hydroxide

N2 - Normality of h_ydrochloricacid

V2 - ml. of hydrochloric acid

Tcmpcraturc Corrections

Temperature corrections for stan-dardsolutions are calculcted as
follo_s :

Correction to be  aea (ml.) - V x (e - a) x (20 -t)

where V : observed volume (ml.)

t - tempero.tureof the solution at time of reading.

a : Cubical co-efficicnt of expansion of glass. For
our purpose au average value of 0.00002 is appli-
cable to eithcr soft glass or l_jrex.

O e = Cubical co-efficient of expansion of the solutionwhich may be obtained for v_rious strengths of
, sodium hydroxide solutions from the '_llowlng table:

-_-
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Normality of sodium Cubical co-effecient of expansion

hydroxide solution ml. _er ml. per oC,

0 - 0.20 0,0002_
O.20 - 0.40 0.00027
o.4o- o.60 o.ooo29

l .o o.ooo34
1.5 o.ooo37
2.0 . 0.000_0

Tables of corrections to be applied to solutions hevlng
normalities between 0,20 and 0,_0 and 0 and 0.20 h_ve been
_orked out and will be found in this manual bode: SA - 18a.

Remarks

I, Solutions of strength greeter than 0.33 N should be storedm_

in par_ffin-lined P_ex bottles stoppered with corks which
have been soaked in melted paraffin or with rubber st_pperss
which have been boiled in 10% sodium hydroxide solution and
thoroughly washe_ _rlthdistilled _ter,.

2, lt is best to allo_¢sodium hydroxide solutions to age for atleast a week with daily shakings before attempting standard-
ization.

3, Sodium hydroxide solutions of strength greater than 0.33 N
should not be allowed to stand in a buret as etching of the

• buret and freezir_ of the stopcock will occur.

4. If the solutions are at the same temperature and of
' approximately the same strength no temperature corrections

need be applied.

5. The chief important difference between the use of methyl red
and phenolphthalein indicators is caused by the presonce of
small amounts of carbonate in nearly all alkali solutions,
When using methyl red indicator this carbonate is titrated

and included in the normality of the solution. This yields
a value which is not greatly affectmd by carbon dioxide. In
using phenolphthalein i_licator the value of the carbonate is
uot _cluded in the normality of the solution. Varietions in
normality obtained using the t_ indicators will be found to
be in the order of 0.1%,

6. Duplicate determinations of normality should agree within
0.0002.

7. For best results the acid solution s.houl_have a strength of

-5-
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within a factor of 2 of that of the solution to be

standardized. Primary standard 0.33 N hydrochloric acid
refers to material prepared directly from constant boiling
hydrochloric acid.

@
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H. W. Laboratory Manual Reissued: November, 1948
Laboratory Solutions Status : Standard

By: W.J.M.

SODIUM HYDROXIDE

(5o '

Safety, Precautions

I. Observe general iaborato_j Safety Rules.

2. Observe rules pertaining to handling strong bases

Quantit,v and Conte iner

i000 ml. in 1 liter rubber-stoppered wax-lined Pyrex bottle.

.Rea_emts end Specificztioms

For Preparation Per Liter Total

O Sodium hydroxide pellets, C. _. 760 g. 760 g.NaOH, C. P.

Preparation

I. Dissolve the 760 g. of the sodium hydroxide in about 700 ml.
of distilled w_ter in a I000 ml. beaker and allow to cool.

e. Transfer into a 1 liter volumetric fl_s}_,dilute to the mark
with distilled water, mix well sad let stand until supernatamt
is clear.

3. Decant of supernatant liquid and transfer into a i liter Pyrex
bottle wax-lined for storage.

, 4. Stopper with a cork previousl_- soaked in paraffin or a rubber
stop.m_rwhich was boiled in 10% sodium hydroxide and oare-
fully washed in distilled watur.

O
\



...... ss-ga,
W

•" H.W. Laboratory Manual Roissued: November, 19_8
Laboratory Solutions St _tus : Standard

By: W.J.M.

SILVER NITRATE

Safety Precautions

i. OObserve general laboratory Safety Rules.

2. Silver nitrate is caustic and poisonous. Core should be exer-
cised w:,iL handling the material.

Quc_tit_v and Container

i000 ml. in a I liter glass-stoppered dark bottle.

Reagonts and Specifications

For Proparation Per Liter Total

Silver nitrate ' 17 17g. g.

AgNO3, C. P.

Preparation

1. Dissolve 17 g. of the silver nitrate in distilled _tcr lm a
I liter volumetric flask and dilute to the mark _ith dis_illed
water.

2. Transfer into a 1 liter glass-stoppored d_k bottle for :
storage.

-1-
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H. W. Laboratory Manual Reissued: November, 19_8
Laboratory Solutions Status: Standard

By: W.J.M.

SILVER NITRATE

=i.= o.5

Safety Precautions

i. Observe general laboratory Safety Rules.

- 2. Silver nitrate is caustic and poisonous. Care should be
exercised when handling this salt.

Literature Reference

A.P.H.A. "Standard Methods for the Examination of Water and
Sewage"j A.P.H.A., 34 (1936).

Quantity and Container

e IO00 ml. in 1 liter glass-stoppered Pyrex bottle painted black.
Reagents and Soecificaticns

- ,

For Preparation Per Liter Total

Silver nitrate, C.P. 2.4 g. 2.4 g.

AGN03, C.P.

For Standardization

i. Sodium chlorides (Solutions Code: SS-4d)
0.001 g. CI/MI

e

•' 2. Phenolphthalein indicatort (Solutions Code: SP-Sa)
1.0_

3. Methyl orange indicator (Solutions Code: SM-Sa)
0.i_

4. Sodium carbonate (Solutions Code: SS-3d)
0.02N

.

5. Sodium chromate indicator, .(Solutions Code: SS-Sa)

e 6. Sulfuric acid, 0.02N (Solutions Code: SS-23a)

-_-
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Prewaratlon

I. Dissolve 2.4 g. of the silver nitrate in about 50 ml. dis-
tilled water in a 129 ml. beaker.

2. Transfer into z 1 liter volumetric flask and dilute to the
mark with distilled water.

3. Shake and mix well and transfer into a 1 liter glass-stopper-
ed Pyrex bottle, painted black, for storage.

Stand_rdl zation
e

i. Pipet I0 ml. of the standard chloride solution into a 6-inch

white porcelain evaporating dish containing 40 ml. of dis-
tilled water.

2. Add i drop of phenolphthalein indicator, and if a red color

appears neutralize wlth :0__ H2SO4.

3. Add I drop of methyl orange indicator and if _ red color

appears neutralize with .02N_Na2CO 3.

4. Add 1 ml. of sodium chromate indicator.

5. Titrate with the silver nitrate solution until a fmint red

coloration is perceptable.

6. Calculate the correction due to variations in volume of the
liquid as follows:

X : O.OO3V _ 0.02

where X - correction in ml. to be deducted from silver
nitrate volume.

V = volume of solution after titration.

7. Deduct this correction from the total volume of silver nitrate

to determine volume of silver nitrate equivalent to the
chloride added.

8. Make final adjustment of the silver nitrate solution such

that3 after application of the correction, 1 ml. silver
nitrate solution is equivalent to 0.5 rag.of chloride radical
(0.5 ml. of standard chloride solution).

Remark

The volume at the start of the titration must be 50 ml. to
duplicate conditions of use.

-2-
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II. W. Laboratory M_ual Reissued.' November, 1948
- Laboratory Solut ions Status: Standard

By: W.J.M.

SILICA SOLUTION ST_ND_/%D
,, [ , • , , J

(l ml.. o.lorag.ale2)

Safetz Prec_utlons

Observe general laborato_- Safety Rules.

Quantlty and Container

1000 ml. in a I liter glass-stoppered Pyrex bottle.

Reagents _

For Preparation _,

Sodium silicate corsnorcialgra&_',

Si02, 2_'

Preparation

I. Solution A •
,,

Dissolve 39 g. of the sodium silicate in a i00 ml. volumetric
flask with distilled water and dilute to the mark with dis-.
tilled _ter. So%utlon A is stable for at least 2_ ,hours.

2. Solution B
---- _ ,t ,

Pipet I0 ml. of solution A into a I liter volumetric flask
oad dilute to the m2mk with distilled _mter. Work rapidly;
this solution is very unstable.

3. Solution C

Pipet I00 ml_ of solution B into _ i liter volumetric flask
and dilute to the mark with distilled water. Solution C must

be made _rlth_ 5 minutes after the preparation of solution B.
Solution C is used for the p=eparation of the callbr_tion
curve for _me in analysing treated water and is stable for
_t least 4 hours.



Code: _ SS-lOa

Standardizat ion

I. Pipet triplicate 2_ ml. samples of solution B into pl_tinum
dishes and determine silica by Water Methods Code: WS-Sa.
Calculate ppm silica in solution B.

2. Divide ppm silica in solution B by i0 to obtain ppm silica in
solution C.

@

-2-

, UNCLASSIFIED



UNCLASSIFIED
co e.: ..... _ ,,ss-lo

H. W. Laboratory Manual Reissued: Novamber, 1948
Labor_tory Solutions Status: Standard

By: W.J.M.

SILICA SOLUTION

(App ox  tely60ppm)

Safety Precautions.

Observe general laboratory Safety Rules.

Quantity and Cont airier

i000 ml. in a I liter glass-stoppered Pyrex bottle.

Re.a_entsLand Specifications

For Preparation per Liter Tot_____

Sodium silicate, commerical grade I.3 ml. I.3 ml.

Si02, 28%

Preparat ion

I. Dilute l.B ml. of 28% commercial sodium silicate to the mark
with distilled water in a i liter volumetric flask.

2. Pipet i00 ml. of the solution into another I liter volumetric
flask and dilute to the mark with distilled water.

3. Transfer into a I liter glass-stoppered Pyrex bottle for
storage.

Standardization
_ , ,, l =, ,,

Approximately 60 ppm sodium silicate. Check by a colorimetric
silica analysis, (Water Methods Code: WS-Ib).
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H. W. LaboratoryManual Reissued: November,1948
LaboratorySolutions Status: S-tandard

By: W.J.M.

S0DI[_iPARA PERIOD__TE

(0.12%Periodato in 11% H2SO4)

Safety YTocautions

I. 0bsorvegeneral laboratorySafety Rules.

2. Observerules pertaining to handling strong acids.

Quantity and Container

About 2000 ml. in c 2 liter glass-stopperedFyrex bottle.

Reagcnts and ,Spec!flcations

For PreDarati0n PerLite_____r Total

i. Sodium C.P. 1.2 2.4para periodate_ g. g.

Na_3106, C.P.

2. Sulfuric acid_ C.P. 60 ml. 120 ml.

H2s%,
Preparation

1. Measure out the 120 ml. of the sulfuric acid and add it slowly
with stirring to 1500 ml. of distilledwater in a 3000 ml.
beaker.

2. Add 380 ml. distilledwater.

3. Add the 2.4 g. of the sodium para periodato to the solution.

4. Heat to boiling and keep hot for 30 minutes.

5. Cool and transfer into a 2 liter glass-stopperedFyrox
bottle for storage.

e i

-1-
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R. _. LuboratoryManual Reissued: November,1948
Laboratory Solutions Status: Standard

By: N.J.M.

SODIL_ THI0S_LFATE
ru i- T_ 1la dm l

Safety_. Precautions

1. Observegeneral laboratory Safety Rules.

2. Observerules for handling strong acids.

Literature References

I. Treadwell,F. P., and Hall, W. T., "AnalyticalChemistry",
II, John _liley& Sons, 585-589 (1942)

2. Hillebrand,W. F., and Lundell_ G. E. F., :'AppliedInorganic
Analysis",john Wiley & Sons, 152-154 (1929)

Quqntity and Container
I000 ml. in a 1 liter glass-stopperedPyrex bottle.

Reagents and Soecifications

For Pre_aration Per Liter Total.

I. Sodium thiosulfate,C.P. 25 g. 25 g.

Ns2S203.5H20, C.P.

2. Borax_ C.P. 3.8 g. 3.8 g.

,

For Standardization

I. Potassiumiodide solution,
10% (SolutionsCode: SP-15a)

2. Hydrochloricacid, C.P.
HC1, 36%

3. Potassium permanganate,0.1N (SolutionsCode: SP-16a)

\ 4. Starch solution,1.0% (SolutionsCode: SS-21a)

@
%.
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Swecial Apparatus

Burets, semi-micro,I0 ml., two (ApparatusCode: i_-21a)

_eparatio n

I. Dissolve the 25 g. sodium thiosulfatein about 300 ml. dis-
tilled wuter in a I liter volumetric flask.

2. Add the 3.8 g. of borax. (RemarkI)

3. Dilute to mark with distilledwater and mix well.

4. If the solutionis turbid, filter, and finally transfer into
a 1 liter glass-stoppered_jrex bottle for storage.

Standardization

1. Place in a !00 ml. Erlezmeyer flask 20 ml. of the 10% KI
solution,20 ml. of distilledwater_ and I ml. of 36%
HCI. (Remark2)

2. Measure accuratelyfrom a i0 ml. buret about 8 ml. of
standard 0.1N__nO 4 sclu_ion _ud add it to the flask.

3. Let stand in the dark for 5 minutes.

4. Titrate slowly with the sodium thiosulfateto a light straw
color.

5. Add I ml. of the 1% starch indicator.

6. Continue the titration,using split drops, until the blue
color of the starchis just destroyed.

7. Run a blank usir.gthe same amounts of reagents but substitut-

ing 8 ml. of water for the _n04.

8. Repeat steps 1 through7 using 9 ml. of KMnO4.

Calculation

NI = V2 xI,T.2,Li | i

Vl

where NI = normolityof sodium thiosulf=to

@
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V1 -ml. sodium thiosulfatocorrected = =i. in titration -
ml. of blank

N2 = normalityof 0.I___potassium permanganate

V2 -ml. potassiumpornanganatoused.

Remarks

1. The borax is used to keep the solution storiloo Decomposi-
tion of thiosulfatesolution is duo to bacterial action which

• converts thiosulfateinto sulfate and sulfur. If the solu-
tion is made and kept sterile the titer will not change under
normal conditions.

2. This standardizationshould be carried out in a diffused

light as iodine is releasedby the action of direct sunlight.

@



C=ode: SS-18b

H. W. LaboratoryManual Reissued: November,1948
Laboratory Solutions Status: Standard

By: _.J.M.

S0DIU_ _{I_SULFATE

(o.o:g)

Safety Preqautions

0bsorvo goner_llaboratory Safety }ulos.

Quantity and Container

1000 ml. in a 1 liter glass-stopperedPyrex bottle.

Reagents and Specifications

For Preparation Per Liter Tot_____

Sodium thlosulfate,0.I_ about I00 ml. about i00 ml.(SolutionsCode. SS-18a) "

preparation

I. From the exnct normality of th_ 0.1N_sodium thiosulfate
calculatethe volume needed to m_ko 1000 ml. of 0.01_Nsolu-
tion as follows:

I0
V_"-

N

where V .-volume of 0.1N_sodit_ _liosulfatorequired.

N = exact normality of 0.I__sodium thiosulfato.

_ 2. _oasuro out exactly this amount of 0.1N_standard solution
and place in a 1 liter volumetric flask.

3. Dilute to mark with distilledwater and mix weil.

4. Transfer into a i liter glass-stopperedbottle for storage.

e
-IN
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H. W. laboratory Manual Reissued: November, 1948
Laboratory Solutions Status: Standard

By: W.J.M.

SODIh_iSOLUTION STAN_RD

"(1rag; .......

Safety Precautions

Observe general laboratory Safety Rules.

_uantity and,,,C(_ntainer

I000 ml. in a I liter glass-stoppered Pyrex bottle.

Reagents and Specifications,

Eor Preparation Per Lite.._._r Total

Sodium chloride, C.P. 2.5413 g. 2.5413 g.
NaCI_ C.P.

Preparation

i. Dry the sodium chloride in the Ii0° C oven for about 30
minutes, then cool in a desiccatoro

2. Weigh out exactl_ 2.5413 g. of dry sodium chloride and
transfer into a i liter volumetric flask.

3. Dilute the contents of the volumetric flask to the mark
with distilled water and mix thoroughly.

4. Transfer into a I liter glass-stoppered P_ex bottle for
storage.
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H. W. LaboratoryManual Relssuod: NovcmBcr,1948
Laboratory Solutions Status: S_tandard

By: W.JJ_.

STARL_SOLUTION(NOTSTABILIZED)
' ' " ..... ('1%)............

Saf0ty Precautions

Observe generallaboratory Safety Rules.

Litoraturc Reference

A.P.H.A., "StandardMethods for the Examinationof _01atcrand
Sewage", A.P.H.A.,141 (1936)

Quantity and Container

I00 ml. in i00 ml. glass-stopperedPyrex bottle.

Reagents and Specifications

For PreDarati0n Per Liter Total

Starch, potato i0 g. I g.

Preparation

I. Grind I gram of the starch in c mortar with a little water.

2. Pour the paste into i00 ml. of boiling water.

3. Stir while boilingt and then "_llowto settle overnight.

• 4. Decant off the clear supernatantinto a I00 ml. glass-stop-
pered Pyrex bottle for storage.

@
-I-
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H.W. Laboratory Manual Issued: December, 1948
Laboratory Solutions Status: Standard

By: W.J.M.

SVLFURIC ACID SOLUTIONS
, l j l ,, _ , , ,, , ,,_,.

Safety Precaution s

I. Observe general laboratory Safety Rules.

2. Observe rules pertaining to handling strong acids.

3. Observe rules pertaining to handling strong bases.

4. The addition of sulfuric acid to water generates large quan-

tities of heat, therefore such additons should be made
S!OW![ and with constant stirring.

Reagents

For _reparation

Sulfuric acid, C.P.

For Standardization.......

i. Sodium hydroxide (Solutions Code: sS-Sa)

2. Phenolphthalein indicator, i% (Solutions Code: sP-Sa)

3. Hydrochloric acid, C.P.
HCl, 36%

_. Barium chloride, 10% (Solutions Code: HB-la)

Special Apparatus, --

I. Buret, seml-micro, I0 ml. (Apparatus Code: AB;21a)

2. Cruclble, Gooch, with asbestos mat (Apparatus Code: AC-18a)

Preparation

I. Calculate the volume of 96% sulferic acid required to make the
desired concentration as follows:

e
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a. For normallty

_. oz96%_2so4 - 27.8(AX_)

where A - Desired normality

B - Desired total volume in liters

Example:

To make I liter of __ sulfuric acid

_. of 96%E2so_ - 27.8(_xl)

- 139 ml. of 96_ H2SO4

b. For molarity

ml. of 96% H2S0_ - 55.5(A Z B)

where A - Desired normality

B : Desired total volume in liters

Example:

To make 500 ml. of 3M sulfuric acid

=i. of 96__2so4 - 55.5(o.5 z 3)

: 83.5 ml.. 96% _0_

c. For percentage of H_04

A

ml.of96%_2so4- (9-6-)B

where A .- Desired percentage

B = Desired total volume in ml.

Example:

To make 1 liter of 20% sulfuric acid

ml.o_96__2so4: (9_)zooo

: 2o,8ml.o_96%Hzgo_

e
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d. For parts

oz 4 -

where A = Desired total volume in ml.

a - Desired parts of acid

b .- Desired parts of acid l_ desired parts of
water

.. Example:

To make 500 ml. of 1:3 sulfuric acid

ml. of 96_ H2SO4 - _0(_)

: Z25 mi. 96_ H_S%

e. Slowly add the required amount of the 96% sulfuric acid to
a volumetric flask of the proper size containing at least
half of the required volume of distilled water. This work
should be done in a well ventilated hood.

3. Mix well and dilute to the mark with distilled water.

_. After the solution is well mixed transfer into a dry, glass-
stoppered Pyrex bottle of the proper size for storage.

Standardization

One of the methods given below will be suitable for standardiz-
ing sulfuric acid solutions used on this project, lt is import-
ant in accurate work to select a standardization using the same
indicator as will be involved in the subsequent uses of the
solution.

A. Against standardized sodium hydroxide_ using phenolpthalien
indicator.

i. The normality of the sodium hydroxide used should be
within a factor of 2 of the sulfuric acid being stan-
dardized.

2. Measure accuretyl from a specially calibrated pipet 5
ml. of acid and place in a 50 ml. beaker.

3. Add 2 drops of the l_ phenolphthalein solution.
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V

4. Titrate with the standard sodium hydroxide to a faint
pink color.

Calculation:

NI - V1

where N1 - Normality of sulfuric acid

V1 - Volume of sulfuric acid, ml.

N2 - Normality of sodium hydroxide

V2 - Volume of sodlum hydroxide, ml.

Remarks

If a solution of a certain exact normality is desired, the
volume may be adjusted after standardization as follows:

Calculation:

vI -
NI -

where VI : Total volume to which standardized solution
must be diluted t_ _ive exact normality de-
sired

N1 - Desired normality

V2 .- Original volume minus sum of aliquots taken for
stamdardi zatio_

N2 = Actual normality as fond by standardization

B. Gravimetric precipitation as barium sulfate.

i. Ignite the Gooch crucible to constant weight and place
in a desiccator until ready for use.

2. Pipet 2_ ml. of the sulfuric acid into a _00 ml. beaker
and add about 300 ml. distilled water.

_. Add 4 ml. of the hydrochloric acid and heat to boiling.

4. Add dropwise with stirring I0 ml. of the barium chloride.

k'" mm41
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@
_. Digest on a steam bath for I hour.

6. Filter through the ignited and weighed Gooch crucible,
waBh thoroughly and heat to constant weight.

7. After calculation, the volume may be adjusted, if de-
sired, as described under Remarks.

Calculation:
__ , ,. , ,,

N1 : W1 X i000'29 x 116.7

where N I : Normality of the sulfuric acid

W1 - Weight of the bacium sulfate
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By: W.J.M.

SUI_IC ACID, SILICA FREE

.....

Safety Precautions

I. Observe general laboratory Safety Rules.

"_ 2. Observe rules pertaining to handling strong acids.

Quantity and Container

i000 ml. in a I liter cork-stoppered paraffln-lined Pyrex bottle.

Reagents and S_ecifications

For Preparation Per Liter Total

i. Sulfuric acid, I0N i00 ml. I00 ml.
(Solutions Code:-SS-23a)

2. Redistilled water.

(Solutions Code: SW-la)

Preparation

1. Add slowly 100 ml. sulfuric acid to 900 ml. redlstilled water
contained in a i liter volumetric flask.

2. After cooling, dilute to the mark with redlstilled water.

3. Mix thoroughly and transfer into a I liter cork-stoppered
"_ paraffin-lined Pyrex bottle for storage.

UPiCLAS$,FiED
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SULFATE SOLUTION
, ,, --

(lzl. = ioozicrograusSO4)

Safety Precautions

Observe generallaboratorySafety Rules.

Quantity an.dContainer

I000 __I.in four 250 ml. glass-stopperedPyrex bottles.

Reagents o_ndS_qcifications

For Preparation Per LitDr Total

Sulfuric acid, 0.04N_ 52 ml. 52 ml.
(SolutionsCodes: SS-23a)

preparation

I. Transfer into a I liter volumetricflask the 52 ml. of
the sulfuric acid.

2. Dilute to the mark with distilledwater and mix well.

3. Transfer into four 250 ml. glass-stopperedPyrex bottles
for storage.

Standardization

This method is designed to give a solution containingi00

nicrogr_ns of S04 = /ml.

-I-
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SULFANILIC ACID

Safety Precautions

i. Observe the general laboratory Safety Rules.

2. Observe rules pertaining to handling strong bases.

Quantity and Container

1000 ml. in a 1 liter glass-stoppered Pyrex bottle.

Reagents and Specifications

For Preparation Per Liter Total

1. Sulfanilic acid, C.P. 57.72g. 57.72 g.06, 7s o3,99.
2. Sodium hydroxide, C.P. About hO pellets

NaOH, C.P., pellets

For Purification and Assaz

I. Sodium hydroxide, (Solutions Code: SS-8a)

Standard O. 331/_

2. Phenol red indicator, 0.1% (Solutions Code: SP-Sd)

3. Posdered charcoal

("Nuchar" is satisfactory)

Preparation

1. DrYoabout 60 g. of the sulfanilic acid to constant weight at135c.

2. Weigh accurately to the third decimal place into a 250 ml.
beaker 57.5-58.0 g. of the dried material.

3. Place in the beaker about 20 pellets of sodium hydroxide.

@
\.
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_. FiL_ the beaker about 3/4 full _th _stiLled _ter.

5. Heat the beaker gently until the sodium hydroxide is dissolv-
ed, then bring the temperature to about 80_C.

6. Pour the solution with as much of the undissolved sulfanilic

acid as possible into a I liter Volumetric flask containing
about 400 ml. of cool distilled water. Take care not to lose

any of the solution or crystals.

7. Add another 20 pellets of sodium hydroxide to the beaker and
again fill 3/4 full of distilled water.

8. Heat to about 80°C and dissolve all traces of sulfanilic acid
in the beaker. Wash down the sides of the beaker well.

9. Transfer the solution into the flask and rinse the beaker
weil, adding the rlnsings to the flask.

10. Mix until ali of the sulfanilic acid has dissolved.'

I!. Cool the solution to room temperature.

12. Dilute to the mark with distilled water and mix weil.

13. Insert a thermometer into the solution and record the tem-

perature at which the dilution was made.

14. Apply temperature correction for 0.3_ solutions to the vol-
ume of the flask.

..

Calculations '

W xP
X vi

where N1 = Normality of sulfanilic acid.

W1 - Weight of sulfanilic acid used.

VI - Ccrrected dilution volume in ml.

P - Percentage purity of the sulfanilic acid.

Remarks

I. Ur_Iossthe assay of the sulfanilic acid is a_-curatelyknown it
must be determined as outlined below. Materlal of less than

e 99.8% purity should be recrystallized before using.

-2-
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Purit[ of Sulfamic Acid

I. Dry a s_mallportion of sulfanilic acid for several hours at
135°c.

2. W_Igh accurately into a 250 ml. beaker 0.50-0.55 g. of the
dried sulfanilic acid.

3. Add about 100 ml. of distilled water.

4. Measure into the beaker from a buret 95% of the calculated

" required amount of 0.3___st_ndard sodium hydroxide.

_. Boil the sample solution for seve_'alminutes to expel c_rbon
dioxide (Remark I).

6. Remove the beaker from the flame and add 2-3 drops of phenol
red indicator.

7. Complete the titration with stand_,rdsodium hydroxide.

Colculations

@ P vl 17.318
: ..... W1

where P = Percentage purity of sulfanilic acid.

VI .- ml. of sodium hydroxide used

Nl - Exact normality of sodium hydroxide used.

W1 = Weight of sulfanilic acid.

Remarks

i. Since the end point of the titration occurs at about pH 8, any
" "_" carbon dioxide in the w_ter or stan_dardsodium hydroxide will

be neutralized. This carbon dioxide must therefore be removed

by boiling just before the solution goes alkaline.

2. Should the purity of the sulf_milic acid be below 99.8_ the
material should be recrystallized as outlined below.

Purificati0nof Sulf_nnillcAcid

I. Measure into a l_.rgebeaker about 25% more than the amount of

sulfanilic acid required.
W"

',,

"3-
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2. Add about 20 ml, of distilled water for each g, of sulfanilic
_cid (Remark l),

3, A_d i-2 g. of po_ered charcoal.

4. Boll the mixture for 15-30 minutes adding distilled _ter to
offset evaporation if necessary,

5. Filter quickly vhile boiling hot through a Buchner funnel
containing two layers of Whctman No. i filter paper covered
with about i inch of powdered charcoal, (Remarks 2 and 3)

6, Cool the filtrate to 5°C.

7, Filter off the sulfanilic acid and wash with a little cold
water,

8, Allow to dry at room tamperat_re for several hours and fin-
ally complete the drying at 13_°C (Remark _),

9, Determine purity as _bove,

I0, The recrystallization may be repeated until a purity of more

99,8_ is attained,than

Bemarks

1, This is the approximate amount of _tcr needed to form a sat-
urated solution _t 90°C which is desirable,

2. Boiling water should be poured through the filter to heat it
just before filtering the sulfanilic _.cidsolution, This _ill
minimize loss from crystallization in the filter,

3, A watch glass _y be placed on top of the charcoul to prevent
it from splattering,

4, If the wet material is placed directly in the oven it will
cake badly.

°,
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•By: W.J.M.

SULFANILIC ACID
_..... =

,L,_, i •

ShfetT Precautions"

i. Observe general laboratory Safety Rules.

2. Observe rules pertaining to _h_udling =cetic acid.

Literature References
ii i1 i[

Feigl, F., "Spot Tests", Nordem_u, 215 (1939).

Quantity and ContaLner

i00 ml. in 125 ml. glass-stoppered P_ex dropping bottle.

Reagents and S?ecificati0ns

For Pre_arami0n Per Liter Total

I. Sulfanilic acid, C.P. i0 g. I g.

c@r :o3,
2. Acetic acid, 30% I000 ml. i00 ml.

(Solutions Code: SA-_c)

Prepar_.tion

i. Weigh out 1.0 g. sulfanilic acid_ and transfer into a 250
ml. be__ker containing i00 ml. of 30_ acetic acid.

2. Gently warn the solution and stir until _ the sulfanilic
acid has dissolved.

3. Cool solution and transfer into a 125 ml. glass-stoppered
Pyrex dropping bottle for storage.

U;4CLS,FIED
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SODIUM MAGNESIUM URA_TYLACETATE
,!, ,_ __ , ,,L ,

(Saturated in 95_ Etkauoi) L

S_fet_ Precautions

Observe general laboratory Safcty Rules.
/

l

Literature References

Furm_u, N.H., "Scott's Standard Methods of Chamlc,_lAnalysis",
Sth Ed., I, D. Van Nostrand Co., Inc., New York_ _30 (1939).

Quantity and Ccntainer

Iooo ml. in a I liter glass-stoppcred P_TeX bottle.

Roa_onts and Specifications..

For Preparatijon Per Liter Total

I. Magnesium uranyl acetate solution
(Solutions Code: SM-ib)

2. Sodium chloride, C.P. i0 g. i0 g.
•NAC1, C.P.

3. Ethanol, C.P. I liter i liter

c 5oH,
Preparation

I. Prepare a 10% solution of sodium chloride by dissolviug I0 g.
of C.P. sodium chlori_e in i00 ml. of distilled water.

2. Add the I0% sodium chloride solution, with stirring iu a 1500
ml. beaker containing approximately I000 ml. of the magnesium
urauyl acetate solution until no further precipitation of
sodium magnesium uranyl acetate occurs.

3. Mix the contents of the beaker thoroughly and allow the pre-
cipitate to settle.

e .
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4. Decant the supernatant through a Buchner funnel containing
Whatmam No. 42 filter paper, and finally wash the precipitate
onto the filter. Rinse the beaker several times with the

superaat_ut contained in the filtering flask, adding the
rinslngs to the funnel.

5. Dry the precipitate iu a low temperature oven.

6. Dissolw, the dried sodium ma@uesium uranyl acetate in approxi-
mately 900 ml. of 9_ ethanol until a saturated solution is
obtained.

7. Filter the saturated alcoholic solution into a 1 liter glass-
stoppered Pyrex bottle for storage.

o
-2-
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" H.W. Laboratory Manual Reissued: December, 1948
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TELLURI_3M SOLUTION

Safety Precautions

f i. Observe general laboratory Safety Rules.
[

2. Tellurium compounds are extremely toxic if taken internally
and some are volatile. Use a hood when heating the solutions.

3. Observe rules pertaining to handling strong acids.

Lit erature Referenc es

Coryell, C.D., Hume, D.N., Bellow, N.E., and Glendenin, I.E.,
"Clinton Secret Report", CL-CDC-4 (March 15, 1944).

Quantity s_ndContalner

i000 ml. in a I liter glass-stoppered Pyrex bottle.

Reagents and Specifications

For Preparation Per Liter Total,,

1. Tellurium metal, C.P. i0 g. i0 g.
Te, C.P.

2. Nitric acid, C.P. i0 ml. l0 ml.

3,7o, -

3. Hydrochloric acid, C.P. 30 ml. 30 ml.
zcl,

4. Hydrochloric acid solutlon,3M 1 liter 1 liter
(Solutions Code: SH-25a)

Pre,afarion
-- , ,

I. Place the weighed tellurium metal in a 250 ml. Erlenmeyer
flask.

2. Add I0 ml. of nitric acid and heat gently until no more metalappears to dissolve (An insoluble white residue forms).

-l-
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3. Evaporate to a volume of 2 to 3 ml. by swirling over a burner.

4. Add l0 ml. of concentrated hydrochloric acid and evaporate to
a volume of 2 to 3 ml. (The vhlte residue should dissolve).

_. Repeat Step (4) twice.

6. Transfer into a i liter volumetric flask and dilute to the

mark _ith 3M hydrochloric acid.

7. Filter the solution if it is not clear.

8. Transfer into a I liter glass-stoppered Pyrex bot'_lefor
storage.

UNCLASSIFIED
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, H.W. LaboratoryManual Reissued: November,1948
' Laboratory Solutions Status: Standard

By: W.J_.

EICGLYCOLZCACZO(NEtnmALIZED)

Safety Precautions

Cbscrvothe generallaboratory Safety Rules.

Quantity and Container

i000 ml. in a i liter glass-stoppered_mbor bottle.

Roa_onts and Specifications

For Preparation per Liter Tota____ll

i. Thioglycolicacid, C.P. I0 ml. i0 ml.

c  o2s,c.P.
2. Ammonium hydroxide, C.P."

Z_4G_, C.P.

Preoaration

I. Measure out i0 ml. of the thioglycolicacid into a 1 liter
volumetricflask.

2. Add the ammonium hydroxide until the solution is neutralized,
then add I ml. in excess. It should just turn red !i_us
blue.

3. Dilute the solution to the mark with distilledwater, and mix
thoroughly.

4. Transferthe solution into a 1 liter glass-stoppered_ber
bottle for storage.

e
-I-
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TImZ__ELL_;DTD_CATOR
" " _ (0.05_) ....

Safety Precautions

Observe generallaboratory Safety Rules.

Quantity and Container

500 ml. in a 500 ml. glass-stopperedPyrex bottle.

Reagents and Specifications

For Preparation Per Liter Total

I. Titan yellow, commercial dye 0.50 g. 0.25 g.

Preparation

I. Dissolve the 0.25 g. of the titan yellow in 300 z_. of dis-
tilled water in a 500 ml. volumetricflask.

2. Dilute to the mark with distilledwater and transfer into
a 500 ml. glass-stopperedPyrex bottle for storage.

UNCLASS,FIED
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Safety Precaution s

i. Observe general laboratory Safety Rules.

2. 0bsorvo rules pertaining to handling strong acids•

_uantitF and Container

I000 ml• in 1 liter glass-stoppered Pyrex bottle•

Reagents and S_cc!figations

For Preoaration Per Liter Total

O I. o-Tolidino, C•P. 1 g. 1 g.

c H162, c.P.
2• Hydrochloric acid, 1:4 HCI 500 ml. 500 ml.

(Solutions Code: SH-25a)

Preparation

I.. Place 1 g. of o-tolidino in a large uortar and add 5 ml. of
1:4 hydrocl_loricacid.

2. Grind to a thin paste and add 150 ml. of distilled water.

3. Stir until the o-tolidi_e is dissolved.

4. Transfer into a 1 liter graduated cylinder and dilute with
distilled water to 505 ml•

5• Add 495 ml. of 1:4 HCf to make volume I000 ml•

6. Transfer into a 1 liter glass-stoppered Pyrex bottle for
storage•

e
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TURBIDITY SOLUTION STAI_DARD
_,, , , - , _ _ , ,, _ _-

(aooppm)"

Rea_.ents and Specifications

For Preparation

Standard solution purchased from Elmer and Amend.

@
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-_ By: W.J.M.

REDISTILLED WATER
_I' ,_ , _ - ' .....

Safet_ !_eca_utions

Obse_ general laboratory Safety Rules.

Quantitz and Container

_000 ml. in a 5 liter glass-stoppered Pyrex bottle.

Reagents

For Preparation

Distilled water, ordinary laboratory reagent originally dis-
tilled and condensed in block tin.

S_e qlal Apparatus

Glass still (Apparatus Code: AS-19b)

Preparation

i. Fill the boiler of the still about 3/_ full with distilled
water.

2. Bring the water to a boll with an electric heater or a gas
flame, and distil off about 300 ml. water into a 500 ml.
beaker.

3. Continue the distillation, collecting the condensate in a 5
liter glass-stoppered Pyrex bottle, reserved exclusively for
this purpose.

_. When the boiler is nearly dry, refill with distilled water.
Continue the distillation until approximately 5 liters of
water have been collected.

-i-
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H. W. Laboratory Manual Reissue_. December, i_
:_ / Laboratory Solutions Status: StanCe

By: W,J.

I_EDISTILLED WAT_,._ SILICA FREE

Safety Precaut ions

Observe general laboratory Safety Rules.

( Quantity and Container

_O00 ml. in a 5 liter cork-stoppered paraffin-llned Pyrex bottZ

l_eagmnts

For Preparation

Distilled water, ordinary laboratory reagent, originally
distilled and condensed in block tin.

Special Apparatus

Still_ with glass boiler and block tin condenser.
)

Preparat%on

i. Fill the boiler of the still about 3/I_ full with distilled
water.

2. Bring the water to a boil with an electric heater or a gas
flame, and distil off about 300 ml. water into a 500 ml. be

3. Continue the distillation, collecting the condensate in a
: liter, paraffln-lined cork-stoppered Pyrex bottle, reserved

•. exclusively for this purpose.

4. When the boiler is nearly dry# refill with distilled water.

Continue the distillation until approximately 5 liters of w_
er have been collected.

5, Cork the bottle with _ cork previously soaked in paraffin.

l

-1-
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TABL_ OF CONTENTS
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CODE TITLE PAGES

AB-Sa Beckman _H Meter, Model G 5

AB-yo Beckman PH Meter, Model H 4

AB-12a Bottle, Dissolved Oxygen 2

AB-14a Bottle, Reservoir, I000 ml. capacity I

A_-21a Buret, i0 ml._ semi-micro 2

AC-_a Flow Cell for pH Measurements 2

AC-7a Taylor Chlorimeter 2
AC-18a Crucible, Gooch, with Asbestos Mat 2

AC-18c Brucible, Sintered Glass 2

AC-21a Matched Cuvettes, 19 mm. 3

AC-21b Absorption Cells, 5 cre.Square Coleman 1

AC-21i Absorption C_lls, 5 cm. Aminco i

AC-?_le Absorption C_lls, 5 cre.Glass, 4 mm. I.D. 2

AO-21f Absorption Colls_ 5 ce. Plastic, 4 mm. I.D. 2

AF-9b Sintered Glass Filter i

AF-12a Elett Fluorime%er 3:

AH- la Radiant.Hea%er I

AS-16a Coleman Model Ii Spectrophotometer I0.

AS-19b Distillation Apparatus, All-Glass _ with Friedrlchs 1
Condenser

AT-2a Directions for Reuniting the Mercury in - 2
.... Thermometers

-l-
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J

AT,,20c Filtration Tube 2

AT-21a Thermometer, AStM El, -20°C to 150°C 1

AT-21b Thermometer 2 ASTM El, -5°C to 30000 i

e
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i By: W.J.M.

Use8

I. The meter is used for measurement of pH of many types of
solutions.

2. It may be used for measurement of various E.M.F. of various
types of systems where fitted with suitable electrodes.

Manufacturer

National Technical Laboratories, Beckman Instruments Division_
South Pasadena, California.

Advantages

i. Simply constructed and designe@ for rugged use.

2. Small and compact construction.

3. Semlmlcro electrodes permit measurements on small volumes of
solution.

4. Simple and rapid in operation.

Disadvantages

I. Lackshigh accuracy when compared to standard Hotentiometric
methods of measuring pH.

2. Does not give straight lime calibration cver entire range.

3. Electrode system is relatively fragile.

Discussion

The following paragraphs are intended only as a guide to the
use of the instrument in the laboratory. A complete discussion
of the theory of electrometrlc measurements will be found

, elsewhere in this manual and in the literature references cited,

-i-
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A. Measurement of pH

I. Choice of Electrodes

pH measurements on the Beckman are generally made with a
glass and calomel electrode. Although various size
electrodes are available the No 290 and 270 electrodes are
used since they are able to measure the pH of a relatively
small volume of liq_Id.

2. The glass electrode should be protected from any shock or
direct physical contact with another object. The glass
bulb, or membrane, is fragile, and a small crack in it
is enough to obviate measurements.

Whenever a new electrode is placed in use, the bulb should
be allowed to soak in distilled wate_ at least 12 hours.

Once placed in use, it should be kept in distilled water
when not in use. If am electrode is once used and then put
away for a long storage period, it should be thoroughly
rinsed with distilled water and allowed to dry before
storing in a suitable container.

The calomel electrode is much sturdier than the glass
electrode, end i_ less subject Co breakage. It need not
be soaknd before use although it should be inserted in
water for 5 to 10"minu_s before use. It contalnes a
saturated potassium chloride solution which continually,
though very slowly, seeps out of the electrode. It must he
refilled from time to time. Potassium chloride crystals
should always be present in the electrode.

3. Measurement

a. Put the operating lever in the (i) position.

b. Set the range switch to "p_'.

c. Set the temperature compensator to the temperature of the
test solution.

d. Adjust the milliemmeter needle to zero by rotating knob
I.

e. Hold the operating lever in position 2, and adjust the
needle to zero again with the knob 2. (This adjust-
ment must be made each time a change is made in the
temperature compensator. )

"-2,-
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"- f. Allow the operatl_ lever to return to the vertical

position.

g. Fill the test dish with a solution of known pH. A buffer
of _H 7.0 is usually supplied with the Beckman instru-
ments, but amy solution with known pH between 3.0 and 9.0
will be satisfactory.

h. Adjust the slide wire scale to the pH of the solution.

i. Press the push button in the center of the slide wire
knob dowa. If the needle deflects from zero, turn the
"zero adjuster" with a small screw driver _util the
needle is zeroed. (This adjustment should be made
frequently for precise work, but need be done only
about every 8 hours in most work. )

J. Remove the electrodes from the solution, rinse thoroughly
with distilled water aud dry lightl_ wi_h absorbamt
tissue.

k. Immerse the electrodes iu the solution whose pH is to be
determined. Thissolution may be contained iu the test
dish or iu another contaiaer.

i. Hold dowa the push button and rotate the slide wire
to zero the needle. Release the button.

m. If the needle does net remala at zero, zero it with
knob i and repeat step I. Read the pH of the solution
directly from the scale.

n. If the pH determined is above 9.5 use a type E electrode
aud repeat the measur_ment.

A. Use of the lust_uement as a Potentiometer.

Although the Beckman pH meter cannot be compared to a good

potentiometer for measurement of absolute E.M.F. values, it
is occasionally of value iu locatlug the end point of a
potentiometric titration. The instrument is compact, rugged

easier to operate than most potentiometers.

i. Choice and Cardiff Electrodes

The choice of electrode for a potenticmetrlc titration is

entirely dependent uppn the type of titration. In many acid

e base titrations the regular glass-calomel setup can be used.

m
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In a large n_r of other cases a platinum electrode may
be substituted for the glass electrode. A platinum elec_trode
for use with the instrument is sold by the National Techni-
cal Laboratories. Other types of electrodes may be used also.

Care of the glass and calomel electrodes has been described
above. A platinum electrode should be cleaned with hot
chromic acid and rinsed with distilled water before use.
A tungsten electrode should be heated to a dull red heat
and then drawn auicklv over a lump of fused sodium mitrite.
Silver electrodes should be dipped in dilute nitric acid
_ntii they gas freely, then rinsed with distilled water.
For:more details on the care of individual electrodes, aec
the individual apparatus writeups covering them.

2. _;_.F. M_asurement s.

a. Connect the tww electrodes to the jacks in the electrode
compartment. Connect the positive half cell to the
upper Jack.

b. Set the range switch to "+MV".

c. Carry cat the balancing exactly as described under themeasurements of pH but amit steps 7, 8, and 9. The
scale reads 0 to 1.300 volts, the smallest subdividion
being O.Oi V.

d. If the instrument cannot be balanced, set the range
switch at "-MV", and repeat step 3, If it cannot still
be balanced it indicates %ha voltage of the cell is
beyond the range of the instrument. In this case, the
meter is not applicable to the s_stem, and a regular
potentiometer must be substituted for it.

Care of the Instm_mm_ t_

Like any fine instrument, the pH meter deserves the best possible
care. It should be protected at all times fr_n fumes and from
electrical and mechanical damage, lt contains a standard cell,
and should not be inverted. The cover, which may be removed for
convenience in making measurements, should always be replaced
when the instrument is not in use. If the instrument is not to

be used over a long period of time, the electrodes should be
removed, cleaned and stored.

I. Reolacement of the B_tteries

The Beckman is equipped with several dry batteries. Failureof these batteries is indicated by inability to balance
the instrument with the i and 2 knobs. They should be
replaced as follows:

"4-
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a. ; The A batteries are Burgess Batteries No. 4FH. This or
an equivalent battery should be used for replacement.

b. The B battery is a 22 1,/'2Burgess No. _156.

c. The C batteries are Burgess No. 5540, 7 I/_ V.

2. P_nlacem_enjt,of the AmDllf_in_ _ube

a. The amplifying tubes are operated far under their rated
capacity and should not require replacements over long
periods of time. If replacement is necessary, consult
supervision who will contact the proper repair man.

3. Replacement of Electrodes

a. The replacement of the electrodes is a frequently per-
formed, simple operation. New electrodes need only be
inserted when the old electrodes have been physically
damaged. Most frequent source of trouble is a small
crack on the glass electrode, This is indicated by
erratic and drifting pH values, lt is most easily
confirmed by measuring the pH of a known solution.

• '
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H. W. Laboratory Manual Issued: January, 19_9
.-, T_bor_t ory_Apparatus Status _ Standard

By: W.J.M.

INSTRUCTIONS FOR HECE_L_NMODEL H, AC OPERATED 1:__METER
_ _ . . _ - _ _ ,,, .... _ .-_. • _ _

Installing the Electrodes

1. Glass Electrode Soak a new glass electrode several hours in

water. If time does not permit this, the new electrode may be
used with satisfactory accuracry if buffer standardization is
repeated frequently. Insert the glass electrode terminal in
the upper terminal Jack at the rear of the instrument and
tighten clamping screw.

2. Calomel Electrode Remove the rubber protector from lower end,
wipe the electrode and "shake out any air bubbles trapped in
the lower end. Electrical contact between the electrode and
the test solution is established by a small porous fiber sealed
into the lower tip. •Replenish the saturated KC1 solution
through the side tube when necessary--LF_VE THIS TUBE OPEN

DURING MEASU_,_NTS. Insert the terminal :Lmthepin pin
below the glass electrode terminal Jack and ti_hten clamping
screw.

3. Electrode. Assembl_" Mount the electrodes in their holder so
that the calomel electrode projects slightly lower than the
glass electrode and be sure that they cannot touch the bottom
of the beaker or sample container when the holder is lowered
against the rod support.

Using the pH Meter

4. Warm-u p Set the range switch on NEUTRAL and be sure that the
push-botton switch is in the IN position. (Press o,ndrotate),
Connect the instrument to the power line and allow a five min-
ute warm-up period before proceeding with the measurements.

Whil@ r_ 9-switch is On NEUT.' themeter needle .shoul_ always
read exactly 7 pH; if necessary adjust the needle position with
the screw just over the meter pivot.

5. Standardization Against Buffer After turning on the instrume_
as described in sedtlon 4, place some fresh buffer in a clean
beaker a_ immerse the electrodes. Set TEMPERATURE knob to the

temperature of the buffer; switch to pro_er range and release

By use of the STANDARDIZATION control set the
push-button.

.... meter needle to the pH of the buffer.



......... ....

Important: The exact pH of the buffer will depend upon temp-
erature as indicated on the buffer label. Standardization

sh_o_uldalways be performed with buffer at a temperature within
lOVC of the solutions to be tested.

Lock IN the push-button and set the pointer to mark the posi-
tion of the meter needle. If meter reads off scale, switch to
the other range before setting the pointer, Use this range
position _zhen subsequently resetting needle to pointer positi_
with standardization control. This procedure is used to
correct for any changes in the amplifier which may occur aub-
sequent to standardization. (cf. Section 6).

lt is essential to standardize against a buffer solution daily.
For most accurate work, checks should be m_de before and after
each series of tests.

.

6. Measuring pH of Samples With the push-button locked IN, spray
the electrodes With distilled water and wipe them with absor-
bent tissue b Clean the beaker and half fill with test sample.
Immerse the electrodes and if necessary use the standardizatic_
control to bring motor needle into coincidence with the pointer.
Release the push-button and the meter will indicate the pH
automati6all_. If the meter reads off scale switch to the
other range.

The push-button may be left OUT to read _H as long as the
electrodes are immersed but should preferably be locked IN when
the electrodes are being handled or are not immersed. This
procedure will prevent the possibility of polarization of the
glass electrode which will be apparent if the readings _rift
for several minutes after re-immersion.

Operation Suggesti0n_

7. a. When making measurements at temperatures much different
from room temperature it is desirable to work with larger
quantities of solution--at least 250 ml.--so the tempera-
ture will not change during the measurement. To obtain
the most accurate results, time must be allowed for the
electrodes to reach the temperature of the solution, and
they should be immersed almost their whole length in the
solution. Care must be exercised however to keep the top
portion of the electrodes dry to prevent electrical com-
tact of the solution with any metal parts of the elec-
trodos or the electrode holder.

@
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J b. lt is very desirable to standardize the meter at a tempera-
ture close to that of the solutions to be tested (at least
within 10°U) because of small potentials associated with
the electrode which fail to follow exactly the temperature
correction provided. At a given temperature the effect of
these _m_cSlpotentials is eliminated by the %se of'STAND-
ARDIZ_.TION control in the standardization procedure.

c. When measuring pH of poorly buffered solutions it is
usually worthwhile to rinse both the electrodes and beaker
with the solution to be tested before fir_lly filAing the
beaker and making the measurement.

d. Polarization of the glass electrode may occur if either or
both of the electrodes are removed from the solution with-

out first depressing the push-button. To avoid this possi-
bility the push-button should normally be left in the IN
position and released only while readings are actually
being m_de.

Such polarization has no permanent harmful effect on the
electrode but temporarily causes the pH readings to be

high by a few tenths of a pH unit. The effect will dis-appear within a few minutes (one to five minutes)odegemdimg
upon:the extent of the polarization and thetemperature of
the electrode. Cold electrodes (below 20°C) are most
liable to polarization effects while at temperatures above
30°C the effect is virtually absent.

Measurir_ Oxidation Reduction Potentials and E.M.F. 's

8. Set the _TUEE control at 2_°C. and the range switch at
7 to 0 pH. With the push-button IN, use the STANDARDIZATION
control to bring the meter needle to zero on the milivolt scaleo
Insert connections from the source to be measured and release

the push-button. The meter will then read directly in
milivolts. If the meter reads off scale below zero, the lead
connected to the glass electrode terminal is negative instead
of positive. If this happens the range switch can be changed
to the 7 to 14 pH position and the reading made without re-
connecting the terminals. Between measurements the push-
button should be locked IN, and, if necessary, the STANDARDI-
ZATION control should be used to bring the needle to zero on
the milivolt scale before releasing the push-button for a
reading.

Since the TEMPERATURE control affects the somsltivity of the

instrument it is possible to extend the range of the milivolt

-3-
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scale to approximately 520 milivo!ts by setting the TEMPERATUEE
control to lO0OC and multiplying the milivolt reading by 5/4
(e.g.7/4= 414- 517.5mv. .

Maintaining The .pHMeter and Electrodes

9. a. Electrodes The KCI solution in the calomel electrode
should never be allowed to dry out or become unsaturated.
Separation of the inner calomel-mercury column should not
effect the accuracy of the measurement. When not in use
the electrodes should be immersed in rater. The electrodes
should be kept clean. If the calomel electrode is to be
stored for an extended period, the rubber protector on the
end should be replaced.

b. Fuses The power plug accomodates two 3 1 ampere, 3 AG
fuses which are available from radio supply dealers,
automobile supply houses, etc. To replace, force the fuse
out from the end_ha pencil point or similar object.

c. _Tubes With the exception of the _32 Electrometer Tube,
all tubes are standard and can be obtained from any radio

supply decler. The #932 tube has been specially aged,
processed and selected and is available only from Beckman

Dcalers or National Technic__l Laboratories, South Pasadena,
California.

-4-
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H. W. Laboratory Manual Reissued: January, 1949
1 Laboratory Apparatus Status: Standard

By: W.J.Mo

BOTTLE D !SSQ_VED 0XYGEN

This bottle is used in the determination of dissolved oxygen in
water.

,' Manu facturers

i. Fisher Scientific Company Catalogue No. 2-926

2. Burrell Technical Supply Company Catalogue No, A83-900

Advsnt_ges

i. Cone shaped stopper prevents the entrapment of air below it.

2. Flared lip gives water seal after filling to prevent airbeing drawn into bottle.

Literature ._eferenees

1. A.P.H.A. "Standard Methods for the Examination of Water and
Sewage".

2. Public Health Reports, Supplement No. 90,

Description

The bottle as shown in the sketch is of glass and has a capacity

of 250 to 300 ml. The stopper is accurately ground and is cone
shaped to prevent air frQm being trapped beneath it when the
bottle is closed. The neck of the bottle is flared and extends

past the stopper to provide a water seal thus preventing air
from being drawn into the bottle after sampling.

Prgparation fo_ U_e

A bottle of this type may be purchased or can be prepared fram an
8 oz. tincture bottles by grinding the bottom of the stopper to
a conical point.

i. The bottle is filled with sample to the very top as specified

--i--
%
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by the A.P.H.A, "Standard Methods of Examination of Water
and Sewage".

2. The stopper is carefully inserted, displacing the liquid

in the neck, thus leaving no air space above the sample.

I
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By: W.J.M.

BOTTLE, _ESE_VOIB
(i000ml. capacity)

.. This bottle is used as reservoir for a I0 ml. semi-microburet,
Apparatus Code: AB-21a.

Manufacturers

" Eck and Krebs.

Advan_aj_es

Interchangeable

Description
This Pyrex bottle, of i000 ml. capacity_ is fitted with a ST
29/42 glass joint and may be fitted with glass stopper, lt is
interchangeablewith the reservoir of i0 ml. semi-microburets
Apparatus Code: AB-21a.

This bottle is used for the storaEe of standard solutionsas
well as a buret reservoir. Consequently,solutions can be
changed by changingthe reservoirand flushing the buret thus
eliminating the transfer of the liquid.

e
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H. W. Laboratory Manual Reissued: January, 19/,9
,_- Labovatoz_, ApparsC_s Status: Standard

By: W.J_.

This buret is used for the accurate delivery of standard solutions
in volumes of iO ml. or less.

m_

Msmufacturers

Eck and Krebs.

Advantages

i. Volume readings to 0.002 ml. are possible.

2. Standard reagents are conserved by returning excess solution
to the reservoir.

3. Space and reagents are saved by using semi-micro scale.

Disadvantsses

• I. Fine delivery tube is apt to clog with dust or dirt.

2. Small samples or aliquot samples mast be used.

3. Excess reagent returned to reservoir.

Descriotio_

This buret, as shown in the attached sketch_ is of all Pyrex con-
\" struction 96 cre. in overall length. The graduated portion is

._2cre. long and is calibrate,[ and accurate at all points to 0.01
ml. or better. The buret is _%trroundedby an evacuated Jacket

free of water vapor. A one liter bottle, Apparatue Gode: AB-IAa
is supplied sm a reservoir.

Preoaration for Use

I. Fill the reservoir v_h standard solution.

2. Turn the stopcock to connect the reservoir and buret.

e 3. Apply air pressure until the buret is filled above the mark.

-I-
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4. By controlling the stopcock, return the excess solution to

the reservoir until the meniscus is on the mark.

5. Place receiving vessel underneath the buret tip.

6. Turn stopcock to deliver solution to tip.

Never leave the buret empty or partially empty. Always fill
the buret to above the zero mark. Almost all chemical solutions

- corrode glass to some extent and this corrosion is greatest at
_he interface of the liquid. By filling the buret to above the
zero mark this corrosion is kept above the calibrated portion.

e
-2-
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" H.W. LabortoryManual Reissued: January, 1949
/ Laboratory Apparatus Status: Standard

By: W.J.M.

FLOW.CmLmX DH_, mPa  Z'S
_ i _ i ,ii in _ i,i _

The flow cell is used for taking pH of water samplesthat are
unstable with regard to dissolvedgases and thereforeto pH.

" Manufacturers

Fabricated on the plant site.

Advantases

I. Convenientto use.

2. Prevents deviationof the water sample.

Disadvantages

Relatively fragile.

Discussion

ConsistentpH readingscan be obtained only when a flow cell of
some type is used. Figure 1 and 2 represents types which have
proven satisfactoryover a period of time.

Description

The flow cells are fabricatedfrom ordinary glasswareof the
dimensions given in the attached drawings. In the cell shown in

.... Figure I, the water sampleflows into the cell throughthe
bottom right angle tube and overflows at the top of the cell walls.
In Figure 2, the water sample enters the cell as in Figure i,
but exits through the side-arm attachment.

Operation

Use a BeckmanModel G or L & N portable pH meter equippedwith
standard electrodesand an auxillaryflow cell attachment.
Standardize the pH meter by the establishedmethod using 0.0SM
potassium acid phthalate solution.This solution should be

, prepared from the stable 0.2M stock solution by diluting daily.Fill the flow cell with the phthalatebuffer solutionand

• mmlm s
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determinethe temperature.Any temperature between fccand .,_O°C
may be used. Set the temperatureccmpensator on the instrumentat the
temperatureof the buffer solution.Adjust the instrumentat the
No's 1 and 2 position and use it for determiningthe proper
setting accordingto the buffer. Adjust the instrumentand use

• it for determiningthe pH of the processwater in the usual
manner. Flow process water through the cell until it is thorau_hly
washed and set the temperaturecompensator at the temperature
of the water to be tested and take the pH. Repeat until duplicate
readings are obtained.Check the electrodes to make certain
that the glass electrode is suspended in the solution just
enough to completelycover the bulb, and that the calomel
electrode tip is 1/4 inch beneath the surface of the solution.

After using the pH meter for determiningthe pH, wash the flow
cell with distilledwater and leave filled with distilledwater
with the electrodesdlpplng in the water.

Use as directed in Water Methods Code: WP-Ia.

@
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H. W. Laboratory Manual Reissued: January, 19_9
i Laboratory Apparatms Status: Standard

By: W.J.M.

ABSORPTION CELLS

(5eta.Pfastlc;4 =. z.D.)

Uses

Used in the Beckman spectrophotometer to hol& the solution whose
transmission is being measured. Use only when the volume of the
solution availeble is less than l0 ml.

Advantages

i. Relatively long,length (5 cn.) combined with a very small
volume (0.6 ml.).

2. Interchangable end windows permit use with most aqueous an'/
non-aqueous solutions, including those containing hydrofluoric
acid.

3. Cells are easier to fill and handle than corresponding all-
glass cells.

4. Recessed end windows easy to keep clean, and difficult to
damage except by deliberate action.

5. Uses same _dapter as other types of cells, notably the 5 cn.
Aminco (AC-21d).

Disadvantages_ -- ,,,

Windows, _ in piace mechanically, may be soft,ce of leaks.

Literature References

Rosenfels, Kirk, Kitson, Patton and Curtis, CN Report.

Notes on the Care and Use of Capillary Abs0rption Cells

Cells of this type are a recent develol_nent, an& have not been
tested and evaluated thoroughly. In general, the notes on
handling other _bsorption cells apply (Apparatus Code: AC-21e). '
The following points will be found useful.

I. The only convenient way to clean the optical faces is to un-screw the ends ar_ remove the small glass end windows.

• emlm
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J
TAYLOR CHLORIMETER
__ .........

MA A

Used in the rapid determinationof free chlorine in such
samples as water, sewage, industrialwastes, etc.

Manufacturer

Distributedby BurrellTechnicalSupply Co., Pittsburgh, Pa.,
Cat. No. A 83-600.

J

Advantages

1. Compact, simple,and rugged design.

2. Standards nearly permanent.

3. Simple to use.

Disadvanta_

Standards occasionallynot accurate or permanent.

Discussion

The comparator is shown in the attached cut.

I. Descriotion

The comparatorconsists of two principleparts, a base
and a slide,both molded of black plastic. The base contains
a run for the slide, and holes, near the center,for two
rec_entsbottles and three small test tubes or cells. The
slide contains a series of solutionsin sealed ampules.
Alternateampules containwater, while the other tubes
contain a colored solution,whose color correspondsto
that developedby definite amaunts of free chlorinein
water and/or the tolidine reagent. The slide is built
to cover the range 0.i to 1.0 ppm free chlorine.

-i-
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) The theory of the comparator is simple. The ortho tolidine
reagent is so prepared that when the water sample is added to
the tube provided,only i/J ml. of the reagentmust be pre-
pared to secure color development. Three tubes are provided,
and each of these is filled with the sample to be analyzed.
The color is developedin the center tube only, however. Then
the slide is moved into position, and the color of the various
solutionsviewed through it. When a blank position on the
slide is over the center tube, two of the color standards,
one c_ either side, are over the tubes filled with sample but
without reagent. Thus the light c_nlng through the center
tube is absorbedto some extent by (a) the color of the sample,
(b) the color due to the free chlorine in the water, and (c)
the color of the clear water in the two tubes. The light
coming through either side comes through the same absorbers,
(a) the color of the sample itself, (b) the color of the
standard,correspondingto a certain amount of chlorine,and
(c) the color of clear water in the two tubes. Only differ-
ence is that in the case of the unknown, absorbers (a) and
(b) are in one tube; and in the case of the standards,
absorber (a) is in the first tube, and (b) is in the second.
Thus correction is automaticallymade for the color of the

e sample. The position of the slide should be varied untilthe color of the unknown is the same as one of the standards,
or between _wo consecutivestandards. The chlorine concen-
tration is then read from the slide• In the case where the color
lays between, average the two values on either side.

zzz.

i. Fill the three cells provided with the instrumentto the
mark with the"water sample and piace in the slots provided
in the.rack.

2. To the center.cell,add 0.5 ml. of ortho tolldine.

3. Mix the contents of the center cell weil, replacethe cell
in its slot and let stand for exactly two minutes.

4. Move the slide of the comparator,until the color of the
center tube is matched by one or is between two, of the
standards.

5. Report in ppm of chlorine the value of the standard
which most nearly matches the sample.

bNCLASSIFIED



UNCLASSIFIED___o
: ,._. LC'_ "F'; .__._"_.":,-:;"_

411



Code.. _O.18a.. __ i ii | ljl__ i _

H. W. Laboratory Manual Reissued: january, 1949

•qp Laboratory Apparatus _tatus: Standard
__ By: W.J.M.

_HUCIBLE, GOOCH. WITH ASBFSTOS MAT

This type of filtering medium is used where no further treat-
ment of the precipitate is necessary, or where the presence
of organic material (paper) is undesirable.

Manufacturers

Coors Porcelain Company

Adv_Dta_s

I. Eliminates necessity of burning off paper and correcting
for ash.

2. Provides a control over the filter medium.

Dis_dvnntaee s
The crucible must be prepared for each determination.

Li%_rature _eference

I. Hillebrand and Lundell "Applied Inorganic Analysis,'
john Wiley and Sonj 91 and 92 (1929).

2. Treadwell and Hall ,_AnalyticalChemistry" I John Wiley and
Gon I 30 and 31 (1942).

DesgFinti_n
e

A Gooch crucible is a porcelain container having a perforated
bottom which for use is covered by an asbestos mat. A perfor-
ated porcelain plate is sometimes used to cover the mat to
prevent dislodgement of the fibers.

Pr_oaration f_r Use

i. Prepare a thin slurry of acid washed asbestos fiber in
water and shake well.

2. Place the crucible in a Walter crucible holder and insert
in a suction flask connected to a vacuum source.

-I-
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3. Apply a gentle vacuum to the crucible and add the sl_rz7 in
small amounts until an even mat is spread over the bottom
of the crucible. If desired, suspensions of varying size
of fibers can be prepared and placed in the crucible with
the coarse a_bestos on the bottom and the Zine asbestos

on the top.

4. Continue adding small amounts of asbestos slurry until the
pad is about 2 to 3 mm. thick. A small perforated porcelain
disk may be used to cover the pa_.

5. Wash the mat three times with water or until no farther

asbestos fibers are carried through in the filtrate.

6. Suck as dry as 9ossible.

7. Before being weighed the crucible must be dried in exactly
the same manner as the final precipitate is to be treated.
A precipitate which is to be ignited should never be weighed
in a crucible which has only been dried in an oven.

I. The crucible is used in the same manner as described above.
Attention should be paid to the following points:

a. Do not pour a liquid directly on the mat as some
fibers may be carried through.

b. Do not fill the crucible with liquid unless the
suction is applied in order to prevent floating
the mat with consequent loss of the precipitate.

e
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These crucibles are used to replace Gooch crucibles where high
temperature ignitions are not necessary.

_aruzfacturers

Coming Gla_s Company

Advantages

Eliminates asbestos mat.

Disadvantages

i. Can not he ignited at high temperatures.

2. Sudden temperature changes must he avoided.

3. Filter disk is difficult to clean_

Descript,io_

This crucible is ccmposed of a _rex glass vessel equipped with
a sintered glass filtering disc. The filter can be obtained
in three degrees of fineness and the disks are 15Aseddirectly
into the glass walls.

_reD_ation for Use

i. Wash and dry the crucible in the same manner to be used in
theanalysis.

2, This crucible is used in the same manner as a Gooch crucible,
except in regard to excessive heating.

-l-
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The cleaning of sintered glass _z_cibles is of especial
_portence, The .best method of cleaning is to leach out the
precipitate or residue by means of a liquid in which it is
soluble. The solvent is then removed by inverting the cru-
cible over the filter flask assembly and washing with water
in the reverse direction of that normally used.

Any solvents which might corrode or etch glass must be
avoided to prevent increasing _he porosity of the disk.

e
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CUVET mS,19
, | , _ _ ,

Uses

Used in the Coleman spectrophotometer to hold the solution whose
transmission is being measured.

Manufacturers
,, _ ,

Wilkens-An_erson Co., Chicago, Ill.

Advantages

I. Low cost

2. Easy to use

Disadvantages

- --- _ ,m

i. Difficult to match accurately.

2. Easily scratched and marked. Such marks cause poor, inaccurate
readings.

Literature References

Manufacturer's Technical Literature

Discussion
_ _ ..,

I. Procedure for Matching Cuvettes, ,-J= , , _ i

The cuvettes can be obtained from the manufacturer in matched

pairs, but the high cost of these cuvettes makes a cheaper
substitute desirable. Unmatched cuvettes may be obtained from
the manufacturer at a fraction of the cost of the m_tched ones

They are readily grouped into matched sets by the following
procedure.

i. Select about 80 cuvettes from several boxes of the unmatch-
ed cuvettes.

2. Clean the cuvettes thoroughly. Wash them with soap and
, water first, using a brush if necessa=_y. Rinse the

cuvettes thoroughly, then immerse them in warm cleaning

-l-
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solution, rinse thoroughly, first under the tap and then
with distilled water.

3. Dry the outside of each cuvette with absorbent tissue.

_. Fill one of the cuvettes about 2/3 full with distilled
• water. Fill the remaining tubes about 2/3 full of

0.00034 M potassium dichromate in i M sulfuric acid.

5. Insert the water-filled cuvette into the spectrophotometsr,
which has previously been prepared for operation (use a
wave length setting of 430 mu). Adjust the spectrophoto-
meter to read about 98 percent with the cuvette in the
light path. Slowly rotate the cuvette until a maximum
transmission reading is obtained. M_rk the cuvette with
a wax pencil to indicate the center of the range of
maximum transmission, lt is most convenient to make a

vertical mark on the side of the cuvette facing the oper-
ator.

6. Readjust the spect_ophotometer, so that the blank, aligned
to give its maximum reading, reads I00 percent.

7. Insert each of the potassium dichrom_te-filled cuvettes
into the spectrophotometer in turn. Sl_ly rotate the
cuvettes in the holder until their position of maximum
transmission is located. Record the maximum transmission

value, and mark the cuvettes to indicate the center of
the range of maximum transmission as was done in Step 5.

8. Repeat Steps 5, 6, and 7 twice, using different operators
each time, so that three transmission values3 each by a
different operator, are obtained for each cuvette.

9. Average the transmission values for each cuvette.

I0. Select a set of eight tubes having maximum transmission
valuos within + 0.05% . This set of cuvettes may be con-
sidered matched.

11. Replace the wax pencil mark with a permanent mark made
with a diamond tipped glass marker. Mark the set so that
it can be distinguished readily.

12. Repeat Steps i0 and ii, choosing as many sets of cuvettes
as desired or possible.

13. Store the remaining cuvettes retaining the origi.uclnum_

e hers and data for future reference.

-2-
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( 14. Clean and dry the selected matched cuvettes. They are no_
ready for use.

II. Notes on the Care and Use ,ofA,,bso.,rption Cells

In the use of these cuvettes, observe the general precautions
for handling all absorption cells.

i. Never touch the optical faces with the bare _ingers or
with any harsh tools such _s tongs. Finger marks cre
difficult to remove from the faces, and scratches cannot
be removed.

2. 'Alw_ys clean and _ry the cell thoroughly immedi_tely after
use. Never allow any liquid except distilled water to
remain in contact with the cells for longer time than is
necess_ry to make the desired measurements.

3. Never use absorption cells with corrosive solutions, par-
ticularly those containing hydrofluoric acid.

If the cells become dirty, they may be cleaned as follows:

i. Immerse the cell briefly in warm dichromate cleaning

solution. (Warm sulfuric acid alone if the cells toare

be used in the chromium determinations).

2. After removing the cell from the cleaning solution, rinse
it several times with distilled and redistilled water.

3. The cells may be dried by rinsing in alcohol and ether
(pro_ded traces of these materials do not interfere with

the color next to be measured), but they should never be
dried Lb_heating. .

Cells should be stored in a small cabinet or box espec-
ially reserved for the purpose. If the storage is to be
for long periods of time, the cells should be wrapped in a
soft tissue and placed in a small, covered box. This in
turn should be stored in some out of the way piace.

e .3.
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ABSORPTION CELI_
=,u t ' 'Lt ' ' " --

(_ cre.squareCole'na_)

Uses

Used in the Coleman Model Ii spectrophotometer to hold the soluticm
whose transmission is being measured.

Manufacturer

Wilkens-Anderson Co., Chicago 3 III.

Disadvantages

i. Large volume

2. Difficult to handle

Literature References
___ ,, _ , ,, ,

Manufacturer' s Technical Literature

Discussion

Refer to notes given in Apparatus Code: AC-21a.
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Code: AC-21d

H. W. Laboratory Manual Reissued: January, 19_9
Laboratory Apparatus Status: Standard

"-_ By: W.J.M.

ABSORPTION CELLS
? ,, - ,

-(5 A ±nc'o)

Uses

Used in a spectrophotometer to hold the solution whose transmis-: _
slon is being measured.

Manufacturer

American Instrument Co., Silver Springs, Maryland

Advantages

Relatively long length (5 cre)combined with small volume (7.5 ml.).

Disadvantaggs

I. High cost

2. It is not designed to fit any spectrophotometer, and adapters
must be used when the cell is used with either the Coleman or

Beckman spectrophotometer.

Literature References
, ,, , , _ ,m ,

Manufacturer 's Technical Literature

Discussion

Refer to notes given in Apparatus Coda: AC-21a.
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',_ H.W. Laboratory Manual Reissued: January, 1949
..J Laboratory Apparatus Status: Standard

B'_: W.J.M.

ABSORPTION CELLS

(5 cm_ Glass, 4 mm. I.D.)

Used

Used in the Beckman spectrophotometer to hold the solution whose
transmission is being measured. Use only when the volume of

... solution available is less than l0 ml.

Manufacturers

• American Instrument Co., Silver Springs, Maryland.

Advantages

Relatively long length (_ ce.) combined with a very small volume
(0.6ml.).

Disadvantages_

i. Need special adapter for use in the Beckman Spectrophotometer.

2. Small size requires careful handling and filling techniques.

Literature References

Rosenfels, Kirk, Kitson, Patton, and Curtis, CN Report,

Discussion

Refer to motes given in Apparatus Code: AC-21a.

Cells of this size require special handling and filling techniques
as compared to conventional sized absorption cells.

I. In filling the Cells, it is necessary to transfer the liquid
to the cell with a small pipet. After filling, the cell must
be kept level.

2. The cell is most conveniently emptied by using the same pipet
used to fill it.

Cells of this type are most conveniently stored by immersing them

a of distilled water. Before use, they must be
in small bottle
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I dried to remove excess water, both inside and out, and then rinsed
with the colored solution to be measured.

The cells may be stored in the same manner as other absorption
coils, however_ if this is desired or preferred.

@
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Obviously this will have to be done before the cells are filled.
During the filling and handling operations, the faces must be
kept clean.

2. The cells are best stored in a clean and dry state. No ex-
periments have been carried out to determine whether they can
be allowed to soak in water between uses as is recommended with
the _ mm. I.D. glass cells.

3. In using these cells, it is important that the same cells be
•- used for _he analysis as were used for preparing the calibra-

tion curve, that the same cells are used for blar_ and sample,
and that the same end of the cell always is in the same posi-
tion in the optical path.

_. Always keep the rotational position of the cells in the holder
the same._"It.is most convenient to keep the ports vertical.

5. A special sl_ctrophotometer adapter is necessary for these
cells. Use the same adapter as for the Aminco glass cells,
Apparatus Co_e: AO-21d.

@
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sm__ _AS_S F_
Jl___L a , II

Uses

Used i_ the filtration of chemical precipitates, vhere glass
filters and a micro scale are desired.

Manufacturers

Fabricated on the plant site from materials from Coming Glass Co.,
Corning 3 New York.

Advantages

i. Permits rapid suction filtering.

2. F_rmits ready removal of precipitate, either chemically or
mechanically.

Disadvantages

Readily contaminated and difficult to decontaminate.

Discussion

The filter is made as follows: Draw off one end of a pyrex sealing
• tube (Coming I0 F) and blow a test tube bottom on it. This shoul_

be dome as close to the filter as possible. In the bottom of the
test tube, blow a small hole and attach a piece of 7 or 8 mm.
tubing to it. Anneal thoroughly in a flame.

The filter is used as is any fritted glass filter. The same pre-
cautions observed in the use of these filters should be observed
with this filter.

The filtsr may be made from other porosities or other O.D. sealing
tubes, if desired.

e
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Co_e: AF-12a

K. W. Laboratory Manual Issued: January, 1949
Laboratory Apparatus Status: Tentative

By: W.J.M.

KLETT FLUORIMETER

Uses

To measu_ fluorescence.

Manufacturer

Klett Manufacturing Co., New York, N.Y.

Advantage s

1. High sensltivity.

2. Two photo-cell construction minimizes line-voltage fluctua-
tions.

3. Rapid analysis.

Disadvantages

i. Requires a transformer and a galvanometer with transformer.

2. Bun.

Literature References

Photo-star copy: "Klett Fluorimeter, Model 2070".

Description

A more detailed description is given in the photostatted copy.
See also, the diagram.

i. Lamphouse holds a type H-4 high pressure mercury lamp.

2. Housing at ri_t contains the reference photo cell, the green
"(Coruing 4OSO)-light filter, and an adjustable diaphragm.

3. Housing at left contains the measuring photocell, the condenser
lenses_ the lamp filter (_5970), the photo cell filter
(#3389), the cuvette holder, and the shutter.@ .

-1-
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_. Galvanometer m_itch has three positions: low sensitivity when
the handle is in the "L" position; high, in the "H" position;
and off when the hand_lopoints up.

_. Potentiometer is a precision, linear-wound one with a B60
division linear scale.

6. Photo cells are of the barrler-layer type and respond to light
o-f_ve 1-e-ngthfrom 4000 A° to 6600 AO.-

. 0_eration

I. Plug in the fluorimeter lamp at least _ minutes before read-
ings are made.

2. Fill the cuvette with a standard of fluorescence and place it
in the instrument.

3. Set the potentlometer at some value between 100 and SO0.

4. Open the shutter.

_. Move the galvanometer switch to "L" and adjust the variable
slit until the galvanometer is "zeroed" in the middle of the
scale.

6. Repeat with the switch at "H".

7. Close the shutter.

8. Replace the cuvette with one contddning the unknown3 the
fluorescence of which is to be measured.

9. Open the shutter.

i0. Move the galvanometer switch to "L" and turn the potentlometer
until the galvanometer beam is brought back to "zero".

ll. Repeat with the switch at "H".

12. Turn the _Itch off.

13. Close the shutter.

14. The ratio of tho potentiometer scale reading to that of the
staudar& (which was set between I00 and 300J gives the ratio

of the fluorescences of the unknown to that of the standard.

-2-
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15. The concentration of the standard and the potentiometer settirg
for it should be so chosen that a deflection of 1 mm. of the

galvanometer is obtained per 2 or 3 division move of the
potentiometer.

@
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H. W. Laboratory Manual Reissued- January, 1949
Laboratory Apparatus Status: Standard

By. W.J.M.

• _D_ HF_ITER

Uses

Used for ev_por_tlng solutions, drying precipitates and for gen-
eral laboratory use.

Manufacturer

General Electric Supply Co.

Advantage s

I. Construction assures long life and offlclcm_y because fumes
cannot reach the enclosed reflector.

2. Evaporatlen is more rapid because the light rays travel
directly to the solution and penetrate it.

3. Bum_ing and spattering minimized.

4. Chars filter paper r_pidly without danger of p_por firing.

Description

The radiant heater consists of a single 250 w_tt infra-red reflec-
tor drying lamp. The lamp is attached to an ordinary ring stand
for adjustable heights as required in the labor_tory.

@
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H.W. Laboratory Manual Reissued: January, 1949Laboratory Apparatus Status: Standard
By: W.J.M.

f_QLE_H MODEL i! SPECTROPHOTOMETER.

U_ses

Used in the colorimetric determina,ion of numerous ions throughtout the
entire process,

Coleman Elec_rical Company, Maywood, Illinois

A_vanta_es

1. Low Cost,

2. Ruggedness

3. Low cost of absorption

" 4. Ease of manipulation

Disad_vanta_es.

i. Poor resolution by monouhrcmator

2. Insensitive measuring system

3 Limited applicability

Li/_eratu_e P_fernce_s

Technical L1zera%ure_ Coleman Electrical Company Maywood, Illinois.

 t  umaioa

The optical and electrical circuits cf this _pec_rophotcmeter, and its
appl_cation in analysis, have been described elsewhere in this manual.
The following instructions are intended to aid in the care and use of the
spectrophotmneter. They inclued instructions for the preliminary set-
up of the _nstrument its operation and'calibration, replacement of
expended parts and other miscellaneous !nformazion.

O
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l, Remove the new inst.r_nentfrom its box, and set upon a firm

level table. Piace the sponge rubber pads beneath eachcorner. These will serve to minimize extermal vibrations
• which would otherwise obviate the results.

2, Connect the two rubber-covered leads from the instrument to

the "Output poles of the transformer. To the .Input poles,
connect the ends of the light cord which accompanies the
transformer. In either case, the polarity is emmaterial.

3, Check the wa.V.elengthcalibration, and the setting of the
absorption cell carrier as described under sections III and
VII"of these directions.

4, Cover the snstrument with a standard cover or with some

material which is relatively impervious to dust. Dust and
dirt Sn the optic and electrical parts of any instrument
are a major source of dlfficulty.

I. Operation of the Ins_trumen_

i. Direct Reading Method
_is me Lhod-6f _aSuring transmission with the Coleman spec-
trophotome%er is more rapid and as accurate and precise as
the null-po!n_ method lt will be used in all determinations
unless otherwise specified, _easurements made by the _wo
methods cannot be compared, since they may not agree even

when _aken from the same instrument.
4

a. ; Set the drum dial, seen through She window in the r_ght
hand side of the top panel, to abou_ 3 on the back scale.
Turn the main switch to "Galv.", and adjust the galvan.
ometer reading on tlieccale in the upper left hand
co_mer of the panel to approximatel_ zero by adSusting
"ohe' Adj,is_LZerom..knob ...Completethe zero .ad'justment
by moving the drum dlal slightly, When the acjustment
in complex.e, _he reading (black scale) on the drum
scale shoudl no_,be more _han 5 If it is grea er iT
should be returned to 3, and he galvanometer rese% w:th
the "Adjust Zero knob The setting of the galvanometer
is reasonably constant, but although _t seldom changes,
it should be checked occasionally

b Turn ".:hema_n swltch to the "On posi'_ion and allow
the ins rumen '_owarm up for a#proxnnately five rain-

. uTes.

c. While the ins"rument -s warming u,?,check to see 0ha_
the correc_ absorption cell carried is in place. If
the tes tube :ype celia are used the vert.cal carried
should be inserted hrough the "_opof the panel.

O -2-
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A o,_alllight _uard, mhich slides with the carrier und
prevents stray light from entering the sample chambor_
must also be in p1_cs. If the horizontal cells are to
be used, the horizontal cell holder, together with thu
necessary adapted, s_ould bc inso,tod throush the small
door on the right hand side of the instrument. In the

-" latter case, the opening in the panel must be un-
tiroly closed by a suitable light guard.

d. Before makin_ measurements, insert the propc:rfilter
for the ro_ion to be measured into thn slot behind the
sample chamber. The slot opens near the hinged end of
the side door to the sample chamber. The proper fil-
ters for the v_rious wavelengths ar;_: 350-4D0 mu,
PC-6_ _00-650, PC-4muj 650-800, PC-5,,

o. Adjust the wavelength to thu dosirud value by turning
thu wavol_'ngth knob. Turn the "Fluor" knovo to its most
oountcroloo_viso position.

f. _ftor the necessary warm-up p_riod_ insert the a_sorption

cells, filled with the liquid whoso transmission isdesired, and a blank, into the c_ll holder. Position
the l_tt_r so that the blank-containing cell is in the
light path.

g. By varyin_ the p sition of thu "Galv. Coars,_,''knob, ad-
just the g_ivunomct_:rr.zadingto approzimat_ly I00 pcr
o_mt. _djust it exactly to this v_luo b,_varying the
position of the "Galv. Fine" knob.

h. Insert into thu light p_th th- absorption c_ll containin_
thu unknown, and wion th_ galvanometer comes to rest,
read the p:;rcontagc transmission diroctly off the scale.

i. Repeat stops _ und h until 4 reading on one absorption
c_ll haw: b cn m_do. av,_rugo thu four valuso.

J. V_cn through with the instrument, turn the m_in _vitch
"Off", renew- the absorption coils and clean if nocos-
sury.

: 22..-Null-Point Method
, i[ i iiJ . _

a. Set the drum dial, soon through the window in the right
hand side of rh,-.top p,,nclto z,:ro. Turn the main
switch to "Galv"_ and adjust the galvanomotu_ rc_ding
on the scale in the upper l_ft hand corner of the
panel to zero by moving the "Adjust Zero" knob.

• ./. ' . L-3-
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b. Turn the main switch to th_ "On" position, and _llow
the instrument to worm up for approximately S minutes.

c. Vfnilo the instrument is warming up, eh:ck to s o theft
the correct absorption cell carrier is in pl_ce. Kt the
test tube type cells arc used, t u vortical carrier should
be inserted through the top of the panel. _ sm_ll light
guard, which slides with the carrier _Id prevents stray
light from en,oring the s_mple ch_ubcr, mu_t _ so bc in
place. If the horizontal cells arc to be used. the hori-

zontal cell holder, togot cr with the nucess_Ary_dapter,
should be inserted through the small door on the right
hand side of the instrument. ,In, the latter case, the
opening in the top panel must bo entirely closed by a
suit_Ablolight guurd.

d. Before making measurements, insert the proper fi_tor
for the region to be measured in tc the slot behing the
sample chamber. The slot opens near thn hinged end of
the side door to the sample chamber. The proper fil-
ters for the vurious vavclcngths are: 350-@00 mu,
PC-6t _00-650 mu, PC-4; 650-800 mu, PC-mu.

o. adjust the wavelength to the desired value by turning
the wavelength knob. Trun th_ "Flur" knob to its most
counterclockwise position.

f, After the necessary w,rra-upp_rion, insert the absorption
coils, filled with the li ujd whoso transmission is
desired, and a blunk, into the coil holder. Position
rho latter"so that the bl_alk-c6ntaininG_coll fs in the
li@ht path6 .

g. Set the drum dial, by moans of the "Bal" knob on the
right hand side of thu instrument, to I00 purccnt
transmission.

h. Vary the position of the "Gulv Coarse" knob.until the
galvaneln,;t_rroads approximutel:, zero. Complete the
adjustment to zero with the "Galv Fine" knov. If the
_alvanomoter cannot bo brought on the scale with thsos
adjustments, vary t/_eposition of the "Flour" knob until
an approximate zero is abruinod, and again complete the
adjustment with the "Galv Fine" knob.

',bI
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r i. Insert into the light path the absorption cell containing
the unknown, anl readjust the galvanometer to zero by
varying the position of the drum dial. Read the percent
transmission from the dial.

J° Repeat steps g, h, and i until 4 readir_s onone absorption
cell ha_e been made. Average the four values.

k. Any number of readlr_smay now be made. The i00 percent
setting of the blank should be checked before each readimg,
however.

!i 1, When through with the instrument, turn the main switch
"Off", remove the absorption cells, and clean if necessary.

III. C_ibratio n of wavelQngth with Didymium Filter

It is occasionally deslrahle to check the w_velength setting. This
should always be done when a new instrumant is received and when
a new exciter lamp is installed.

i° Turn the main switch "On" and allow the instrument to warm up
for five minutes;.

2. Insert the filter PC-7 in the filter holder.

3. Set the wavelength scale at the value stamped on filter
(usually 587 mu, but occasionally different).

_. Set the "Fluor" knob to its extreme counterclosckwiso position.

5. After the necessary warm-up period, turn the "Galv. Coarse"
knob until the galvunometer reads 80 to iO0 percent.

6. Slowly rotate the wavelength scale until a minimum transmission
value is o_tained. If this value is less than 80 percent,

,.... readjust "Galv. Coarse" knob so the reading is between 80 and
100 percent and relocate the point of minimum transmission.

7. The wavelength of minimum transmission should be that wave-
length marked on the filter .+2 mu, If the value falls within
this range_ the setting may be assumed to be correct. If the
value does not fall within this range, proceed as follows:

8. Set the w_velenEth scale at the correct value marked on the
filter.

9. Remove the screen from the back of the instrument.

UNCLASSIFIED
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[@ I0. Loosen slightly, through the hole in the bottom of the
instrument case, the clamp screw on the bottom of the lamp

Ii. Adjust the headless screw in the side of the lamp arm, by
, moans of a long scrov driver inserted through the screen

' opening, until the galvanometer roads a minimum. This
should not be more than a fraction of a turn. lt may be
necessary, if the screw turns stiffly, to loosen the rosin
lock with a drop of alcohol.

12. Tighten the clamp screw (see step i0).
..

13. Check wavelength setting again, and, if correct, replace
the screen.

IV. Replacement of the Exciter Lamp
.... _, IJ ii i • _ i - i i j l iu

The exciter lamp is an 8.5 volt, 36 _rattprefocused coiled
line filament lamp. These lamps h_ve a life expectancy of 300
hours, and should be replaced as follows upon failure.

I. Remove the screen from the back of the instrument.

2. Loosen the knurled bakelite binding post which holds the
spaghetti covered Immp lead. Remove the lead.

3. Gras_ the exciter bulb and turn counter clockwise (Iookizg
down), then pull straight up and remove from the instrument.

4. Insert new bulb, after wiping clean and _fter threading
the load through the hole in the lamp arm.

5. Reverse directions 2 and 3. Avoid touching the side of
the bulb toward which the filament faces.

6. Before replacing screen, check the wavelength calibration
.... as described in above. More often than not, some adjust-

ment will have to be made.

V. Replacement of the.Galvanometer Lamp

The galvanometer lamp is a 6 to 8 V, 6 cp_ doublecontact bayc_et
base, automobile type bulb. Replace this bulb as follows:

I. Remove the screen from the back of the instrument.

2. Remove one screw and loosen the other in the clamp which
holds the galvanometer lamp iu piace.



Code: AS-16a

,%

• 3. Remove the bulb _d socket from the holder, and remove
the bulb from its socket.

_. Insert a new bulb into the socket. Wipe bulb free of
finger marks.

5. Replace socket in clamp. Rescrew cl_mp so that socket
and bulb can be moved vertically, but will not do so of
their own weight.

6. Set the main switch of the instrument at "Galv." and ad-

r "_ Just the height of the bulb and socket until a shar_, clear
image is obtained on the galvanometer scale.

7. Tighten the clamp, and replace the wire screen.

Vl. Replacement of Slide___,._Wire,.,._, Battery

A small Burgess _ FJ i_l V battery is mounted inside the instru-
ment. Replacement is seldom necessary unless the instrument
is extensively used for fluorimetric work. Replace as
follows..

i. Remove the six screws around the extreme edge of the top
panel. Loosen the set screw holding the "Bal" knob and
remove the knob and its spring w_sher. Set the instrument
on its front edge. Push the transformer cable back several
inches into the hole by which it emerges from the bottom
of the box. Pull forward on the edge of the panel farthest
from the drum dial until the rheostats, etc. on the under
side of the panel clear the side of the box. Then slide

sidcwuys to disengage the drum dial shaft from the box,
and finally pull the panel fo_ and l_y it on its face
on the table.

2. Disconnect the battery leads.

3. Remove the battery hold-down strap,

4. Remove the battery, and replace with a new one.

5. Replace battery clamp, and draw down screws snugly.

6. Connect the battery leads, red to the positive or center
terminal, black to the negative terminal_

7. Replace panel by reversing the directions in 1 _bove.

e
"7"
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. VII. Cont,ering O_ the Verticol (ST;lO-C) Absg,rption COll.,- Carrier

The Model ii Universal Spectrophotometer is provided with step
screws loc_ted ct either end of the rectangular panel slot
through which the cuvette carrier is inserted. These screws
serve to position the carrier _ccuratoly in either extreme of
its travel amd thereby insure that the respective cuvettos
occupy exactly the same position in the monochromatic light
beam, a condition that is particularly important when round
cuvettes are used.

When an ST-IO-C cuvotte carrier is ordered togethQr with the

Spectr?photometer_ these locating screws have been _d_Usted _-"
at the fccto_v _nd th,_corresponding cuvette carrier then en-
graved with the serial number of the particular instrument
adjusted for its use. However, when the ST-IO-C c_rrier is
purchased separately, these stop screw adjustments must be
completed by the operator before exact spectrophotometric
measurements are undertaken. Failure to observe this fact will

nullify +_heinherent precision of the instrument and of the
most carefully matched cuvettes° When necessary proceed with
the adjustment as follows:

i. Turn the instrument switch to "On", adjust wavelength dial

to about 550 mu. remove the photocell filter and observe
that the projected light beam is centered on the sensitive
surface of the photocell. Now it will be apparent that i_
a cylindrical cuvette is inserted squarely in the axis of
this beam, the be_m will remain straight, but if the
cuvette is off center the beam will be bent and will no

longer properly center on the photocQll. The object of
the following procedure is to so adjust the cuvetto carrier
locating screws that the interposed cuvettes cause the
minlzum beam deviation and that the effect be exactly

' the same in either extreme cuvetto position.

2. Check for gross misadJustment of the locating screws by
moving the carrier first to one and then to the other

extreme position with filled cuvmttes in piace. Notice
if there occurs _uy shift in the position of the illumiated
spot on the photocell surface. (This is best observed by
inserting the cuvette carrier without its light guard
slider, the photocell surface then being visible past the
e_ge of the carrier).

3. Adjust the locating screws until there is no perceptible
shift in the position of the illumir_ted spot at the ex-
treme positions of the carrier and the beam is properly
centered on the photocell. (Use the filled round cuvettes

-, for this test also_

-8-
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4. Turn the drum dial to i00 by means of the "Bcl" knob and
then turn the "Fluor" knob to the extreme counterclockwise

position. Insert the PC-4 filter.

5. Adjust the "Galv. Coarse" knob until the galvanometer
reads between 80 and 90 with a fille_ cuvette in the side
of the carrier intercepting the beam. NOTE THIS READING.

6. Now slide the cuvotto carrier to the opposite extreme
position and transfer the sane cuvotte to the opposite
cavity so that it again intercepts the light bean, being
particularly c_roful to insert _n the same angular posi-
tion as before and to avoid finger prints on the surfaces
exposed to the light. The galvanometer should now read
the sane value as at (5) if the stop screws are fully
adjusted. However, the two rocdlngs may possibly fail to
agree, in which instance proceed as follows:

7. First noto if moving the carrier slightly away from the
adjacent stop screw brings the second galvanometer read-
ing to better or worse accord with (5). Adjust the ad-
Jacent stop screw accordingly, until the readings exactly
agree. If more than one-half turn of the stop screw is

necessary for _grocmont, turn the screw one-half turn,transfer the cuvette to the other sid_ of the carrier and
complete clJustment in the sane manner _ith the other

stop screw. Return the carrier to the origingl position,
transfer the cuvette and chock again for agreement, which
should be practically within the limit of reading of the
instrument.

8. Finally, again chock visually, %o be sure that the cuvette
is properly centered in the boron.

VIII. Remote Control Equipment

In some of the applications of this instrument, it is necessary
for the operator to remain at some distance from the solutions
being analyzed, because of the unusual hazards in these solu-

tions. For this purpose, certain equipment has been developed,
cad is shown in the photograph attached to this discussion and

, to that of AS-16b.

lc Cuvette Shield _n the back row, center and right, of the
photograph at the end of this method, is shown a cuvette
shield, to be usQd when the cuvettes are being placed in
or taken from the holder. The right hand view shows the
apparatus cut away, and containing a standard cuvette
carrier. Two small metal posts push the cuvettes up out

emgu
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of the carrier enough to permit grasping with tongs. I=
operation, the empty carrier is put in the shield, aud
then each cuvette, filled in smother place, is placed in
the carrier with tongs. The whole carrier is then lifted
up, the cuvsttes dropping into position. For removal of
the cuvettes3 the procedure is merely reversed.

See University of Chicago, Metallurgical Laboratory Draw-
ing No. CAN-II4 for constructional details.

2. Absorption Cell Adapter and Carrier In order to use the
5cn. Aminco (A0-21"d) absorptlon Cells in _e Coleman
spectrophetometer, an adapter is needed. The photograph
attached to Apparatus Code: AS-16b shows the combined
adapter and carrier developed for this purpose. It is
second from the right. The cells may either be set in
the carrier before filling, or lowered in with tongs after
filling. The whole carrier cam then be set in the side

door of the instrument, the door closed_ measurements made
iu the usual fashion, the holder and coils removed, etc.

See University of Chicago, Metallurgical Laboratory Draw-
ing No. CAN-155 for constructional details.

• ,
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(@ E.W. Labor_tory Manual Reissued: January, 19k9

) L_bor_tory Apparatus Status: StandardBy: W.J.M.

Uses

Used in the distillation of many liquids where freedom of rubber
contacts in the d/stillation apparatus is essential to the
purity of the final product.

Manufacturer
w,, _ _ , I

Coming Gl_ss Co., Corai_g, N.Y.

Advunt  oS

i. Siuple to assemble.

2. Requires less desk space than most models.

3. Gives maximum protection against carry over of the liquid
being distilled.

DisMvanta es

Must be disassembled to fill the boiler,

D±scussIpn

I. Mount the apparatus over a large electric hot pl_te, and
connect it firmly to a ring stand.

2. Two or more stills may be set up and arromged to deliver their
output to the same receiver, thus saving additional desk space.

3. A few boiling chips, glass beads, or a debumping rod should be
inserted in the boiler to prevent bumping.

@
t
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H. W. Laboratory Mamual Issued: December, 1948
_ Laboratory Apparatus Status: Standard

By: W.J.M.

DIRECTIONS FOR HEUNITING THE MERCURY IN TKERMOMETERS
L ' , " ',"- _ _ :__ _ _ - _'_'" J'' ' ' " 7 - - .... :" ' _ _

-- :-- |, _ _ , , _ ........ _ .... :,,:,,.. . .

Thermometers should not be rejected because the mercury column has be-
come separated. In shipment it is almost inevitable that the mercury
thread in a thermometer should become separated. This is especially
true with gas filled thermometers and with those having a reservoir in
the top. Such thermometers should not be comdemned as it is not diffi-
cult in most cases to reunite the thread. Surface tension makes it

practically impossible to Jar the parts together or to make one part
touch the other by heating the bulb. The following remedies will us-
usally solve the difficulty and should be tried in the order In which
they are given:

(l) Immerse the bulb of the thermometer in a freezing mixture until
all of the mercury has been drawn into the btul_by its contraction.
Tap the thermometer to dislodge gas bubbles in the bulb. This
treatment is usually effective and is not likely to result in
breaking the thermometer.

(2) If the thermometer has a reservoir in the top, either of the follow-
ing methods may be used:

a. If the capillary is fairly large, invert the thermometer and
by Jarring, start the mercury thread traveling down. Once
started, it will usually flow u_til the reservoir is full.
This causes the two parts to flow together in the reservoir.
Turn the thermometer over o_ by Jarring again, start the

' mercury traveling toward the bubl. Usually it will continue
until the column stands at the zzormalheight.

b. Hold the thermometer at a considerable height over a low
. flame and by moving it back and forth, apply heat gently until

the broken place in the thread has moved upward Jute the reser-
voir. Usually on cooling, the mercury will remain u_ited.

Caution j This method is more likely to result in breakage and
extreme care should be used.

i

(3) By holding the thermometer at arm's length in _ horizontal position
and rapidly (but not suddenly) swinging the arm down in a circular
motion, centrifugal force may cause the upper part of the broken
thread to unite with the lower. Be careful not to "snap" the arm
when starting the motion as the thermometer may sm_p off.

@
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Code: AT- 2a

(4) If a proper centrifugal arrangement is available, the thermometer
- can be placed in it, bulb outward, and whirled. A simple arrange-

ment for producing the same result is to tie a string in the ring
at the top, start whirling slowly and gradually increase the speed.
Be careful not to Jerk the thermometer as the small rlng may break
off.

(5) The above methods should be given several trials before admitting
failure. The method to be described now is so likely to ruin the
thermometer that it should be employed only as a last resort in
preference to discarding the thermometer. Holding the thermometer
in a slanting position _ith the bulb upward, very gently and
cautiously heat the upper end of the detached part of the mercury
thread, making sure that the glass is gently heated over a suffi-
cient portion on each side to avoid breakage. Be careful not to
heat sufficiently to soften the glass. If this is done carefully,
the mercury can be distilled from the detached thread and may be
driven upward to unite with the main portion of the mercury
column.

@
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UNCLASSIFIE Code: AT-20c

H. W. Laboratory Mauuai Reissued: January, 1949
Laboratory Apparatus Status: Standard

By: W.J.M.

FILTPJ_TION TUBE
:

j,

Uses

Used as an adapter for filtering directly into a l0 ml. volumetric
flask.

Manufacturer
: ....... : : _ : _

i. Fabricated on t_e plant site.

2. Stopcock A.E. Thomas Co., cat. No. 9289.

Advantages

1. Affords rapid, controlled means of collecting filtrates.

2. Compact

3. Easily manipulated

Description

The unit consists of a regular 5 inch Pyrex slde-arm test tube
modified to fit a l0 ml. volumetric flask by cutting off the
bottom of the tube and sealing to it a short length of glass tubing
(about 2-3 cn.). A No. I PYrex stopcock (1 mm. bore, 6 mm. tubin_
is fused to the test tube extension.'

Operation

A 3 ml. fritted-glass filtering funnel is @quipped with a No. 0
rubber stopper, and inserted into the filtration tube. The assem-
bled unit is secured to a ring stand with the exit end of the fil-
tration tube inserted into the neck of a lD ml. volumetric flask.

With the stopcock closed, the solution is poured into the filter_
and vacuum is applied to the side-arm. When a sufficient amount
of filtrate has collected in the filtration tube, vacuum is dis-
continued and the filtrate collected in the vessel by manipulation
of the stopcock.

Several filtration tubes may be conveniently connected through a
manifold to the vacuum system. A bleeder llme should be inserted

in each vacuum connection so that the filter tube may be drainedwithout disconnecting amy connections.
-1-
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Use

Use as directed in Water Methods Code: WS-lle.
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UNCLASSIRED -Code: AT-21a

H.W. Laboratory M_nual Reissued: January, 1949
Laboratory Apparatus Status: Standard

By: W.J.M.

._RMOMETER

ASTM El- (-20"C to 150 C)

Uses
.,,..,.....,..

For general use in A.S.T.M. tests.

Manufacturers

i. Central Scientific Co., Chicago, Ill. (0at. No. 19270)

2. Fisher Scientific Co., Pittsburgh, Pa. (Cat..No. 15-166-GI)
6

Description

Ordinary mercury thermometer, calibrated and ma_e according to
A.S.T.M. specifications. Use according to specific instructions
accompanying each method.

@
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Code: AT-21b

UNCLASSIFIEI_ -_ :: " -- i
" H W. Laboratory Manual Reissued: January, 19g9 ',

' Status: Standard
Laboratory Apparatus i

By: W.J.M. 1

TEEBMOMETER

•'" .,,.s,_E_-(-5c to-3oo°c) '

Uses

For general use in A.S.T.M. tests.

Manufacturers
___ J_, , - --

i. Central Scientific Co., Chicago, Ill. (Cat. No. 19270)

2. Fischer Scientific Co., Pittsburgh, Pa. (Cat. No. 19-166-G3)

Descriptionu .....

Ordinary mercury thermometer, calibrated and made according to
A.S.T.M. specifications. Use according to specific instructions

accompanying each method.

/
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