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The purpose of this manuel is to present a Hazard Breekdown 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 & 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 lLaboratory 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 three main sections, one for each

of the three sections into which the Loboratoriss Division is divided.
These sections are as follows: :

1. Section I = 200 Area Control

2. Section II - 100 Area Control

3. Section ITI - 300 Area Control, Essential Materials,
and Methods Improvement

Each main section is subdivided into three parts, as follows: (l) Par-
| ‘ ticular Sefety Rules; (2) Cleaning and Decontamination and (3) Proced-
: ures and Methods. ZEach section contains its .own index in order that
quick reference may be made to any particulor item.

Each Hozafd Breokdown is composed of three parts which are as follows:

1. STEPSt 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 "trick", special timing or
bit of special information.

3. SAFETY CAUTIONS: Anything thot might injure the worker or
the equipment or make doubtful the final
result., Spocial consideration is given
for recognized hazards inthe work.

The greatest benefit from o Bazard Breakdown goes to the individual
worker who prepares the enalysis since each step must be carefully
studied. Once made, however, o Hazard Breakdown is a valunble means of
safety training for a new cmployee and o convenient form from which to
check-up on good safety practice.

‘ The Hazard Breakdown cnalyses given in this manucl are not to be con-

sidered as final. To date they hove proven cdequate but are subject to
revision depending on future practice and experience.

. . UNCLASSIFgp
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11,

1z2.

13,

PARTICULAR SAFETY RULES FOR PROCEDURES AND METHODS

Obsexrve general laboratory Safsty Rules
Eye protection must be worn at all times while in the laboratory.

Visually inspect all glessware for chips, breaks, etc., before
cleaning.

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

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

Operating machinery must be enclosed by a suitable guard.

Wear gloves when working with machinery.

Never attempt to make any adjustment or repairs while machine is
running or the switch is in the "on" position, "Tag out" all
switches before meking adjustments. Sce "Lock and Tag Procedure”,
Safety Bulletin No. 6.

Do-not wear loose clothing around moving machinery.

Inspect all equipment for defects., Never use faulty equipment.
Exercilse extrexﬁe carg while working around hot equipment. All com-
bustible material, especiclly solvent vapors, should be excluded
from the vicinity of the furmace or oven.

Be surc hands are dry when operating elecctrical equipment.

Use tongs to remove dishes, crucibles, etc., from ovens end furnaces.

Have a firm grip on the tongs., If mufflc furnace is at a high

temperaturs, esbestos gloves should be worn in addition to the use
of tongs. :

Conduct all solvent extractions in a well ventilated, £lame-free
bood bay, which cen be isolated in casc of fire.

Know the location and method of operating all ncarby fire extin-

guishers.
January, 194
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15.
16‘

17.

18.

19.

20.

2l.

For extinguishing solvent fires, uée CO2 extinguisher, if available;
otherwise, use a "Pyrene" extinguisher.

Avoid contact of the skin with organic solvents,

Inflormations of the skin can be caused by continued exposure to
grease and oils. Protect haonds while working with these naterials.

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

Burns resulting from fused caustic or strong caustic solufions ore
emong the nmost serious encountered in lcboratory work. Flush any

such burns with copious quantities of water and report to First Aid
IMMEDIATELY.

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

Filtering

a. Non-suction

Be sure the equipment is stable. Support gless funnels in
racks.

b. Suction

Be sure the equipment is stable. Use large suction flasks for
large Buchner 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 pust be used. Pliable
tubing is preferable.

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

\

Jenuary, 1949
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CLEANING SAFETY RULES

1. Observe genecral laboratory Safety Rules,
2. Eye protection must be worn at all times while in the lesboratory.

3. Visually inspect 2ll glassware for chips, breaks, etc., before
cleoning.

L, a. Broken glassware which can be repairod should citheor 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
immodiately in the proper waste container.

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

6. Buret stopcocks should turn frecly, greasc beforo storing.

T+ Use torgs when handling hot objects,
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10.

1l.

12.

13 .
1k,

MASTER SAFETY RULES

All injuries, no motter how slight, shall be reportecd to First Aid
and your Foremon irmediately.

No machine shall be opsrated unless all guards are in place.

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

No "HORSEPLAY" or scuffling is permitted.

Compressed cir is dangerous. Do not apply to body or use to cleen
off clothing,

All projecting nails shall be removed or turned down immediately.
Do not cerry bottles or other glassware in clothes pockets.

Broken glass shall be deposited in special containers marked "For
Broken Glass Only",

Do not wear finger rings, loose clothing, wrist watches, long neck-

ties, or sweat rags, while working around or operating moving
mackinery.

"Roped~-0ff-Area" at 2ll times are danger zones and shall be respect-
ed as such. Admittance to or passage through "Roped-Off-Areas" are

prohibited except to those employees working within the "Roped-~Off-
Area".

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

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

Exit lights shall be lighted at 2ll times.
Fire extinguishers, firc alorm boxes, gass masks and stretcher

locations shall be kept plain’y marked and free from any interfering
obstacles that would dolay emergency use of this protective equip-

ment.

UNGLASSFiED
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16.

17.

18.

19.

20.

21,

22,

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

Do not attempt to 1lift heavy loads without adequato assistance.

Oily rags, wastc and other combustible matorials shall be kept in
metal containers provided for that purposc.

Do not usec eny broken or defoctive tools or equipment. Use only
the proper tool or eguipmeont for any job you do.

Good housekecping is necessary to safety and sholl be malntained
at all times.

Stay awey from the scene of a fire unless you arc o member of the
firo-fighting personnecl.

‘Only authorized persons are permitted to operate valves, electric
switch and other process cquipment.

In addition to abiding by the Mastor Safety Rules, 2ll cmployces
shall familicrizc themsclves with and abide by the Arca ond Depart-
mentel Safety Rules.

~2- January, 1949
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GENERAL LABORATORY SAFETY RULES

The genereal rules listed below cover the usual hazords to be encountered
in the analytical laboratories et Hanford Engineer Works. Hazards in-
herent to particular laboratories will be covered by special safety
rules in the various laboratory manuals. The generel rules contained
herein together with the special rules in the menuals must be complied
with by all employees. Any suggested cdditions to, or proposed changes
in the rules should be submitted to your immediate supervisor.

I. Housckeeping

In general leboratory work is of o hazardous nature; however, a
neat and orderly leborctory does much to reduce the hazard of many

chemical operations and therefore makes good housekeeping an essen-
tial to any leborotory.

The flollowing are housekeeping "musts" to be observed in all
loboratories of this division:

A. TFloors, shelves and tables must be kept free from dirt, dust and
all excess chemiccls and equipment.

B. Spills or leaks must be cleaned up promptly.

l. Flameoble Moterial

If the spilled material is flommoble, every precaution must
be taken to avoid igniting the material by extinguishing
0ll flomes or clectric heaters irmediztely.

2. Toxic Material

If the spilled matericl is toxlc, persomncl must be
evacucted immediately and not allowed to return to the arca
until all nccessary protective measurcs have been token and
the area approved for occupancy by supervision.

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

D. Flormeble packing nmotorinls such as excelsior must be disposed
of immediately.

E., Clothing, such as covoralls, hats, coats, etc,, must not be
stored in the working area. Jam

-1-
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II.

F. Food, such as lunches, candy, chewing gum, and fruit, must
neither be kept nor eaten in the working crea nor placed in a
refrigerator used to store chenmicals.

G. Equipment cnd Chemicals
1. A definite storage plcoce must be provided for each labor-

atory item and the item plcoced therein when not in use.
2. Equipment stored on shelves must be placed so thot it
cannot be Jjarred off. '
3. All necessary stacks of meterial or equipment must be mede
structurally sound.
L, Items dropped on the floor must be removed et once.
Scfeguards

Before undertaking any job, the operctor must knor the method of
cttack, hazards involved, end the location of all safety and fire
protection equipment in the vicinity.

A.

Eyc Protection

Eye protection must be worn at a2ll times, in the laoboratories
and shops, except as follows:

1.

3.

Stendard chipping goggles or cover-cll goggles must be worn
during mechanical operations, such as chipping or grinding,
where porticles mey fly.

Face shiclds moy be substituted for cover-noll goggles if
protection from liquids only is required.,

Colored glasses of the approved type must be worn when the
following operations are being performed:

o. Blowing glass.
b. Observing an clectric arc.

c. Vorking quartz with an oxygen torch.,

Those cmployees desiring hordened lons spoctaclos with correction
should obtain their prescription as soon as possible and place

their ordcr with the Safety Deportment, through their immediate
supervision.

2= January, 1949
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Plein hardened lens spectacles and goggles may be obtained from the
Storeroom.

B.

Foot Protection

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

2. Open toe shoes must not be worn in the leboratory.

Hand Protection

1. 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 alkalies
or rough end/or heavy cbjects.

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

Smoking

Smoking will not be permitted in the leboratories of buildings
222, 231, 321, 3706 or in rooms 68 and 7O 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".

Coveralls

Coveralls must be worn by all personnel working in laboratories

and shops of buildings 222, 231, 321, 3706 and in rooms 68 and
70 of building 3706.

Pipetting

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

Glassware
1. For High Pressure or Vacuum Operations

a. Equipment for pressure or vacuum work must be carefully
designed, constructed and annealed to minimize hazerds

3= Ja.nﬁl ihi



resulting from breekage and the danger of collapse. All
operstions with the above equipment must be carried out
behind adequate safety shields.

b. Flat-bottomed flasks must not be used under vacuum un-
less made of heavy glass.

¢, 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 & metal con-
tainer to protect the user from explosion and flying
glass.

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

3. Beakers must be carried by gripping ecround the side and not

by the top edge. Both hands must be used in carrying large
beakers,

k, Bottles or other containers, when filled, must always be

labled. Five-gallon bottles or larger must be carried in
wooden cretes or pails.

5. A dust pan end 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
Tl of the Central Scientific Catalog as item 10718, are not

considered safec, and therefore must not be used in the
laboratories,

H. Electrical Equipment

1. Recpairs to ordinary electrical equipment must be mede by an
electrician. '

2. Repairs to specialized instruments aro to be made only by
authorized personms,

3. Electrical grounding is required on all cquipment comnected
to any plant electrical services.

E Y

UNCLASSIFIED



UNCLASSIFIED
————

L, 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 can set off air-
vepor mixtures.

I. Compressed Gases and Liquids

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

2. Where the quantity 6f gas required is smell, small cylinders
should be used, if/ possible.

3. In any case the cylinder must be securely strapped or chain-
ed in place.

4, When opening valves on ges cylinders, the operastor should
stend as far away as possible from the valve and reducing
mechanism and to one side of the discharge pipe.

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

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

7. Cylinders must not be heated unless approval of supervision
is obtained,

8. In any case where the cylinders are uscd inside the labora-
tory the following precautions must be obscrved.

a. The cylindeor valve must be closed when the gas is
not being uscd.

b. Gas cylinders must neither be set up directly beside a
source of heat nor placed in o hood where reactions
with flammoble matorials are being carried out.

c. All "open flomes" must be extinguished in any hood where
gases of a flommable moture are being used.

-5 Januﬁ, 1949



Q. Dry ice or liquid air must never be stored in a container
which can be accidentally stoppered.

J. General

1. All-Service gas masks are available for emergencies. All

cmployees 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.

L. Respirctors are availeble and must be worn where ordinary
dusts ere prevalent.

5. Working alone is cllowable only with the permission of
supervision,

6.“ The cover of e centrifuge must not be rcmoved until rota-
tion has ccased.

T. Molten materials, oil batbs, etc., used at high tempera-
tures must be handled and protected in such a way that the

moterial 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 burnmer.

G. Orgonic solvents must not be stored in the laboratory in
quantities greoter than one gallon.

10. Petcocks on compressed air, gas, vacuum ond water lines
must be closed beforo leaving unattended, Chonges in pres-

surc mey cause rubber tubing to become loosened with result-
ont damage.

11. Castalloy clamps are manufoctured from an alloy which has a
low melting point and a low tensile strength; consequently,
these clamps must not be used to support vessels being
hoated directly by gos or electric heaters,

III. EHondling Acids and Alkalies

A. Gloves and goggles must be worn whenover apprecisble quantities
of strong aclids or clkolies are being handlod.

Jan 19k
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Acids must be diluted by adding acid to water, not the reverse.

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

Storege. Strong acids or alkalies in bottles of five pint
copacity or smaller must be stored in trays or individual con-
tainers. Bottles with a capecity of greater than five pints
must be stored in individusl containers.

For all practical purposes a strong acid or elkali is defined as
one having a concentration of 6N or greater.

Disposal of strong acids end alkelies, These must be drained
into a sink in small quantities while flushing with a continuous
strecm of water. Materials, such as the above, must never be
placed in refuse containers,

Spilled Acids and Alkalies
1. Acids must be necutralized by trectment with solid sodium
carboncte or bicarbonate and then cleaned up by the method

which best suits the needs of the case.

2. Alkalies must be noutralized with boric ecid and then clean-
ed up as above.

- Jonuary, 1949



HAZARDOUS CHEMICALS

In general, it should be stated that any chemical compound should be
clossed as potontially 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
seeningly small amounts may produce serious effcects. This is especially
true if the chemicel or solution of the chemical is taken internally ard/
or enters the blood stroam. 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 usecd 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 analytical work.

The following scction is to serve as a guide in handling, use ond dis-
posal of chemicels which arc dangerous cither because of their corro-
sive, inflarmmable or cxplosive nature, or beccuse of the toxicity of
their vapors. All hazardous materizls arc not included in the followirg
section, but an cttempt has been nmade to list the more dangerous ones
of those most likely to be met with in the plant laboratories.

I. ACIDS

Sce Section III of "Generzl Loboratory Safety Rules" for approved
nethod of handling and disposal.,

In addition, the following precautions must be obscrved:
A. Hydrofluroic Acid (Anhydrous or 48% Solution)

Hydrofluoric acid is a violently corrosive and volatile ocid
which couses slow-hcaling burns on contact with the skin and
mexmbranes of the respiratory passages. Consequently, whencver
large quoantities of the acid are handled, adequate protective
neasurcs, such as rubber or leather gloves, goggles, face shield
and rubber suit or apron, must be used. In acddition all work
with hydrofluoric ccid must be carried out in a well ventilated
hood, which is within reasoncble proximity of o safety shower.

Disposel of the ccid should be carried out in o well ventilated
hood as follows:

Januﬁl 1949
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1. k48% 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 beakers,

then set beaker in tack of hood and allow acid to volatilize.
Label the beaker and place & "Caution" sign in the immediate
vicinity of the besaker.

Whenever it is suspected or known thaet hydrofluoric ecid hes
come in contact with the skin, immediately wash the affected
parts with lime water, rinse with coplous amounts of water
and then report to the First Aid station for treatment. In
case the affected part is in the irmediate vicinity of the
eyes, neutralization by 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.

Organic Materials

Orgenic materials must never be treated with either nitric acid
or mixtures containing nitric acid end other strong acids,
except under controlled conditions and direct supervision.

Fuming Sulfuric Acid

Fuming sulfuric acid should be disposed of by adding the fuming
acld to an equal volume of C,?, sulfuric acid. The acid mixture

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

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 respiratory 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.

Osmic Acid

The vapors of cosmic acid are toxic and have an 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 comnected with preparation of solutions from "
the solid acid should be carried out in a well ventilated hood.

-2a Jenuary, 1949
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II.

III,

ALKALIES (Potassium and 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-all goggles must be worn.

GASES

In general, gases are hazardous either because of (l) their explo-
sive and flamable nature, (2) their poisonous mature (3) or be-
cause they reduce the amount of oxygen present in the atmosphere to
such an extent that it will not sustain life. One or more of the
ebove categories may be common to any one gas., Due to the hazar-
dous nature of most gases, 2ll work necessitating release of hazar-
dcus gasos to the atmosphere must be conducted in an efficient fume
hood. The following are examples of the more toxic gases commonly
found in laboratorics 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, cyanldes 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 hydrocyonic acid in
toxicity. The gas is prepared by the action of acids on metal-
lic sulfides aond is one of the more common laboratory gascs.

D. The Sulfur Oxides

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

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

-Bm Jonuary, 1949
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The Nitrogen Oxides

The nitrogen oxides, with the exception of nitrogen tetroxide,
are extremely dangerous duec to the fact that they lack a charnc-
teristic odor which would warn of their presence. Nitric acid
and hot, strongly acid solutions of nitrates or nitrites ore
the principal sources of the nitrogen oxides.

The Halogens (Bromine, Chlorine, Fluorine, Iodine)

The halogens and their Papors cre powerful irritents, rcodily
blistering the skin and causing serious inflammation of the

respirstory system, which usually results in "chemicel" -
prneumonia,

METAIS AND THEIR SALTS

A.

Mercury

Mercury spills must be cleaned up at once, since mercury has an

eppreciable vepor pressure cnd prolonged exposure to the vapors
will result in mercury poisoning.

Potassium and Sodium

Potossium and Sodium react violently with water and acids, liber-
ating free hydrogen and heat. The quantity of heat liberated

in this casc is sufficient to ignite the hydrogen and result in
¢ serious explosion. Potassium reacts rapidly with oxygen of
the eir forming percxides and liberating quantities of heat
sufficlent to melt the metal and set fire to objects near by.

Potassium must be protected from oxygen ond moisture by storing
under dry benzens or kerosene. In the case of sodium, storage
under benzene or in sealed contalners is sstisfactory., When

hondling these metals, long handled forceps or tomgs must be
used.

Small scrops of the metal must be disposed of by placing in butyl
or some othor "higher" tlcohol, to which small quantities of
methanol are added as necessary, under designated supervision.

The Sclts of Antimony, Arsenic, Copper, Leod, Mercury and Silver
These salts are particularly hazardous due to their poisonous

noture; thorefore, all due preccutions should be observed when
handling then.
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V. OXIDIZING MATERIALS

A. Perchloric Acid

Perchloric acid or its compounds must never be used unless under
written instructions from the laboratory supervisor. In ony
casc wherc permission is granted, the following regulations will
epply: ’

1. Only persons thoroughly familiar with the properties of the
chemical, the hozards involved and the preccutionary
measures necessary should be allowed to use these materials,

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

3. Anhydrous perchloric acid is & hazardous reagent; comsequent-
1y, all reactions must be avoided where there is o possi-
bility of forming the anhydrous acid as an end product.

4, While perchloric acid of 70% strength may be boiled without
harm ot approximately 200°C,, it camnnot be too strongly

emphasized that contact of the boiling undiluted scid or hot
. vepor with orgonic matter, or even easily oxidized inorgonic
materials such as compounds of trivalent antimony, will leed
to seriocus explosions. 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 porticulerly hazardous; consequently, rubber gloves, etc,
should never be used where contact with this acid or its
vopors is possible.

2., Perchloric acid or its compounds must nlways be used in o
fume hood, with the window lowered to protect the face.
Tongs must be used in handling beakers, etc., containing
these moterials. In any case where the cbove materials are
used frequently, the hood walls should be thoroughly washed
ot least once por week, due to the possibility of forming
explosive compounds by the reaction of perchloric acid with
ammonia and nitric acid fumes.

B. Peroxides

Peroxides are strong oxidizing agents which present o definite

fire hozard in the presence of organic motter, such as paper,
excelsior, etc.

..... ‘ Jonuory, 1949

UNCLASSIFIED



S UNCLASSIFIED

C. Permangenates

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

ORGANIC MATERTALS

Indiscriminete use of organic solvents in the laboratary usually
results in explosion and fire hazards in addition to the usuel
hazard due to the toxicity of the material being handled. Confine
all work with hazardous orgenic solvents either to a flame-free,
well-ventilated room or to a flame-free bay of a fume hood., Or-
ganlc solvents miscible with water may be discarded in a sink drain,
accompanied by a steady stream of water. Non-miscible, flammable
solvents in appreciabla quantities must be collected in & closed
metal contailner and disposed of.

Many organic solvents boil a* 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 (l) storing
the ether in a derk place, (2) storing in tin lined containers, and
(3) in the case of bottles, by the addition of & coil 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-la). 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
chemicel 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 persomnel should be evacuated and not
allowed to return to the laboratory until supervision has definitely
ascertained that the area is a safe working place.




TABLE OF HAZARDOUS CHEMICALS

SUBSTANCE _ TERSONNEL HAZARD FIRE HAZARD
1. ACETIC ACID l. A corrosive chemical—|l, Dangercus 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 mem- vepors above flash-
branes. point 104°F, Forms
explosive mixtures
with air.

2., AMMONTA (ANHYDROUS) 2, Irritant, esmpecially |2, Not flammeble in air
in concentration of except in comparative-
the order of % by 1y high concentrations
volume, or when mixed with

oil,

3. AMMONIUM EYDROXIDE 3. Irritant, especially |3, Decomposes explosively

~ in concentrated form, at 210°%.

L, AMMONIUM NITRATE P b, cee

5. AMMONIUM SULFIDE 5. Solution hydrolyzes |5, ===-
and glves off hydro-
gen sulfide fumes w:

. which are toxic and
care must be taken
that the fumes are
not inhaled during
the preparation and
subssquent storage
of the solution,

6. ARSENIC 6., All solutions and . |6, =w--
compounds of arsenic
are poisonous and
care must be taken
to avoid ingestion,
inhalation and con-
tact with the skin.

7. AGUA REGIA T. Corrosive, suffocat- |7, Dangercus, volatile,

ing, inhalation of
fumes or contact with
skin must be avoided,

-1-

violently corrosive
and will promote cam-
bustion in contact

"o
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SUBSTANCE

FERSONNEL HAZARD

FIRE HAZARD

9.

10,

iz,

1k,

15,

16.

i7.

18,

BARIUM CELORIDE
BARTUM NITRATE

BARIUM PEROXIDE

BROMCRESOL GREEN

BROMINE (WATER)

BARIUM EYDROXIDE

N-BUTYL DIETHANOL-
AMINE

CARBON TETRACHLORIDE

COPFER 'NITRATE

COLLODION

CALCIUM CARBIDE

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

9., Soluble in water,

poisonous if taken

internelly.

POISONCUS

Carpares to Phenol-
poisonous,

Corrosive at ordine
ary temperatures,
gives off poironous,
suffoceting vapors,
burns skin.

13. CAUTION, Poisonous,
absorbs carbon dlox-
lde from the air;
keep well stopered!?
1k, Irritant +o mucous
membranes.

15. Poisonous, avoid
ingestion.

16. Polsonous,when teken
internally.

17.

18, Serious under fire

conditions

10.

11,

12,

13.

1k,

13,

16.

117

18,

with most organic
substances.

- Oxidizing material,

Hazard in a class
with sodium peroxide.

DANGEROUS fire hazard.

Causcs oxidizing
offect, resulting in
heating and may cause
fire when in contact
wlth organic material.

DANGEROUS fire hazard,
flash point 245°F,

Non inflammedle,

Oxidizing materidl,
hazard classes with
sodium nitrate.

Dangerous fire hazard,
flash point bédow
80°F., keep lights
and fire away.

Glves off acetylene
gas on contact with
water or moisture,

¢
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SUESTANCE

PERSONNEL HAZARD “FIRE BAZARD

19. CAMPHOR 19, === 19, Flammable; gives off
flammable vapors when
heated which may form
explosive mixture with
elr. Flash point
180°F,

20. CARBOLIC ACID 20, ace- 50, ===

(See Phenol)
21 . CARBON DISULFIDE 21. Toxic. 3200 to 3850 Pl. A highly volatile

22. CHLORINE

23. CHROMIC ACID
(Chromium Trioxide or
Chromium Anhydride)

parts of vapor per
million (0.32 to
0.385% by vclume) may
cause dangerous ill-
ness in % to 1 hour,
Diroct contact with
the skin should be
evoided. Products of
combustion contain
sulphur dioxide, which
in concentrations of
0.2% by volume in eir
may cause serious in-
Jury in % hour or =
less,
ous carbon monoxide
is present in the
products of combus-
tion,

22, Corrosive, Irritating
to the eyes and
mucous membranes.
Toxic 0,004% to
0,006% by volume in
eir causes dangerous
11lness in % to 1
hour,

23, Irritating to skin,

Poisonous.,

3=

Often poison~ g

liquid with an offen-
sive odor, giving off
even at comparatively
low temperatures
vepors which form with
eir flammeble and ex-
Plosive mixtures.
Flash point 30°C,
(22°F) It is endoth-
ermnic, and the vapor
may be ignited by &
heevy blcw. The
vepors are heavier

] than air and mey trave
o considerable dis-
tance to a source of
ignition and flash
back. More hazardous
than gasoline.

P2, Is not combustible in
air but reacts chemi-
cally with many common
substances end mey
cause fire or cxplosio
when in contact with
them, It is considere
dangerous to neutraliz
chlorine in & room wit.
armoniea.

23, Oxidizing materiel;
will ignite con contact
with acetic acid and

Jen 1
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SUESTANCE

TEASONNEL BAZARD

FPIRE HAZARD

2k, ETHYL ETHER

25. HYDROCHLORIC ACID

26. HYDROCYANIC ACID
(Prussic acid)

27. BYDROFLUORIC ACID
(uF)

2k, Anacsthetic

25. Aqueous solution is

corrosive, irritating

and poisonous, Fumes
are corrosive and
irritating to the
rucous membranes.

26. POISONOUS. Avoid con-

tact with skin;
avoid inhalation.

27. Acid and its vepors
highly toxic and
irritating to the
skin and eyes and to
the respiratory

tract. Fumes produced
by contact with ammor

nia and many other
metals poisonous,

e

2k,

5.

26.

27.

alcchol. Chars or-
ganic materiel such
es wood, sawdust,
paper, or cotton, ard
may cause ignition,
Combustible material
in presence of chromid
acid when ignited
burns with great in-
tensity. May cause
explosion in fire,

A highly volatile
liquid, gi¥ing off =
even at comparatively
low temperatures vap-
ors which form with
eir or oxygen flamma-
ble end explosive
mixtures. Explosive
range 1.85% to 36.5%
upward propagation.
More hazardous than
gasoline,

Not combustible, but
if allowed to come
in coantact with com-
mon metals hydrogen
is evolved, which may
form explosive mix-
tures with air,

Forms flarmable and
explosives vapors
with air,

Colorless, volatile
liquid. Not combusti-
ble but reacts with
gless and most sub- -
stances, platinum be-
ing an exception,
oqueous solution also
attacks glass and
several metals,
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O SSTANCE

PERSONNEL HAZATD

FIRE HAZARD

28,

29.

30-

’ 310

32.

33.

3k,

35,

36.

37.

HYDROGEN PEROXIDE

EYDROGEN SULFIDE

HEXONE

FLUORIDE

HYDROXYLAMINE

HYDROXYIAMINE HYDRO-
CHLORIDE

IODINE

IEAD ACETATE

LEAD NITRATE

MITHANOL

8.

29.

30-

31.

32,

33.

3k,

35.

36.

37.

Prolonged exposurc to
vapor irritating to
eyes and lungs. ‘' ‘.
Causes skin irri-
tation.

Toxic. Irritent to
eyes and respiratory
tract after exposure
in concentrations as
low as 1 pert in
10,000 by volume,
higher concentrations

dengerous.

Inhalation of vopors
couses irritetion of
eyes and mucous mem-

braoncs et concentras (.

tions below 0.1% by
volume,

Seme as hydrofluoric
acid.,
Poisonous, avoid in-
gestion, Has a cor-
rosive action on the
skin,

Same as above
Poisonous and cor-
rosive, some as

chlorine.

Poisonous, avoid
oral contact,

Poisonous, avoid
oral contact,

Poisonous, avoid
ingestion.

-5-

e8.

29.

30.

31.

32.

33.

3k,

35,

36.

37.

Oxidizing liquid, moy
cause ignition of
combustible material,

Flarmable gas. Forms
flormeble cnd explo-
sive mixture with air
or oxygen.

Forms explosive mix-
turc with air or

oxygen.

Same as hydrofluoric
cacid.

-—

Corrosive, same as
chlorine,

Oxidizing material
classes with sodium
nitrate.

Voletile, inflmmmable
liquid.

January, 1949
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SUBSTANCE __PRACOTHEL HAMAD | YInG TAZARD

38. MERCURY | 38. Poisonous, clean up |38, ----
any spill iimedistely
to avolid prolonged
inhalaticn of vapors,

39. MERCURITCGCHEORIDE 39. Pcisonous and 39, ===-

) corrosive.

40, NICKEL NITRATE 40. Poisonous when taken |40, Oxidizing material,

internally. classes with sodium
nitrate,
L1, NITRIC ACID 41, Corrosive, causes 41, Caustic and corrosive,

42, OSMIUM TETROXIDE

43, OXALIC ACID

Lk, osMIC ACID

L2,

L3.

gevere burns by
contact., DANGEROUS
t0 inhale fumes,

Vapor irritating when
breathed, highly
poisonous,

Poisonous, has a
locel caustic action
on the skin and mu-
cous membranes, and
causes discoloration
and brittleness of
the nails. It causes
these symptons both
as & dust and as a
solution formed with
the moisture in the
atmosphere.

The vepors of osmic
acld are toxic and
have an irritating
effect on the eyes
even in very low
concentrations;

b~

Lo,

L3.

1,

mey cause ignition
when in contact with
combustible, meterials;
corrcdes iron or
steel; may cause ex-
plosion when in con-
tact with hydrogen
sulfide or certain
other chemicals,

January, lihg



SUBSTANCE

PERSONNEL HAZARD

FIRE HAZARD

45, PERCELORIC ACID

46, PERMANGANATES

L7, PEROXIDES

48. PHOSPHOROUS, RED

L5,

k7.

followed.

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,

Perchloric acid or
its compounds MUST
NEVER be used unless -
under written instrucy
tions from supervis-
ion. In any case
where permission IS
granted Laboratory
Safety Rules Hand-
book, Part III, p. 6
MUST be closely

Permenganates are
strong oxidizing
agents and as such
react with easily
oxidizable materials,
such as organic
matter.

dez=a

Yields toxic fumes
when burning.

-7

1 J—

Lo, =m--

LT, Peroxidew are strong
oxidizing agents which
present-oadefinite

fI1irc hazard in the
oresence of organic
matter, such as peper,
excelsior, etc.

L8, Flaummable. Explosive
when mixed with oxi-
dizing materials, Not

Jantk 1949
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SUBSTANCE

PERSONNEL HAZARD

FIRE HAZARD

49. PHOSPHOROUS, WHITE
(Or Yellow)

50. PLUTONIUM

51. POTASSIUM (METALLIC)

52. POTASSIUM CHLORATE

kg, pPoisonous. Serious
under fire conditions,
Yields highly toxic
fumes when burning.
Contact of phosphor-
ous with the skin
causes severe burns.

50. Highly toxic. Emits
alpha and beta par-
ticles. Cuts or
scratches should be
immediately treated
to prevent contamina-
tion of the blood
streanm,

51. Strong caustic reec-
tion, DANGEROUS,

52. Dangerous under fire
conditions, Poisonous,

-8-

ko,

50-

510

oa.

as dangerous to han-~
dle as white and more
easily extinguished
when afire,

Highly flammable. Ex-
plosive in contact
with oxidizing mater-
ial. Ignites spon-
taneously on contact
with air.

Oxidizes rapidly on
exposure to atmos-
phere; igniting spon-
taneously if warm
enough, Water is de-
composed suddenty 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 then that of
sodium.

Oxidizing material;
explosive when in con-
tact with combustible
material. (Must not
be ground with sugar,
sulfur or other



——

SURSTANCE

PERSONNEL HAZARD

FIRE HAZARD

53.

Sk

55

56.

5T

58»

POTASSIUM CYANIBE

POTASSIUM HYDROXIDE

POTASSTUM NITRATE

POTASSIUM PERCELORATE

POTASSIUM PERMAN~
CANATE -

POTASSIUM PEROXIDE

53.

54,

55.

56,

580

Highty-poimndous: . .
whed taken internally.
Evolves hydrocyanic
acid gas (poisonous
on contact with acids
or moisture,

Extremely caustics-:
may ceuse severe
burns.,

- an oy =

LT

Strong ceustic reac~
tion and dangerous
under fire condit-
ions, Avoid breathing

-9-

combustible sub-~
stance as it mey cause
explosion).

53, Cyanides are not
£lammable but evolwe
hydrocyanic acid on
contact with acids or
moisture.

54, Generates heat on
contact with water.
Classes with calcium
oxide (1ime) in
hazard.

55, In contact with or-
genic materials
causes violent com-
bustion on ignition.
Classes with sodium
nitrate.

56. Oxidizing material.
Combustible in con-
tact with orgaﬁic mat -
erials. More stable
than chlorates, Ex-
plosive in contact

with concentrated
sulfuric acid.

57. Oxidizing material,
Explosive when treat-
ed with sulfuric acid,
and in contact with
alcohol, ether, flam-
mable gases, and com-
bustible materials.

58. Does not burn or ex-
plode but mixtures of
potassium peroxide
and combustible - *

Januery, 1949
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SUBSTANCE

TERSONNEL BAZARD )

FIKE HAZARD

59. POTASSIUM SULFIDE

60, SILVER NITRATE

61. SODIUM

62, SODIUM CELORATE

63. SODIUM CHLORITE

59.

60.

61.

62'

63.

dust in handling,
and wear goggles to
protect eyes.

Yields irritating
and corrosive gases
when burning. De-
liquescent in air,
keep well stoppered.

Corrosive and
poisonous,

Strong caustic re-
action, Dangerous.

Dangerous under fire
conditions,

Poisonous when taken
internally. Dangerous

=10~

59,

€0,

61,

62,

63.

‘substances are explo-

sive and ignite
easily even by fric-
tion or on contact
with a small amount
of water. Reacts *
violently with water
end in large quan-
tities this reaction
may be explosive,

Moderately flammable;
yields flammable
hydrogen sulfide on
contact with mineral
acids and sulfur
dioxide when burning.

Oxidizing material,

Water is suddenly de-
composed by contect
with sodium with the
evolution of hydrogen,
which may ignite spm-
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.

Oxidlzing meterial;
explosive vwhen in
contact with combus~-
tible material.

Strong oxidizing mat-
erial. Decomposes
with evolution of
heat at about 175°C.
(347°F). Explosive in

contact with combus-
tible material. In

Jonuary, 1949
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SUBSTANIC

PERGCNL BAZARD

Fish HAZARD

64, SODIUM CYANIDE

65. SODTUM NITRATE

66. SULFUR

67. SULFURIE ACID

68. URANIUM

69, ZINC CHLORATE

T0. ZINC, POWDER OR DUST

6k,

5.

66.

67.

é8.

69.

T0.-

Same as Potassium
Cyocnids, -

When burning, forms
sulfur dioxide, which
in concentrations of
0.2% by volume in air
may cause serious ine
Jury in £ hour or-
less.

Corrosive; dongerous

fumes under fire con-!}.

ditions.

Highly toxic,
plutonium,

See

Serious under fire
conditions.

Zinc ig comparatively
volatile. at elevated
temperaturess Under
fire conditions pre-:
cautionsshould be '«
taken to cvoid breath-
ing fumes, which may

-u.

6k,

5.

66.

67.

68.

69-

0.

cortect with strong
acld liberates chlor-
ine dioxide, an extm
hezardous gas.

L Y ¥

0xidizing moteriasl-in

contact with organic
or other rcadily com-
bustible substances
will cause violent
combustion on igni-
tion,

Flammable, Dust or

vapor forms explo-
give mixtures with
air. Hozardous in cen-
tact with oxidizing
moterial,

May cause ignition by
consact with combus-

tible moteriels. Cor-
rodes metal.

When in contact with
organic material ex-
plodes by slight fric-
tion, percussion or
shock.

Hydrogen is evolved
when commercial zinc
is in contact with
aclds, sodium hydrox-
ide, or potassium
hydroxide. Hydrogen
is also evolved by

January, 1949
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SUBSTANCES

TERSONNEL HAZARD

FIRE HAZARD

couse netal fume fever.

. acld forming combina-

tions containing

zinec, such as zinc
chloride and moisture.
Dust may form explo-
sive mixtures with
air, Zinc dust in
bulk in a damp state
may heat and ignite
spontaneously on ex-
posure to air,

Jonuary, 1949
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CLEANING OF CHEMICAL GLASSWARE

STEPS

KEY POLINTS

" GAFETY CAUTIONS

1.

6,

Rinse the glassware
with water after use.!

Wash the glassware
with soap and water.

Rinse the glassware
with water.

Clean the glassware
with sulfuric acigd-
dichromate cleaning
solution.

Rinse the glassware
with tap water and
then with distilled
veter.

Return the glassware
to the proper stor-
&age place.

5. Residual cleaning
solution can be as
disastrous to an
analysis as dirty
glassware.

-1-

UNCLASSIFIE

1.

2,

3a.

All glassware should
be cleaned immedi-
ately after use.

Apply the soap with
the proper size brush.

When using a hot -
water rinse, use
tongs to handle the
glassware.

Tlow of water from
tlhe faucet should not
be too rapid.

Sulfuric acid-dichro-
mate cleaning solu-
tion is highly corro-
sive; use clean rub-
ber gloves which have
been previously test-
ed for leaks and .
found in good condi-
tion when working
with this solutioen.

Flow of water from
the faucet should not
be rapid enough to
cause splashing. Lo~
cal concentrations of
water and acid should
be avoided.

Jenuary, 1949
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USE _OF A CENTRIFUGE

STEPS

KEY POINTS

SAFETY CAUTIONS

Transfer the sample
to the proper con-
tainer and plece
cantainer in the
centrifuge cup.

Centrifuge the sample
for the required per-
iod of time.

la. Be sure rubber cu-
shions axre in cups.
b. If only one sample
is to be run, use
tube weighed with
water to counterbal-
ance the tube con-
taining the sample.

2a, Increase speed slow-

ly.

b. When operation is
complete, turn off
current and slowly
"brake" machine to a
dead stop.

1.

2,

Be sure opposing
tubes are counterbal-
anced. Due to the
speed of rotation of
the centrifuge "head',
considerable centri-
fugal force is devel-
oped. An unbalanced
machine presents a
serious hazard due to
the possible failure
of components under
the strain.

Close and lock lid.
Do not open until ro-
tetion has ceased can~
pletely.

The sbove Job Break-Down Method covers WS-lla,
colorimetric Sodium.

N

January, 1949



SETTING UP ACID DISPENSING BURET
OR REPLACING STOCK BOTTLE OF ACID

STEPS

KEY POINTS

SAFETY CAUTIONS

1.

Te

Drein buret and dis-
pensing tip.

Remove the buret
from the stock bot-
tle and rinse with
cold water,

Clean and 4ry buret
by method described
on page 2 in “Clean-
ing" section.

Remove cap from acid
bottle and attach
polystyrene adapter.

Apply stopcock
grease to ground
glass joints of bur-
et and place stem of
buret in bottle.

Place bottle in
assigned locetion
and attach tubing
from the vacuum line

Fill buret

Burets are provided
with a side crm for
an aspirator buldb if
a vacuum filling
system is not to be
used.

-3-

1.

3a,

S

7.

Remove the last drop
of acid from the dis-
pensing tip by touch~
ing the tip against

the side of a beaker.

Flow of water should
not be strong enough
to cause splashing
outside sink.

Visuelly inspect the
buret for breaks,
cracks, etc.

Follow safety caut-
ions outlined in
"Cleaning of Chemical
Glessware".

Open bottle carefully
to aveid spurting.

Care should be excer-
gized to prevent
spleshing on the body.

Wesh hands and fore-~
arms thoroughly when
work has been com-
pleted.

UNCLASSIFIED



UNCLASS'FIED

DISTILIATIONS

STEPS

XEY POLINTS

SAFETY CAUTIONS

1. Assemble apparatus,

2. Distill sample.

3.

Dismantle, clean,

and store apporatus.

la,

Coe

d.

2o,

All parts should be
supported and bal-
anced properly.

Water should be flow
ing up through the
condenser,

If volatile and/or
ihflammable vapors
will distill over,

. place the apparatus

in hood and observe
all necessary cou-
tions.

The distilling flask
should not be more
than two-thirds full.

Weatch for possible

leakage from (1) top

of distilling flask
and (2) between con-
denser-and side arm.-

AdJjust intensity of
heat and quantity of
solution in distill-
ing flask so that
solution can not boll
over into condenser.

la.

C.

2a,

All connections
should be tight so
that no vapors can
escepe.

In steam distilla-
tions all. ground
gless Jjoints should
be properly seated,
well greased, and
claxped in place.
sure the proper
velves are open and
closed.

Be

Add four or five
glass beads to dis-
tilling flask to pre-
vent bumping.

Keep tho distilling
flask supplied with
solution.

If the end of the can-
denser 1is below the
surface of the dis-~
tillate, either re-
move collecting flask
or remove stopper of
distilling flask be-
fore reducing heat.

If parts ars hot,
follow leboratory
safety rules.

The obove Job Break-Down covers Alumincid Nitrogen, methods

WN-22 and 3a.

~la




STEPS

IGNITION AND OVEN DRYING

KEY POINTS

SLFETY CAUTIONS

2,

Place the crucibles
etc, in the oven.

Ignitions (when call-
ed for in the angl-
ytical procedure).

a. Over an cpen
flame.,

. By use of &
muffle.

1.

Equipment should al-
wrys be in an ove-
so o free circula-
tion of air is
assured.

e. If paper is used
cs the filteoring
medium, "smoke
off" tho peoper ct
low temperature
bafore igniting.

b. Dry first in
oven,

-5m

UNCLASSIFIE_Q

2.

Ignitions should be
carried out in o well~-
ventilated hood.

a. 1) When igniting
materials over
cn open flame,
plece the cru-
cibles on a
firm base so
there will be
no danger of
tipping.

Whon a burner
"floghes bock",
turn the gus
off ot the pet-
cock, rather
than ot the base
of the burner.
Allow the bosa
of the burner
to cool before
edjusting and
lig;xting egain,

Koep hands, ams
and clothing
awaey from open
muffle door.

N
8 e

b. 1)

2) When observing
- items in fur-
noce held at
temporatures

esceeding
1500°F, use a

il



i UNCLASS’HED IGNITION AND OVEN DRYING

STEPS K&Y POINTG SAFETY CL.UTIONS

Cohalt glass
shield to pro-
tect the eyes.

3. Remove the crucibles |3a. If several hot cruci-{3. When moving & desi-

etc. from the oven or bles etc, are placed ccetor, grasp it by
muffle furnace and in the desicceator at the flenge so that
place in a desiccetor the same time, the the lid cannot slide
to cool. 1lid should be left off,

ajar until the cru-
cibles have cooled
somewhet, This will
prevent the forma-
tion of a partial
vecuun in the des-
iccator, which some-
times ceuses the 1lid
to "freegze",

b. The desiccant should
be changed ot least
once per month in all
desiccators; oftener
if necessecry.

The foregoing Job Break-Down covers the following analytical methods:

1. Magnesium, Gravimetric--ceccwacaad WM-20
2. RoO3-eeemeccccncn- cemmcneme———— ~--WR-1a
3. Suspended SilicQ-=cec—ceen- wowam=wWS=20
k, Silico in Residuesee-ccecocccacacd WS=~3a
5. Dissolved and Suspended Solids----WS-ka and 5a




USE

‘OF .MECHANICAL STIRRER

—
STEPS

“~¥EY TOINTS

~ZATET CAUTIONS .

1. Set up and adjust

stirrer.

2, Operation of the
stirrer.

1. Adjust level of stir:

2a.

rer and position of
container so that
stirrer paddle will
not strike sides or
bottle of vessel or
break surface of the
liquid.

Apply power slowly.

Be sure that all
rotation hés ceased
before removing
stirrer paddle
from liquid.

la.

2e.,

Be sure motor is se-
curely loced in posi-
tion and that stirs -
ring assembly is true
and well balanced,

If an air stirrer is
being used, the air
line should be free
of kinks and other
obstructions.

Hands should be dry
vhen operating elec-
tricel equipment.

b. Wash stirring assem-

bly immediately after
use.

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

UNCLASSIFiED
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STEPS

USE OF PIPEIS

KEY POINTS

SAFETY CAUTIONS

1.

2.

3.

Pour solution to be
measured into a cleai®
besker,

1.

Attach rubber buldb tol2.
end of pipet. '
Draw solution into 3.

pipet.

' semple bottle.

Never pipet directly
from reagent or

Never pipet by mouth.,

Control the buld
with one hand and
grasp the pipst
firmly with the
other hand at a
point low enocugh to
prevent wobbling of
plpet and possible
upsetting of beaker.

-8-

la.

b.

3a.,

If solutions are
strongly acidic or
alkeline, treat as
instructed in "Gener-
al Laboratory Safety
Rules".

Volatile solutions
such as concentrated
nitric acid and
hydrofluoric acid
should be pipetted in
the hood.

Hold pipet firmly dut
avoid pressing ex-
cessively with fin-
gers.

Apply bulb to the
pipet stem so as to
establish the minimum
contact necessary for
a vacuum. If the
bulb is on too far ar
fits too tightly, it
cannot be quickly re-
moved and there is
danger of breakage or
spilling.

Do not force pipet
into bottam of beaker.

Draw up solution slow-
ly so as to prevent
eny solution from go-
ing up into the bulb,
If golution does get
into bulb, it should
be immediately clean~
ed and another clean,
dry bulb should be
used,

Ry



®

USE OF PIPEIS

L,

STEPS KEY POINIS SAFETY CAUTIONS
Release buld end ad- he, Spilling drops of
just solution level solution can be min-
within pipet with - imized by (1) touch-
finger or thumb, De- ing pipet tip to side
liver measured amount of beaksr before de-
into nearby container; livering solution and

by (2/ having ewaiting
beeker nearby.

b. If eny sclution is
spilled, clean it up
immediately.

Clean pipet and place|5. Pipets should never 5. Plpets should be
in pipet rack. be left lying eround clecned immediately
whether clean or efter use.
dirty.
ANALYTICAL METHODS COVERED
Constituent Method
1. Sodium Silicate (AlK.)w=eemmmmmn- ~-WA-3a
2., CulciUle-mme-roccmccacmanaanaas --m-HC-1la
3. Copper, Colorimetric--ve-e-e- amme=-WC-3a
L, Chlorides---emecececcenccnas mmmeeuaWC-4a
5. Fluoringe-e-camcccaccccnccaca- weee=lF-la
6. Hydrogen Peroxide-~=---=e ——————o— ~-WH-28
7. Iron (0.3 to 1.5 ppm)-=--nnmv “mmmneWI-la
8. Mognesium--~wecemmceveccmoomea- «==-WM-la and 2a
9. Manganesg-esccccmaccoccccnccncnaa-a -3a and 3b
10. WNickelwecmecewe T e --WN-~-la
11. Albuminoid Ritrogen-w==e=ee- - ————— -2a and 3a
12, Nitrate Nitrogen--e-eemece-e- =Wk
13. Dissolved OXygene-=remeccccecmcmaau ==WO=18
e St e~w-a-WR-1la
15. Salfhate (Turbidimetric)-c--mmmm-o S-6a
16, Sodium Dicaromate--=eec-a-econ- ~eeeWS-Te
17. Sodium (Colorimetric)--------------Ws-llo,
January, 1949
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UNCLASSIFIED
Sy SAMPLITG

STRPS “KEY POLNTS SAFETI CAUTIONS
l. Prepare sample bot- | 1. Bottles must be thor-} 1. When cleaning bottles,
tles. (Bottles oughly clean end use mothod outlined
should be cleened equipped with the in "Cleaning Chemicel
by the method out- " proper size stopper. Glassware”.

lined in "Cleaning
Chemicel Glassware"

o, collect the sample. | 2. In case it is neces- | 2a. Keep walkways clear;
sary to adjust a 2lso clean cond dry.
sampling valve, wcilt
10 minutes after ad- | b. Use & bottle carrier,

Justing before samp- Never carry bottles
ling. in hands or in pockets
of clothing.

¢. Use handrails when os-
cending or descending
stairs,

d. Leborctory personnel
are not clecred to
operate valves other
thoan scnmpling taps.
Valves which have
been tagged out with
"Do Not Operate" signs
should be operated
only by the appro-
priate Operating Sup-

ervisor.
Analyses covered by the Above Job Breok-Dowms
1. Alkalinity--ecccecana-a WA-2a
2. Colciume~ecvcemcaea-n eme-WC-18
E. COPPET-mmrmmmnmmccnccas Wi -.Eg
. Chloride--e=ree-- _—————— WC-
5. Tree Chlorine-c-se--e-s WC-5a,
6. Ironm-ecececmcccccacaas WI-1a
g. Mognesiume----- m—————— WM-1a
. Mangonege---=-ceeeaeaad WM-3a
2. Diss. OXYgen=oe=e o< -WO-1a
10, pPHecommmmrecmcaceaaca- -WP-lu.
11, Diss. Silicar-memcmcana WS-1a and 1b
12. Diss, So0lidge~ewecan= --WS-ka
lz. Sulfate---" -------- ---- -&
14. Sod. Dichromotee=e-w-=iIS-Ta

15. Turbidity--ec--emeeee=WT-1n and 1b

January, 1943



PREPARATION OF SOLUTIONS

STEPS

‘KEY POINTS

SAFETY CAUTIONS

1.

Clecn equipment by
method outlined in
"Clecning Chemical
Glassware".

Measure accurately
the desired quantity
of chemnical or
reagent.

Trensfer chemical or

reagent to a measured
portion of the water

€0 be used for solu-

tion.

-11-

L.

b.

Ce.

d.

f.

3e.

b.

Ce

Follow precautions
outlined in "Clean-
ing Chemicel Glass=~
wers".

With corrosive cheni-
cals, wear rubber
gloves and coverall
goggles.,

Cleon up spills
irmediately.

With poisonous chemi-
ccls, wash honds ofter
handling,

Use inflammoble chem-
icals only in a2 flome-
free orea. Know the
location of the near-
est fire extinguisher
and how to use it.

Por fuming chemicels
¢ll work should be
performed in a well-
ventilated hood.

Know the hazard of
the chenmical used.

Aveoid spldshing.

Always cdd acids to
woter; Never the re=-
verse.

Add reongent slowly;

if heat is evolve,
2llow solution to cool
between additlions.

Jamm.ryi 1949
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UNCLASSIF |
‘lllllll!!!!!l' IED PREPARATION OF SOLUTIONS

STEPS KEY POINTS SAFETY CAUTIONS

4, Dilute solution to
volune and shakes

thoroughly.
5, Wash hands and fore-
erms thoroughly.
~ The foregoing Job Break-Down covers the following enalytical Methods:
1. Alknlinity of Sodium Silicot@-e-w-mem=s=e- WA-32
2, ColciUMeemcemmmemcecnee- cmmmmmmmane amem=e-HC-18
3. Copper, Colorimetric--~e-=- eccacnamwnme=nalfC=-38
L, Chlorides, by Spectrophotometer=weemee=max WC-4a
5. Fluoringe-eee-ceccccccccnanccacax venaneann=HI=10
6. Soap Hardneggescececccomcncccccnmannanawee-WE-10
7. Hydrogen Poroxide, Colorimetric~eee=e- ~==-WH=20
8. Magnesium, Colorimetric---sceeceanammenaaiiM=1a
9. Mongonesg-e~mecmccccccaccence- LT ~-~-WM~-3a and 3b
10, Nickel, ColorimetriCe=em-a- reeremreneme——— -la
’ 11, Albuminoid Nitrogene-=eececcccecccncnvenaan WN-20
12, Nitrote Nitrogen--ece-ceccea- ——————— SUREUPR }, | P 1T
13, Diss., Oxygen--==--- D LT rmesme—-——— Wo-1a
1k, Oxnlic Acid~e-ecn-- reeencannena. cemeneneel0-20
15. R0 ==mcsceme- e
16. DIsd, Silich---m=mmmcmcmcmmmaam=en S WS-1a and 1b
17. Sulphates, Turbidimetric Mbthod-----------WS e
18. Sodium Dichromate--e--e=m-seeeececanea- “==WS-Te
19. Sodium Sulphateeee=ecccccaaaa. cemseanenenwafS-00
20. Sodium Sulfite-cecmceconcaaa T ==WS=10a
@
January, 1949
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OPERATION OF COLEMAN MODEL 1l SPECTROFPHOTOMETER

STEPS

KEY POINTS

SIFETY CAUTIONS

1.

3-

u‘

Turn line voltaoge
switch on,

Turn instrument
switch to "golvonom-
eter on" and edjust
setting to zero on
scale,

Turn instrument '

switch to "on" posi-
tion,

Clean and dry
cuvettes, £ili with
distilled water and
plece in carrier.

Place carrier so left
hand cuvette is in
the lizht path and
adjust scale setting
to 100% transmission.

Move corrier to left
until right hond
cuvette is in the
light poth and read
percent transmission.
If this is not 100%,
roclean the cuvette
indicating the lecst
percent tronsmission
cnd repeat steps 4
through 6.

ha. Clean cuvettes with
dilute ermonium hy-
droxide cnd rinse
with distilled water.

Hever place hot solu-
tions in tonk cell
cuvettes.,

5. BShade the scale from
room light so thet o
norg accurate recd-

ing mey be taken.

-13-

l., Transformer terminals

must be shielded.

La, Cuvettes are made of
soft glass and may be
easily chipped or
broken.,

b, Visually inspect the
cuvettes for chips,
breaks, etc, Soft
glass cuvettes cannot
be repaired unless
they are of the test
tube type; and there-
fore should be dis~
corded immediately in
the proper waste con-
teliner,

Optical surface of
cuvette should alweys
be wiped or polished
with "Kleenex" or
"Wipes", never with
cheesecloth.

Joanuary, 1949

UNCLASSIFIED
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OPERATION OF COLEMAN MODEL 1l SPECTROPHOTOMETER

STEPS

KEY PQINTIS

"SIAFZTY CAUTLIONS

.

8.

When cuvettes balance
the meter is ready to
be used for analytic-
ol determinctions.

Calibration of the
Spectrophotoncter
cgainst PC-T7 filter,
(Hote: This step is
not necessary every
time the spectropho-
tometer is used. The
calibration of the
instrument will be
perforned once por
week by the chenist
or supervisor, or

oftener if necessaryl

8. Cclibration of the
spectrophotometer ine-
volves adjusting set

- screw on nechanism
inside the spectro-
photometer case.
should be exercised
to prevent cuts on
scxrew heods ete., dur-
ing the adjusting
operction.

Core

The chove Job Breck-Down covers the following anolyticol methods:

O AN WM
- .

[y}
= O\
e o

12.
13.
14,

Sodium Silicote (Alk,)emeenm~ WA-3a
Copper, Colorinetric--eceaans YC-3a
Chloridegeecmeccncncncananx ~==WC=4a,
Socap Herdness-e~w=evcuaax =aw=WH-10
Iron-=ecececccacccacncancax ~<=WI-la
Magnesiun, Colorinetric---w-- -1a
Mangonege-eveccccracncncecaa ~M-3a
Nickel, Colorimetric--------JWN-la
Albuninoid Nitrogen~-e==-- ——a=N-22
Phogphete-~-ceecnamcannnxa-" ~==lP-22
Diss, Silica-==cmemce—aa wemweWS-10
Sulphates, Turbidimetrice--~-WS-6a
Sodiun Dichromate--ceccawa- -=115=~Ta
Turbidity-~ccecccmnccannccend WT-18,
“lle

and 1b
and 3b
and 3a

and 1o

Janiﬁi 1949
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TITRATIONS I

STE?S

KEY POINTS

SATETY CAUTIONS

P11l the burct with
the solution required
and then adjust the
"zero" mark on the
buret.

Titrate the sample,
following the speci-
fied analytical pro-
cedure.

bispose of sample and
Clean equipment.

la, If suction line is
used to £ill buret,
exercise cars to
prevent material
from pessing into
line, Place a trap
in the line as an
added precaution.

bottle into a clean
dry beaker. Fill
the buret from the
beeker, using a
small funnel.

Exercise care in

-15-

UNCLASSIFIED

To £111 buret from a
bottle, pour the re-
agent from the stock

manipulation to pre-
vent loss of sample.

la.

4.

3a.

Never pour liquids
from ebove eye level.
Lower top of buret be-
low eye level before
£illing.

Use extreme care to
prevent splashing or
spllling.

Do not stand on rung
of stood to raise
sye to proper level.
Use footstool or
steps. '

Buret should be firm-
1y supportsd in two
places.

If golution to be
titrated is hot,
handle according to
laboratory safety
rules.

Rinse container with
water before leaving
it to be washed.

If stopcock ever be-~

.comes stuck, put on

leather gloves end
remove by gentle pull-
ing and prying motiams.
Laboratory stopcock
puller may also be
used.

Jenuary, 1949



| L UNCLASSIFIED . TITRATIONS I

The foregoing Job Break-Down covers the folowing analyticel methous:

1. Free Mineral Acldity-e--eccecccacacancaax e —————— WA-la
2. Phenolnhthalein and Methyl Ora.nge Alkalinity------WA-2a
3. Calciumescccmcmmcmmmmnmcn e canccnn e mman e WC-la
4, Free COp-memmommacccmmca e ccmccccmeee e WC-2g
5. Soap Hardnegs-=--=-ereccacccmccenccnmcnancnmmacaas WH-la
6. Magnesium (Gravimetric)=wweearacmmmu- cemecmcmecnad -2a
T. Nitrate Nitrogen-ceeeecccmcoae mememcnceemeneacace WN-4a
8. DisE. OXYgEN-w=meemmmmmmmececemean- e ---¥/0-1a
9. xalic Acifeswerwvmocecececcanancnnn. - e e W0-2a
10. Total SOlid§-meeemmcmmmcccecocecemeceonnn——————— WS-lb
11. Sodium Chloride-eemeeemeecemmceu= cmmmmenccmeeeeelWS-8a
12, Sodium Sulfate-e-=ccwe-- dmem e e nncm— e ———————————— WS-%a
13. Sodium Sulfiter-wemrcecarececcnmcccccvmmnececrcaes «-WS-10a

January, 19
% —



TITRATIONS II (POTENTIOMETRICY

STEPS KEY POINIS SAFETY CAUTIONS
l. Clamp mechanicel . ¢ 1. It should be clea.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.
at a low point on .
ring stand. b. Check to see that the
sti»ring rod is firm-
ly s*tached and that
the attachment point
is shielded.
2. Set up and £ill bur-

et. Follow the ggg-w
plete Job Break-
Down for Titrations
on page 10.

Clamp on electrodes
s0 that their tips
are about 3" above
the tip of the
stirring rod.

Clamp on beaker con-
taining buffer solu-
tion,

Turn on the stirrer
end push the "on"
button of the
meter.

Turn off the pH meter
and the stirrer. Ro-
move beaker contain-
ing buffer solution.

Se.
b,

See "Use of L, and
N. or Beckman pH
Meter", page 13.

The electrodes, the
stirring rod, and
the buret tip should
all be near the bot-
tom of the beaker.
No part should touch
another oxr the
beaker.

Start stirrer slowly.

See "Use of L. and
N. or Beckman pH
Meter", page 13.

See "Use of Mechani-
cal Stirrer", Pg. 1k,

Never leave the elec-
trodes exposed to the
air when the meter is
reading.,

3. Use extreme care in
handling electrodes.
Be sure they are well
out of the path of

the stirring rod.

6a. Hands should be dry
when using elaectrical
equipment.

January, 19hill
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'TITRATIONS II (POTENTIOMETRIC)

STEPS

90

Wash electrodes, bur-
et tip, and stirring
rod with distillled
water.

blnmp on clean beak-
er containing sample
and run the analysis.

Turn off stirrer and
pH meter. Remove
becker and replace
with a clean beaker
containing distilled
water.

KEY POINIS " SATETY CAUTIONS

b. Be careful not to
knock the electrodes

4 while unclamping and

removing the beaker.

T. Use wash bottle care-
fully to avoid spill-
ing or kmocking of
electrodes.

8a. See "Use of L. and N.
Beckman pH Meter",
page 13, and Labor=-
atory Manual,

b. Keep face end hair
awey from stirring
rod when reading
buret.

9. Check to see that all
connections are off,
ond wipe up any
spills.

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

. Jonuary, 191*9
-18-
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RECLAIMING USED SOLVENT BY DISTILIATION

e ————

STEPS -

KEY POINTS

SAFETY CAUTIONS

2,

3.

Assem‘ble and inspect
the distil¥tion set-
up for leaks.

If necesscry, pre-dry
4+he solvent using the
proper. desiccant.

Add the solvent to
the distilling flask
and distill.

2. Many organic solven'bga.

form binaries with
woter which cannot Ye
recdily sepaorated by
distillation. In
case of this type, o
desiccant must be
used to remove the
water.

Collect for re-use
only that portion of
the distillate which
hos a constant boil-
ing temperature.

-19-

la,

b.

3a.

Co

d.

All ground Joints
should be properly
seated, well greased
and clamped in place.

Condenser water should |
be on.

Know the hozards and
properties of the des-
iccant used. Observwe
all necessary precau=
tions for the safe
handling of the mater-
1&1.

Avoid lenks and spills
Clean up spilled moter-
ial immediately. If
the spilled material
is flamable, first
disconnect all elec-
trical equipment and
extinguish all flames
in the vicinity and
then clean up.

Distilling flasks
gshould not be filled
more than two-thirds
full.

Heat input to distil-
leotion set-up should
be adjustsd sc the
solvent condenses on
the first 1l-2 inches
of the condenser.

Discard rll waste sol~
vent and distillotion
residue to proper

woste disposal. (Sce

Jinuﬁi 1949
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RECLAIMING USED SOLVENT BY DISTILLATION

STEPS

KEY POINTS

SAFETY CAUTIONS

Transfer reclaimed
solvent to proper
conteiner and place
in storage.

~-20.

UNC

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

4, For specific rules m
the storage of sol-
vents, see the "Em-
ployee's Handbook of
Safety Rules".

Hss.né%"“
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WEIGHING OF SAMPLES

STEPS

KEY POINTS

SAFETY CAUTIONS

l. Weigh sample into
Pproper receptacles,

a. Solids

b, Liquids and volatile
‘ solvents.

la,

If sample is hygros-

copic, it should be .

contained in &
welghing bottle;
otherwise the use of
a belance pan is
recommended.

Use dropper type
weighing ‘bottle.

Dle

le, 1) Do not allow
corrosive solids
to come 1in con-
tact with the
skin. Clean up
-8pills immediately.

2) Lime dust is irri-
- tating to the eyes,
nose, and throat.
When working in e
lime-leden atmos-
phere, use res-
pirator and cover-

all goggles.

b, Exercise extreme care
to prevent contact of
the skin with corro-
sive materials. Do
not breathe vapors.

2. Wash hands and fore-

arms thoroughly after
handling chemicals.

Ja.nuﬁi 1949
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DETERMINATION OF CALCITM

STEPS

KEY POINTS

SAFETY CAUTIONS

Obtain sample.

Measure required
amount of sample intd
gradueted cylinder.

Add methyl orange ]
and neutralize with
concentrated HC1,

Add oxalte solution,
and heat to 80° to
50°c.

Neutralize hot solu~
tion with Ammonium
Hydroxide.

Cool solution.

Filter solution

through glass cruci-
ble using suction.

Add 5 ml. of concen-

trated sulphuric acid
to the crucible (withs
out suction).

3, Add acid from buret.

e, Pipet oxalate

b. Use of hot plate.

8. Use of concentrated

acid.

-02.

l. See "Sampling", p. 1l.

2. See "Preparation of

Solutions", p. 12 &

13.

3. ' Add carefully to
avoid spattering.

ke, See "Use of Pipets",

P. 9 & 10.
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. Follow gaster and
leboratory safety
rules.

Put solution in a
place where it will
not be accidently
touched or upset.
T. See "Suction Filters"
under "Particular
Laboratory Sefety
Rules",

‘Keep hands and arms
ewey from acid streem
1f using acid dis-
pensing buret. Acid
dispensing buret
should be placed in
protective stall with
buret tip back of
front edge of stall.

January, 1949
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UNCLASSIFIED

DETERMITIATION OF CAICITM

. EPS

KEY POINT'S

SATETY CAUTIONS

10.

Add 8 to 10 ml. of
distilled woter to
the crucible contain-

ing concentrated acid

and precipitate.
Then filter.

He%t the solution to
80%c, and titrote
with KMhOu.

Oa. Adding water to acid
is especially hszar-
dous.

b. Connecting vacuum to
flask containing hot
acid solution.

10a. Handling of hot .
beckers and use of
hot plate.

b. Titrating heated
solution,

9a. Add water very slow-
ly, pouring it down
the sides of the
crucible. Wear rubber
gloves, rubber aepron
and face mask.-

b. Do not touch hot cru-

cible, and take care

not to upset the

flask while connect-

to vacuum outlet.

10a. Soe "Safety Coution"
71""‘-

b, See "Titrations I",
page 16.

The above Job Breek-Down covers Method WC-la (Calcium). '

-23-
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DETERMINATION OF COPPER (COLURIMEIRIC)

STEPS

KEY POINTS

SAFETY CAUTIONS

2.

D

Obtain sample.

Add 1 ml. of concen-
trated HC1 and 4 mil.
of concentrated
nitric acid to 100
ml. of sample in
evaporating dish.

Place dish on hot
plate and eveporate

to dryness,

Remove dish on hot
plate and allow to-.
cool, Add 5 ml, of
concentrated HCl and
1l ml. of water to
residue,

Add emmonium hydroxe
ide and rotate dish.

Filter contents of
dish into a 50 ml.
graduated cylinder,

Wash dish with dis-
tilled water and add
washings through
filter. Do same with
sodium diethyldithio-
carbamate,

Separate cylinder and
filter. Dilute fil-

trate to volume with

distilled water.

»20"

b.

6.

Pipet volatile acids
under hood.

Add ecid slowly,
letting it run down
the sides of the
dish.

Add weter to acid

" with extreme ccre.

See "Use of Suction
Filter" under "Par-
ticular Laboratory
Safety Rules",

Do not use cylinder
smoller than 50 ml.
as 1t would mnks an
unsteble set-up.

~2k-

1.
2e.

- b

.3.

S

See "Sempling", p. 11

Use extreme care when
handling the acids to
minimize spattering
and avoid spilling.

Follow "Use of Pipets'
pg. 9 and 10,

Boe sure dish is dry
before placing on
hot plate,.

Wea: glowus and add
woter slowly.

Toke care to avoid
spilling.

Use special suction
filter cpporatus de-
signed for receiving
filtrate in graduated
cylinder,

The filtering set-up
is not too stable and
core must be used in

working with and neexr
it.

Turn off vacuum be-
fore attempting to
separate parts of the
f£iltering set-up.

January, 1949

UNCLAS*IFIED



- UNCLASSIFIED

DETERMINATION OF COPFER (COLORIMETRIC)

STEPS

EEY POINTS

SAFETY CAUTIONS

9. Allow the solution to
stand 30 minutes and
then read on spectro-
photometer.

9. See "Operation of
Coleman Model 11
Spectrophotometexr”,
p. 1% and 15.

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

~25-

(Nickel).

Jo.nnﬁl li‘#9
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pHE DETERMINATIONS WITH L. AND N. OR BECKMAN. METERS

STEPS

KEY POINT

SAFETY CAUTIONS

1.

2,

3.

k.

Instell electrodes inl
meter.

Ad just maechine with
buffer selution,

Determine tH of un-
novn solution,

Shutt off meter.

la.

b.

3.

Make certein colomel
electrode cortains
both solid KC1l and
KC1 sclution.

Sonk glass electrode
in 1 N HC1 for at
lease 8 hours before
use.

pH meter should be
in "on" position ot
least 2 minutes be-
fore reading is
m&de »

To chack for faulty
electrodes use buf-
fer solution at two
pE ranges, (Usually
1.0 & 7.0,

Buffer solution must
be within 3°C, of
temperature of solu-
tion on vwhich pH is
to be detemin‘ed.

Rinse electrodes
thoroughly with so}-
ution to be tested.

Allow electrodes to
stand in distilled
woter when meter is
not in use.

3.

b,

If constituents in
woter are not knowm,
care should be taken
to avoid contoct
with the skin,

Wesh hands and fore-
arms when work is
completed.

'The above Job Breu.l;-Down covers the following Annlyticel Methods:

1.
2.

o CRTT R ————— ~WP-la
Sodium Silicate~~e-=-WA=3a

=26

Jmﬁl lil@
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PHOTOMETRIC ANALYSIS (DIRECT)

STEPS

SAFETY CAUTIONS

1.

Clean equipment by
method outlined in
"Cleening Chemical
Glassware".

Transfer the quantity
of somple necessary
to the containing -
vessel and add rea-
gents in anclytical
procedure.

Tronsfer sample to
spectrophotomoter
cuvet and determine %
light transmission.

Convert % light
transmission to ppm
of desired constit-
uent using the proper
curve.

Follow precautions

ocutlined in "Clean-

ing Chemical Glass-
7"

Use the proper size
glass stopper for
mixing cylinders to
prevent spattering.
Never use your thump
as o substitute for
o stopper.

Cuvettes are made of
soft glass cnd may
be easily broken or
chipped.

KEY POINTS
1.
wore .
2.
3. Moke certain spectro-{3.
photometer galv, is
Ybalenced and that
cuvettes bolance.
Sce "Operation of
Colemaon Model 11
Spectrophotometer”.
L,
ing

Wash hands and fore-
arms after complets=

anglysis.

Analyses covered by the cbove Job-Breaok-Down:

» " e

\OCDNO\EJI-F"WI\JP

Es

Alk, of Sod. Silicate~-=aw=- WA-3a
Chlorides-==emrmccacaecnaa. WC-Lo
Hydrogen Peroxide----cemeas WH-2a
Mognesiume=ecececcecaaaa. --WM-1o
Monganesg-=-~-e=receana- ~==WM-3b
Albuminoid Nitrogen~-~-=wa- WN-20
Phosphoto-=ecemccnncnax ~=--WP-28
Silicammermcecccmnccccaaa WS-1la
Bulphates-=ecmmewena- -—eee-WS-60
Sodium Dichromate==eemcceaa WS-Ta,
Turbidity~-—eceewcacaa ~meeee=T-10
-27=

and 3a

and 1lb

January, lihi
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PHOTOMETRIC ANALYSIS (WHERE SAMPLE IS CONCENTRATED)

STEPS

KEY POINTS

SAFETY CAUTIONS

3.

Clean beakers by
method outlined in
"Cleaning Chemical
Glassware".

Add somple and chemi
cals to beckor.

Place becker conteoin-

ing scmple on hot
plate and allow scom-
Ple to evoporcte un-
til white fumes of
SO3 appear.

Remove beaker fronm
the hot plate and
allow to cool.

Rinse inside walls
of beeker with a
fine stream of dis-
tilled water. Heat
to dissolve salts.

1:

2.

4
.4

-

3a.

l"l

Add acid by allowing
it to run down the
side of the besoker,

Tip becker back and
forth scveral times
during the evapora-
tion process to
provent iron ect.
from plating in
bottom of beaksr.

Do not evaporate to

dryness.

To minimize the .
chances of contamin-

ation, beakers must |

not be passed over
the top of each
other.

Finish the analysis
os soon as possible
cfter cooling to
avoid contomination
from dust particles
in the air.

-908-

1.

2a.

b.

De

-

UNCLASSIFIED

Observe "Scfety
Cecutions" outlined
in "Cleaning Chemi-
cal Glassware”.

Exercise extreme

cars when handling
acids ond peroxide;
both ere corrosive.

In odding acid as
outlined under "Key
Points" the hazard
of spattering is
ninimized.

Beaker bottom must
be dry before beaker
is ploced on hot
plote.

Use beaker tongs
when removing beakers
from the hot plate.

To prevent spatter-
ing:

The acid in the besk-
er must be cool.




UNCLASSIFIED

A ] PHOTOMETRIC ANALYSIS (WHERE SAMPLE IS CONCENTRATED)
STEPS KEY POINIS SAFETY CAUTIONS

1 b. Use only a fine
stream of distilled

water,
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'.

T. Add reagents to mix- |7a, Rinse mixing cylin-

ing cylinder con- der stopper with dis-
taining sample and tilled water before

b. Use care when inver-
ting cylinder to mix
semple; 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. 4, "Operation of
Coleman Model 11
Spectorphotometer,

b. See Job Break-Down
sheet for spectro-
photometers.,

¢. Optical surfaces of
cuvettes should al-
ways be wiped or
polished with Klee-
nex or Wips, never
with cheesecloth.

O. Wash hands and fore-
arms thoroughly when
enalysis is complete,

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

l, Iron--eece-a. =-WI-le and 1b
2. Coppers==sece-a=- WC-3a
3. Menganesg-=---- -3e

-29-
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GRAVIMETRIC ANALYSIS - STILICA

STEPS

KEY POINTS

SAFETY CAUTIONS

l. Cileen the platinum
ware,

2. Weigh sample into a
previously ignited
platinum crucible.

3. Add sulfuric acid,
evaporate sample to
dryness and then
ignite.

L. Cool the c¢rucible in
e desiccator and
then weigh.

la, Platinum ware cean be
conveniently cleaned
by fusing potassium
bisulphate in the
vessel, The outside
of the vessel can be
cleaned with pumice,

b. Platinum ware should
always be handled
with platinum-tipped
tongs.

2. When hot objects are
placed in a desic-
cator, the lid should
be left slightly ajar
for a few minutes to
prevent the formation
of a partial vacuum
in the desicceator.
Difficulty is some-
times encountered
when a deslccator
under & partial vac-
uum is to be opened.

3. An Infrarediator
should be used in
eveporating the sam-
ple to the fuming
stage. Then sample
should be placed on
a hot plate, with a
thin asbestos mat or
mica sheet between
the bottom of the
platinum crucilble and
the top of the hot
plate. When the
semple is dry, ignite
in a muffle furnace.

Lk, See Step 2, "Key
Points".

1, Care should be exer-
cised to avoid
splashing the molten
potassium bisulphate.

3a. SO, fumes arec very
irritating to the
nose and throat.
Carry out all fuming
operations in a well-
ventilated hood,

b. Exercise care to pre-
vent acid burms.

Jan L9




GRAVIMETRIC ANALYSIS - SILICA

STEPS

KEY POINIS

SAFETY CAUTIONS

6.

Treat sample with
sulfuric and hydro-
fluoric acids, evap-
orate to dryness and
then ignite.

Cool the crucible in
a desiccator and re-
weigh.

6.

See Step 2, "Key
Points".

50..

c,

7.

Wear acid (coverall)
goggles and rubber
gloves when handling
hydrofluoric acid.

Exercise extreme
care to avoid spills.
Clean up spills
immediately.

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

Asbestos gloves pro-
vide aedditional pro-
tection for the hands
when removing cruci-
bles, etc. from a
muffle furnace with
tongs.

Wash hands and fore-
arms thoroughly when
analysis is complete,

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

\

January, 1949
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DETERMINATION OF ARTIFICIAL TURBIDITY

———

STEPS

KEY POINTS

SAFETY CAUTIORS

3.

Set up Coleman
spectrophotometer
near valve pit head-
er sample taps.

Check spectrophoto-
meter with a PC-T
filter end adjust if
necessary.

Take sample directly
into cuvette and read
% trensmission on

scale of photomster.

1.

3.

Provide spare bulbs,
spare cuvettes, klee-
ne¥, cheesecloth, a
screw driver and a
chart based on ppm
turbidity vs. percent
transmission.

Run semples as _ .
quickly as possible
to avoid exrroneous
readings due to
settling out of tur-
bidity.

When calibrating
spectrophotometer
observe precautions
outlined under "Oper-
ation of Coleman
Model 11 spectropho-
tometer".

The above Job Break-Down covers method WT-1b.

-32-
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WA-la
FREE MINERAL ACIDITY

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

l. General laboratory Safety Rules,

2, Particular Safety Rules for Procedures and Methods, pages 1 and 2.
3. Titrations, pages 15 and 16.



- - UNcLassipgp

WA-2a

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

l, General Laboratory Safety Rules.
2. Particular Safety Rules for Procedures and Methods, pages 1 and 2,
3. Sampling, page 10.

L, Titrations, pages 15 end 16.

Janusry, 1949
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WA-3e
ATKATLINITY OF SODIUM SILICATE

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

1. General Laboratory Safety Rules,
, Particular Safety Rules for Procedures and Methods, pages 1 end 2,
. Use of Pipets, pages 8 and 9.

+ Use of Mechanical Stirrer, page 7.

2

3

L

5. Weighing of Samples, page 21.

6. Preparation of Solutions, pages 1l and 12,
7

. Titrations I and II, pages 15, 16, 17 and 18.

January, 1949

- UNCLASSIFIED
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WC-2a
FREE CARBON DIOXITE

The hezards eand necessary precautions involved in this analysis are
covered by the following: :

1, General Laboretory Safety Rules.

2. Particular Sefety Rules for Procedures and Methods, peges 1 and 2.
3. Titrations, pagesld and 16,

January, 1949
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WC-lLa

CHLORIDES

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

1. General Laboratory Safety Rules.

2, Particular Safety Rules for Procedures and Methods, pages 1 and 2.
3. Sempling, page 10.

4, Preparation of Solutions, pages 11 and 12,

5, Photometric Analysis (Direct), page 27.

6. Use of Pipets, pages 8 and 9.

t

Jenuary, 1949
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WC-5e,
FREE CHLORINE

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

1. Generol laboratory Safety Rules,

2., Particular Sefety Rules for Procedures and Mefhods, pages 1 and 2.
3. Saompling, page 10,

Januery, 19k
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WF r la
FLUORINE

The hazards and necessary preceutions involved in this annlysis are
covered by the following:

1. Generel Leboratory Safety Rules,

2. Porticular Safety Rules for Procedures and Methods, poges 1 and 2.

3. Use of Pipets, pages 8 and 9.

L. Preparntion of Solutions, pages 1l and 12.

Jonuary, 1949
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WH-1a

SOAP HARDNESS

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

1. General Loboratory Safety Rules.

2. Particular Safety Rules.

3., Proparation of Solutions, pages 1l and 12,
L, Titrotions I, page 15 and 16,

January, 1949
- wty



WH-202

HYDROGEN PEROXIDE, COLORIMETRIC METHOD

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

1.
2.
3.
L,
S

General Laboratory Safety Rules.

Particular Safety Rules for Procedures ond Methods, poges 1 and 2,

Preparation of Solutions, pages 11 and 12,
Use of Pipets, pages 8 and 9.

Photometric Analysis, punge 27.

41
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WI-la

IRONW

The hazards ond 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 1 and 2.
3. Use of Pipets, poges 8 and 9.

k, Preparation of Solutions, pages 1l and 12,

5 Pgotometric Determinotions (Where Scmple 1s Concentrated), poges
20 and 29.

Jonuary, 1949
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WI-1lb

IRON

The hazards and necessary precoutions involved in this onalysis are
covered by the following:

l. General laboratory Safety Rules.

2. Particular Safoty Rules for Procedures’ and Methods, pages 1 and 2.
3. Sampling, poge 10.

4, Photometric Determinations (Where Sample is Concentrated) - pages
28 and 29,

January, 1949
43
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WI-2a

IODIDE

The hazards and necessary precattions invelved in this analysis are
covered by the following:

1. General Laboratary Safety Rules.

2, Particular Safety Rules for Procedures and Kethods, pages 1l and 2,
3, Distillations, page 4.

4., Preparation of Solutions, pages 11 and 12.

January, 1949
ile
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WM-la
MAGNESIUM, COLORIMETRIC METHQOD

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

1. General Laboratory Safety Rules.

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

., Sempling, page 10,

2

3

L. Use of Pipets, pages 8 and 9,

5. Preparation of Solutions, pages 1l and 12,
6

+ Photometric Analysis, page 27.

' Janu
. - R T
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WM~2a
MAGNESIUM, GRAVIMETRIC METHOD

The hazards and necgssary‘precatuions involved in this analysis are
covered by the following:

1. General Laboratory Safety Rules.

2. Particuler Safety Rules for Procedures and Methods, pages 1 and 2.
3. Weighing of Semples, page 21.

4. Titrations I, peges 15 and 16,

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

January, 1949 .
e .



WM-3&

MANGANESE, COLORIMETRIC PERIODATE METHOD

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

1. General Laboratory Safety Rules.

2. Particular Sefety Rules for Procedures and Methods, pages 1 and 2.
3. Sampling, page 10.

4, Use of Pipets, peges 8 and 9.

5. Preparation of Solutions, pages 1l and 12,

6

« Photometric Determinations (Where Sample is Concentrated), pages
28 and 29,

'UNCLASSIFIED
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WM-3b
MANGANESE, COLORIMETRIC PERSULFHATE METHQD

The hezards and necessary preceutions involved in this analysis are
covered by the following:

1.
'2.
3.
L,
5.
6.

General Laboratory Safety Rules.

Particular Safety Rules for Procedures and Methods, pages 1 and 2,
Sempling, page 10. .

Use of Pipets, pages 8 end 9,

Preparation of Solutions, page 1l and 12,

Photometric Determinetions (Where Sample is Concentrated) ) peges
28 and 29.

Janu Ly

-48-



WN=-la

NICKEL, COLORIMETRIC METHOD

The hezards and necessary preceutions involved in this analysis are
covered by the following:

1. Geéneral Loboratory Sefety Rules.

2., Colorimetric Copper, pages 24 and 25m'

January, 1949
-o- AR
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WN-2a

UNCLASSIFIED

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

1. General lLaboratcry Safety Rules.

2. Particular Sefety Rules for Procedures and Methods, pages 1 and 2.
3. Use of Pipets, pages 8 and 9,

L, Preparation of Solutions, pages 1l and 12,

5, Distillations, page k4.

6. Photometric Analysis, page 27.

Janug,
-50-
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The hazards

WN=-3e

ALBUMINOID NITROGEN

covered by the following:

1.
2.
3.
L,
5.

General Laboretory Safety Rules.

and necessary precautions involved in this analysis are

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

Use of Pipets, pages 8 and 9,
Distillations, page L.

Photometric Analysis, page 27.

“51e

UNCLASSIFIED
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WK-ka
NITRATE NITROGEN

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

1.
2,
3.
b,
5.
6.

General leboratory Sefety Rules.

Particular Safety Rules for Procedures and Methods, pages 1 and 2.
Use of Pipets, pages 8 and 9.

Titrations, page 15 and 16, _

Preparation of Solutions, pages 1l and 12,

Photometric Analysis (Where Sample is Concentrated), pages 28 and
29. '

Janu
52- o



WO-la
DISSOLVED OXYGEN

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

1. General Loboratory Safety Rules,

2. Particular Safety Rules for Procedures and Methods, poges 1 and 2.
3. Use of Pipets, pages 8 end 9,

4, Preparation of Solutions, pages 1l end 12.

5. Titrations, peges 15 and 16.

53 | Ja.nuail 1949
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Wo-2a

OXALIC ACID

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

1, General Leboratory Safety Rules.

2. Particuler Safety Rules for Procedures and Methods, pages 1 and 2.
3. Preparation of Solutions, pages 1l and 12,

L, Titrations, pages 15 and 16,

Janu by
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WP=~2a

PHOSPEATE IN BOILER WATER

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

1. Genersal Leboratory Safety Rules.,

2, Particular Scfety Rules for Procedures and Mothods, pages 1 and 2.
3. Photometric Analysis, page 27.

-55«
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WR-1a

3203

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

1. General Sefety Rules. (Note carefully the section concerning
halogen acids/.

2. Porticular Safety Rules for Procedures and Methods, pages 1 and 2.
3. Use of Pipetes, pages 8 and 9.

L. Preparation of Solutions, pages 1l and 12,

>

. Ignition and Oven Drying, peges 5 cnd 6.




-

WS-1la

DISSOLVED 510, IN TREATED WATER (COLORIMETRIC)

The hazerds and necessary precautions involved in this analysis are
covered by the foliowing: - .

1. Genercl Leboratory Safety Rules. .

2. Particuler Sofety Rules for Procedures and Methods, pages 1 and 2.
3. Sampling, poge 10.

4, Preparation of Solutizns, pages 1l and 12.

5 ‘

. Photometric Analysis, page 27.

Jonuary, 1949

UNCLASSIFIED
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.

WS-1b

DISSOLVED 5102 IN UNTREBATED WATER, COLORIMETRIC METHOD

The hazards and necessary precautions involved in this anulysis are
covercd by the following:

1.

General Laboratory Safety Rules,

Particular Saﬁety Rules for Procedures and Methods, pages 1 end 2.
Sampling, pege 10,

Preparation of Solutions, peges 1l and 12,

Photometric Anelysis, poge 27.

-58-
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WS-2a

DETERMINATION OF SUSPENDED SILICA

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

1. Generel Loboratory Safety Rules.
2. Particuler Scfety Rules for Procedures eond Methods, poges 1 ond 2.
3. Ignitions £nd Oven Drying, pages 5 and 6.

Lk, “Key Points" end "Cautions" under "Gravimetric Analysis - Silica",
poges 30 and 31.

Janu. ko
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WS-4b

TOTAL SOLIDS IN 200 AREA PROCESS WATER

The hezerds and necesscry precautions involved in this anelysis are
covered by the fcllowing:

1. General Laboratory Safety Rules.

2. Porticular Sofety Rules for Procedures and Methods, pages 1 and 2,

3. Titrationms, pagés 15 and 16,

-61— Jmﬁl 1949
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WS-5e

(1) SUSPENDED SOLIDS

(2) 10SS ON IGNITION OF SUSPENDED SOLIDS
(3) NON-VOLATILE SUSPENDED SOLIDS

The hazcrds and necessary precautions involved in this

analysis are
covered by the following:

1. General Leborntory Safety Rules.

2. Particuler Sofety Rules for Procedures and Methods, pages 1 and 2,

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

January, 1949
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DETFRMINATION OF SULPHATES, TURBIDIMETRIC METHOD

The hazards and necessery precautions involved in this cnalysis are
covered by the following:

1. Generzl Leoboratory Safety Rules.

2. Particular Safety Rules for Procedures and Methods, pages 1 am 2,
3. Use of Pipets, poges 8 and 9.

L,  Preparction of Solutions, poges 1l and 12,

>

. Photometric Annlysis, page 27T.

Jonuary, 1949
w63
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. SODIUM DICHROMATE (COLORIMETRIC)

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

1. General Laboratory Scfety Rules.

2. DPorticular Safety Rules for Procedures and Methods, poges 1 and 2.
3. Sampling, page 10.
L, Preparation of Solutions, pages 11 and 12,

5. Photometric Analysis, pege 27.

Janua, 1949
bla
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SODIUM CHLORIDE

The hazerds and necessory preccutions involved in this anelysis are
covered by the following:

1. General Laborctory Safety Rules.

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

3. Titrations, page 15 and 16.

Jonuary, 1949
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SODIUM SULPHATE

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 1 and 2.
3. Preparation of Solutions, pages 1l and 1l2.

4, Titretions, pages 15 and 16,

January, 1949
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SODIUM SULPHITE

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

1. General Laboratory Safety Rules.

2. Perticuler Safety Rules for Procedures and Methods, pages 1 and 2.
3. Preparation of Solutions, pages 1l and 12.

L, Titrations I, pages 15 and 16.

67 Janua.il 1949
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SODIUM, COLORIMETRIC METHOD

The hezards and necessary precautions involved in this enalysis are
covered by the following:

1. General Laboratory Safety Rules,

+ Particuler Safety Rules for Procedures and Methods, pages 1 and 2.

. Use of Mechenical Stirrer, page 7.

2
3
4. Use of Pipets, pages 8 and 9.
5. Use of a Centrifuge, page 2.
6

Photometric Analysis, page 27.

Janua. 1949
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TURBIDITY

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

. General Leboratory Safety Rules.

1

2. Particular Safety Rules for Procedures and Methods, pages 1 and 2,
- 3. Sampling, page 10,

L

+ Photometric Analysis, page 27.

January, 1949
-69-
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H. W. Laboratory Manual Reissued: December, 1948
Water Methods Status: Standard
By: w.J.M'

FREE MINERAL ACIDITY
(Range O - 100 ppm)

Safety Precautions

Observe general loboratory Safety Rules,

Litercture References

A.P,H.A., "Standord Methods for the Examination of Water and
Sewage", 8th Ed,, Lancester Press, Inc., 70, (1936).

Princivles and Limitations

The free mineral acidity of water is determined by titration
with a stondard alkall solution using methyl orange indicator.
The procedure has been in use as standard practice for o
number of years. Results caon be dupliccted to ¢ 1 ppm.
Reactions
HA ¢+ NaOHE =-~- NoA HEO

Chemicels and Solutions

1. Sodium Hydroxide, 0.02N (Solutions Code: SS-8a)
2, Methyl orange indicctor (Solutions Code: SM-5a)
Procedure

1., Measure a 100 ml. sample into a clean 100 ml. graduated
cylinder and transfer to a clean porcelain dish.

2. Add o like amount of sample to o second porcelain dish to

serve as a blank., (This omount need not be mecsured
accurately).

3. Add 4 dropn of mothyl orange to the sample and to the blank.
A reddish orange color will develop if ther is eny free
mineral acidity.

4, Titrate with‘ the sodium hydroxide to the first visible color
change when referred to the blank.,

~

: R
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S Code: Wa-1a

Calculations
vl X 10.0 - ppm, free mineral acidity es CaCO3
vhere: V. - wml. sodium hydroxide

1l
Remarks

It has been found thet the temperature of thc sample affects the
PH at which methyl orenge changes color. As the temperaturc is
increased, the color change occurs at a lower pH., This effecect
is negligible for temperaturcs between 10° and 3000. Bo the
temperatures of the sample should be adjusted to within this.
range.
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H. W. Laboratory Manual Reissued: December, 1948
Water Methods Status: Standard
By: W.J.M,

PHENOLPHTHALEIN AND METEYL ORANGE ALKALINITY
(Range 0 - 100 ppm)

Safety Precautions

Observe general laboretory Safety Rules.

Litereture References

1. A.P.H.A., "Standard Methods for the Examination of Water and
Sewage", 8th Ed., Lancaster Press, Inc., 64 (1936).

2. Theroux, Eldridge, and Mallmann, YAnalysis of Water and
Sewage", 2nd Bd., McGraw-Hill Book Co., Inc., 8 (1936).

Principles and Limjtations

The alkalinity of water is represented by its content «f
carbonate, 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 1s a stendard procedure which has been in use for a number
of years. Results are reproducible to about 1 ppm.

Chemicals and Solutions

1. Sulfuric acid, 0.0LON (Solutions Code: SS-23a)

2. Phenolphthalein indi-~itor, 1% (Solutions Code: SP-8a)

3. Methyl orange indicator, 0.1% (Solutions Code: SM-5a)
Procedure

A. FPhenolphthalein Alkelinity

1. Measure a 100 ml. sample (at room temperature) into a
clean 100 nl. graduated cylinder and transfer to a flask
or porcelain dish. Filter if turbid.

2. Measure a like amount of sample into a second flask or
dish to serve as a blank.

- b Y
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3. Add L drops of phenolphthalein indicator tc the sample

only. If a pink color develops, phenolphthalein alkal-
inity is present.

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

Calculations

Vl X 20 "= 'ppm. of phenolphthalein alkalinity as CaCOB
where: Vl = ml, of the sulfuric acid

B. Methyl Orange Alkalinity

1. To the same sample used for determining the phenol-
phthalein alkalinity, add 4 drops of methyl orange
indicator. A yellow color will develop if methyl
orange alkalinity is present.

2. Add o like amount of indicator to the blank.

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

L, Use the total ml. of acid added to the sample (incluéd -
ing thot used for the phenolphthalein alkalinity) for
the calculation.

Cclceulation

leeo

pom. methyl orange alkalinity, or "total
alkalinity", zs CaCO3.

where: Vl = total volume of sulfuric acid used, ml.
Remerks
It hos been found that the temperature of the scmple 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 10 and 30 °c. In this region,
the effect is very slight.
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Water Methods Status: Stondard
By: W.J.M,

CALCIUM

(Renge 0-1000 ppn)

Safety Precautions

Observe general laboratory Safety Rules.

Literature References

1. Furman, "Scott's Standard Methods of Chemical Analysis", 5th
Ed., C. Von Nostrand, 211 (1939).

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

Principle oand Linitations

The calciun In the sample is precipitcted as the oxalate from

an acid solution. The czleiun oxalate is filtered from solutionm,
dissolved in hot acid, and the oxalate titrated with permon-
gonote. From the cnount of permangonate required the cmount of
calciun present can be cclculated and expressed as o percentage
of the origincl sample.

In general this method is one of the standard cnalytical
procedures. A fow modificctions have been nade to suit the
specicl purpose. For control analyses it gives accurate results
to about 0.1 ng. of czlcium. This is cpproxinately a 5% naxinun
error. In checking the procedure for the addition of known
calciun to actual woter scmples excellent recovery was nade.

Reactions

cat* (W) 0,0, --- CaC0, (ppt) r ong, "

5Ca020)+ > 2KMnO]+ r Sﬂzsoh_ ——— 5CaSOh_ r KESOI“ T %SO)_‘_
r lOC02 * 8520

1 nl. .IN MmO, = 25 xsio.ggoo = 020 g/1. Ca - 20 ppn Ca.
- X X

Chenicals and Solutions

1. Hydrochloric acid, C.P.
HC1, % ?

UNCLASSIFIED
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2. Sulfuric acid, C.P.,
HQSOL’_) 96%

. Methyl orange, 0.1% (Soluticns Code: SM-5a)

. Ammoniun hydroxide, 6N (Solutions Code: SA-12a)

3
I
5. Annoniunm hydroxide, 5:95 srturzted (Sclutions Code: SA-12a)
6. Ammoniun oxalate, sdturated (Solutions Code: SA-16b)
T. Potassiun permangonate solution,

0.1N  (Solutions Code: SP-16a)

Procedure

1. Mecsure 200 nl. of the scmple to be analyzed into a 400 nml.
becker,

2. Add 2-3 drops of nethyl orange and neutralize with concen-
trated hydrochloric ccid adding 2 nml. in excess.

3. Add 10 nml. of the amonium oxzlate solution and hect to
80-90°C,

4. WVhile the solution is hot, neutralize with 6N armoniun
hydroxide, and add a small excess to insure the solutiont'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.

T. Wash the precipitate including the beaker ond crucible with
dilute crmoniun hydroxide a number of times, wetting the
sides of the crucible as all excess oxalate ions must be
renoved,

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

9. Next add corefully 8 to 10 nl. of distilled water, slowly
pouring it down the sides of the crucible. This hot acid
solution dissolves the precipitate.

10. Apply suction and filter the solution,

-2- LY



UNCLASS!FIED

WC-la

not be 2llowed to fall below 60°C.

-3-
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11. Wash the crucible with several smcll portions of distilled
water.
12, Hect the solution to approxinately 80°C. and titrate with the
potassiun permengenate to o foint pernonent pink (Remark 1,
2, and 3). '
Calculations
Vi xN zc.O:BOxZLO6 -
1 = - ppn Ca
2
or for the above conditions:
Vl b4 Nl x 100 - ppn Cao
where: Vl - nl. of potassium permangancte
Ny, - Normality of potassium permongancte
V2 - nl, of sample
‘ Renorks
1. After addition of the first drop of potassium permangoncte it
ncy require sone time for the reaction to start.
2. It nay be advantageous to use 0.01N potassiunm permonganate
when very snall anounts of caleiun oxalate are obtained.
3. During the titration the temperature of the solution should
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E. W. Loboratory Menual Reissued: December, 1948
Water Methods Status: Standard
By: W.J.M.

FREE CARBON DIOXIDE
(Range 0 - 100 ppn)

Safety Precautions

Observe genercl loborotory Safety Rules.

Literature References

1. A.P.H.A., "Standard Methods for the Examination of Water and
Sewcge", 8th Ed., Loncaster Press, Inc., 69 (1936).

2. Theroux, Eldridge, and Mallmann, "Anolysis of Water and
Sewage", 2nd Ed., McGraw-Hill Book Co., Inc., 9 (1936).

Principles and Linitations

The free corbon dioxide is titrated with a stondard alkali to

an crbitrary standord pH datunm as indicated by the color change
of phenolphthalein indicator.

This 1s o standard method which has been in use for many years.
It is difficult to reproduce results due to the carbon dioxide
losses in sampling.

Reactions

00, t HPO --- EyO0,

HgCO3 + NaOH «-- Na.HCO3 + HxO

Chenicals and Solutions

1. Sodiun hydroxide, .02N NaOH (Solutions Code: SS-8z)
2. Phenolphthalein indicator, 1% (Solutions Code: SP-8a)
Procedure

Special care must be taken in collecting the sample. A 100 nl.
sample must be collected ot the sompling top in o clean Nessler
tube cquipped with o rubber stopper.

1. Flush the tcp and rinse the tube with water.

-1- R
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T

Throttle the flow of water from the tap and collect the

. sanple by allowing the water to run down the inside of the

tube,

Stopper the tube irmediately and nake the titration within,
five nminutes ofter collecting the sample.,

Moke a test titration to determine the approximate total
cnount of alkall necessary by adding 10 drops of phenols '
phthalein to the sample and rapidly titrating to a faint
pink end point, using the sodiun hydroxide.

Remove the stopper for each addition of sodiunm hydroxide and
nix the sodiun hydroxide with the sample by gently inverting
the stoppered tube.

Proceed with a second sample by very rcopidly cdding the
approxincte total amount of alkali necessary all at one tine,

Mix the somple well and titrate to the end point.

Calculetions

Renmarks

Vl x 10 = ppa COp

where: Vl = Volume of sodiun hydroxide, nl.

By following this procedure ccrbon dioxide losses are
ninini zed,
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Water Methods Status: Standard
By: W.J.M.

COPPER (COLORIMETRIC METHOD)
(Range 0.01-0.1 ppm)

Safety Precautions

Observe general laboratory Safety Rules.

Literature References

1. Hopkins and Williams, "Organic Reagents for Metals", 3rd Ed.,
120, (1938).

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

Principles end Limitations

Sodium diethyldithiocarbamate reacts with smell amounts of
copper producing a golden brown color in acid, ammoniacal, or

neutral solutions. The color obtained is proportional to the

ﬁoncentration of copper and is measured on a spectrophotometer at
50 mu.

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

This method gives good results down to about 0.005 mg. or 0.0l
prm. 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 0.1 ppm is about 0.005 mg. or 0.0l ppm.

Reactions ‘
c 5\ CH 5 S CE
R NN
o™t v o2 N-C - N - cu C- TN
| s N v~ N7 \
‘\?235 s CEs s S ¢,
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/ Special Apparatus .
1. Colemon, model 1l spectrophotometer (Apparatus Code: AS-16b)
2. Absorption cells, 5 cm. Aminco (Apperatus Code: AC-214d)
3. Filter, sintered glass (coarse) (Apparatus Code: AF-Gb)
Chemicals and Solutions
) 1. Hydrochloric acid, C.P.
‘ HC1, 36%
2. Hydrogen peroxide, 3% (Solutions Code: SH-264)
3. Ammonium hydroxide, C.P.
NHL;OH; 59%
L. Sodium diethyldithiocarbcmate, 0.1% (Solutions Code: SS-6a)
5. Standard copper solution, 1 ml. =
100 ppm cu (Solutions Code: SC-16b)
‘ Procedure
The Coleman Model 11 spectrophétometer is used in this deter-
mination. See Apparatus Code: AS-l6a for details on the oper-
ation and mointencnce of this instrument.
A, Preparation of the Calibration Curve
A calibration curve relating the per cent transmission to
the concentration of ccoper must be prepared as a reference
for unknovn somples. This curve must be prepared under the
same conditions as the samples to be run and is good only
for the specific instrument on which it is determined. If
such a curve is not aveilable (Remark 1), prepare it as
follows before onclyzing the sample.
1. Deliver into separate cleon, dry evoporcting dishes O,
1, 2, 3, 4, ond 5 ml. portions of the stonderd copper
solution. The dish containing no copper will serve as
a blank on the reogents.
2. Proceed with the color development as described in steps
2 to 10 under part B.
‘ , 3. Calculate the ppm of solution compared for each semple.



UNCLASSIFIED

Code: WC-3a

a. ppmcu = ml. standard x 100
” final volume of dilution -

b. % transmission corrected =
% tronsmission of somple x 100
% transmission of blank

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

Analysis of the Sample

In the analysis of a single sample, run duplicate deter-
ninations. Run at least one blank on the reagents with
cach scmple (Remark 2). '

1.

2.

10.

To o clean porcelain cvaporating dish, add 100 nl. of
scmple.

Add 1 ml. of the hydrochloric acid, and about U4 drops of
of the hydrogen peroxide to the contents of the dish.

Transfer the dish and contents to a hot plate and
evoporate the contents of the dish just to dryness.

Remove the dish from the hot plate and wet the residue
conpletely by adding 0.5 ml. of hydrochloric acid; then
add about 1 nml. of distilled woter.

Add 2 nl. of armoniunm hydroxide and rotate the dish to
nix thoroughly. '

Filter the contents of the dish through a coarse
sintered glass suction filter directly into a 10 ml.
graducted cylinder (Remark 3).

Wash the dish three times with 1 ml. portions of dis-
tilled water, adding the washing through the filter.

Measure 2 nl. of the sodiunm &iethyldithiocarbana‘be and
transfer to the filter, filtering into the cylinder.

Remove the graduated cylinder from the filter flask,
dilute to 10 ml. with distilled wcter, mix, and allow
30 ninutes for color development.

Fill a 5 cn. Aninco absorption cell with the solution,

insert the PC-4 filter into the spectrophotometer , ond
neasure the gercent transpittance of the solution -~gcint
agoinst the blank at 450 mu.

-3- ——
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11. Deternmine the ppm of copper present from the calibra-
tion curve.

Calculetions

ppa cu = Ppo cu fron curve
10

Renmarks

1. Prepare a new calibretion curve whenever o new sodium
diethyldithiocarbanate or copper staondard solutions cre
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 2ll the recgents, but the sample is
onitted.

3. The final volune of solution is kept down to 10 nl. This
ney be conveniently done by the use of a 10 nl. graducted

cylinder with the base cut down so that it will fit through
the neck of a 500 nl, filter flask.

UNCLASSIFIED
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H., W. Laboratory Manual Reissued: December, 1948
Water Methods Status; Standard
By: W.J.M,

CHLORIDES,BY SPECTROPHOTOMETER
(Range 0.05 =~ 2.5 ppm;

Safety Precautilons

1, Observe general laboratory Safety Rules.
2, Observe rules for handling alcochol,

Principle and Limitations

The addition of silver nitrate to a water sample containing
chlorides (or other halogens or halogenoids) to which elcohol,
nitric acid, ond sodium sulfate has been added produces a turbid
solution that transmits light wi%th an intensity which is
dependent on the amount of chloride present.

The procedure is accurate within 15% in the range of 0.05 to
2.5 ppm. Reproducibility is good and a straight line cali-
bration curve is obtained.

Reactions
L - i
Ag + Cl. === AgCl

Special Apparctus

1. Spectrophotometer, Coleman model 11 (Apparatus Code: AS-16a)
2. Absorption cells, 5 cm. (Apparatus Code: AC-21b)

Chemicals and Solutions

1. Ethanol, C.P.

CoHS0H, 95% o T
2. Nitric acid, 10% (Solutions C>de: SN-9a)
3., Sodium sulfate, 0.2M (Solutions Code: SS-Ta)
4, 'Silver nitrate, 0.1N (Solujcions Code: SS-9a)
5. Sodium chloride, 1 ml. = gamma (Solutions Code: SS-le)
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Procedure

The Colemzn Universal Spectrophotometer is used in this deter-
minetion., For details regarding its use and operotion see
Apparatus Code: AS-l6éa.

A, Standardization of Instrument

A standard transmittaence curve 1s prepared from o chloride
solution of krown strength and is used as a reference for
wnknown samples, This curve must be prepared under the same
conditions as the -ample to be run and is good only for the
instrument on wbich it is determined.

1. Deliver into 100 ml. graduated cylinders portions of 1,
5, 10, 20, 30, and 40 ml. of the standerd chloride
solution. To another similar cylinder add 40 ml. of
distilled water to be used as a dblank,

2, Add 10 ml. of the ethonol, 10 ml. of the nitric acid
and 3 ml. of the sodium sulfacte solution to each
cylinder.

3. Dilute to aobout 98 ml. with distilled water.

L, Mix the solutions well, being sure that they remain
clear, since any color or turbidity at this point will
interfer with the test.,

5. Add 1 ml., of the silver nitrcte to the series of
standards and to the blank, then dilute both the
sapples and the blank to the mark with distilled water.

6. Mix by slovwly inverting the cylinder once,

7. Allow the solutions to stand from 18 to 22 minutes in a
derk place.

8. Transfer standards and blank successively to one of a
peir of motched 50 mm, absorption cells and determine
the per cent tronsmittonce against distilled woter at
450 mu using the PC-4 filter.

9. On seml-log co-ordinate paper plot ppm chloride against
the corrected percent transmittance (the latter on the
log scale).

Colculations UNCLASSiFlED

1. ppm chloride s Ll. Of sggndard x5
-2

= —
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2. 9 tronsmittance corrected = % transmittance of sample x 100

% tronsmittance of blank

B. Determinction of Chloride in Unknown Sample

1.

2.

3.

Te

Calculations

To each of t{zo clean 100 ml. graducted cylinders add
75 ml, of filtered water scmples, one to be used as a
blank and the second for the development of turbidity.

Add 10 ml. of the ethanol, 10 ml. of the nitric acid,
and 3 ml, of the sodium sulfate solution.

Mix the solutions well, being sure that they remain
clear ond colorless,

Add 1 ml. of the 0.1N silver nitrate to the turbidity
somple only and dilute both somples to the mark with
distilled water,

Mix by slowly inverting the cylinder once. Do not
shake vigorously.

Allow the solution to stord from 18 to 22 minutes in a
dark place.

Transfer the solutions to matched 50 mm. ebsorption
cells and dectermine the percent transmittance cgainst
distilled water ot 450 mu using the PC-L filter.

1. % tronsmittonce corrected - P tronsmittonce of sample x 100

% tronsmittance of blank

2. TFrom the calibrotion curves read the ppm of chloride for the
% tronsmittonce corrected. If other than a 75 ml. sample is

used, multiply by a correction factor to convert to ppm as of
a2 75 ml. sample.

Remarks

A straight line tronsmittance curve must be obtained. Any points
that ore off more than 10% should be checked.
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DEI'MATION OF FREE CHLORINE
(Range 0.0 to 1.0 ppm)

Safety Precautions

Observe genercl lcboratory Scfety Rules,

Literature References

Theroux, Eldridge and Mallmonn, "Analysis of Woter and Sewage",
McGraw-H11l Co., 67 (1943).

Principle and Linitations

Chlorine ond certain other oxidizing cgents produce a yellow
compouné with orthotolidine. The intensity of the color is
proportionel to the anmount of chlorine present and this concen-
tration can be estimated by comparison with color standords.

Hydrogen peroxide interferes with the recction and rmust be
absent. Dichronmate also interferes, but in the range of 1-4 pm
the color developed by this reaction is insigntficant at the end
of o twe ninute period. Consequently, if the reading is made
after such an interval, results reproducible to within cbout
0.05 pm of chlorine con be obtained.

Svecicl Appoaratus

Chlorimeter, Taylor (Apperatus Code: AC-Ta)
Chenidecls and Solutions

Orthotolidine Solution, 0.1% (Solutions Code: ST-15a)

Procedure

1. Fill the three cells provided with the chlorimeter to the
nark with the water sample.

2. To the center cell add 0.5 cc., of the orthotolidine as showm
by the nork on the dropper.

3. Mix the solution well and place in the chlorinmeter.

UNCLASSIFIED
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4, Cover the chlorimeter and let stand cxoctly two ninutes.
(Renark 1).

5. Compare the test solution with the color standards and report
in ppn of chlorine the value of the standard which nost
nearly notches the sample.

Rencerks

The two ninute standing time 1s critical in order to ninimize
the effect of any dichronate which nmight be present.,
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FLUORINE

(Range 0.0-1.6 ppm)

Safety Precautions

Observe general laboratory Safety Rules.

Literature Refercnces

Lamer, Ind. Engr. Chem., Anal. Ed. 13, 901 (1941)

Principle end Limitations

A stable zirconium-alizarin 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 woter contoining less than 500 ppm of sulfate and less
than 1000 ppm of chloride may be determined within a linmit of
0.1 ppm when a 100 ml. sample is used. Control of the pH of the
sample eliminates error due to the alkalinity of the somple.

Reactions
ClliEso 2(03)2so3m-320 . Zr0N03 -=-- Red Violet Lcke
Red Violet Loke r F, --- Clhﬁﬁoz(om 2SO3N0.‘H20
Special Apparatus
Coleman model 11 Spectrophotometer (Apparatus Code: AC-16a)
Chemicals and Solutions
1. Zirconium-alizarin indicator (Solutions Code: S2-Ta)
2. Nitric acid, 0.2¥ (Solutions Code: SN-9a)

3. Fluoride stondard, F - 1 g/1 (Solutions Code: SF-12a)
Procedure ‘

A. Preparation of the Curve

1l. Deliver into a 1 liter volumetric flask 10.0 ml. of the
standard fluoride solution ond dilute to the mark with

- XS
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redistilled water. Mix thoroughly.

2. Deliver 2, 4, 6, 8, and 10 ml. portions of the diluted
standard fluoride solution into 100 ml. volumetric
flasks, ond dilute to the mark with redistilled water.
These new standards represent 0.2 to 1.0 ppn cf
fluoride. Prepare o blank by adding 100 ml. of the
redistilled water to a 100 ml. volumetric flask and run
the blank clong with the standords. '

3. . Add exactly 10 nl. of the zirconium-alizarin indicator
to the standards and the blank, let stand for at least
1 hour.

4, Transfer standards and blank successively to one of a
pair of matched 19 mm. cuvettes and determine the
percent transmittance on the spectrophotometer against
distilled water at 540 mu using the PC-4 filter.

5. On seni-log co-ordinate poper plot prm chloride against
the corrected percent transmittance (the latter on the
log scale).

Calculations (Remark 1)

1.

2.

B.

ppn fluoride - ol. of diluted standerd
10
% tronsnmittonce corrected = % _transmittance of blank x 100
-+ % transmittance of sample

Deterningtion of Fluoride in Unknown Sarmple

A 100 nl. distilled woter blank is to be carried through the
procedure along with the sanmples (Remcrk 2).

1. Measure out 100 nl. of each sample in a 100 ml. gradu-
ated cylindor.

2. To the sormples and the blank add excctly 10.0 nl. of the
zirconiun-alizorin indicator, nix well, and allow to
stand for at least 1 hour,

3. Transfer standards and blaonk successivoly to a pair of

' 19 m. natched cuvettes and determine the percent trans-
nittance ogainst distilled water at 54O mu using the
PC-4 filter.

L. Deternmine the percent transnittance corrected and read
the ppn of fluoride from the curve.

¢
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Calculations

% tronsmittonce corrected = % transmittonce of blank x 100
% transmittonce of sample

Renorks

1. It 1s 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 fade, This affect

is the opposi’ce of that noticed in most spectrophotometric
determinations,

2. In cases where the alkalinity or acldity of the samples
exceeds about 100 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 = ppm read from standard curve
% recovery of added fluoride

> S
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SOAP_ HARDNESS
(Renge 0-100 ppa)

Safety Precautions

Observe general laboratory Safety Rules.

Literature References

1. A.P.H.A., "Standard Methods for the Examination of Water and
Sewoge", 8th Ed,, Lancaster Press, Inc., 59 (1936).

2. Theroux, Eldridge ond Mallmomn, "Analysis of Water and
Sewoge", ,2nd Ed., McGraw-Hill Book Co., Inc., 10 (1936).

Principles and Limitotions

The socp-consuming power of the weter is proportional to the
cclcium and magnesium content of the water., Calciun, magnesiunm,
aluninmm and iron all contribute to the "hardness" of water.

This is a standord procedure that has been in use for a number
of yezrs. Results can be duplicated to within ¢ 1 ppm on the
same sample, The soop hardness of a particular type of woter
should be compored with the hardness as determined by an actual
analysis for calcium, mognesium, aluminum and iron before any
confidence is placed in the socp hardness test,

Chemicals and Solutions

1. Phenolphthalein indicator, 1.0% (Solutions Code: SP-8a)

2. Standard sodiunm hydroxide solution,
0.0 (Solutions Code: SS-8a)

3. Standard sulfuric acid solution,
0.0kt N (Solutions Code: SS-23a)

4, Stondard soap solution
(1ml. = 1 mg. CaCO3 ~ (Solutions Code: SS-1la)

Procedure

1. Measure a 50 ml. sample into an 8 cz. glass-stoppered bottle
and 2dd several drops of phenolphthalein indicator.



5.

Adjust to a faint pink color with standard sodium hydroxide.

This color should be maintained throughout the test by
additional adJustments if necessary.

 Add 0.5 ml. of standard soap solution to the sample, stopper

the bottle, and shake vigorously.

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 endpoint is approached, add the soap in 0.1 ml.
increments (Remark 1),

If the quantity of soap solution used 1s greater than 7 ml,,
repeat the procedure using a smaller sample diluted to 50 ml,

Calculations (Remark 2)

ppm total soap hardness as CaCO3 = (V1 - Vvp) x 1000

V3

where: Vi = Volume of soap solution, ml,

Remarks

1.

Vs Volume of lather factor, ml.

V3 Volume of sample, ml,

Oftentimes a "false" endpoint is reached on waters which
contain magnesium, The false endpoint 1s assumed to be the
dividing line between the soap'!s reaction with calcium and
magnesium, Always add additional soap to the sample after an
endpoint is secured to meke sure that the endpoint wes a
true one, The lather will "break down" if additional soap i}
added to a sample which 1s at a false endpoint.

The lather factor 1s the amcunt of soap necessary to produce
a permanent lather in a 50 ml. sample of distilled water and
it 1s determined at the time the soap solution is standard-
ized,
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HEYDROGEN PEROXIDE, COLORIMETRIC METHOD

(Range 1 x 10-D to 2 x lO'ﬁ;

Safety Precautions

Obgerve general laboratory Safety Rules,

Literature References

* 1. J. Chem. Soc. 792 (1880)

2. Furmen, "Scott's Standerd Methods of Chemical Analysis", II,
5th Ed., D. Van Nostrand, 2180 (194k).

3. U. of C., "Systematic Water Analysis", 9-13-L43.

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 ommonium molybdate as a catalyst. The amount of iodine
released is proportional to the peroxide concentration and is

determined by measuring its light absorption with a spectro-
photometer,

The method gives good results cnd is easy and rapid for control
analyses. Rceproducibility is excellent on duplicate samples.
Besed on a large number of calibration curve the error is less
than 10% in the range of 1 x 10~7 to 2 x lO" normal,

Reactiions

2KI + HEO --- ZKOH + I
22

Special Aparatus

1. Spectrophotometer, Coleman model 11 (Apparatus Code: AS-l6a)

2. Matched cuvettes, 19 mm. round (Apporatus Code: AC-21z)

Chemicals and Solutions

1. Potassium iodide-buffered, 6.5% (Solutions Code: SP-15c)
2. Ammonium molybdate, 5% (Solutions Code: SA-10a)



3. Stondard peroxide solution, 0.0005 N (Solutions Code: SH26a)

Procedurc

A Coleman spectrophotometer model 11 is used in this deter-
mination, For details as to its use and operation see Apparctus
Code: AS-1l6a.

A, Standardizetion of Instrument

A standard transmittance curve is prepared from a peroxide
solution of known strength and is used as a reference for
unknown semples, This curve must be preparcd under the
some conditions as the samples to be run and is good only
for the instrument on which it is determined.

1. Deliver into 50 ml. volumetric flasks 1, 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 1).

3. Make stondord and blank neutral or slightly acid.

4, Add 9 ml. of the potassium iodide reagent and 2 ml. of
ammonium molybdate solution.

5. Dilute to the mark with distilled water, mix well and
let stand for 5 or 10 minutes,

6. Transfer the standard and blank successively to one of
a pair of matched 19 mm, cuvettes ond determine the per
cent transmittance against distilled water at 450 mu,
using the PC-4 filter,

T. On semi-log paper plot normelity against corrected per
cent transmittance with the latter on the log scale.

Calculations

1. N of semple = ml. stondard solution x normality of std.
diluted volume

2. % transmittaonce corrected = % transmittance of sample X 100
% transmittance of blank

-2
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B. Determination of Peroxide in Unknown Sample

1. Pipet into scparate 50 ml. volumetric flasks 25 ml, of
weter to be ocnalyzed and 25 ml, of distilled water for
a blank (Remark 1).

2. Make solutions neutral or slightly acid.

3. Add 9 ml. of the potassium iodide reagent and 2 ml. of
ammonium molybdate to each flask.

L, Dilute to mark, mix well, and lot stand 5 to 10 minutes.

5, Transfer to notched 19 mm, cuvettes and determine the
per cent transmittance agoinst distilled water 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 =

% tronsmittaonce of sample x 100
% transmittonce of blank

~

2. N of sample =

observed normality from curve x volume of dilution
volume of sample

Remaorks

The potaossium lodide reagent moy become slightly colored; there-
fore, a blank rmust be run on each sample.,
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TRON

(Range 0.3 to 1.5 ppm)

Safety Precautions

Obscrve 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 10 t0 15 ml.

3. Rinse the evaporated samples into 25 ml. volumetric flasks
with distilled water.

L. Continue as directed in Part B, Step 2, of Standard Procedure
No. ESI-2a, except calculate 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

Prm Fe : A x 25 = A
50x1 2

= SR

UNCLASSIFIED
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TRON COLORIMETRIC METHOD
- (Range O - 1 ppm)

Safety Precautions

Observe general laboratory Safety Rules.

Literature Re®erences

1. Swank & Mellon, "Determination of Iron with Mercapto. acetic
ecid, Ind, Eng. Chem., An. Ed., 10, T (1938).

2. "Orgainic Reagents for Metel," 3rd. Ed., Hopkins & Williams
Ltd. 132(1938).

Principle and Limitations

Thioglycolic (mercapto-acetic) acid is used as the reagent for
iron. In ammoniacal solutions, & 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 0.1 ppm of irom.

It is reletively free of interferences. Cobalt, nickel, mangenese
and uranium interfere but are usually absent in water in amounts
that intergere, cyanide must be ebsent. The method is rapid and
very reproducible, It is edvantageous for control work because

it is simple and does not require precision measurement of
reagents added.

A}

Special Apparatus

1. Spectrophotometer, Coleman Model 1l (Apparatus Code: AE-16a)

2. Absorption cells, 5 cm. sguare . ‘(Apparatus Code: AC-21b)
Coleman ~

Chemicals and Solwtiorng

1. Sulfuric acid, C.P.
E,SOY, 96%

2. Hydrogen peroxide, 3% i(Solutior Code: SH-26R)



~
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3.
L,

5.

Thoiglycolic acid 1% - neutralized (Solutions Code: ST-8a)
Ammonium hydroxide, €N (Solutions Code: SA -12a)

Iron Standard - 10 mg. of Fe*3/ml. (Solutions Code: SI-18c)

Preparation of the Calibration Curve

A calibration curve relating the per cent transmission to the con-
centration of iron must be pgepared for eucn instrument used.
Use as a standurd: 10 mg., Fe'3/ml.

1.

Pipet into 50 ml. gleass stoppered c¢ylinders 0.5, 1.0, 1.5, 2.0
2.5, 3.0 ml. of the iron stamdard. These correspond to 0.02,

0.0L4, 0.06, 0.08, 0.10, 0.12 ppm of iron when using a 250 ml.
sample.

Starting with the addition of thioglycolic acid, procecd with
the regular procedure as written below,.

Run a reagnet blank.

Plot the per cent transmission of each solution as ordinate
against the amount of iron (expressed as ppm of iron)on scmi-
log paper. Draw a curve through the various points.

Determination of Iror in Unknown Scmple

1.

2.

Measure 250 ml. of the water sample into & clean 600 or 800 ml
beaker.

Preparc o reagent blank with cach series of iron samples
starting with Step 3.

Add 1 ml, of the sulfuric acid and 4 ml. of hydrogen peroxidec
on & hot plate to dense white fumes. At this point solution
must be clear. If solution is not clear, add 4 ml. of
hydrogen pcrozidce eveporate to white fumes agein.

When the solution is colorless, cool add 10 to 15 ml. of
distilled woter. Hect to boiling.

Pour tiI: solution into a 50 ml. graduatcd flask. Wash the

beaker with distilled weter, keeping the semple volume under
30 ml.

Add 10 ml. of neutral 1% thioglycolic acid and mix. Place a
st'7ll piece of litmus paper in the cylinder and add the
ammonuim hydroxide until solution is slightly alkaline, Mix
well and dilute to 50 ml. with distilled weter.

UNCLASSIFIED
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T. Detemine the per cent transmittancy against distilled water

at 520 millimicrons, using tank cells (light path 5.0 cm.).'
Calculation

1. % _transnission of sample .
T tromsmission of blank 100 » % transmission corrected

2. TFrom the standard curve, read the ppm of iron for the %
transmission corrected.

3.

When using a 100 ml. sample, multiply answer by 2.5.
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IODIDE

. (Renge 0.05 - 2.0 ppdb)

Safety Precautions

1.~ Observe general laboratory Safety Rules.
2. Observe rules for handling strong acids.

Literature References

1. American Public Health Association, "Standard Methods for the
Examination of Water and Sewage", 8th Ed. Lancaster Press
Inc., Lancaster. Pa., 39(1936).

2. Snell and Snell "Colorimetric Methods of Analysis", P. D.
Van Nostrand Co., Inc., New York, (1936).

Principle and Limitations

Iodide, present in minute :=mounts in water, may be converted by
colorless oxidizing agents sich as nitrosyl-sulfuric acid, to free
iodine and this extracted with organic solvents such as chloro-
form or carbon tetrachloride. In such solvents, the iodine gives
a pink color which is suitable for colorimetric estimation of the
iodine. Chlorides of sodium, magnesium, and calcium cause errors
in the extraction. Sulfates do not affect the results.

Reactions

21" } 2S0,(OE)ONO --- 25§ 250y ¢ 2N0+1,
Chemicals and Solutions

1. Sodium hydroxide, 0.IN (30lutions Code: SS-8a)
2. Phosphoric acid C.P.

H3P0),, 85%
3. Arsenous acid, 0.1N (Solutions Code: SA-18a)
L. Carbon tetrachloride, purified (Solutions. Code: SC-13a)

5. Nitrosyl-sulfuric écid solution, EJH. Sargent Co., Chicago,

(Remark 1).
UNCLASSIFIED
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Potassium iodide, standard (Solutions Code: SI-l6a)
{10 mg. I/ml.).
Phenol red, alcoholic (Solutions Code: SP-5a)
Sodium carbonate, 10% (Solutions Code: SS-3a)

Procedure

1.

Evaporate epproximately 100 liters of the sample water to
about 1 liter as follows: Siphon the sample water (from the
5 gallon bottles) into a sufficiently large (12 liter) flat-
botton flesk connected to a water-cooled condenser sdjusted ©
so the condensate is discardad. Fill the fiask neer.y full
with the sample water and make the solution alkaline with
sodium carbonate, using severzal drops of the phenyl red as
indicator (Remork 2). Continue the above proceedings until
the 100 liters has been reduced to 1l liter.

Filter on No. 42 Whatman paper, the remaining volume of
sample water, contained in the distilling flask, to remove
solids, Collect the filtrate in a 1500 ml. Pyréx beaker.

Evaporate the filtrate to approximately 50 ml. and refilter
on No. 42 Whatman paper. Wash the residue on the filter paper
with several ml. of hot distilled water. Collect the filtrate
and washings in a suitable-sized platinum dish.

Evaporate the contents of the platinum dish to dryness over a
steem bath or in o 110°C oven.

Pulverize the residue, céntaincd in the platinum dish, in a
Mullite Morter and Pestle, and trensfer the residue to a
Coors, No. 6 combustion baat.

Insert’ the combustion boet into the center.of o Pyrex
combustion tube which has a drawn out portion one-quarter
inch in diemeter on one end bent down and passing through one
hole of a 2-hole rubber stopper into 30 ml. of the socdium
hydroxide solution in a Pyrex test tube.

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 tubec.

Connect the right-angled tube to a source of vacuum.

Open the vacuum line and pull air through the tube at a rate

of 3 to 4 bubbles per second.

-2-
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10. Heat the combustion tube and boat carefully with a Meker
burner until combustion is complete, avoiding fusion of the
ash (Remerk 2).

11. Mechanically transfer the ash from the boat into a 100 ml.
becker. Pour the sodium hydroxide solution from the test
tube into the beaker. Rinse out the tube with distilled
weter and pour the rinsings into the beaker.

12, 3Boil the solution in the beaker, stirring it until the residwe
is dissolved or thoroughly bleached out.

13. Eveporate the solution to approximately 20 ml.
14. TFilter the residue through Wheotman No. 42 paper.

15. Carcfully adjust the pE of this C¢filrate with phosphoric acid
to & pPH of 3 to U4, using suitable pHE poper.

16. Meanvhile preparc the iodinc stemdards as follows:

2. Deliver 1.0 ml. of the standerd potassium iodide into a
1 liter volumetric flask, dilute to the moark with dis-
tilled water , and mix thoroughly.

b. Deliver 0.5, 1.0, 5.0, 10.0 and 15.0 ml. portions of the
diluted staondard potassium iodide solution into five 30
ml. separatory funnels, and dilute each to 20 ml. with
distilled water. The standards represent 5, 10, 50, 100,
150, and 200 ppb of iodine in the scmple.

17. To the sample and stondards, prepored in step 16, cdd o
drop of arscnous eccid.

18. Add 1 ml. of the cocrbon tetrachloride and one drop of
arscnous acid.

19. Shakc coch funnel for 2 minutos and allow the solutions to
settle.

20. Withdraw ecach caorbon tetrachloride loyer into separate small
test tubes (Remark 3).

21. Add 1 ml. of the carbon tetrochloride to the aqueous phasc
remaining in cach funnel and extract agcin.

22, Repcat step 21, combining the extracts in thc test tube and
visuclly compore the color of the sample extracts with the

| S ERREy
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Calculations:

ppb Ip = A
B

vherc A = ppb in standard whosc color matches the color of the
samplc.

B = Volume of sample wcter cvaporated, liters,

Remarks

r '

‘ 1. Bccause of the safety hczords involved in the laboratory
preparction of nitrosyl-sulfuric acid, only the commercial
reegent is to be usecd. '

2. The powder will turn bleck, dhen white indicating that
combustion is complete. If the eodium hydroride solution
becomes very discolored, it must be evaporated and burned in
the combustion boct in exactly the same monner that the sample
wos burned, but the sample ash does not have to be trected
again.

' 3. A Pyrex test tube, 10 x 75 mm,, is suitable.
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MAGNESTUM, COLORIMETRIC METHOD
(Range O to 10 ppm)

Safety Precautions

. Observe general laboratory Safety Rules.

Literature References

1. ZLudwig and Johnscn, "Spectophotometric Determination of
Magnesium by Titan Yellow,' Ind. Eng. Chem., An. Ed., 1k
895 (1942).

2. Hopkins and Williams, Ltd. "Organic Reagents for Metal"
3rd 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
concentration.

This method has been found very satisfactory. The calibration
curve does not obey the Lambert-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 mg. in the
range of 0.10 to 0.50 mg. of magnesium. Excellent results are
obtained on recovery of added magnesium to actual water samples.

Special Apperatus

1. Spectrophotometer, Colcmen Model 11 (Apparatus Code: AS-16a)

2. Matched cuvettes, 19 mm. (Apparatus Code: AC-2la)

Chemicals and Scolutions

1. Sulfuric acid, N (Solutions Code: S§S-23a)

2. Starch solution 1% (not stabilized) (Solutions Code: SS-21b)

1 oy
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3. Calcium sulfate, saturated solution (Solutions Code: SC-3a)

’

4. Titan yellow indicator 0.05% (Solutions Code: ST-9a)
5. Sodium hydroxide, UN (Solutions Code: SS-8a)
6. Magnesium standard (Solutions Code: SM-lLa)

1l ml. = 100 ppm

Procedure

A Colcman Soectrophotomcter Model 1l is used in this determinetion
For details of its use and operation see Apparatus Code: AS-1léa.

A. Stondardization of Instrument -

A standard trensmittance curve is prepared from a megnesium
solution of known strength and is used as a reference for
unknown samples. This curve must be prepeared under the same
conditions &s the samples to be run and is good only on the
instrument on which it is determined.

1. Traensfer into 100 ml. volumetric flasks samples of 2, k4,
6, 8 and 10 ml. portions of standard megnesium solution.

2. Dilute to less than 50 ml. with water.
3. Using distilled water prcpare a blank of similar velume.

4. Add to cach flask the following recagents in the order
given and mix after each addition.

a. 1 m15 of the sulfuric acid (this must meke the sample

acid

10 ml. of the starch solution, freshly prepared.

20 ml. of the calcium sulfate solution.

10 ml. of the titan yellow

. 5 ml. of the sodium hydroxide (this must btring the
P to approximately 11 or higher) .

o a0 o

5. Dilute to the mark with distilled water, plece in a
mechanical shaker and shake for five minutes.

6. Transfer stondards and blank successively into one of o
pair of 19 mm metched cuvettes and determine the percent

transmittance against distilled water at 530 mu using
the PC-4 filter.

7. On semi-log paper plot ppm against % transmittance

corrected with the latter on the log scale. ﬂ
l—



Calculations

Code: JWM-la

ppm Mg = ml. standard x 100

volume of dilution

% transmittance corrected - % transmittance of sample x 100

% transmittaonce of blank

" 3. Determination of Magnesium in Unknown Sample

1.

N

Calculations

Filter the sample through a #1 filter paper into a cleon
flask. Rinse the flask with filtered sample before
cottecting the sample which is to be used.

Pipet 50 ml. of filtered sample info a 100 ml. volumectric
flask.

At this point start o blenk using 50 ml. of distilled
water . Carry this blank throughout the following
procedure.

Add the following reagents to both sample cnd blenk in
the order nemed, shaking after each addition:

a. 1 ml., of the sulfuric acid (this must make the
solution acid)

10 ml, of the starch solution freshly prepared
20 ml, of the calcium sulfate solution.

10 ml. of the Titen yellow.

5 ml. of the sodium hydroxide (pH must be 1l of
higher) .

o po o

Dilute to the mork with distilled water, place in a
mechaniccl sheker cnd shake for five minutes.

Transfer into 19 mm matched cuvettes and determine the
percent tronsmittance agoinst distilled water at 530 mu
using the PC-4 filter.

Fron the standerd curve read the micrograms of megnesium
per ml. for the % transmittance corrected.

1. % trensmittonce corrected = % trensmittonce of sample x 100

‘l’ \ 2. Where A

% tronsmittonce of blank

ppm Mg of solutions compared (from curve)

B = volume of original sample

;3_
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C = volumeof sanple prepered for comparison

ppmof Mg = AxCx 100 x100.aazxcC
B B

or for the conditions above

ppm of Mg = A x 100 = 2A

50
1. The samples can not be measured against the blanks as the
color fades on exposure to light.
2.

If concentration of the sample is necesscry take on appropriate
sariple, add lml. of the sulfuric acid and evaporate to cbout
50 nl. Cool and proceed as above cxcept that a suitable
corraction foctor must be applied to the calculction.
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H. W. Lobormtory Manual Reissued: December, 1948
Water Methods Status: SStandard
By: W.J.M.

DETERMINATION OF MAGNESTIUM, GRAVIMETRIC METHOD

2Ra.r;ge: 0 - 1000 ppms _ .

Safety Precautions

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. Willord ond Diehl, "Advanced Quantitative Analysis", D. Van
Nostrand Co., 293 (1943).

3. Hillebrand and Lundell, "Applied Inorganic Analysis" John
Wiley & Soms, 512 (1929). ,

Principle and Limitations

An acid solution of the magnesium is treated with dicmmonium
phosphate (NH) Lo The solution is then made ammoniacal and
the nmognesium fIltered off cs mognesium armonium phosphete. This
salt is then ignited to the pyrophosphate and weighed as such.
The anount of mognesium is calculated and expressed as a percent-
age of the original sanples.

Many other elenments interferc, Most of these can be removed by
treatnent with hydrogen sulfide ges in on ccid solution, followed
by cmmoniun hydroxide, ermoniun sulfide, and crmonium oxalate
leaving in the usual cases nognesiun cgsociated with armonia salta
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

Mgt (NH,)2BPO, --- MgNE\PO, » E* : NE*

MGNELPO, + Heat --- Mg,P,0, r NE, ¢ EO
- 4 -
1 gn. MgP,0, ._87% s 0.2184 gn. Mg

UNCLASSIFIED
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Chémi cals and Solujbions

1. BHydrochloric acid, C.P.
HC1, 36%

2. Amoniun phosphate, C.P,
(Nﬂh)aﬂl’oh, C.P.

3. Armoniun hydroxids, 6N (Solutions Code: SA-12a)

4, Ammoniun hydroxide,. 5:95 (Solutions Code: SA-120)

5. Methyl red, alcoholic, 0.1% (Solutions Code: SM-6e)
Procedure

1, After removing 21l interfering substances weigh or neasure a
portion of sample equivalent to from 0.002 to 0.2 g. of
nagnesiun (Remork 1).

2, Transfer the sample to a new or non-etched 400 ml. beaker.

3. Dilute to about 250 ml. with distilled water and add 5 ml, of
the hydnochibriciattd werming if necessary to effect solution,

b, Cool the solution and to the cold solution add 1 to 2 g. of
emmonium O-phosphate.,

5. Add e few drops of methyl red indicator and cool the solution
in an ice bath.

6. Add ammonium hydroxide é.ropwise with constant stirring until
the solution 1s 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 10 minutes.

8. Leaving the stirring rod in place, cover the beaker and let
stand for at least L4 hours. '

9. Filter the solution through a #42 Whatman paper (Remark 3),

10. Policeman the beaker and stirring rod and transfer all of the
precipitate to the paper.

1l. Wash the beaker and precipitate with cold dilute (5;95')
ammonium hydroxide until free of chlorides. .



1l2. Transfer the precipitate into a tared crucible and dry in an
oven or under an infra-red heater,

13, Ignite to constant weight a 1000°C. and weigh as magnesium
pyrophosphate (Remerks 4 and 5).

Calculations

% Mg = Wt. of precipitate x 0.218% x 100
wE. of sample

ppm Mg = % Mg x 10,000
Remarks

1. If the filtrate from the calcium determination is available,
and contains enough magmesium, it may be used as the sample in
this determination as it will be free of all interfering
elements, : :

2. It is directed not to scratch the beaker because a clinging
crystalline precipitate will form in such a mark.

3. This solution can not be filtered through a Gdoch crucible
since some asbestos 1s attacked by alkaline solutions con-
taining soluble phosphates.

L. The ignition of the paper must be done slowly and at as low
o temperature as possible until the carbon id destroyed. At
high temperatures the corbon is apt to become "fireproofed"
and can not be burned out.

5. If the precipitate 1s of the proper composition, 1000°C. is
high enough for the ignition. In the case of larger precipi-
tates (0.5 g) it is desirable to heat from 5 to 15 minutes at
1150 to 1200°C. after reaching constant weight at 1000°C. .
This converts any remaining magnesium phosphate to the pyro-
phosphate. Howéver, the ignition to constant weight can not
be carried out at this temperature since maguesiim:pyrophos-
phate loses phosphorous pentoxide under these conditions.

UNCLASSIFIED NN
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H. W. Laboratory Manual Reissued: December, 1948
Water Methods Status: ‘Standard
By: W.J.M,

MANGANESE, COLORIMETRIC PERIODATE METHOD

‘ 2Bange: 0.02 - 200 ppm;

Safety Precautions

l. Observe the generel laboratory Safety Rules.
2. Observe rules for handling strong acids.

Literature References

A.P.H.A., "Standard Methods for the Examination of Water and Sew-
age", 8th Ed., Lancaster Press, Inc., 83-84 (1936).

Principle and Limitations

The method is based on the oxlidation of the mangenese to perman-

ganate by periodate and the dstermination of the intensity of the
permanganate color which is proportional to the concentration of

manganese present,

Thls procedure will accurately detect a minimum of about 0.0l mg.
of Mn in 100 ml. of sample. Since the monganese content of "W"
water 18 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 con be determined with a fair degree of accuracy.

Reactions

an"" + 5107 30 --- 0" + 510, » €A

Special Apparatus

1l. Spectrophotometer, Coleman Model 11 (Apparatue Code: A8-16n)

2. Absorption Cells, 50 mm, Coleman (Apparatus Code: AC-21b)

Chenicals and Reagents

1. Sulfuric acid, C.P.
HgSOh, 96%

2. Nitric acig, C.P.
HN03: 0%



3. Sodium pere periodate, C.P.
Na233106, C.P.

4., Sulfuric acid - sodium periodate
solution (Solutions Code: SS-16e)

5. Standerd Mn solution, 50 ppm (Solutions Code: SM-3a)

Procedure
A Coleman Spectrophotometer modell 11 is usédiin;thia determin-
ation. For detolls as to its use and operation see Apparatus
Code: AS-l6a.

A. Standardizufion of Instrument

A standard transmittance cureve is prepared from o manganese
solution of known strength and is used as a reference for
unknown samples. This curve must be prepared under the sane

¢os. 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 1, 2, 3 ond 4 ml. portions
of stondard nmanganese solution-ond add 1 ml. of the
sulfuric ccid to ecch.

2. At this point stort a blank using 2 nl. of distilled
water in place of the standard and adding 1 ml. of the
sulfuric acid.

3. Evaporate to dryness.

L., Add 2 to 5 ml. of distilled water, 1 nl. of the sulfuric
acid and wornm to dissolve the residue.

5. Add 1 nl, of the nitric acid and evaporate to white
funes 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 - sodiun periodate re-
agent and boil.

T. Cool, and filter the solutions through o #40 Whatnon
paper into clean beakers. ‘

8. Add about 0.3 g. of sodium para periodate cnd 75 ml. of
the sulfuric acid - sodium periodate reagent.

IINFI ASSIFIFD
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9. Heat to boiling and keep hot for 25 to 30 minutes.

10, Cool and transfer into a 100 ml. volumetric flask.

11. Dilute to mark with sulfuric acid - sodium periodate
reagent,

12. Transfer standards and blank successlyely to one of a
peir of matched 50 mm absorpticn cells and determine the

percent trancmittance against distilled water at 520 mu
using the PC-4 filter,

13. On semi-log paper plot ppm manganese against corrected
percent transmittance with the latter on the log scale.

Calculations

ppm = ml. standard x 50
volume of dilution

% transmittance corrected . % transmittance of sample x 100
% transmittance of blank

B.  Determination of Manganese in Uiiknown Sample

l. 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 1 ml, of the sulfuric acid. This is to be used
as a blank,

3. Evaporate both samples to dryness and cool.

L, Add 2 to 5 ml. of distilled water, 1 ml. & the sulfuric
ecid and warm to dissolve the residue,

5. Add 1 ml, of the nitric acid and evaporate until the
solution is colorless and white fumes of sulfur trioxide
eppear. If the solution is not colorless repeat this
step until the color disappears.

6. Add 25 ml, of sulfuric acid - sodium periodate reagent
and boll the solutions

7. Cool and filter the solutions through a #40 Whatman
paper into clean besakers.

-3- P



8. Add about 0.3 ;g. of sodium periodate crystals and 75 ml,
of sulfuric acid - sodium periodate.reagent.

9. Heat to boiling and keep hot for 25 to 30 minutes.
10, Cool end transfer into a 100 ml, volumetric flask.

11. Dilute to the mark with sulfuric acid - sodium periodate
reagent.

32, Transfer to matched 50 mm absorption cells and deter-
mine the percent transmittance against distilled water
at 520 mu using the PC-L4 filter.

13. From the statndard curve read the micrograms of Ma per
ml, for the corrected percent transmittance.

Calculations

1. % transmittance corrected = ; transmittance of cample y 100
transmittance of blank -

2. PpmMn = AxCx10-6x106 = AxXC
B B

or for the conditions above ppm Mn A

where: A = ppm of solutions compared (from curve)
B =z volume of original solution
c

volume of sample as preparcd for comparison

s VR,
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H. W. Loboratory Menual . Reissued: December, 1948
Water Mcthods Status: Standard
‘ By: W.J.M,

DETERMINATION OF MANGANESE , COLORIMETRIC PERSULFATE METHOD
T (Range: 0.02 - 200 ppm)

Safety Precautions

1. Observe the generc.l‘ laboratory Scfety Rules.
2. Observe rules for handling strong acids.

Literature References

A.P.H.A., "Stoandard Methods for the Exomination of Water and Sew-
O.ge", 8th Ed., 83‘82" (1936)0

Principle ond Limitations

This method is based on the oxidation of manganese to permangon-
ate by persulfate, and the determination of the intensity of the
permangancte color, which is proportional to the concentraotion of
manganese present.

This procedure will accurately detect a minimmm of about 0.0l mg.
of Mn in o 100 ml. sample. The mangonese concentration in "W
water is very low, ond this method hos been used only to show
that this concentration wos below 0.02 ppm. If time permits the
evaporation of large samples, nonganese can be determined with a
fair degree of accuracy.

Reactions

am(N03)2 r 5(NE,)sS30g ‘v BEJ0 --- 5(NEh)ESOh r LENO

*

3
5HESO,+ r 2HMnOh
Special Apparatus ' : ’

1. Spectrophotometer, Coleman Model 11 (Apparatus Code: AS-16a)

2, Absorption cells, 50 rm, Coleman (Apparatus Code: AC-21b)
Chenicals and Solutions

1. Sulfuric acid, C.P,
B850y, 96%



2. Hydrogen peroxide, 3% (Solutions Code: SH-26d)

3. Ammoniun persulfate, C.P.
(NHLF)ESEOB’ C.P.

L, silver nitrate, 0.10N (Solutions Code: S5-9a)
5, Standard mangonese solution, 50 ppm (Solutions Code: SM-3c)
Procedure

A Coleman spectrophotometer model 11 is used in this determination.
For details regarding its use and operction see Apparatus Code:
AS-16a;

Al Standardization of Instrument

A standord tronsmittance curve is prepared from a manganese
solution of known strength and is used as a reference for un-
known scmples, This curve nust be prepared under the same
conditions as the samples to be run and is good only on the
instrunment on which it is deternmined.

1. Deliver into 100 ml. beckers 1, 2, 3 and 4 nl. portions
of stondard mangenese solution and add 1 nml, of the
sulfuric acid.,

2. At this point start a blank using 2 nl, of distilled -~ -
water in plcce of the standord and adding 1 nl, of the

saulfuric ccid.

3. Evoporcte to dryness and cool.

L, Add 2 to 5 nl, of distilled woter and 1 ml., of the sul-
furic acid to dissolve the residue.,

5. Add 1 nl, 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 discppecrs.

6. Add 1 nl. of tha. etlver nitrote ond dilute to 25 ml. with
distilled water.

T. Heat to boiling, end filter into o clean beaker.

8, Wash with distilled wnter keeping the total volume less
than 90 nl,

UNCLASSIFIED
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9. Add 0.3 g. of ammonium persulfate and heat to about 90°C.

10. Allow the color to develop.

11, Cool %o room temperature and transfer into a 100 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 ebsorption cells and determine the
\ percent transmittance against distilled water at 520 mu
using the PC-4 filter.

14, On semi-log paper plot ppm against corrected percent
transmittance with the latter on the log scale.

Calculations

1. ppm = ml. standard x 50
volume of dilution

2, % transmittance corrected = & transmittance of sample x::100
' % transmittance of blank

B, . Determination of Manganese in Unknown Sample

l. Measure 500 ml., of sample into a clean beaker.

2. Measure an equal quantity of distlilled 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.

L., 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.

T. Heat to boiling, and filter into a clean beaker.

9 8. Wash with distilled water keeping the total volume less

than 90 ml.
-3- SRRy
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9. Add 0.3 g. of ammonium persulfete and heat to about 90°C.
Do not boil,

10. Allow the color to dewvelop.

11l. Cool to room tempereture and transfer into a 100 ml.
volumetric flask.

12, Dilute to the mark with distilled water and mix well.

13, Tronsfer into 50 mm absorption cells and determine the
percent transmittance against distilled water at 520 mu
using the PC-4 filter.

14, Using the corrected percent transmittance read the ppm
present in the sample from the curve.

Calculations

1, % transmittance corrected = % transmittance of Sample x 100
% transmittance of blank

- 6
2. ppm Mn = AxCxlgsxlO z Agc or for the conditions
above ppm Mn = _%_
where: A - ppm of solutions compared (from curve)
B - Volume of original sample, ml.
C = Volume of sample prepared for comparison, ml.

-b- PR
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: HE. W. Laboratcry Manual Reissued: December, 19548
= Water Methods Status: Standdard
By: W.J.M,

»

MOBILITY MEASUREMENT OF COLLOIDAL PARTICLES IN WATER
(Range 1.35 to 1.65 units)

Safety Precautions

Observe general laboratory Safety Rules.

Principles and Linitations

All colloidal particles in solution exhibit a positive or a
negative charge. The kind and mognitude of the charge cen be
determined by 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

. 40,15 units. Other ranges have not been investigated.
Special Apparatus
Ultra microscope, Leitz slit eand - (Apparatus Code: Au-la)
attachments. '
Stop 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-lo for detoils on the operation and
maintnance of this instrument. ZExamination of water sample is to

bc made as soon as possible ofter sampling. Samples over four
hours old begin to lose their charge.

A, Standard Water

Collect 18 liters of water from the clear wells and hold ot room
temperature in o stoppered carboy. After 3 days there is no
further "loss-of-charge", and the water may then be used from
time to time to check the settangs of the microscope.

UNCLASSIFIED
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B. Determination of Mobility in Sample

1. Collcct semple in a clecned bottle which has been rinse
scvercel times with the wator sample being colleccted.

2. Rinsc and flush tﬂc Mcttson cell on the microscope with
aprroximately 100 ml. of the sample.

3. Closc the lower stopcock on the Mattson ccll and then care-
fully f£ill the cell with the water scmple to be tested.
Avoid trcpping air bubbles in the cell.

L. Close the upper stopcock when cell is filled.

5. Turn on the cafbon arc lamp ond adjust, if necessoary, so that
& concentrated light beam fills the precision slit.

6. Check the cell for air bubbles by flushing small cmounts of the
' sample through the lower stopcock while observing the illumi-
noted field. Continue until no further bubbles appcar in the

field.
T. Place the battery switch in the No. 1 postion and observe the
. particles flowing across the field; as secn through the eye-

Piecc of the microscope. Using o stop watch, dotermine the
lenght of time in scconds that is required for ecch of five
sepcrote particles to flow through 20 divisions on the

nicroneter scele. Record the time for each particle to the
ncaorest 0.5 second.

8. Place bettery switch in the No. 2 position and time 5 particles
in the reverse direction (Remark 1).

9. Check the ccll for cir bubbles as in Step 6 cbove.
10. Repeat Steps 7 and 8 chbove.

11. Average the twenty values in second obtoined in Steps 7, 8,
and 10 cbove and then calculete the "avercge mobility" of
the porticles as follows: .

Calculations

Mobility#* - | 200
Seconds (Avercge) x 7.66

* A particle has o mobility of 1 unit when it moves 1 micron per
, § second unde 2 potential of 1 volt with the electrodes 1 cm.

apart. (Remork 2) .



® VR Code: Wi-bo

Remarks

1. It is neccssary to time the movement in both directions to
eliminate errors due to convection currents, etc., in the cell

2. With the present set up; i.c., using 92 volts and a cell with
electrodes 12 cm. cpart, it hos been found corvenient to time
the peorticles for 200 microns (20 divisions on the mecrometer
scale). A curve moy be used for determining the mobility of
the particles and can be prepored by plotting time in seconds
ocgeinst mobility using log log paper.

-3- o]
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H. W, Laboratory Manucl Reissued: December, 1948
Water Methods Status: Standard
’ By: WIJ.M.

' NICKEL gcomamxc METEODZ
Range 0-0.1 ppn

Safety Precoutions

1., Observe the general laborctory Safety Rules.
2. Observe rules for handling strong acids.

Literature References

1. Murray & Ashley, "Determinatiorn of Manganese, Nickel and
Phosphorous in Iron and Steel", Ind. Eng. Chem., Anal. Ed.,
10, 1 (1938).

2. Hopkins and Williams, Ltd., "Organic Recgents For Metals",
3rd Ed., 41 (1938).

3. Memo: Story, to Safranski, "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-
glyoxime. The color 1s neasured on a spectrophotometer at 520 nu.

This nethod is nearly freec of interferences., Iron interferes
unless special prccoutions cre token. It is held in solution as
the corplex citrate and gives no interference providing the
spectrophotoneter readings are taken within one-holf hour after
the addition of the dimethylglyoxine, otherwise the complex
citrate causes fading of the nickelic dimethylglyoxime.

This procedurc gives excellent results in the range of 0.0l to
0.03 mg. of nickel, The least amount of nickel readable on the
Colenan spectrophotomcter is 0.5 micrograms or 0.005 ppn when a
100 rl, sample is used.



o Code: WN-la
® i

Reactions 0
CH3'C : -N-OB\‘ CH3'C : llzl - io/-N : C-OH3
Nt e 2 { l N1 v 2H 0
A\
CH,*°C : N'OE} CH_*C : N+CH N : C.CH
3 3 3
Special Apparatus 0

P : 1. Coleman Model 1l spectrophotometer (Apparatus Code: AS-16a)
2. Absorpticn cells, 5 cm. Aminco (Apparatus Code: AC-214d)
3. TFilter, sintered glass (course) (apparatus Code; AF-9b)

Chemicals and Solutions

1. Sulfuric acid, C.P,
EoS0), 96%

2. Sulfuric acid, 3 N (Solutions Code: SS-23a)
’ 3. Citric acid, 10% (Solutions Code: SC-9a)
4. Bromine wafer, saturated (Solutions Code : SB-18a)
5. Ammonium hydroxide, C.P.
NE),0H, C. P.
é. Dimethylglyoxime, 1% (Solutions Code: SD-9a)

7. Standard nickel sclution, 10 ppm (Solutions Code; SN-8a)

Procedure

The Colemen 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. Prevaration 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 unknown samples. This curve must be prepared under the
same conditions as the samples to be run and is geod only .
for the specific instrument on which it is determined. If
) such a curve is not aveilable (Remark 1), prepare it as
, follows before analyzing the sample.

= Y
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1. Deliver into separate clean, dry evaporating dishes
0,1, 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 with the 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 10
final volume of dilution

rans ance of sample x
t mitt £ 1 100
% transmittance of blank

2. % transmission corrected =

“Analysis of the.Sample

In the malysis of a single sample, run duplicate deter-
minations, Run at least one blank on the reagents with
each sample (Remark 2).

1. To o clean 600 ml. beaker, add 500 ml. of sample,

2. Acidify the sample with 1 ml. of the 96% sulfuric acid
and eveporate to dryness.

3. Take up the residue in 2 ml. of 3N sulfuric acid.

4, Add 1 ml. of the citric acid, 5 drops of saturated
bromine water, and 10 drops of the ammonium hydroxide.
Mix the contents of the dish by rotating the dish.

5. Filter the contents of the dish through a coarse
- sintered glass suction filter directly into a 10 ml.
graduated cylinder (Remark 3).

6. Wash the dish three times with 1 ml. portions of
distilled water, adding the washings through the filter.

T. 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 5 cm. Aminco absorption eell with the solutionm,
insert the PC-4 filter into the spectrophotometer, and
measure the per cent transmittance of the solution
against the blank at 520 mu.

10. Determine the ppm of nickel present from the calibra-
tion curve.

Calculations

ppm nickel = Pom nickel as read on curve x 10

Remarks

l‘

original sample size (ml.)

Prepare a new calibration curve whenever a new dimethyl-
glyoxime or nickel standord solutions are introduced. A
new calibration curve should be prepared at frequent

intervals, the frequency to be determined by the results
obtained with an old curve.

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

The final volume of solution is kept down to 10 ml. This
may be conveniently donc by the use of a 10 ml., graduanted

cylinder with the base cut down so that it will fit through
the neck of o 500 ml. filter flask.

- SR
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H. W. Laboratory Manual Reissued: December, 1948
Water Methods Status Standard
By: Wed. M.

WATER

——

DETERMINATION OF AMMONTA-NITROGEN
Range: 0.02-0,12 ppm

Saf'ety Precautions

Observe the general laboratory Safety Rules.

Literature References

Anmerican Public Health Associantion, "Standard Methods for the
Examination of Woter and Sewage", 8th Ed., A.P.H.A., New York,
Li-4h (1936).

Principle and Limitations

This nethod depends upon a comparison of colors produced when the
sample and standard ammonia solutions are treated with Nessler's
reagent. Nessler's reagent reacts with the armonia in alkaline
solution to give a yellow colored compound. The armonia is
separated fron interfering substances in the sample by
distillation.

Reactions
2(K2H8I,+) + ANH; --- BNI + AKT & 3 NELI
Specizl Apporatus

1. Coleman spectrophotometer, Model 11 (Apparatus Code; AS-16a)

2. Absorption cells, 5 cn. 8q., Coleman '(Apparatus, Code: AC-21b)
Chenicals and Solutions

1. Fhosphate buffer solution (pE T.4) (Solutions Code: SB-22b)

2. Amoniun chloride solution, 10 pro. (Solutions Code; SA-lkc)

3. Nessler'!s reogent ‘ (sclutions Code: SN-5a)"
L., Redistilled water (Sclutions Code: SW-lc)
J. Potassium sodiun tartrate, 5% (Solutions Code: SP-220)

- SR
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Procedure

Code: WN-20

The Coleman Model 11 Spectrophotoneter is used in this deter-
nination, sce Apparatus Code: AS-16a for instructions on the
operation and nointenance of this instrument.

A. Preparation of the calibration Curve

A calibration curve, relcting the per cent tronsnission to
the cnmount of armonia present in the colored sclution nust
be prepared for each instrument used., If such a curve is
not available, prepare it as follows before mcking the
determinction.

1.

2.

3.

Pipet 0.6, 1.0, 1.5, 2.0, 2.5, 3.0, and 3,6 nl. of the
standard ammonium chloride solution into separate 100 ml.
volunetric flasks (Remark 1).

Dilute each solution to the mark with armonia-free
redistilled water.

Add 2 ml. of Nessler's reagent to each flask, and to a
flask containing only 100 nml. distilled water to serve
s a blank, and shake each flask thoroughly.

Allow the solutions to stand for 10 minutes for con -

plete color developnent.

Deterniine the per cent transmission of each soltuion
ogainst the blank on the Coleman spectrophotometer. Use
the 5 ca obsorption cells, a wavelength setting of 400
ou, and a PC-4 filter.

Plot the per cent transmission of each solution as the
ordinate against the amount of armonia nitrogen
(expressed as ppn) present in each sample on seni-
logarithnic graph paper.

- B. Analysis of the Samplé

1.

2,

Set up a distillation apparatus, in which a 1000 ml.
distillation flask is the sampie container. A glass
condensor may be used, and it should be so comected to
the flask that it is vertical, and the concentrate may
fall directly from it to the receiver,

Add ammonia-free distilled water to the apparatus, and

boll steam through the apparatus until the condensate
glves a negative test for ammonia,

UNCLASSIFIED
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3. Empty the distilling flask and measure 500 ml. of the
sample into it (Remark 2).

4L, Add 10 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 10 ml. per
minute and not less than 6 ml. per minute. Save the
residue in the distillation flask for the albuminoid
nitrogen analysis.

6. Measure the volume of the distillate in & 250 ml.
graduated cylinder.

T. Pipet 100 ml. of the distillate and 1 ml. of the
emmonia standard into a 100 ml. volumetric flask.

8. Proceéd with the color development and measurement as
described in Steps 3 to 5, Part A above (Remark 3).

9. Determine the pprm. of ammonia nitrogen present in the
sample from the calibration curve.

Calculations

Remarks

ppm. ermonia nitrogen - (A -B) V

100 x S
where: A = amount of nitrogen found in the sample, ppm.
B = eamount of nitrogen added to the sample -=

10 ppm.

V = Volume of distillate collected, ml.

Volume of sample originally measured, ml.

These solutions correspond, respectively to 6, 10, 15, 20, 25,
30, and 36 ppm of ammonia nitrogen.

If less than 500 ml. of sample is used, it should be diluted

to 500 ml. with ammonia-free distilled water before proceed-
ing. :

-3- L
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If a turbidity develops in the solutions after the addition!
of the Nesslar's reagent, add a few drops of 5% potassium
sodium tartrate (Rochelle salts). If the solution does not

clerify, discard and repeat,the determination.
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H. W. Laboratory Manual Reissued: December, 1948
Water Methods Status: Standard
By: W.J.M.

WATER

DETERMINATION OF ALBUMINOID NITROGEN
Range: 0,02-0.12 ppm

Safety Precautions

Observe the general laboratory Safety Rules.

Literature References

American Public Health Association, "Standard Methods for the
Examination of Water and Sewege", 8th Ed., A.P.H.A., New York,
45, (1936).

Principle and Limitetions

This determination is a measure of the nitrogen in the form of
protein or intermediate decomposition products. The ammonia
nitrogen is first removed by boiling from a buffered slightly
alkaeline solution. After the removal of ammonla-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 end the distillate collected and analyzed for
amonia-nitrogen.

Special Apparatus

1. Coleman spectrophotometer, Model 1l (Apparatus Code: AS-16a)
2. Absorption cells, 5 cm. 8g., Coleman (Apparatus Code: AC-21b)
3. Flask, distilling, Claissen, 1000 ml.
L, Condenser, Liebig, 300 mm. (or lénger)

Chemicals and Solutions

l. Nessler's Reagent (Solutions Code: SN-5a)

2. Potassium permanganate, alkaline
‘ reagent (Solutions Code: SP-23a)

3. Potassium sodium tartarate, 5% (Solutions Code: SP-22a)

7 ]
UNCLASSIEIE D



UNCLASSIFIEp

‘ Code: WN-3a

Procedure

The Coleman Model spectrophotometer is used in making 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.
For directions for the preparation of this curve, see Water
Methods Code: WN-2a, Armonia Nitrogen. If such a cali-
bration curve is not available, prepare it according to the
directions given in the reference code.

Analysis of the Somple

This determination should be made on the residue in the
Kjeldzshl flask remzining after the ammonia nitrogen
determination. See Water Methods Code: WN-2a, Step 5.

1. To the residue remaining in the distillation flask, eadd
50 ml, of the alkaline potassium permuanganate solution.,

2., Connect the distilling flask to the condensor, and
continue the distillation at a rate of not more than
10 nl, and not less than 6 ml., per minute until at
least 200 ml, of the distillate has been collected.

3. Measure the volume of the distillate in a graduate
cylinder, and transfer 100 ml. of it into a 100 ml.
volumetric flosk,

4, To another flask, cdd 100 ml. of distilled water. To
each flask, add 2 ml, Nessler's reagent (Remark 1).

5. Allow the solutions 10 minutes for full color develop-
ment, then meesure the tronsmission of the sample
against the blank in the Coleman spectrophotometer.
Use o wave length of 400 mu, a PC-4 filter, and the
5 cm, absorption cells,

6. Determine the ppm of nitrogen present in the somple -
from the calibration curve.



N ] Code: WN-3a

" Calculations
. albuminoid nitrogen = AXV __
PR & g °8e 100 x §
vhere: A - ppm. nitrogen read from curve
V = volume of distillate collected, ml.
S = volume of sample, nl.

Remarks

The sample and the blank should be clear at this point. If not,
2dd a few drops of 5% sodium potassium tartrate (Rochelle salt].
If the turbidity persists, discard the samples and repeat the
determination.

-3-
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H. W. Laboratory Manual Reissued: December, 1948
Water Methods Status Standard
: By: Wed M,

| WATER

DETERMINATION OF NITRATE NITROGEN
(Range: 0.05-0.30 ppm)

Safety Precautions

1. 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., A.P.H.A., New York,
L8 (1936).

’ Principles and Limitations

When nitrates are treated with phenol-disulfonic acid and the
resulting solution made alkaline with sodium hydroxide, a
yellow compound is produced. The yellow compound formed is the
gsodium salt of pleric acid formed by the nitration of phenol.
The color produced by this method in the sample 1s compared with
potassium nitrate standerd 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.

Reactions
(0533(011)(8033)2 2 3EJ\IO3 - 0632(03)(1\102)3 r 2H,S0) « 320

Special Apparatus

1. Coleman spectrophotometer, Model 11 (Apparatus Code: AS-lGa)
2. Absorption cells, 5 cm. sq., Coleman (Apparatus Code: AC-21b}

Chemicals and Solutions

’ 1. Phenol disulfonic acid (Solutions Code: SP-3a)



2. Nitrate standard, 10 ppm (Solutions Code: SN-10b)

3. Sodium hydroxide, 50% (Solutions Code: SS-8d)

L, Sulfuric acid, 3N (Solutions Code: S5-23a)

5. Methyl orange indicator, 0.1% (Solutions Code: SM-5a)
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 on this instrument. .

A,

Preparation of the Calibration Curve

1.

2.

3-

é.

Pipet 0.5, 1.0, 1.5, 2.0, 2.5, and 3.0 ml. of the
nitrate standerd solution into separate 50 ml.
volumetric flasks. To a seventh flask, add 3 ml., of
distilled water to serve as a blank (Remark 1).

Add 3 ml. of the phenol disulfonic acid reagent to each
flask, end then dilute the resulting solutions to
approximately 30 ml.

Adjust the pH of the solutions to 3 to 6 by the
addition of the strong caustic. With the .ald of pE
paper ond o diluted caustic solution, adjust the pH of
each solution to a value of approximately 8.

Dilute the solutions to the mark with distilled water
and mix well,

Transfer eacch.of the solutions to 5 cm. sq. Coleman ab-
sorption cells, and measure the tronsmission of each
solution ageinst the blank ot 400 mu. Use a PC-k
filter in the Coleman spectrophotometer,

Plot the per cent transmission as ordinate against the
ppn of nitroate nitrogen in the standards, Draw o
smooth curve through the points obtained (Remark 2).

Analysis of the Sample

1.

Determine the amount of 0.0l N sulfuric ccid necessary
to neutralize 100 ml. of the sample to the methyl orange
end point,

‘2-

UNCLASSIFIED



2.

9.

10.

12,

Calculaotions

UNCLASSIFIED
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Pipet 100 ml., of the sample to be analyzed into a
porcelain evaporating dish, and add the amount of 0.01N
sulfuric acid used in step 1 (Remark 3).

Add 1,0 ml. of the nitrate standard solution.

Evaporate the resulting solution to dryness on a steam
bath, ,

Add 3 ml. of the phenol disulfonic acid solution to the
residue in the evaporating dish, and rub it in well
with a glass rod (Remark 3).

Dilute the solution with 20 ml, distilled water.

Add sufficient 50% sodium hydroxlde to adjust the pH of
the solution to 3 to 6. With the eid of pH paper and
diluted caustic, adjust the pH to 8.

Filter the resulting solution through No. 42 Whatman
paper into a 50 ml. volumetric flask,

Wash the dish and filter thoroughly with distilled
woter, adding the rinsings to the comtents of the

. volumetric flask,

Dilute the solution to the mark with distilled water,
and nix thoroughly. :

Transfer the solution into the 5 cm. absorption cell,
and determine the percent transmission of the sample
egainst the blank at 400 mu, using a PC-4 filter.

Deternine the ppm of nitrogen present in this sample
from the calibration curve.

rpm N - 50 x (A-B)

- 100

where: A =z ppm. nitrate read from curve

Remarks

B - ppm added in Part B, Step 3, = 0.2 ppm

1. These solutions will contain, respectively, 0.10, 0.20, 0.30,
0.40, 0.50, and 0.60 prm nitrogen.



2. This curve shouldibe nearly'a straight line.

3. Good contact must te obtcined between the residue and the
phenol disulphonié acid.

- R,
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H. W. Laboratory Manual Reissued: December, 1948
Water Methods Status: Standerd
By: W.J .M.

DETERMINATION OF DISSOLVED OXYGEN
(Range 0.005 - 50 ppm)

Safety Precautions

1. Observe the general laoboratory Safety Rules.
2. Observe rules for handling strong acids.

Literature References

1. A.P.H.A., "Standard Methods for the Execmination of Water and
Sewage", 8th Ed., Lancaster Press, 139 (1936).

2, Swertz and Gurney, A.S.T.M., 3k, Part 2, 796 (1934).

Principle and Limitations

The method is based upon the oxidation of manganous ion to the
monganic stote by the dissolved oxygen. The monganic ion in
acid solution liberates ilodine from the iodide in the solution
and the iodine liberated is equivalent to the oxygen present in
the sample., The iodine is determined by titration 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 titrating with 0.01N
thiosulfate from a micro buret, it may be possible to obtain
results reproducible to a 0,001 ppm. The minimum quantity
detectable is sbout 0.005 ppm.

For routine control analyses 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
nurber of steps probably introduced as mony errors as was com-
pensated for by the modified method.

Reactions

1. 2mCl, « LKOH 0y =-- kRC1 » zMnc)(mar)2



_ Code: WO-la
®

2. LET » UHgSO,: ¢ 2mO(OR), --- 2K,80, + 2MnSO, ¢ 2Tp

¢ €EH0
3. 2I, & uNaeszo3 == WMag8 0, ¢ bNaI
1m.,NNa SO, = —32 . - 0.008 gun. 0
223 4 x 100 2
Speciol Apparatus
1. Buret, semi-micro, 10 ml. (Apparatus Code: AB-2la)

2. Bottle, dissolved oxygen, 250 ml. (Apparatus Code: AB-12n)

Chemicals and Solutions

1. Monganous chloride solution,

approx. 20% (Solutions Code: SM-2n)
2. Alknoline ilodide solution,
approx. 10% (Solutions Code: SP-15b)

4. Sodium thiosulfate solution 0.10N (Solutions Code: SS-18a)
or 0.01N or
(Solutions Code: SS-18b)

5. Starch solution, 1 % with no
preservative (Solutions Code: SS-21b)

Procedure

-

The sample must be at a temperature of between 50 and TO°F.
Collect the sample by running it into the 250 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 timeg. Regu-
late the flow so that no bubbles are formed and the glass tube
can be removed leaving the bottle full of sample with neo air
bubbles trapped in the sample (Remark 1),

1, Immediately (at the point of sampling) add 2 ml, of the
nongonous solution followed by 2 ml. of the alkaline
icdide. These solutions must be added from pipets or cali-
brated glass tubes which are irmersed below the surface of
the sample. Do not blow the solution from the pipet.

‘ 2. Stopper the bottle carefully, allowing the excess liquid to
v overflow, with no air bubbles left in the bottle,

UNCLASSIFIED
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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 and add 2 ml., of concentrated
sulfuric acid immersing the pipet below the surface,

5. Replace the stopper without trapping any air in the bottle
and nix. The precipitate will dissolve leaving a colorless
or brownish solution (Remark 2).

6. Mix the solution well and transfer into a 500 ml. flask.
T. Titrate to the starch-iodide end point with thiosulfate.

a. If the solution is dark brown, titrate with 0.1N thio-
sulfate to a light color, add 1 nl. of 1% starch solu-
tion and continue titrating to the end point,

b. If the solution is light colored or colorleés add 1 nml.

of 1% starch solution and titrate with 0.01N thio-
sulfate to the end point,

cs If no blue color dévelops upon the addition of starch
report the oxygen content as less than 0,005 ppm.

Calculations

1. ppn dissolved oxygen

nl. of 0.1N sodiun thiosulfate x 3.2

2. ppa dissolved oxygen

nl, of 0.01N sodiun thiosulfate x
0.32

3. If no blue color develops upon addition of 1 ml. of starch,
report as less than 0.005 ppn dissolved oxygen.

Renarks

l. If other than 250 nl. sample is used apply proper correction
factor as follows: ‘

a. 1 nl. N sodiun thiosulfate - 0,008 g. O

2 .
b. 1 nl, N sodiun thiosulfate - 0.008 x 106 s pm O
wt. of sarple 2

2. At this point the sample nay be transferred into the

loboratory but the titration should be completed within ome
hour,

3 N



H. W, Laboratory Manual Reilssued: December, 1948
Water Methods Status: Standard
By: W.J.M,

DETERMINATION OF OXALIC ACID
Range 0.5 to 200 ppm

Safety Precautions

/

l. 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, "Scott!s Standard Methods of Chemical Analysis",
D. Van Nostrand Co., 2253 (1939)

Principle and Limitations

A known sample is titrated while hot with potassium permanganate
to a faint pink end point, The amount of oxalic acid present is
celculated and expressed as ppm of the original sample.,

The reaction is slow to start by proceeds rapidly as soon as
some of the permanganate is reduced since the manganous ion acts
as a catalyst,

The results obtained are accurate to 0.5 ppm and should be
reported as such,

Reaction

5(CO0H), * 2KMnO, & -3HS0) =r- K,S0, & 2MnSO, + 10C0p
+ BHO
1ml, NEMno, = 226:05 . 0,06303 g. (COOH), + 2H,0
b= 55000 © 303 g. (CooH), 2
Chemicals and Solutions

1. Potassium permanganate, 0,01N (Solutions Code: SP-16b)

2. Sulfuric Acid, C,P,. ~ F .
HoS0,, 96% -
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Progedure

1.

2.

3.

L,

Measure 100 ml. sample of water containing oxalic acid into a
250 ml. Erlenmeyer flask.

Add 5 ml. of the sulfuric acid and heat to 70 to 80°C.

Titrate the hot semple with the standard potassium perman-
ganate adding the reagent in increments of 0.1 ml. and
sheking between each additionm.

Continue the titration until a faint pink end point is
obtained which persists for 3 minutes.

Calculations

1.

2,

b, ppm oxalic acid

a., % oxalic acid - ml, K®MnO, X N X 0,06303 X 100
Wt. of sample

% oxalic acid X 10,000
ppm oxalic acid

ml. EMnO) X N X 630



H. W, Laboratory Manual Reissued: December, 1948
Water Methods Status: Stendard
By: W.J.M,

pE ON 100 AREA PROCESS WATER

Safety Precautions

Observe general laboratory Safety Rules.

Literature References

Dole, "The Glass Electrode", John Wiley & Soms, N.Y,

Principle and Limitations

The 100 Area process water 1s not well buffered and tends 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
anelysis.

The method 1s designeed to ‘standardize conditions in order to

compensate as much as possible for the numberous sources of
erroXr,

On the basis of experience using this method the relative error
in the determinations will be less than 0.05 pH unit,

Special Apparatus

Flow cell (Apparatus Code: AC-5a)
Chemicals and Solutions

1. Concentrated buffer solution (Solutions Code: SB-22a)

2., Dilute phosphate buffer solution
pH 7.50 ~ (Soluticms Code: SB-22b)

Procedure

1. Rinse the flow cell and electrodes with distilled water.

2. Flush the flow cell and electrodes cace with special buffer
solution which has been cooled to the temperature of the
water to be tested.

UNCLASSIFIED
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3.

F11l the flow cell with buffer solution, regulate the temp-
erature compensator to the temperature of the buffer
solution.

Check the electrodes to make certain that the glass elec~
trode 1s suspended in the solution Just enough to comp.Letely
cover the bulb, and that the calomel electrode tip is 4+ inch
beneath the surface of the solution.

Adjust the slide wire scele to the pE of the buffer solution
at that temperature.

Press the push button in the center of the slide wire km
down. If the needle deflects from zero, turn the "zero
adjuster" with a small screw driver until the needle is
zeroed, (This adjustment sheuld be made frequently for
prec:;.se work, but need be done about every 8 hours in most
work

Drain flow cell, then flush with distilled water for two
minutes {0 remove all traces of buffer solution.

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.,

Disconnect rubber hose, let water stand in flow cell for
% minute,

Take the temperature of the water in the flow cell and set
temperature compensator within £°C,

Take pH of sampls.
Repeat until duplicate readings agree within 0.02 pH units.
After taking pH measurements, rinse the flow cell and

electr~ies with distilled water and discard the rinsings.
Leave the cell filled with distilled water when not in use.



H. W. Loboratory Manual Reissued: December, 1948
Water Methods Status:: Standard
By WeJ. M.

PHOSPHATE IN BOILER WATER

_— ]
(Range 0 - 100 ppm os Na.3P0h)

Safety Precautions

1. Observe genmeral leboratory Safety Rules.

2. Observe rules for handling strong acids.

\

Literature References

1. Snell and Snell, "Colorimetric Methods of Analysis", 2nd
Edition, D. Van Nostrand Co. Chapters 49 and 50 (1943).

2. Biffen and Snell, "Commercial Methods of Analysis", Chepters
on Phosphate and Water.

3. A.P.H.A. "Standard Methods of Water Analyses", A.P.H.A.
109-111 (1936).

Principle and Limitations

This method 1s based upon the formation of the yellow phospho=-
molybdic acid. The intensity of the color is proportional to the
phosphate present., By controlling the acidity and drawing up a
curve with standard PO}, solutions containing the approximate
amount of silica found in boller water, silica interference is
practically eliminated.

The method is reproducible and if the limits of the procedure are
not exceeded, spiked samples of boiler water can be checked
within 2 ppm of Na3P0u. The acidity 1s controlled by the
molybdate reagent Usedwhich is made up to 5N in sulfuric acid.

The color of the phospho-molybdate is read after standing 5
minutes and is stable for 20 minutes. The intensity of the color
is affected by temperature, the higher the temperature the more
intense the color and a correction factor must be used if the
temperature of the analysis is different from the temperature at
which the calibration curve was drawn. This correction is as
follows:

A. Add one percent to the uncorrected trensmission reading
for each degree centigrade above temperature at which

curve was drawn. N _
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B, Substract one per cent from the uncorrected transmission
reading for each degree centrigrade below temperature at
vhich curve was drawn.

Reactions

T ol Poxf3+12 MoOz,_-3 .- ~P(Mo3old)zf3 ; l2 Hy0
Special Apparatus

1, Spectrophotometer, Coleman model IT (Apparatus Code: AS-1l6a)
2. Matched cuvettes, 19 mm (Apperatus Code: AC-21s)
3. PC-4 filter for Coleman Spectrophotometer

Chemicals and Solutions

1. Molybdate reagent (Solutions Code: SM-15b)
2. Standard phosphate solution -
250 ppm NagPO) (Solutions Code: SP-9c)
3. .Standard silica solution ~ approx.
60 ppm silica (solutions Code: SS-104)
Procedure

The Coleman model II Spectrophotometer 1is uscd in this deter-

mination. Sec Apporatus Code: AS-1l6e for details on the oper-
ation and maintenance of this instrument.

A, Preparation of the Colibration Curve

1. Follow the procedure for the unknown and run 10 samples
each contailning 25 ml. of a 60 ppm silica solution, plus
1 ml. standard sodium phosphate in the first, 2 ml. in
the second, 3 ml. in the third and so on up to 10 ml.
added. These correspond to 10 ppm, 20 ppm, 30 ppm,
ko ppm, 50 ppm, 60 ppm, 70 ppm, 80 ppm, 90 ppm end 100
rpr in o 25 ml. sample expressed os sodium phosphate,
Run a distilled water, plus molybdete reagent, blank.

2. Draw a curve from this data basing it on o 25 ml.
sample with a2 final dilution to 50 ml.
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3. Make a notation on the curve of the temperature of the
anolyses at the time the readings were taken.

B. Determination of NogPO, in Unknowvn Sample

l. Measure accurately 25 ml. of clear, filtered sample.

2. To another flask, add 25 ml. distilled water for use as
o blank,

3. Add 10 ml, molybdate reagent to the samples and blank,
dilute to 50 ml., shoke, let stand 5 minutes, rcad the
temperature. Determine the percent tronsmittance at
400 mu using 19 mm cuvettes and a PC-4 filter.

Calculations

1. Correct for temperature difference by adding one percent to
the transmittance for each degree above temperature shown on
colibration curve and deducting one percent for each degree
below.

2. % tronsmittonce corrected =
% tronsmittonce of sarple (corrected for temp) x 100
% transnittance of blank

3. Read directly from curve the ppm of sodium phosphote., If
greater than 100 ppm, toke o smaller sample.

- E——
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E. W. Laboratory Menual Reissed: December, 1948
Water Methods Status: Standard
By: W.J.M.

DETERMINATION OF RQQ,.1
(Range 0 - 500 ppm)

Sefety Precautions

1. Observe gencral 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
safcty rules for handling hydrofloiric acid.

Literature Refercences

Essential Materials, Code: ESR-2a

Principle and Limitaotions oF the Meotiod

X known omount of sample is conentrated, treated with an excess of
cmmonium hydroxide, cnd the precipitate is filtered off. This
precipitate is then ignited to the oxides and the residue is
known as the }3203. The weight is expresscd as a percentage of the
original samolec. '

The composition of the residuc may veary widely and moy contain the
following elements: Al, Fe¢, Cr, B, Cb, Be, In, Gz, Ce, Zr, Tz,
Ti, T1, Si, V cnd all the rorc earths. For this rcason the
results sometime lecad to erroneous conclusions. A spectrogrcphic
analysis is the best way of determining the constituents, but, if
the residuc is large enough, iron and silica mey be determined by
standard procedures.

Phosphate, crsencte, vanadate, and silicate intecrfere by forming.
insolubles with the R O3v'elements. Orgonics, such as citric acid
and suger, interfere %y forming soluble complexes of iron cnd
aluminum, but the alkali or alkaline earths do not interfere
providing sufficient ammonium salt is present and phosphcte end
carbonate are absent.

A modification 'hag been found useful when the silica content of
the water varies widely. In this procedure the ignited residue is
treated with sulfuric and hydrofluoric acid and then reignited to
give a value for R203 less silica.
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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,
HF, 48%

2. Sulfuric acid, C.P.
HpSO), 96% :

3. ' Ammonium chloride, C.P.

NE,C1. C.P.
4. Hydrochloric acid, 10% (Solution Code: SH-25a)
5. Ammonium hydroxide., ) ) (Solution Code: Sa-12a)
6. Ammonium nitrate, 2% (Solution Code: SA-15a)
Procedure

A. Determination of Total 13903

1, Evaporate 5 liters of the water sample (to which has been
added 10 ml, of 10% hydrochloric acid) to about 100 ml,
(Remark 1)

2. Wash the concentrated sample from the evaporating dish
into a 40O ml, beaker using & small quantity of 10%
hydrochloric acid.

3. Add 2 to 3 grams of emmonium 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 smmonium hydroxide and let cool for 15
to 30 minutes,

T. TFilter off the precipitate through a#40 Whatman paper,

8. Wash the precipitate with 2% emmonium nitrate wntil free
-‘of chlorides,

9. Transfer the paper and precipitate to a tared, ignited,

Platinum crucible and dry in an oven or under an infre
red heater. :
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Ignite at 900 to 1000°C to constent weight end record
the increase in weight as 3203.

Calculatian

ppm Ro03 (including silice) = weight of residue in milligrams

Liter of sample:.

B, Determination of R-04 less Silica

%. To the residue obtained in Step 10 ebove , add 1 to 2 ml.
of distilled and 2 to 3 drops of sulfuric acid.

2. Add cautiously 10 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 drymess.

4. Heat cerefully over a burner until all the sulfuric acid
has been -decomposed.

5. Ignite in a muffle at 900 to 1000°C to constant weight
end record this weight as the R,03 less silica.
(Remark 2).

Calculation

1.

Ppm 3203 less silica = Weight residue less silica in mg.

liter of sample

The sample size depends upon the amount of R203 present and
must be varied to meet specific conditions.

This weight will closely represent the oxides of irom and
aluminum present. The iron can be determined and the
aluminum estimated by difference,



- Code: VS-la

H. W. Laboratory Manual Reissued: December, 1948
Water Methods ' Status: Standard
By: W.J.M.

DETERMINATION OF DISSOLVED SILICA, COLORIMETRIC METHOD

iRa.nge O.ﬁ - 200 ppm;

Safety Precautions

Observe general laboratory Safety Rules.

Literature References

Schwartz, "Ind, Eng. Chem.", Anal. Ed., 14. 893 (1942)

Principle and Limitations

This method 1s based upon the formation of & colored silico-
molybdic acid complex. The intensity of the color is
proportional to the dissolved silica present when interfering
substances are absent or eliminated. Oxalic acid is added to
eliminate phosphate interference.

This method is reproducible and is very rapid for cortrol work,
Errors due to silica in the reagents are most prevalent. All
reagents should be kept In Pyrex bottles and o blank must be run
with every determination. A freshly prepared silica solution
must be used for standardizing or checking the standardization of
the instrument. Under these conditions results accurate to

0.4 ppm silica can be obtained.

Special Apparatus

1. Spectrophotometer, Colemon model IT (Apparatus Code: AS-16a)-

2. Matched curvettes, 19 mm (Apparatus Code: AC-21a)
Chemicals and Solutions

1. Ammonium molybdate solution, 5% (Solutions Code: SA-10a)
2. Hydrochloric acid, 20% (Solutions Code: SH-25a)
3. Oxelic acid, 109 (Solutions Code: SO-24b)
4. Stonderd silica solution, 100 ppm  (Solutions Code: SS-10a)
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Procedure

The Coleman Spectrophotometer model II is used in this deter-
mination., For details regarding its use and operation see
Apporatus Code: AS-l6a.

A. Standardization of Instrument

1. Tronsfer to o 100 ml. volumetric flask containing about
50 ml. of water 1, 3, 5, and 7.5 ml. portions of
standard silica solution. Use a f£ifth flask containing
distilled water only as 2 blank.

2. Add 5 ml. of the hydrochloric acid solution to the
somples only and 8 ml. of the armonium molybdate
solution to both series of flasks.

3.. Shoke and let stand for ten minutes.,.

4, If phosphates are present add 3 ml. of oxalic acid to
all flasks and mix again.,

5. Dilute to mark with distilled water and mix well.

6. Tronsfer the solutions into 19 mm matched cuvettes and
deternine the percent transmittance against distilled
water at 400 nu using the PC-4 filter.

7. On semi~-log co-ordinate paper plot ppm cgeinst % trans-
nittonce corrected (the latter on the log scale).

Colculations

1. pon silica - IE. stondord x 100
) ¥olume of dilution

2. % transmittance corrected =

% trensmittance of sample x 100
% tronsnittonce of blank

B, Deternmination of Silica in Unknown Sample

1. Transfer a25 nl. scmple of filtered water into a
100 nl. volumetric flask.

2. To a second flask add 75 nl. of distilled water for o
blank,

3. Add ' 5 ml. of the hydrochloric acid and 8 nml. of the

armoniun nolybdcte.



7.

Calculations

1.

Code:

WS-la

Shake and let stand for 10 minutes.

If phosphates are present, add 3 ml. of the oxalic acid

and nix.

Dilute to the nark with distilled water and nix again.

Tronsfer into 19 mm matched cuvettes and deternmine the
percent transmittonce at 400 mu using the PC-4 filter.

% tronsmittance corrected =
% transmittance of sample x 100
% troansnittance of blank

Using the corrected % transmittance determine the ppn
silica present in fthe diluted sarmple.

6 6

ppm silica = AXCx10 " x10 =

B

AxC
B

or for a 25 nl. sample diluted to 100 nl:

ppa silica

A x 100
A ——— - 1' A
25 33

-3-
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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
(Range 0-20 ppm/

Safety Preceutions

Observe general laboratory Safety Rules,

'Literature References

1. Schwartz, "Ind. Eng. Chem." Anal. Ed., 14, 893 (1gk2).
2. Galbraith's report on Silica.

Principle and Limitations

This method is based upon the determination of silica in untreated
wvater by means of gravimetric and colorimetric anclysis with the
subsequent comparison of results by plotting on semi-log co-
ordinate paper. The silica is determined pravimetrically by Essen-
tial Materials Code: ES-6b, and colorimetrically by the formation
of a colored silicomolybdic acid complex.

In the colorimetric method, the intensity of the color is propor-

tional to the dissolved silice present when interfering substances
are absent or eliminated and conditions are closely standardized.

Ozalic acid is added when phosphate is present in order to elimin-
ate interference of phospho-molybdic acid.

The methed is reproducible providing the sample to be analyzed
end the standard used in preparing the calibration curve have been
trected exactly alike, Directions for preparing stondard 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 like the silica used under
-plont conditions,

Providing the limitations are thoroughly understood, and the proper
precautions taken it is believed that results approaching an
overall accuracy of 1.0 ppm can be obtained under ordinary control

conditions.



Special Apparatus

1. Spectrophotomcter, Coleman modell 11(Apparatus Code: AS-162)
2. Motched cuvettes, 19 mm. (Apparatus Code: AC-21a)
3. PC-4 filter for Coleman spectrophotomoter

Chemicals and Solutions

1. Amonium molybdate, 5% (Solutions Code: SA-106)

2. Hydrochloric acid, 10% (Solutions Code: SH-25a)

3. Ozelic acid, 19% (Solutions Code: S0-2kb)
Procedure -

The Coleman model 11 spectrophotometer is used in this determina-
tion. See Apparatus Code: AS-16c for details on the operation and
maintenance of this instrument.

A. Precparation of the Calibration Curve

1. Grovimetric 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 infra-radiator. Continue
the nddition and evaporation of untreated water until
e total of 15 liters have been evaporated. Run in
duplicate.

b. Anclyze the contents of the dish gravimetrically by
following Essential Materials Code: ES-6b, storting
with Step 4.

2. Colorimetric Method

a. Trensfor to 100 ml. volumetric flasks, 5, 10, 15, 25,
40, and 50 ml. of the untreated water. Dilute the
flasks to a total volume of 50 ml, with distilled
water. Add 50 ml. of distilled woter to a seventh
flask for use as a blank.

b. Add 8 ml. of the ammonium molybdate solution and 10
ml, of the hydrochloric acid to each flask, stopper
and sheke vigorously.

¢. Let stand for ten minutes,
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d. Dilute to the mark with distilled water and mix
thoroughly.

e. Transfer the solutions to 19 mm. matched cuvettes
ond determine the percent transmittonce agoinst the
blenk at 400 mu using the PC-L4 f£ilter.

v, f. On semi-log co-ordinate paper plot ppm silica acgoinst
% tronsmittance corrected.

Calculations

XY (0.02) - ppo silica in each aliquot of untreated water

wvhere: X = cc. of untreatel water used

Y = ppo silico in untrected water as found by gravimetric
analysis

4 transnittonce corrected = % transmittance of sample x 100
% transnittance of blenk

B. Deterninoation of Silica in Unknown Sample

1. Transfor 50 ml. sample of untreated water to a 100 ml.
volunetric flask.

2. To o second flask add 50 ml. of distilled water fur use os
" a blenk,

3. Add 8 ml, of the ammonium molybdate and 10 nml. of the
hydrochloric acid.

L, Shake vigorously and let stand for ten minutes.

5. If phosphotes are present, add 3 nl., of the ozalic acid
ond nix,

6. Dilute to the merk with distilled water and nix again.

T. Transfer to 19 mm. matched cuvettes and deternmine the
percent transmittance at 400 mu using the PC-4 filter.

Calculations

1. % transmittance corrected « % transmittance of sample x 100
% transmittonce of blonk

2. Reod directly the ppm silica from the curve,

3. If other than 50 ml. sample is token:

oo 8102 in sample = ppnm Si0s from curve x 50
nl. saople

i SRRy




E. W. Laboratory Manual Reissued: Decembef, 1948 -
Water Methods . Status: Standard

By: W.J.M.

DETERMINATION OF SUSPENDED SILICA
(Range 0 .- 1000 ppms

Safety Precautions

1. Observe general laboratory Safety Rules.
2. Observe all rules for handling hydrofluoric acid.

Principle and Limitations of Method

The suspended solids are filtered €rom the somple with filter
paper. Silica is determined by the weight loss of the ignited
suspended solids residue upon treatment with hydrofluoric acid
to volatilize the silica.

The method is o standard silice procedure., In the range of 0.10
ppm 510,, results can be duplicated to within 5%.

Reactions

510, ¢ MEF - - - siF, ¢ 2.0

Chemicals and Solutions

1. Hydrofluoric acid, C.P.
HF, 48%

2. Sulfuric ceid, C.P,
HyS0,, 96%

Procedure

l. Measure a sample which will contain at least 2 mg, of sus-
pended silica and filter through a No. 42 filter paper.

2. Place the filter paper in ¢ platinum crucible ond ignite in o
uuffle furnace at 1000 to 1100° C.

3. Remove the crucible from the muffle fumace; cool, add 3 to 5
drops of the sulfuric acid and sufficient distilled water to
cover the solid residue.
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Place the crucible in a fused silica triangle on a hot plate,
and evaporcte all of the water and acid.

5. Ignite in the muffle furnace and then place in the hottest
flome of a gas burner for 15 minutes.

6. Cool in a desiccator cnd weigh accurately.

T. Add 3 drops of the sulfuric acid and then cautiously add
enough hydrofluoric acid to cover all of the solid residue.

8. Evaoporate to dryness on the hot plate.

9. Ignite in the muffle furnace and then place in the hottest
flome of a gas ourmer for 15 minutes.

10, Cool in a desiccator and weigh accurately.
Calculations

ppra Suspended S:'LO2 = Loss in wt. of crucible during HF treatment

X 10

ml., of sample
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H. W. Laboratory Manual Reissued: December, 1948
Water Methods Status: . Standard
By: W.J.M.

DETERMINATION OF SILICA IN RESIDUES, GRAVIMETRIC METHOD
Range (O - 1000 ppm)

Safety Precautions

1. . Observe general laboratory Safety Rules,

2. Observe all rules for handling hydrofluoric acid.

Literature Refersnces

1. Kolthoff T.M., and Sandell E.B., "Textbook of Quanitative
Inorganis Analysis" 381 (1937)

2. Grasselli Chemicals Experimental Laboratory Methods No. 66.05,
June T, 1940.

3. Willerd H.H., and Diehl H., "Advanced Quantitative Analyses",
D. Ven Nostrand Co. 180-184% (1943).

Principle and Limitations of Method.

The silica is dehydroted in the presence of hydrochloric acid
ignited and weighed., It is then treated with hydroflouric acid
and ignited agaln ceusing 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
originel sample. The procedure is applicable to soluble (basic)

silicates and to insoluble silicates afber fusion with sodium
carbonate.

Reactions

Heat

S10, i UEF - - - S1F, ¢ 25,

Chemicals and Solutions Required

1, Swlfuric acid, C.P.
stoh) 96%

2. Hydrofluoric acid, C.P.
EF, 48%

UiNGLASSIFIED



3. Hydrochloric acid, 1l:1 (Solutions Code: SH-25a)
L, Hydrochloric acid, 1:100 (Solutions Code: SH-25g)
5. Methyl orange indicator, 0.1% - (Solutions Code: SM-5a)
6. Sodium carbonate, C.P.
Na2003 s, C.P.
Procedure
i
a85 B
S 0 Q
34 O wl
d-a o
ads B
1. 1. 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.
4. Dissolve the melt in 1:1 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,

b, 5. Proceed as in step 6.

6. Add 20 ml. of concentrated hydrochloric acid with constant
stirring., -

7. Evagora:be to dryness on the steam bath. (Do not heat over
120°c) '

8. Heat the residue at 110 to 120°C for 30 minutes.
9. Add 25 to 50 ml. of 1:1 hydrochloric acid.

10. Fiiter through a #40 ashless paper as soon as the scluble
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11. Policemen the dish and rinse the dish and filter paper sev-
eral times with 1:100 hydrochloric acid. (Remark 1)

12, Wash with hot distilled water until the filter paper is alk-
eline to methyl orange. (Remark 2) Test by adding & drop of
indicator to the top edge of the paper.

13. Collect the filtrate and washings in the original platinum
dish and evaporate to drymess.

14. Repeat steps 6 through 12 on this residue using a separate
paper for the filtration. (Remark 3) |

15. Transfer the filtey papers to an ignited platinum crucible,
and dry in an oven or under an infra-red heater.

16. Ignite ia a muffle furnace at 1000 to 1100°C until free of
carton.

17. Remove the crucible from the furnace and ignite at the high-
est temperaturé 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. (Remark %)

19. Moisten the residue with about 5 ml., of distilled water and
add 3 to 5 drops of the sulfuric acid.

20. Cautiously add 10 to 15 ml. of the hydrofluoric acid.

21, Evaporate to a2 small volume, cool, and add 5 ml, more of
hydrofluoric acid.

22. Evaporate to dryness, fuming off all the sulfuric acid.

23, Ignite in a blost lamp gradually increasing the temperature
to full heat, Continue the ignition at full heat for 15 min-
utes.

2k. Cool in the desiccotor and weigh. = The loss in weight repre-
sents the silica present. ‘

Calculations

1. ﬂ/,sj_oa - loss in weight x 100

weight of sample

2. pm§i0, = %510, x 10%




“ Code: WS-3a

Renmarks

1. The filter paper is washed with dilute hydrochloric to prevent
hydrolysis of iron and aluminum salts and subsequent retention
on the paper. If such salts are present in omounts consider-
ably less than the amount of silica present, this operation
may be omitted.

2. Filter paper contoining hydrochloric is not easily ashed.
Consequently all acid must be washed from the paper.

3. If the amount of silica present is smeall or if an accuracy
less than 95% is acceptcble this second evaporation ond 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 token 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
Water Methods Status: Standard
By W.J.M.

DETERMINATION OF: (1) TOTAL DISSOLVED SOLIDS

2) TOSS ON IGNITION OF DISSOLVED SOLIDS

3) NON VOLATILE DISSOLVED SOLIDS
{Renge 0 - 100 ppm)

Safety Precautions

Observe general laboratory Safety Rules.
Principle and Limitations of Method

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 105°C oven.

Procedure

A. Total Dissclved Solids

l. Ignite a clean 100 ml. platinum dish to constant
weight.

2. Evaporate a 300 ml. sample in the dish by making 50 ml.
additions with e 50 ml. pipet. Use an infra-red heater
for the evaporation (Remerk 1). '

3. Dry to constant weight in the 105°C oven.
Calculations

. . 6
ppm total dissolved solids = £. £&in in wt, by dish x 10
ml. of sample

B. Loss on Ignition of Dissolved Solids

1. Ignite at 850 to 900°C the platimm dish that contains
the weighed residue from the dissolved solids
determination.

1 S
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2. Cool the disﬁ end moisten with a few drops of distilled
water,

3. Dry to constant weight in the 105°C oven.
Calculations

ppm loss on ignition of dissolved solids =

lo8s in wk. of dish after ienition, g. x 106
ml, of sample

C. Non-Volatile Dissolved Solids

Calculations

ppm non-volatile dissolved solids =
wt. of residue in dish after ignition g. x 106
ml., of sample

D. Total Solids in Process Water

a8, Preparation of Callbration Curve

1. Determine the ppm total solids on a sample of raw
weter as in WS-4a, part A. .

2. Titrate at least five samples each of raw and dis-
tilled water using O.0LlN hydrochloric acid with 2
drops methyl red indicator for 50 ml, samples.

3. Make at least five mixtures of raw and distilled
water (1.e. one part raw, four parts distilled; two
parts raw, three perts distilled, etc.) and titrate
as before with 0.0lN hydrochloric acid. The total
solids in each sample should be known.

4, Plot a curve of ppm total sclids against ml. 0.OLN
hydrochloric acid.

b. Analyses of the Sample

1. Ploce 50 ml, of procees weter in a clean, dry 100 ml,
beaker.

2., Add two drops of methyl red indicator and titrate
with 0.01N hydrochloric acid.

3. Refer to calibration chart to determine ppm total
solids,

UNCLASSIFIED
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Rémarks

1.

2,

Never allow the dish to go dry while under the heater since
the temperature would be high enough to drive off volatile
matter,

The endpoint using 0.01N hydrochloric acid is not very
distinct and o little practice is necessary before consistent
results can be obtained,

In practice it is usually found that the 50 ml. sample will
stay pink on the addition of two drops methyl red indicator.
This normally indicotes less thon 10 ppm.



‘ Code: WS -Lb

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

By: W.J.M.

TOTAL SOLIDS IN 200 AREA PROCESS WATER

Safety Precautions

Obsexrve general laboratory Safety Rules.

Principle and Limitations

The total solids in the process water are titrated with hydro-
chloric acid and the amount of the solids read from a
predetermined calibration chart.

Chemicals and Solutions

A, Preparation of Calibration Curve

1, Determine the ppm total solids on a sample of raw water
as in Weter Methods Code: WS-ha, Part A.

2, Titrate at leest five samples each of raw and
distilled water with hydrochloric aclid with 2 drops of
the 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; two parts
raw, three parts distilled, etc.) and 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 0.0l N
hydrochloric acid.

B, Anclysis of the Sample

1. Place 50 ml, of process water in o clean, dry 100 ml.
beaker.

2., Add 2 drops of methyl red indicator and titrate with the
hydrochloric acid.

3. Refer to the calibretion chart to determine ppm total
solids,

2. S
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Remarks

2.

The end point using 0.0l N hydrochloric acid is not very
distinct and a little practice ies necessary before
consistent results can be obtained.

In practice it is usually found that the 50 ml. scmple will

stay pink on the addition of 2 drops of methyl red indicator.,
This normally indicates less then 10 ppm.
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H. W. Laboratory Manual Reissued: December, 1948
Water Methods Status: Standard

By: W.J.M,
DETERMINATION OF: (1) SUSPENDED SOLIDS

ﬁz) LOSS ON IGNITION OF SUSFENDED SOLIDS
3) NON-VOLATILE SUSPENDED SOLIDS
{Range 0 - 100 ppm)

Safety Precautions

Obgerve general laboratory Safety Rules.

Literature References

Theroux, Eldridge, and Mallmann, "Analysis of Water and Sewage",
2nd EBd., McGraw - Hill Book Co., Inc. 5-6 (1936).

Principle and Limitations

The suspended solids are filtered from solution on the ignited
asbestos mat of a Gooch crucible and are weighed directly.
Ignition of the s0lids 4rives 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 practise in water labor-
atories for a number of years. In the raonge of 0-10 ppm sus-
pended solids, results con be duplicated to within 10%.

Special Apparatus

Crucible, Gooch, with asbestos mat (Apparatus Code: AC-18a)

Procedure

A, Suspended Solids

1. Dry a Gooch crucible in the 105°C oven and then ignite
it in the 850 to 900°C muffle furnace (Remark 1).

2. Cool the erucible, moisten the mat with a few drops of

distilled water, and dry in the 105°C oven to constant
we ight .
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3. Measure a sample which will contain at least 2 mg. of
suspended sollids and filter the sample through the pre-
pared Gooch.

L. Follow the sample filtration with seversl distilled
water rinsings of the sample flask to insure that all of
the suspended metter has been transferred to the cruci-
ble.,

5. Dry to constant weight in the 105°C oven.
Calculaticns

6
tot a ds ain in wt, by crucible, g. x 10
ppm total suspended solids « S._..._____L.._. e le‘ g

B. Loss on Ignition of Suspended Solids

1., Ignite for onec hour at 850 to 900°C the crucilbe that
contains the weighed solids from the suspended solids
determination.,

2. Cool the crucible and moisten with a few drops of dis-
tilled water.

3. Dry to constant weight in the 105°C oven.

Calculations
ppm loss on ignition of suspended solids = 3
loss in wt. of crucible during ignition £. x10
ml. of sample

C. Non-Volatile Susvended Solids

Calculations
Ppm non-volatile suspended solids = é
wt. of rosidue in crucible after ignition g. x 10
ml. of sample
Remarks

1. The ignition may bc omitted if the loss on ignitiomn of
suspended solids is not to be determined. .

2 ——
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H. W. Laboraoty Manual Reissued; December, 1948
Weter Methods Status: Standard
By: W.J.M,

DETERMINATION OF SULPATES, TURBIDIMETRIC METHOD

iRa.nge 0.5 - 100 ppms

Safety Precautions

Observe general laboratory Safety Rules.
Principle and Limitations

This method depends on the formation of highly insoluble bariwum
sulfate which is precipitated in the presence of excess ralt »1d
acid and held in suspension by glycerol, The percent of ligk.
transmitted by the suspension is proportional to the sulfate
concentration.

This is a very rapid method for control enalysis., It gives re-
producidble results and will accurately detect as low as 0.025 mg
of sulfate in a 50 ml. sampls.
Reactions
-2 $2
SOh ": Ba ® o - BaSOh

Special Apvaratus

1. Spectrophotometer, Colemen model II (Apparatus Code; AS-16a)

2. Matched cuvettes, 19 mm (Apparatus Code: AC-21a)
Reagents and Chemicals

1. Barium chloride crystals, C.P., 60 mesh
BaCl 2§, 0, C.P., 60 mesh
2 2 ?
2. Glycerol solution, 33.3% by vol. (Solutions Code; SG-12a)

3. Sodium chloride-hydrochloric acid solution, 1.6% NaCl-
2.4% HCL (Solutions Code: SS-kc)

L, Stendard sulfate solution, 100 ppm (Solutions Code: BS-2kia)
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Procedure

A Colemen Spectrophotometer model 1l fsused. in this determina-
tion. For details as to its use and operation see Apparatus
Code: AS-l6a.

A. Standardization of Instrument

A standard trensmittance curve is prepared from a sulfate
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 for the
instrument for which it is determined,

1. Deliver into 100 ml. volumetric flasks, 5, 10, 15 end 20
.ml. portions of standard sulfate solution end dsliver
10 ml. of distilled water into a fifth flask which ser-
ves as a blenk,

2, Add 10 ml. of sodium chloride-hydrochloric acid solu-

tion and 10 ml. of glycerol solution to each flesk and
mix,

3. Add about 0.25 g. of barium chloride to the sample .gnd.
the blank,

4. Sheke until the crystals dissalve.

5. Dilute all samples to the mark with distilled water and
mix,

6. Transfer a portion of standards end blank successively
to one of a matched peir of 19 mm round cuvettes and
determine the percent transmittance against distilled
water at 450 millimicrons using the PC-4 filter.

7. On semi-log paper plot ppm sulfate ageinst the corrected
% transmittance with the latter on the log scale.

Calculations

1. ppm sulfate - ml, standerd X 100
volume of dilution

2. %transmittance corrected - ¥$transmittance of sample x 100
%transmittance of blank
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B. Determination of Sulfates in Unlknown Sample

l. Transfer duplicate 50 ml. portions of filtered sample to
100 ml. volumetric flasks, one porticn for a blank and
the other for the development of turbidity.

2. Add 10 ml. of sodium chloride-hydrochloric acid solution

end 10 ml. of glycerol solution to both samples and mix
well.

3. Add about 0,25 g. of barium chloride to the turbidity
sample only.

., Shake until the crystals dissolve.

5. Dilute both semples to the mark with distilled water
and mix well.

6. Transfer to 19 mm round cuvettes and determine the per-
cent transmittance ogainst distilled water at 450 mu
using the PC-4 filter.

Calculations

1. %trensmittance corrected r Fironsmittance of sample X 100
Ptransmittance of blank

2., From the standard curve read the ppm of sulfate for the cor-
rected percent transmittance.

3. a. ppm of sulfate = AXC_£10‘6X106 = Agc
._ B

N

or for the conditions above

b. ppm of sulfate = 10(5) A . 2A
0

where A = ppm sulfate of solutions compared(from curve)

B Volume of original sample, ml.

c

Volume of sample as propared for comporison, ml.

Remarks

1. The barium sulfate suspension prepared in this procedure is
stable for about 2 hours.

= TR
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a.

If the sample does not give a percent transmittance between
55 and 97 use a smaller or larger sample as follows:

a, If the percent transmittance is less than 55 use a 1l0ml.
sample and proceed as above but multiplying the result
obtained by 5.

b. If the percent trensmittance is more then 97 uee a 100
ml, sample and evaporate to about 50 ml. Proceed as
above but multiply the result obtained by 0.5.
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H. W. Laboratory Manual Relssueds Jonuary, 1949 '
Water Methods Status: Standard
By: W.J.M.

SODIUM DICHROMATE (DIPHENYLCARBAZIDE METHOD)
~ (Range 0.1 - 4 ppn/

Safety Precautiins

Obscrve genercl) laborotory Safety Rules.

Litercture Refarences

Furnan, "Scott's Stondard Mothods of Chemical Anclysis", I, Sth
Bd., D. Von Nostrand Co,, Inc., New York, 290 (1939).

Principle and Linitotions

An acid solution of dichromate ion reacts with diphenylearbezide

to form a violet color which is stoble for more than two hours, In
the presence of sulfuric acid the color develops immediately and the
intensity is proportional to the cmount of chromiun (VI) present.
The color is mecsured on o spectrophotonmoter at 540 mu.-

Reactions

Cr207'2 Y «N-N-C=N-N ~=~ Violet colored complex
NHEHOEREH
Special Apparatus

1. Colomon Modol 1l Spootrophotometer (Apparatus Code: AS-16a)
2. Filter PC-4 for Coleman spectrophotoreter

3. Matched cuvettes; 19 im, {Apparatus Code:” AC-21a)
Chenicals and Solutions

1. Chrormiun gtandard, 50 ppn (Solutions Coda: SC-lOb)
2. Sulfuric acid, 6 (Solutions Code: SS-23a)
3. Diphenylearbnzide, 0.2% (Solutions Code: SD-10b)
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The Coleman Model 11 Spectrophotometer is used in this determinatior
See Apporatus Codo: AS-16a for details on the operation and main- .
tencnce of this instrunent.

A Preparation of the Calibration Curve

A calibration curve relating the percent transmission to the
concentration of the chromium must be prepered for each instru-
nent used. If such o curve is not cvailable, prepore it as
follows before cnelyzing the sample (Remark 1/,

1. Pipet 50 nl, of the chromium standard solution into a 500
nl. volunetric flask and dilute to the nork with distilled
water. This solution is not stable for very long and nust
be nade fresh each tine.

2, Pipet 2,5 nl, 5 nl, 7.5 o1, 10 nl, 12.5 nl, 15 nl, 17.5
nl, and 20 nl sonples of the diluted standerd into 50 ml.,
gloss stoppered groduated nixing cylindors (Remark 2),
These correspond to 0.5 ppn, 1 ppu, 1.5 ppm, 2.0 ppn, 2.5
pro, 3.0 ppu, 3.5 ppn ond 4,0 ppm dichromate solutions,

3. Proccod with the color dovelopment ond neasurcrent as de-
scribed in Stops 2 to 6 under Port B below,

4, Plot the percent transnittance of cach solution cs ordinato
agoinst tho anount of chronmiun (cxpressod as ppn of
sodiun dichromate on semi-log graph peper. Draw o smooth
curve (Remark 3) through the various points.

B. Anolysis of tho Strplo

Preparc a blank withieach sct of scriples tnalyzed.

1. Pipot'a 25 nl, sauple ifto. a 50.nLe gPaudated: gldiss
stoppered nizing cylinder (Remork 2).

2. Add 1 nl, of the sulfuric acid to the contents of the
cylinder.

3. Add 0.5 ml, of diphenylcarbazide solution to the cylindéx,
ond swirl the contents to insure thorough nixing,

4., Dilute to the mark with distilled wator. Mix well.
5. Allow to stand 5 ninutes but not more than 10 ninutes.

6. Tronsfer the solution into a 19 rm Colenan cuvetta.
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T. Deoternine the percont tronsmission of the sample solution ageoing

distillod woter. Uso the PC~k filter in tho spoctrophotoneter,
and moko the meosurcment at 540 nu. ‘

Ceoleculetions

% tronsnittonce corrocted = % transmittance rcod x 100
% transnittence of blank

Ronarks

1. Check the calibration curve whenever o now chroniun standard
solution is introduced, or at least once cach nonth.

2. D9 not clean the glassware used in this detormination with
chronic acid cleaning solution, Glassware mey be satisfeoctor-
ily cleancd by rinsing in concentrated sulfuric acid,

3. This curve should be a straight lino, Consult supervision if

it doos not follow & straight line botwoen 100% and 30% trons-
nission,

- R
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H. W. Laboratory Manual Reissued! December, 1948
Water Methods Status: Standerd
By: W.JM.

SODIUM DICERCMATE DIRECT COLOR METHCD

Safety Precautions

Observe general laboratory Safety Rules,

Literature References

Memoranda, Rasmussen and Stehney to Kitson, "The Effect of pE on
the Absorption of Dichromate", March 26 and April 10, 1945,

Principles and Limitations

Sodium dichromate solutions possess an orange or yellow color,
depending upon the pH or acidity of the system, In any case, the
radiation ebsorption in the near ultra violet wave lengths (350-
40O mu) is relatively intense, and 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
the system, these variables must be carefully controlled.

In the present method, & Beckmen spectrophotometer 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 amownt of di-
chromate in the sample is extremely small, a 10 cm. absorption
cell is used and dilution of the original semple 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 1%.

Special Apparatus

1. Beckman spectrophotometer (Apparatus Code: AS-16b)
2. Cells, absorption, 10 cm., Beckman (Apparatus Code: AC-21J)
Chemicals and Solutions

1. Phosphate buffer, pi 7 . (Solutions Code: SB-22c)



Procedure
The Beckman spectrophotometer is used in this determination. See
Apparatus Code; AS-16b for detalls on the maintenence and oper-
ation of this instrument,

A, Preparation of the Calibration Curve

A calibration curve relating the per cent transmission to
the concentration of sodium dichromeate must be prepared for
each instrument used. If such a curve is not aveilable
(Remark 1), prepars it as follows:

1, Pipet 50 ml. of the standard dichromate solution into
e 250 ml. volumetric flask.

2. Dilute the solution in the flask to the mark with dis-
tilled water, and mix thoroughly.

3. Pipet 1, 2, 3, 4, 5, 10, 15, and 20 ml. portions of this
diluted standard into individusl 50 ml, volumetri fleasks.

4. Dilute the contents of each flask to the mark with dis-

tilled weter. Fill an extra flask with distilled water
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 well, and tran-
sfer each into a clean 10 cm. absorption cell.

6., Measure the trensmission of each solution against the
blank at 370 mu.

7. Plot the per cent transmission of each solution as the
ordinate ogainst the amount of chromium (expressed as ppm
sodium dichromate) (Remark 2) on semi-log graph paper

(Remark 3). Draw a smooth curve through the various
polnts.

B. Analysis of the Sample

Run duplicate determinations on each sample. Run a blank
with each sample analyzed (Remark 4).

l. F{l1ll a 50 ml. volumetric flask to the mark with the sam-
"ple.

2. Add to the volumetric flask 2 ml. of the phosphate buffer.

UNCLASS"F1en



. @

Remarks

1.

UNCLASSIFIED

3. Mix the solutions thoroughly. Transfer each solution
into a clean 10 cm, absorption cell.

L. Measure the transmission of the sample egainst that of
the blank at 370 mu,

5. Determine the amount of chromium in the sample (express-
ed as ppn sodium dichromate) from the calibration curve.

Prepare a new calibration curve whenever a new phosphate
buffer is used.

The solutions correspond, in order, to 0.2, 0.4, 0.6, 0.8,
1.0, 2.0, 3.0, and 4,0 ppm sodium dichromate.,

This curve should be a straight line., If it is not, consult
supervision.

Prepare this blonk following the given procedure, but sub-
stituting distilled water for the semple in Step 1.
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Water Methods Status Standard
By: W.J. M.

SODIUM CHLORIDE
(Range: 0-300 ppm)

Safety Precautions

Observe general laboratory Safety Rules.

Literatura References

Theroux, Eldridgs, and Mallmann, "Analysis of Water and Sewage",
3rd. Ed., McGraw-Hill Book Co., New York, o4 and 163 (1943),

Principle and Limitetions

Sodium chloride in bediler water is determined by titration of the
neutralized sample used in Water Methods Code: WA-2a with
standard silver nitrate solution in the presence of potassium
chromate indicator, The chloride is precipitated as silver
chloride. The end point of the titration is reached when a red
precipitate of silver chromate (AgoCr0),) first appears owing to
the reaction of a slight excess of silver nitrate with the -
potassium chromate,

Reactions

-

NaCl o AgNO3 w== AgCl ¢ NONEB
KoCr0y & 28gO3 =-- Ag,Cr0, + 2KNO,
Special Apparatus
Buret, semi-micro 10 ml. (Apparatus Code: AB-21a)

Chemicals and Solutions

1, Potossium chromate, 10% (Solutions Code: SP-12a)

2. Silver nitrote, 0.5 mg. C1”/ml, (Solutions Code: SS-94)
Procedurs

1. To the sample neutralized to the methyl orange end point add
0.5 ml. of the potassium chromate indicator,
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2, Mix the contents of the container thoroughly and titrate with
standard silver nitrate from a buret, a few drops at a time,
with constant stirring until the first permenent reddish .

coloy is obtained (Remerk 1). Record the ml. of silver
nitrate used.,

Calculations

ppm sodiur chleride = 10 x (ml. of silver nitrate = 0.2)

Remaris

1. This color change may be more readily determined by com-
parison with a distilled water sample to which 0.5 ml. of
potassium chromate indicator has been added.

UNCLASSIFEp -
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H, W. Laboratory Manual Reissued: December, 1948
Water Methods Status: Standard
By: VeJ.Me

SODIUM SULFATE
(Range 0-1500 ppm)

Safety Precautions

Observe general laboratory Safety Rules.,

Literature References

Theroux, F.R., Eldridge, E.F,, and Mallmann, W.L., "Analysis of

Water and Sewage", 3rd, Ed., pp. 93, 94, and 159, McGraw - Hill .
Book Co., Inc., New York, (1943),

Principle and Limitations n

Benzidine hydrochloride reacts with sulfates in a hydrochloric
acid solution to form a slightly soluble compound of benzidine
end sulfuric acid, This compound i1s filtered and washed entire-
1y free of excess hydrochloric acid. The amount of sulfuric acid
in the compound is then determined by titration with standard
sodium hydroxide.

Reactions
NagSOy ¢ C, Bo(NH)),.2HC1 - - - C, Hg(NHp),-H,50, +# 2NaCl
clzﬂs(NHa)a'Ees°h i 2NaOH = - - Na 80, ¢ 01238(N32)2°25
. Special Apparatus

20

Buret, semi-micro 10 ml., (Apparatus Code: AB-2la)
Chemicals and Solutions

1. Benzidine dihydrochloride, 3% (Solutions Code; SB-kb)
2, EHydrochloric acid, 6N (Solutions Code: SH-25e)
3. Phenolphthalein indicotor, 0.5% (Solutions Code: SP-8b)

4. Sodium hydroxide, 0,02N (Solutions Code: SS-8a)
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— Code: WS-Oa

Procedure

1.

2.

T.

Filter at least 100 mi. of the boiler water sample through
a filter paper.

Measure 100 ml, of the filtered sample into a 250 ml, Erlen-
meyer flask.

Add sufficient hydrochloric ascid to the sample to make neut-
ral or slightly acid to litmus paper.

Add 10 ml. of 3% benzidine dihydrochloride solution to the
contents of the flask cnd mix by swirling.

Allow the mixture to stand for about 10 minutes or suffici-
ently long so that the precipi.ate settles,

Docant the supermatont liquid through a Whatman No., 1 filter
paper without umnecessary mixing of the liquid -and precipi-
tate. Collect the filtrate in o second 250 ml. Erlemmeyer

flask (Remark 1), Discard the filtrate » but retain the flask
for Step (8).

Transfer tho precipi.ate (benzidine sulfate) to the filter
paper by mixing with small quantities of distilled water and
pouring the precipitate onto the filter paper. Rinse the
flask several times with distilled water, adding the rinsings
to the precipitate containcd on the rilter paper. Allow each
rinse to drain through the paper before the next is added
(Remark 2).

Transfer the filter pcper containing the benzidine sulfate to
the original flask, add about 50 ml, of distilled water, stop-
per the flask and shake thoroughly to disintegrate the filter
parer.,

Add several drops of 0.5% phonolphthrlein indicator to the
contents of the flask and titrate with the sodium hydroxide
solution, using a 10 ml. semi-micro buret, to a pink end
point,

Hoat the semple to boiling and continue the titration until a
permonent pink end point results.

Record the ml, of standard sodium hydroxide used.

UNCLASSIFIED
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Calculations

Remarks

1,

2,

ppmn sodium sulfate = 14,2 X ml. 0.02N sodium hydroxide.

Prior to discarding the filtrate contained in the 250 ml,
Erlenmeyer flask, test for the presence of sodium sulfate by
odding 1 ml, of benzidine dihydrochloride, If a preclipitate
is found, repent steps (4) through (9) adding the pre-
cipitate to the original filter papor.

The washing removes wmdesirable hydrochloric acid.
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H. W. Laboratory Manual Reissued:
Water Methods Status:

By:

SODIUM SULFITE
(Range 0-30 ppm)

Safety Precautions

1. Observe general laboratery Sa.feﬁy Rules.

2, Observe rules for handling acetic acid,

Literature Refarences

Treadwell and Hall, "Analytical Chemistry", II 9th
Wiley and Soms, New York, 623 (1942),

Principle and Limitations

JIodate oxidizes sulfite to sulfate in the presence

December, 1948
Standard
WQ J. M‘

Ed, Jochn

of sufficient

acid. Jodide must be present to indicate the complete oxidiza-
tion of the sulfite, which is evident by the production of free
iodine to form the intensely blue-colored complex in the prea~

sence of starch solution.

Reactions
-2 - .
350, © 4 0, - - - 350, 241

10,7+ I} égt - - - I, + 380

Special Apparatus

Buret, semi-micrc 10 ml. (Apparatus

Chemicals and Solutions

1, Potassium lodate, 0.01586N . (Solutions

Code: AB-2la)

Code: SP-20b)

2, Eydrochloric acid, 20% (Solutions Code: SH-25e)

3. Potassium lodide, 3%

4, Starch indicetor solution, 1,0% (solutions

-l’

NOLASSFiED

.

Code: SS-21a)
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Procedurs

1, Meeasure 100 ml, of the freshly collected and cooled, but un-
filtered, sample and transfer into a 250 ml. Erlenmeyer flask.

2. Add6 ml. of 20% hydrockloric ‘acid.end 5 ml, ¢f 3% potassium
lodide to the flask contalning the sample.

3. Add 2 ml. of strach indicator and mix the contents of the
flask by swirling.

L, Titrate the solution with standard potassium iodate solution

until a faint blue color results from the liberation of free
iodine.

Calculation

ppm sodium sulfite = 10 X ml. 0,01586K potassium
iodate.



H. W. Leboratory Manual Reissued: December, 1948
Water Methods Status: Standard
By: W.J.M.

SODIUM, COLORIMETRIC METEOD
(Range 10 -100 ppm)

Safety Precautions

l..- Observe general laboratory Safety Rules.
2. Observe rules for handling alcohol.,

Literature References

l. Furnm,N. H., "Scott's Stenderd Methods of Chemical Analysis",
: I 5th Ed., D. Van Nostrand Co., Inc., New York, 879-880 (1939)

2. McCormick, D. R., and Carlson, W. E,, Chemist Analyst, 3'1, 15,
(1942).

Principle and Limitstions af Mcthod

Sodium mey be precipitated from slightly acid solutions as the
complex sodium megnesium uranyl acetate. This precipitation must .
be done in the cold in the presence of ethyl alcohol to reduce the
solubility of the precipitate. The filtered precipitate may be
dissolved in warm water and estimated directly be means of the
yellow color of the solution. The color obeys the Beers-Lambert
law over the range 10-100 ppm of sodium. The accuracy of this
method, if carec is exercised to insure complete precipitation,

is 5%.
Reactions
wet ¢ Ma(comy00)p 4 3002(CaH305)7 4 Colg02” ---

NeCoH30p Mg (CoH30,) 5+ 3U05(CE30,),
Special Apparatus

1. Coloman Model 11 Spectrophotometor (Apparatus Code: AS-16ea)

2. Absorption cells, 5 cm. Aminco (Apparatus Code: AC-214)

/

3. PC-k filter for spectrophotometer

L. Filtration tube (Apperatus Code: AT-20c)

- UNeLassipyg
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Chemicals and Solutions

1. Standard sodium solution, 1000 ppm (Solutions Code: SS-22a)

2. Ethanol, C.P.

CoHs0H, 95%
3. Magnesium uranyl acetate (Solutions Code: SM-1b)
b, Sodium megnesium uranyl ecetate, = (Solutions Code: S5-29a)
seturated
Procedure

The Coleman Model 11 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 ths Calibration Curve

A calibretion curve relating the per cent transmission to
the concentration of sodium must be prepered for each
instrument. If such a curve is not aveilable (Remark 1),
prepcre it as follows before analyzing the sample.

1. Deliver into a 6 inch test tube 1 ml. of the stmndard
sodium solution.

2. Proceed with the color development as described in Steps
2 to 10 under B-Anclysis of the sample.

3. Transfer into separate 10 ml. volumetric flesks, 0.1,
0.5, 1, 2.5, cnd 5 ml. of the solution and dilute to
the mark with distilled weter,

L. Mix the flasks thoroughly and transfer the solution
to cleean, dry 5 cm. Aminco ebsorption cells, Insert the
PC-4 filter into the spectrophotometer, set the waove-
longth at 425 mu, and meosure the transmission of the
solutions,

5. Plot, on single cycle semi-log papter, the per cent
transmission of each solution as the ordincte against
the scdium in each solution.

B. Analysis of the Sample

In the analysis of a single sample, run duplicate determin-
ations. Run at lsast one blonk on the reagents (Remark 2).

-2- N
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Pipet 1 ml, of the sample into & 6 inch test tube.
Add 1 ml. of 95% ethanol to the test tube,

Cool the contents of tha test tube to 0°C by placing the
test tube into a beaker containing ice-salt. Assemble
the cooling medium on a ring stend, clomp the test tube
firmly into position in the beaker, and insert the
egitator of o mechanical stirrer into the test tube,
Clamp the stirrer into position.

Start the mechanical ogitator and add 10 ml, of the
magnesium uranyl acetote rcogents., Continue the

stirring, cllowing the precipitetion to proceed for
45 minutes.

Discontinue the stirring and rcmove the agitator from
tho test tube, first beirg sure to wosh off all part-
icles of precipitote with the alcokol wash solution.

Transfer the test tube to o centrifuge ond centrifugze
for 5 minutes at 2000 to 2500 r.p.m. Decaont off as much
of the supernatatant liquid as possible.

Transfer the precipitote contzined in the test tube to
a 3 ml, "F" fritted-glcss furmel by mcans of the
saturated sodium meognesium uranyl occtate wash solution

cnd filter with suction. Do not ellow the solution to
warn up duwring the filtration.

Wesh the precipitate with several portions of the
saturated sodium magnesium uranyl ccetate wash solution

and then allow the precipitate to suck dry. Discord the
filtrete,

Insert the 3 ml, fritted-gless filtering fumnel into the
filtration tube (AT-20c) cnd insert the osscmbly into a
clean, dry 10 ml., volumctric flaosk. 2dd scveral small
portions of hot distilled woter to the precipitate
contained on the filtcr cnd collect the dissolved
Preipitete in the 10 ml. volumctric flask,

Whon the precipitate hes been completely dissolved off
the £1lter, remove the filtoring funnel from the flask,
dilute the contents of the flask to the mark ond mix
thorngh]-y.

Tronsfer the solution to o clean, dry 5 cm. Aminco

cbsorption cell. Insert the PC-4 filter into the spec-
trophotometer, set the wovelength ot 425 mu, and measure

the tronsmission of thc-e;olution. “
UNCLASSIFIFR
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12, Determine the ppm of sodium in the sample by comparison
with the standord transmittonce curve.

Remarks

1. Propare & new cdlibration curve whenever new mugnesiﬁn uranyl
ocetate of sodium standord solutions are introduced. A new
calibration curve should be prepared at frequent intervels,

frequency to be dctermined by the results obtrcined with an
old curve,

2. Preparc this blank by following the given procedure, omitting
the sample addition and filtrction.

" .



e cote: e

H. W. Leboratory }Manual Reissued: December, 1948
Weter Methods Status: Standard
By: W.J .M.

DETERMINATION OF TURBIDITY
{Range 2 - 500 ppm)

Safety Precautions

Observe general laboratory Safety Rules.

Principle and Limitations of the Method

The particles which make up the turbidity of water absorb end
scatter light. The emount of light transmitted by such a turbid
solutlon is proportional to the turbidity.

This method is entirely empirical. It is believed to give results
which are correct to cbout 1 ppm and is reproducible to 1 ppm.
Although it is known that perticle size has a very pronounced
effect on the absorption end scattering of light, it is believed
that the photoelectric method is es good as any other method of
otservation.

Special Apparatus

1. Spectrophotometer, Coleman Model 11 (Apperatus Code: AS-16a)

2. Absorption cells, 50 mm., Coleman (Apparatus Code: AC-21b)
Chemicals and Solutions

Standerd turbidity solution, 100 prm (Solutions Code: ST-232)

Procedure

The Coleman Spectrophotometer Model 11 is used in this deter-
mination. For details about its use end operation see (Apparstus
Code: AS-16e), )

A. Standardizction of Instrument

1. Deliver into 25 ml. volumetric flasks 5, 10, 15, 20, and
25 ml. somples of standard silica solution.

2. Dilute to the merk with distilled water end mix well,
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3. Transfer to marched 50 mm absorption cells and determine
the transmittence of eech sample at 520 mu using the
PC-4 filter.

-

L, On semi-iog co-ordinate paper plot pym aéains’c percent
transmittance as read on thc spectrophotometer.

Calculations

ppm = ml. std. x 100 = 4 x ml. stendard
25

B. Deternination of Turbidity in Unknown'Sample

1. Shake and mix the sample well,

2. Dletermine its percent transmittance et 520 mu using 50
rm absorption cells and the PC-k4 Filter.

Celculations

Read the turbtidity in ppm directly from the standard curve.
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H. W. Laboratory Manual Reissued: December, 1948
Water Methods Status: Stantard
By: W.J.M.

DETERMINATION OF ARTIFICIAL TURBIDITY
{Range 0-100 ppm)

Safety Precaution

Observe general laboratory Safety Rules.

Principles and Limitations of Method

The particles which are added to water to give aritifical
turbidity absordb and scatter light. The amount of light trans--
mitted by such a solution is proportional to its turbidity.

The method gives results reproducii:le to about 1 ppm providing
the solution is well mixed in the absorption cell. A settling

time of one minute without agitation causes an error of 5 to 10
ppm.

Dichromate up to 15 ppm does not interfere.

Special Apparatus

1. Spectrophotometer, Coleman Model 11 (Apparetus Code: AS-16a)

2. Matched cuvettes, 50 mm (Apperatus Code: AC-2la)
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
A-S"16a-s

A. Standardization of Instrument

A standard trensmittance curve is prepared from a solution
containing & known aonount of the material used to produce
the turbidity. This curve is good only on the instrument
on which it is determined end under the conditions of
standerdization. It should also be checked for each

. -1- : ~
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1. Dry a sample of the material in am oven at 150°C.

2. Weigh out a portions of 0.1000 g. of the material.
Transfer into a 1 liter volumetric flask, and dilute to
the mark with distilled water, mix well,

3. Deliver into 100 ml. volumetric flasks 10, 20, 30, 50,
75, and 100 ml. portions of the suspension being sure
that it is kept well mixed.

L. Dilute to the mark with distilled water and mix well.

5. Transfer each semple into = 50 ml. absorption cell and
compare immediately ageinst distilled water in the
spectrophotometer at 600 mu. (Remark 1)

6. On semi-log paper plot turbidity as micrograms per ml. of
solutions ageinst percent transmittence with the latbser
on the log scale.

Calculations

Calculate the turbidity in ppm of solution compared for
sample.

ppm - ml, standard x 100
volume of dilution

B Determination of Turbidity in Unknown Sample

L. Shake the sample thoroughly and transfer into & 50 mm.

absorption cell and compare immediately against distilled
wvater at 600 mu. (Remark 1)

é. 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 ag:rta’ced at all times to
prevent errors due to settling.
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Mercuric Chloride, Saturated
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Potassiun Pyrogallate, Alknline
Rutheniun Chloride, 10 nmg. Ru/ml.
Soap Solution, 1 ng. Cuco3/nl.
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Sodiun Carbonate, 10%
Stondard Chloride, 0.005 g. C1/ml.
Sodiun Chloride-Hydrochloric Acid, 1.6% Sodiun
Chloride, 2.4% Hydrochloric Acid
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Sodiun Parc Periodate, 0.12% Periodate in
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Sodiun Thiosulfate, 0.1N

Sodiun Thiosulfate, 0.01N

Sodiun Stondard, 1 ng. Na/ml.

Starch Selution, 1%, not stabilized

Sulfuric Acids

Sulfuric Acid, Silica Free, 1N

Sulfate, Standord, 100 micrograns S0, /ml.

Sulfanilic fcid, 0.33N

Sulfanilic Acid, 1%

Sodiun Mcgnesiun Uranyl Acotato, Saturated
in 95% Ethanol

‘Tolluriun Solution, 10 ng. Te/ml. .

Thioglycolic Acid, neutralized, 1%

Titen Yellow Indicator, 0.05%

Ortbotolidine, 0,1%

Turbidity Standard, 100 ppn

Redistilled Water

Redistilled Water, Silica Free

Redistilled Water, Amconia Froe

Zirconiun-Alizarin Indicator

Zirconiun Nitrate, 50 mg, Zr/ml, in 3N
Nitric Acid
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’ Code: Sh-6a

H. W. Leboratory Manual Reissued: August, 1948
Laboratory Solutions Status: Stondard
By: DoW.To"L;F'w-

AQUA REGIA

(1 Vol. Conc. BN03)
(3 Vol. Conc. EC1”)

Safety Precautions

l. Observe general laboratory Safety Rules.

2. Observe the rules for handling corrosive chemicals,
particularly those pecrtaining to concentrated nitric
cnd hydrochloric acids.

3. Aqun regila is o corrosive, volatile liquid with a
suffocating odor. It attacks all metols including
gold ond pletinum.

Literature Rcoferences

Welcher, Fronk, "Chemiccl Solutions", D. Ven Nostrand Co., Inc.,
New York, 24 (15k3).

Quantity and Container

100 ml. in o 125 nl. glass-stcppercd Pyrcex bottle.

Reagents and Specifications

For Prepcration . Por Liter Totad
1. Bydrochl:oric ncid, C.P. 750 nl. 75 ml,
EC1, 36%
2. Nitric ceid, C.P. 250 nl. 25 ml.
BN03.- T0%

Preparation
1. Mecsgsure 25 ml. concentrated nitric ccid and 75 ml. of

concentrated hydrochloric acid and add together into o
250 nl. beaker. ’

2. Tronsfer the acid into a 125 nl. glass-stoppered Pyi‘ex
bottle and store in a dark, cool place (Remark 1).



“ Codc:? SA-6a

Remorks

1. When the aqua regia is to be stored for sometime, add
25 nl. of distilled wcter to the ceid mixture. The
cddition of wotor reduces the quantity of chlorine and
other objectionable geses which are evolved.

UNCLASSIFIED
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H. Y. Laboratory Manusl Reissued: August, 1948
Laboratory Solutions Status: Standard
By: DaW.TQ"L.FOW.

AMMONTUM MOLYBDATE
5k}

Sefety Precautions

Observe general laboratory Safety Rules.

Guantity and Container

500 ml. in & 500 ml. glass-stoppered Pyrex bottle.

Reagents and Specifications

For Preparation Per Liter Total
Armonium Molybdate, C.P. 50 g. 25 g.

Pregarat ion

1.

Transfer the 25 g. of emmonium molybdate into a 500 ml.
volumetric flask.

Add approximetely 400 ml. of distilled water and dissolve
the salt.

Dilute to volume with distilled water.

Transfer the solution into a 500 ml. glass-stoppered
Pyrex bottle for storage.
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H. W. Laboratory Mcnual Reissued: August, 1948
Laboratory Solutions Status: Standard
By: DIWQT.-L.F'WD

AMMONTUM MOLYBDATE
1

Safety Precautions

Observe general leboratory Safety Rules.

Quantity and Container

50 ml. 4in & 60 ml. medicine dropping bottle.

Reegents and Specifications

For Preparation ' Per Liter Total

Ammonium molybdate, c.P. 10 g. 0.5 g.
(N L) gor 24 4,0, C.P. |

Prggaration

1. Tronsfer 0.5 g. or ammonium molybdate into a 50 ml.
‘ volumetric flask.

2. Adad approximately ho ml. of distilled woter and dissolve
the salt.

3. Dilutc to volume with distilled water.

4. Transfer the solution into o 60 ml. medicine dropping bottle.



H. W. Laboratory Manual Reissued: August, 1948
Laboratory Solutions Status: Standard
By: Doon""LuFQWQ

AMMONTIUM HYDROXTDE SOLUTIONS

Safety Precautions

1. Observe general laboratory Safety Rules.
2. Observe the rules for handling corrosive chemicals,

particularly those pertaining to concentroted ammonium
hydroxide.

Reagents

For Preparation

Ammonium hydroxide, C.P.
NH,0H, 28% NEg

Preparction

1. Calculate the volume of concentrated ammonium hydroxide
required to make the desired concentration as follows:

a. For nornelity or molarity.
mi. of concontrated NEOH = 67.7 (A x B)

vhere A = desired normolity or molarity.
B = desired total volume in liters.

Example: A = 6N or 6M ond B = 0.5

thus 67.7(6 x 0.5) = 203 ml, of concentrated

NBhOH

b. For percentoge of NH3,

ml. of concentrated NE,OF = (%.S)B

where A = desired percentoge of NE
B = desired total volume in fl.

Example: A = 10% and B = 250.

thus (_%%.)250 ® 90 ml. of concentratod NH"OH -
UNCLASSIFIED
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¢. For Ports.

ml. of concentrated NE,OF = A L%%-)

vhere A = desired total volume in ml.

a 8 desircd parts of hydroxide.

b = desired parts of hydroxide plus desired
parts of water.

Exorplet For 1:2 where A = 1000, thena = 1l and b = 3.

thus 1000(%) = 333 ml. of concentrated NE,OH

2. Using a graoduated cylinder, slowly add the required cmount
of concentrated armonium hydroxide inte o volumetric flask
of the proper size which contains at least 50% of the
totcl volune of distilled water. This work must be done
in o well-ventilated hood.

3. Mix well and dilute to volume with distilled woter.

L, After the solution is thoroughly mixed, transfer it into
¢ dry, glass-stoppered Pyrex bottle of the proper size.



H® W. Laboratory Manuel
Laboratory Solutions

Code: SA-1kb
Reissued: Avgust, 1948
Status: Standard
By: D!W.TI-I‘.F.wI

AMMONTUM CELORIDE

Safety Precautions

0.3

!

Observe genercl laborztory Safety Rules.

Literature References

"Stondard Methods of the Examination of Water and Sewege",

Eighth Edition, American Public Health Association,

Lz (1936).

Quantity and Container

1000 ml. in a 1 liter glass-stoppered Pyrex bottle.

Reagents ond Specificaticns

For Preporation

1. Ammonium chloride, C.P.

NHhCl, CCPO

New York,

Per Liter Total

3.818 g.

2. Distilled water, ammonia-free

(Solutions Code:

Preparction

SW-1lc)

1. Obtain the tare weight of o 100 ml. beaker.

3.818 g.

2. With the tared becker on the boalance pan, add ammonium
chloride until o total of 3.818 g. have been tronsferred

into the beaker.

3. Add cpproximately 60 ml. of ammonia-free distilled woter

and dissolve the salt.

L.  Tronsfer the solution quantitatively to a 1 liter
volumetric flask. Rinse the beaker at least three times
with ammonin-free distilled woter, ndding the rinsings to

the flask without loss.

-1
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5. Dilute to volume with ammonio-free distilled water, and
mix well.

é. Tronsfer the solution into o 1 liter glass-stoppered
Pyrex bottle for storoge.



“ Code: SA-1ke

H. W. Laboratory Manual Reissued: August, 1948
Laboratory Solutions Status: Standard
., By: D-W-T-LQFUW-

AMMONIUM CHLORIDE
(1 ml. = ,01 mg. of nitrogen)
(L ml. = .01288 mg. of NE, )

Safety Precautions

Observe general laboratory Sefety Rules.

Literature References

"Standard Methods for the Examination of Water and Sewage",
Eighth Edition, American Public Eealth Association, New
Yerk, 42 (1936).

Quentity and Container

1000 ml. in a 1 liter glass-stoppered Pyrex bottle.

Reagents and Specifications

For Preparation Per Liter Total

1. Ammonium chloride, 0.38% 10 ml. 10 ml.
(Solutions Code: Sa-14Db)

2. Distilled water, ammonia-free
(Solutions Code: SW-lc)

Preparation

1. Using a pipet, deliver 10 ml. of 0.38% emmonium chloride
into a 1 liter volumetric flask. '

2. Dilute to volume with ammonia-free distilled water, and
mix well. :

3. Transfer the solution into a 1 liter glass-stoppered Pyrex
bottle for storage.

Remarks

1. This solution should not be used after 2 weeks and should
be kept away from light.

UNCLASSIFIED
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T Code: SA-15b

H. V. Laboratory Manual ' Reissued: Avgust, 1948
Laboratory Solutions Status: Standard
By: DlWoTo-LtF.‘q-

AMMONTUM NITRATE
(LM in 5N HNOg)

Safety Precautions

1. Observe general laborgtory Safety Rules.

5. Observe rules for handling corrosive chemicals, particularly
those pertaining to strong acids.

Quantity and Container

100 ml. in a 125 ml. gless-stoppered Pyrex bottle.

Reagents and Specificztions

For Preparation Per Lliter Total

1. Armoniun nitrate, C.P. 320 g. 32 g.
NH, NO_, C.P.
T, 3’

2. Nitric acid, C.P. 375 ml. 37.5 ml.
ENO3: 7% '

PreEaration
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. ammenium nitrate in the nitric acid solution,
heating if necessary.

4. Trensfer the sclution into a 100 ml. volumetric flask, and
dilute to volume with distilled water.

5. Transfer the solution into a 125 ml. glass-stoppered Pyrex
bottle for storage (Remark 1).

Remark

1. If the sclution crystallizes on cooling, store in an oven
at 50 to 60°C.

-1- P
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H. W. Laboratory Manual Issued: August, 1948
Laboratory Solutions Status: Standard
By: anoTu-L.FcWa

AMMONTUM NITRATE

(5 1n 6.25 ENO,)

Safety Precautions

1. Observe general laboratory Safety Rules.

2, Observe the rules pertaining to the handling of
concentrated nitric acid.

Quantity and Container

100 ml. in a 125 ml. gless-stoppered Pyrex bottle.

Reegents and Specifications

For Preparation Per Liter Total

1. Anmonium nitrate, C.P. Loo g. 40 g.
NE,NO5, C.P. ‘

2. Nitric acid, C.P. conc. 360 ml. 39 ml.
HN03, C.P. conc.

Preparation

1. Dissolve 39 ml. of concentrated nitric acid in approximately

4O ml. of distilled wator contzcined in a 250 ml. beaker.
Mix well.

2. Weigh out 40 g. of ammonium nitrate, and dissolve in the
nitric acid solution, hecting if nccessary.

3. Transfer the solution into a 100 ml. volumetric flask, and
dilute to volume with distilled watoer.

., Transfer the solution into a 100 ml. glass~stoppered Pyrex
bottle for storage (Remork 1).

Remarks

1. In case the solution crystallizes out on cooling, store in
an oven at 50 to 60°¢,

L T
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< Code: SA-16a

H. W. Leboratory Manual Relssued: Auvgust, 1948
Laboratory Solutions Status: Standard
By: D.W.T.-L-F.w.

AMMONTIUM OXALATE
% J

Safety Precautions

Observe genersl laboratory Safety Rules.

Literature References

1. Griffin, R. C., "Technical Methods of Analysis", McGraw-
Hil1, 2 (1927).

2. Hodgman, C. D., "Handbook of Chemistry and Physics" 2T7th.
Edition, Chemical Rubber Publishing Co., 1268 (1943).

Quantity and Contalner

500 ml. in a 500 ml. glass-stoppered Pyrex bottle.

Reagents and Specifications

For Prepasration Per Liter Total

Armonium oxalate, C.P. 4o g. 20 g.
(Nﬂu)eceou'ﬁe°’ C.P.

Preparation

1. Transfer the 20 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 well.

L, Transfer the solution into a 500 hl. glass-stoppered
Pyrex bottle for storage.
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_ Codes: SA-16b

H. W. Laboratory Manusl Reissued: August, 1948
Laboratory Solutions Status: Standard
By: DIWOTO'LQF.W.

AMMONIUM OXALATE
Saturated

Safety Precautions

Observe general laboratory Safety Rules.

Quentity and Container

500 ml. in & 500 ml. gless-stoppered Pyrex bottle.

Reegents and Svecifications

For Preparation Per Liter Total

Ammonium oxalate, C.P. 50 g. 25 g.
(NHL‘)ECZOhoﬂgo, COP'
Preparation

1. Transfer the 25 g. of ammonium oxalate intc 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 well.

b, Transfer the solution into a 500 ml. glass-stoppered Pyrex
bottle for storage.

-1
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SR » Code: | §B-1b

H. W. Laborctory Manual Reissued: August, 1948
Loboratory Solutions Status: Standard
By: Doono'L-ano

BARTUM CHLORIDE
(0.025N)

Safety Preccutions

Observe generzl laboratory Sofety Rules.,

Literature References

A. P. H., A, "Stondard Methods for the Examinntion of Water and
Sewage", 108 (1936).

Cuontity ond Container

1000 ml. in 2 1 liter gluss-stpppered Pyrex bhottle.

Reagents ond Specificctions

For Preperction Per Liter Total
Berium chloride, C.P. 3.1 g. 3.1 g.

BzCl,, C.P.

For Storxdordizotion

Sulfuric acid, 5% (Solutions Code: SS-23a)

Preparction

1. Dicsoive 3.1 g. of barium chloride in a small cmount of
water contained in o 1 liter volumetric flask.

2. Dilute to mark with distillecd woter, and mix well.

3. Tronsfer the solution into & 1 liter glass-stoppered Pyrex
bottle for storoge.

Stendordization

1. Pipet a 50 ml. sarple of barium chloride solution into o
250 ml. becker.

2. Heat to boiling cnd add zn excess of 5% sulfuric acid.



“ Code: SB-1b

3. Cover with a watch glass and digest on & steam bath
until the precipitate has completely scttled.

4, Filter by decantation, through an ignited Gooch crucible,
(Apparatus Code: AC-18a).

5. Wash the precipitate, by dccontation, with three 10 ml.
portions of hot acidified water and three portions of
hot water.

6. Dry, ignite at obout 900°C to constant weight.

T. Calculate the normolity of the barium chloride as follows:
wt. BaSO, x 1000

- Iy
N of BxCly = —55x 116.71

8. Adjust the normality of the solution as follows:

Total volume required = Actual volume = actusl normality
desired normality

9. Dilute the solution to the rcquired volume as calculcted
cbove. This dilution must bec mode accurctely aos the
solution should be 0,025N ++ 1.0%.

UNCLASSIFIED
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H. W. Loboratory Manual Reissued: August, 1948
Laboratory Solutions Stotus: Standard
. By: \ D-W.To"LoF.W.

BENZIDINE DTEYDROCELORIDE

Safety Precauvtions

1. Observe generol leboratory Safety Rules.

2., Obsecrve the safety rules pertaining to the handling of
strong ocids.

Quantity cnd Container

1000 nl. in a 1 liter orown Pyrex bottle.

Recgents and Specifications

For Premarction Per Liter Total
l. Bencidinc dihydrochloride, 30 g. 30 g.
012E32Né.2301, E.X. #33
2. Hydrochloric acid 50 ml. 50 ml.,
BC1, 36%

Pregar:tion

Ls  VWedgh 20 g. of tenzidine dihydrockioride into o 100 ml.
bauker,

2. Add 50 mi. of concentrated hydroctloric acid to the contents
or the beaker cond mix to o paste.

3. Riuse thu puste into o 1 liter volumetric flaock with
distilled smter. Rinse the becker thoroughly with distilled
water, adding tke rinsings to the volumetric flask.

4, Dilute the flack to volume with distilled water and mix
thoroughly.

5. Filter the sclution through a Vhatman No. 5 filter paper
into a brown Pyrex bottle for storcge.



SB-5¢c

H. ¥W. Loboratory Manual Reissued:
Laboratory Solutions Status:
By:
BENZIDINE
(Toout 2%)

Safetv Procautions

Obscrve general loboratory Safety Rules.

Literature Refercnces

August, 1948
Standard
D.W.To 'IuF-W.

A. P. B. A. "Standerd Methods for the Exomination of Water

and Sewcge", 106, (1936).

Quantity and Contalner

500 ml. in 500 nml. gloss-stoppered Pyrex bottle.

Reagents ond Specificctlons

For Prevcrction Por Liter

Total

1. Bonzidine hydrochloride, C.P. 22.4 g.

ClQHiENé’EHCl

2. Hydrochloric acid, 10% EC1 100 ml.
(Solutions Code: SE-25a)

Preoperation

1.2 g.

50 ml.

1. Dissolve the weighed portion of recgent in 450 ml. of

distilled water.

2. 244 50 nl, of 10% hydrochloric acid.

3, Shoke and mix well and stere in o 500 ml. glass-stoppered

Pyrex bottle.

UNCLASSIFIED
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g | Code: SB=Tc

H. W. Laboratory Manual Reissued: August, 1948
Laboratory Solutions Status: Standard
By: DcW.T."L.F.Wo

BISMUTH NITRATE
(10 mg. Bi*3 /ml.)

Safety Precautions

l. Observe general laboratory Safety Rules,

2. Observe rules pertaining to the handling of concentrated
aclds. |

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

1000 ml. in a 1 liter glass~-stoppered Pyrex bottle.

Reagents and Specifications

For Preparation Per Liter Téfal
1. Bismuth nitrate, C.P. . 23.2 g. 23.2 g.
B:L(NO3)3.51120, CP
2. Nitric acid 63.0 ml. 63.0 ml.
m03) 70%

Preparation

1. Transfer the bismuth nitrate into a 1 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 volume with distilled water.

Y, Transfer the solution into a 1 liter glass-stoppered Pyrex
bottle for storagse.



g | Code: , 5B-18a

H. W. ILeboratory Manual Reissued: August, 1948
Loboratory Solutions Stotus: Standord
By: D.W.T.-L;F.W.

BROMINE WATER
Saturoted

Safety Precautions

1. Observe gencrol loboratory Sefety Rules.

2. Bromine 1s o very corrosive liquid and great core should
be excercised in handling it.

3. As mony operctions as possible should be carried out in
the hood with the window lowered.

4, If bromine is rcceived in the laoboratory in an ampoule it is
opened as follows:

a, Cool the ampoule of bromine to cbout 10°C.

b. Score the neck of the ampoule, cbout one inch from the
top, with a triangular file.

¢. Cover the ampoule with c cloth and break it at the file
mork by placing the thumbs together on the opposite
side from the file mark and exerting o slight down-
ward pressurac.

d. Droin the ampoule into a pint glass-stoppercd bottle.
Quantity and Contalner

500 ml. in a 500 ml. glass-stoppercd Pyrex bottle.

Recgents and Specifications

For Prevarction ) Per Liter Total
Bromine, C.P. 10 ml. 5 ml.
Br2 s C.P.

Prega.mtion

1. Pipet 5 ml. of bromine into 500 ml, of cold distilled water
contained in a 500 ml. glass~stoppercd Pyrex bottle. Hold

-1- —
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the tip of the pipet beneath the liquid surface of the
water during delivery.

Remarks

1. A slight excess of liquid bromine must be visible in the
bottom of the bottle in order that cormplete saturation
nay be essured.
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PHOSPHATE BUFFER
ipH Z T.4)

Safety Precautions

Observe general laboratory Safety Rules.

Litercture References

American Public Health Assoeciation "Standard Methods for the

Exomination of Water and Sewage", A.P.H.A., New York, Bth.
Ed. 42 (1936).

Quentity and Container

1000 ml, in a 1 liter glass-stoppered Pyrex bottle.

Reagents and Specifications

For Preparation Per Liter Total
1. Potassium monobasic phosphate 14.300 g. 14.300 g.
KEPO,, C.P.

2. Potassium diobasic phosphate 90.150 ‘g. 90.150 g.
K2m0h, C-P. .

3. Redistilled woter
(Solutions Code: SW-1la).

Prevaration

1. Transfer 14.300 g. of potossium dibasic phosphate and 90.150 g.
of potassium monobasic phosphate into c 1 liter volumetric flask.

2. Add approximately 900 ml. of redistilled water and dissolve
the salt.

3. Dilute to volume with redistilled water, and mix well.

L. Transfer the solution into a 1 liter glass~-stoppered Pyrex
bottle for storage.

5. Check the pH of the solution with the Beckman pH meter.

1 SR
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. H. W. Laoboratory Monual ‘Reissued: August, 1948
: Laboratory Sdalutions Status: Standaord
By: D.W.T.-L-F.W.

PHOSPHATE BUFFER
(PE=T)

Safety Precautions

Observe the general lsboratory Safety Rules.

Quantity and Container

560 ml. in a glass-stoppered Pyrex bottle.

i’.eagents ond Specifications

For Preparation Por Liter Totel
1. Sodium monobasic phosphete,C.P. 300 &. 167 g.
Ne.H PO I C-Pc :
2L
’ 2. Sodium dibasic phosphete, C.P. 38 g. 25 g.

Na EPO, , C.P.

Preparation

1. Prepare solution A by dissolving 167 g. of sodium monobasic
phosphate in 500 ml. of distilled water,

2. Prepare solution B by dissolving 25 g. of sodium dibasic
phosphate in 75 ml. of distilled weter.

3. Pour 500 ml, of solution A into a dry, gloss-stoppered
Pyrex bottle.

L. Add 60 ml. of solution B to the contents of the bottle.
Mix the resulting solution well.



— Code: SB-22d
@

H. W. Laboratory Mcnual Reissued: August, 1948
Laboratory Solutions Status: Standard
By: DDWOT.-L.F.W!

DILUTED PHEOSPEATE BUFFER
pH = 7.00)

\

Safety Preccutions

Obscrve generzl laboratory Sefety Rules.

GQuantity and Container

1000 ml. in a 1 liter glass-stoppered Pyrex bottle.

Reagents cnd Specifications

For Prepesrestion Per Liter Total

Phosphate buffer, concentrated 100 ml. 100 ml.
(Solutions Code: SB-22g)

‘ Pregaration

1. Pipet 100 ml. concentrated phosphate buffer into a 1 liter
volumetric flask.

2. Dilute to volume with distilled water before transferring
into the Pyrex bottle for storaoge.

3. Check the pH of the solution on a Beckmcn pH metere

2 R
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HE. W. Laboratory Manuasl ' Reissued: August, 1948
Laboratory Solutions Status: Standard
By: DOWOTQ-L.F.WO

BUFFER, PHOSPEATE SDILUJ.‘ED!
3 50 pH

Sefety Precurtions

Observe gener:zl labcratory Saefety Rules.

Quantity and Contalner

20 liters in ¢ 20 liter rubver-stoppered Pyrex bottle.

Reagents and Specificaticns

For Precarati.n Per Liter Total
1. Buffer, phosphate, concentrated 100 ml. 2000 nml.

(Soiitions Code: SB-22g)

2. Neticual Technical Laboratory
Concerntrated Buffer (7.00 pH)

PreEarat ion

1.

Using a 1 liter graduated cylinder, deliver 2 liters of the
coricentrated phosphate buffer into the 20 liter Pyrex bottle
(vith a graduation mark at 20 liters).

Acd approximately 10 liters of distilled water, and mix well
with an electric stirrer.

Dilute tc 20 liters with distilled water; mix well.

Standardize a Beckman pH meter with the National Technical
Leboratory concentrated buffer at room temperature.

Determine the valus of the pH of the diluted buffer at the
seme temperature.

I£ the deviation from 7.50 is greater than 0.02 pH, follow

the procedure glven in step 5 of the Standardization in
Solutions Code: SB-22g.

-l- —l."-
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H. W. Laboratory Manual Reissued: Auvgust, 1948
Laboratory Solutions Status: Standard
BY: DlwlT.-LDF.w.

BUFFER, PHOSPHATE (CONCENTRATED)

Safety Precautions

Observe general laboratory Safety Rules.

Literature References

Lang, N. A., "Bandbook of Chemistry", Handbook Publishers, Inc.,
1121 (1944).

Quentity and Container

1000 ml. in a 1 liter gless-stoppered Pyrexz bottle.

Reagents and Specifications

For Preparation Per Liter Total
1. Sodium hydroxide pellets 16.56 g. 16.56 g.

NaOH, Reagent Grade

2. Sodium monobasic phosphate
NaH,F0), . K0 69.0 g. 69.0 g.
Nuﬂzpoh.aaeo 78.0 g. 78.0 g.

For Standardization

National Technical Laboratory
Concentrated Buffer (7.00 pH)

Preparation

1. Obtain the weight of a 200 ml. beaker. With this beaker on
the pan of a torsion balance, add sodium hydroxide pellets
until a total of 16.56 g. have been transferred into the
beaker (Remark 1).

2. Slowly add, with stirring and with cooling, about 100 ml. of
distilled water. After the pellets have dissolved, transfer
the solution into a 1 liter volumetric flask. Rinse the
beaker three times with distilled water, delivering these
washings into the volumetric flask without loss.

-1- o]
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Similarly; weigh out 69.0 g. (or 78.9 g.) of sodium
monobasic phosphate,dissolve it in distilled water, and
transfer into the volumetric flask.

Add about 650 ml, of distilled water, and mix well.
Allow the solution to cool. Then dilute to 1 liter with

distilled water; mix well and transfer to a dry, 1 liter
glass-gtoppered Pyrex bottle for storage.

Stondardization

1.

2.

3.

Se

Remarks

1,

Pipet 10 ml. of the concentrated phosphate buffer solution
into a 100 ml. volumetric flask.

Dilute to 100 ml, with distllled water; mix well by
shaking.

Standardize a Beckman pH meter with the National Teohnical
Laboratory concentrated buffer at 25°C.

Determine the pH of the phosphate buffer at 25°C,

If the deviation from 7.50 is greater than 0.02 pH, proceed

as follows:

a. For a pH less than T7.50, the product of the difference
multiplied by 10 is numerically equal to the number of
grams of sodium hydroxide pellets that must be added.

b, For a pH more than 7.50, the product of the difference
multiplied. by 75 is numerically equal to the number of
groms of sodium moncbasic phosphate that must be added.

¢, Mixz the solution thoroughly acfter dissolving the

additional reagents. Then repect the standardization
procedure.

Repeat steps 3, 4 and 5 having the temperaturc of the
solutions at 20, 15, 10 and 5°C.

Weigh the sodium hydroxide pellets as ropidly as possibls,
for the hydroxide is very hydroscopic.

Each new lot of recagents may cause variations in the final
PH of the buffer,

+ R
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SC-la
H. W. Laboratory Manual Reissued: August, 1948
Laboratory Solutions Status: Standard
By: DW.Te=L F.W,
CALCIUM CELORIDE, STANDARD
mge. CaC 3 mli.
Safety Precautions
Observe general laboretory Safety Rules.
Literature References
AP.H.S., "Standard Methods for the Examination of Water end
Sewage", 59 (1936).
Quentity and Container
500 ml. in a 500 ml. glass-stoppered Pyrex bottle.
Reagents and Specifications Per Liter Total
1. Calcium carbonate, C.P. 1.0 ge 0.50 ge

CaCOS, C.P.

2. Hydrochloric acid, 3N
(Solutions Code: SE=25a)

3. Ammonium hydroxide, 6N
(Solutions Code: SA-12a)

Preparation
————————————

1. Dissolve the accurately weighed portion of carbonate in about
5 ml. 3N hydrochloric acid, being careful to avoid splatteringe.

2e Wash{down the dish with carbon dioxide=free, distilled water.

3. Neutrelize with 6N ammonium hydroxide to & slight alkalinivy
using litmus as an indicator.

4, Transfer the solution into a 500 mle. volumetric flask and
dilute to mark with carbon dioxide-free, distilled water.

5. After the solution is thoroughly mixed, trensfer it into &
dry 500 ml. glass-stoppered Pyrex bottle for storage.



‘ ' Code: SC-2a

H. W. Laboratory Menual Reissued: Auvgust, 1948
Laboratory Solutions Status: Standard

By: DQWOTQ"I"F-W.

CADMIUM CHIORIDE ( AMMONTICAL)

2%)

Safety Precautions

Observe general leboratory Safety Rules.

Literature References

Furman, N. H,, "Scott's Stendard Methods of Chemicel Analysis",
D. Ven Nostrand Co., Inc., 1, 619 (1939).

Quantity and Container

1000 mi. in a 1 liter glass-stoppered Pyrex bottle.

Recgents and Specifisctions

For Preparation Per Iiter Total
l. Cadmium chloride, C.P. 22 g. . 22 g.
cacyr .2H 0, C.P.
2 2
2, Ammorium hydroxide 550 ml, 550 mi,
NE), OF, 28% N33

Preparation

L.

2.

Weigh into & 500 ml. tared beaker about 22 g, of cadmium
chloride.

Acd 250 ml. of distilled water to dissolve the codmium chloride.
Transfer iuto a 1 liter volumetric flask.

Measure in a graduate, 550 ml. of concentrated ammonium
hydroxide and add it to the flask.

Dilute the solution to 1000 ml. with distilled water.

Transfer the solution into a 1 liter glass-stoppered Pyrex
bottle for storage.

SR R
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Remarks

l. This solution is of such strength that 50 ml. will
precipitate epproximately 0.175 g. of sulfur evolved as
E,S, vhich is equivalent to about 3.5% sulfur on a 5 g.
sample,
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. H. W. Laboratory Manual Reissued: August, 1948 -
. Laboratory Solutiocns Status: Standard

BY'. DOWQT.-L.FIWO

CALCIUM SULFATE
- {Saturated

Safety Precautions

Observe general laborateory Sefety Rulies.

Quantity and Container

500 ml. in a 500 ml. glass~-stoppered Pyrex bottle.
Reegents and Specifications

For Preparation Per Liter Total
Calcium sulfate, anhydrits 5.0 g, 2.5 g.
casox“, C-Pn
’ Preparations

1. Ploce the weighed portion of the salt into a 1 liter bottle.
2. Add 500 ml. of distilled water.
3. Allow to stand, with frequent shaoking for 24 hours.

k. Filter off the clear supernatant and store in a 500 ml. bottle.

Remnrks

1. Calcium sulfate is more soluble in cold water than in hot.

The solution should be prepared at normal room tempersture
to insure a saturated solution.

UNCLASSIFIED
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H. W. Laborstory Manual ‘Reissued: Auvgust, 1948
Laboratory Solutions Status: Standard
BY! D.WDTI-L.FDWC

CESIUM CHLORIDE
210 ng. Cs7ml.5

Sofety Preccutions

Observe general laboratory Safety Rules.

Literature References

Coryell, C. D., Hume, D. N., Ballou, N. E, cnd Glendenin, L.,
Clinton Secret Report, CL-CDC-4% or 5211 (March 15, 1944).

Quontity and Contaliner

1000 ml. in a 1 liter glcss-stoppered Pyrex bottle,

Rengents and Spec ifications

For Preparation Per Liter Total
Cesium chloride, C.P. 12.7 & 12.7 g.
CsCl, C.P.

Preparo.tion

1. Transfer 12.7 g. of cesium chloride into a 1 liter
volumetric flask.

2. Add cpproximotely 900 ml. of distilled water, and dissolve
the solt.

3. Dilute to volume with distilled woter, ond mix well.

L, Trensfer the solution into o 1 liter glass-stoppered Pyrex
bottle for storage.
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®

H. W. Laboratory Manual Reissued: August, 1948
) Laboratory Solutions Status: Standard
By: L.F.W.

CERIUM AMMONIUM NITRATE, STANDARDIZED

= (10 ms. Ce* */ml.)

Safety Precautions

1. _Observe general laboratory Safety Rules.
2. Observe the rules for handling ether.

Literature References

Coryell, ¢.D., Hume, D.N., Ballou, N.E. and Glendenin, L.,
Clinton Secret Report, CL-CDC-4% or 5211 (March 15, 1944).

Quantity and Céntainer

500 ml. in a 500 ml. glass-stoppered Pyrex bottle.

. Reagents end Specifications
For Preparaticn Per Liter Total
Cerium amzonium nitrate 39.2 g. 19.6 g.

For Standardization

1. Ethanol, C.P.
CoH-0H, 95%

2. Ether, anhydrous
(CZH‘j)EO’ C.P.

3. Oxalic acid, 10% (Solutions Code: S0-24b)

Special Apparatus

Crucible, sintered gless (fine) (Apveratus Code: AC-18c)
Preparation

1. Transfer 19.6 g. of ceric ammonium nitrate into a 500 ml.
, volumetric flask.

= —
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2. Add spproximately 400 ml. of distilled water, and dissolve
the salt.

3. Dilute to volume with distilled water, and mix well.

b, Transfer the solution into a 500 ml. glass-stoppered Pyrex
bottle for storage.

Standardization

1. Prepere two sintered 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. VWash three times with 5 ml. portiomns of anhydrous ether.

d. Placz the crucibles in a vacuum desiccator (containing no
desiccent).

e. Evecucte for two minutes and open the desiccator to the
eir.

’ f. DRepeat step (e) twice.
€. Weiga the crucibles acéurately.

h. Replaze the crucibles in the desiccator until ready for
use.

2. Pipet duwplicate 5 ml. portions of ceric emmonium nitrate into
150 ml. bueckers.

3. Add 20 ml. of water and heat to boiling.
. Add 15 ml. of 10% oxalic acid with stirring.

L

5. Cool in an ice bath for exsctly 10 minutes.
6. TFilter through the sintered glass crucibles.
7

. VWash the precipitate by following the procedure outlined for
the crucibles elone in step (1), (a2) through (¢). The portioms
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 exacily the
Q samo procedure used for the crucible alone in step (1), (4)

through (g).
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SC-Te

9.  CALCULATIONS

where x = Welght of the crucible and precipitate in g.

Y < Weight of the crucivle in g.

"'mgu Ce

: lOOO_(x-y) - +h/ml.

NOT=:

2

Duvplicate results should agree within 1% and the
average value should be recorded as the final result.

-3- e
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H. W. Laboratory Manuacl Reissued: Auvgust, 1948
Laboratory Solutions Status: Standard
By: LtFoW-
CITRIC ACID
10%

Safety Precct.:tonr

Lserve zenelt . labeoratory Safety Rules.

Quantity and Container

250 ml. in a 250 ml. glass-stoppered Pyrex bottle.

Scager:is _and Speci: izaticns

For Preparation Per Liter Total
Citric acid, C.P. : 100 g. 25 g.
06H807, c -Po

Preparation

1. Transfer 25 g. of citric acid into a 250 ml. volumetric flask.

2. Add cpproximately 200 ml. of distilled water, and dissolve
the ceid. .

3. Dilute to volume with distilled water, and mix well.

L. Transfer the solution into a 250 ml, glass-stoppered Pyrex
bottle for storage.
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H. W. Laboratory Monusl Reissued: August, 1948
Laboratory Solutions Status: Standard
By: L.F.W.

CEROMIUM STANDARD
(0.100 g. 6r/L.)

Safety Precautions

Observe general laboratory Safety Rules.

Quentity and Container

1000 ml. in a 1 liter glass-stoppered Pyrex bottle.

Reagents and Specifications

For Preparation Per Liter Total
Potassium dichromate 0.2828 g. 0.2828 g.

Cr207, Reagent, recrystallized
from water.

Pregarution

l. Powder 1-2 g. of the recrystallized potassium dichromate in a
mortar.

2. Dry the ground material at 105-110°C. for several hours.
Allow to cool in a desicccator.

3. Obtain the tore weight of & 100 ml. becker.

4. Vith 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 cpproximetely 60 ml., of distilled woter, and dissolve
the salt.

é. Transfer the solution into a 1 liter volumetric flask. Rinse
the beaker at least 3 times with distilled water odding the
rinsings into the beaker.

T. Dilute to volume with distillcd water, ond mix well.

8. Transfer the solution into a 1 liter glass~stoppered Pyrex

UNCLASSIFIED
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Codez SC-10b
H. W. Laboratory Monunl Reissued: August, 1948
Laboratory Solutions Status: Standard

By: L.F.w'

CHROMIUM STANDARD

b —
(50 mg. Na,Cr,0,.2H, o/1.)

Safety Precautions

Observe general laboratory Safety Rules.

Quontity and Contaoiner

1000 ml. in o 1 liter gloss-stoppered Pyrex bottle.

Reagents and Specifications

For Preparction Por Liter Totel

Potassium dichromote 0.9871 g. 0.9871 g.
K2Cr207, primary standard :
Preparation
1. Dry l-2 g. of powdered primery stonderd potossium dichromate

at 110°C. for at least 6 hours. Allow the dried salt to
cool in o suitable desiccator.

Obtain the tare weight of a 100 ml. beaker.

With the tored beaker of the balance pan, add potassium
dichromate until o total of 0.9871 g. have been transferrcd
into the beoker.

Add approximately 60 ml. of distilled water, and dissolved
the salt.

Tronsfer the solution into a 1 liter volumetric flask. Rinse
the beaker at loast threec times with distilled water, adding
the rinsings into the beoker.

Dilute to volume with distilled woter, cnd mix well.

Transfer the solution into a 1 liter glass-stoppered Pyrex
hottle for storage. This is the stock solution.

Pipet 50 ml. of the stock solution into a 1 liter volumetric

flask.



{

» Code? : 5C-10b

9. Dilute to volume with distilled woter, and mix well.

lO.' Trensfer the diluted solution into a 1 liter glass-stoppered
Pyrex bottle for storoge.

Remarlks

l. The stock solution conteins dichromate ilon eguivelent to

0C0 p.p.m. of 2 .
1l P.P.m. O Na20r207 Eéo

2. The diluted solution contains dichromate ion equivalent
to 50 p.p.m. of NQECrEOT.EHéO.

-2 . Y
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H. W. Laboratory Manual Reissued: Auvgust, 1948
Laboratory Solutions Stetus: Standard
By: L.F.W.

PLATINUM-COBALT COLOR STANDARD
(Color = 500)

Safety Precautions

1. Observe general laboratory Safety Rules.

2. Observe the rules for handling corrosive chemicals, partic-
ularly those pertaining to concentrated hydrochloric acid.

Literature References

An. Public Health Assoc., "Standard Methods for the Examination of
Weter and Sewage", Am. Public Health Assoc., 13 (1936).

Quantity and Container

100 ml. in a 100 ml., glass-stoppered Pyrex bottle.

Reagents and Specifications

For Preperation Per Liter Total

1. Potassium chloro platinete 1.245 g. 0.1245 g.
KszCl6, C.p. (0.5 g. Pt) (0.05 g. Pt)

2. Cobalt chloride, C.P. 1.0 g. 0.10 g.
CoClz.GEéO, C.P. (0.248 g. Co) (0.0248 g. Co)

3. Hydrochloric acid 100 ml, 10 ml.
HC1, 36%

Preparation

l. Obtein the tare weight of a 100 ml. besaker,

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 on the balance pan, add

cobalt chloride until a total of 0.10 g. has been transferred
into the beaksr.



‘ Code: SC-152
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4. Add epproximately 60 ml. of distilled water, and dissolve
the salts.

5. Quantitatively transfer the solution into a 100 ml.
volumetric flask. Rinse the beaker at least 3 times with
distilled water, adding the rinsings into the flask.

6. Dilute to volume with distilled water, and mix well,

T. Traasfer the solution into a dry 100 ml. gless-stoppered
Pyrex botile for storage.

1. Solutions of other color values can be prepared by diluting
a specific volume of this 500 standard.
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H. W. Laboratory Manusl Reissued: September, 1948
Laboratory Soluttlons Status: Stendard
By: L.F.W.

CCPPER STANDAED

(100 p.p.m, Cu)

Safet= Preca.:ions

Observe zenerci laberatory Safety Rules.,

Quantity and Container

1000 m:, in e 1 liter glass-stoppered Pyrex bottle.

Reagents and Seecicizations

Fcr Preparaticn Per Liter Total
Copper sulfate, C.P. 0.3930 g. 0.3930 g.

Cusoh.sz,._o, C.P.
[
Preparstion
l. Obtain the tare weight of & 100 ml. beaker.

2. With tho tared bseker on a balance pan, add copper sulfate

crystals uatil a total of 0.3930 g. has been transferred
into the beeker.

3. Add approximately 60 ml. of distilled water, end dissolve
the salsl.

4. Trensfer the sclution into a 1 liter volumetric flask. Rinse
the beaker at Zeast 3 times with distilled water, adding
the rinsings irto the flask. A

5. Dilute to volume with distilled water, end mix well.

6. Trensfer the solution into a dry l liter glass-stoppered
Pyrex bottle fcr storage.
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E. W. Laboratory Manual
Laboratory Solutions

Code: SC-19a
Reissued: September, 1948
Status: Stendard
By: L.F,VW.

CLEANING SOLUTION
EChromic Acid;

Safety Precautions

1.
2.

Observe general laboratory Safety Rules.

Observe the rules for handling concentrated acids, i.e.,
wear a rubber apron, rubber gloves, safety glasses, and a

face shield.

Quantity and Container

7—1/2 liters in = 2 gallon porcelain crock and cover.

Rcogents and Specifications

For Preparation Per Liter Total
1. Sodium dichromato, Commercial 40 g. 305 g.
Na20r207.2320,
2. BSulfuric acid, C.P. 11, 7-1/2 1.
Hésoh, Cc.P.
30 Distilled water 18 ml, 135 ml.
Hx0
Preparation

1. Add approximately 135 ml. of distilled weter and the 305 g.
of sodium dichromate into & 600 ml. beaoker.

2. Place the becker on a hot plate and boil the solution until
all the sodium dichromate has dissolved.

3. Pour the hot dichromote solution into a 2 gallon porcelain
crock, and odd cautiously, with constant stirring, three
(2-1/2 liter) bottles of concentrated sulfuric acid.

L,

Continue stirring until the solution is well mixed.

- Tz
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- Code: sc-23a

H. W. Laboratory Mcnucl Reissued: Scptember, 1948
Laboratory Solutions Status: Stondard
By: L.F.VW.

CUPFERRON

Safety Pracoutions

Observe genurcl laboratory Sefety Rules.

Quzntity and Contalner

50 ml. in a 60 ml. medicine dropping bottle.

‘ Reagents cnd Specifications

For Preparation Por Liter Total
Ammonium salt of €0 g. 3.0 g.

N-nitroso Ne-phenylhydroxylomine
C6H5N(0N3u)uo , C.B,

Preparation

1.

2.

Transfer 3.0 g. of cupferron (the ammonium salt of N-nitroso
N-phenylhydroxylomine) into o 50 ml. volumetric flask.

Add opproximaotely 25 ml. of distilled wotor, and dissolve
the salt.

Dilute to volume with distilled woter, ond mix woll.

Transfer the solution iuto a 60 ml., medicine dropping bottle
for storage.



’ Code: SD-Oe

H. W. Laboratory Manual ' Reissued: Beptember, 1948
Laboratory Solutions Status: Standard
By: L.F.W.
DIMETEYIGLYOXIME
Rk

Safety Precautions

1. Observe general laboratory Safety Rules.

2. The alcohol solution is inflammable and must be kept awvay
from open fluames.

Guantity end Container

250 ml. in a 250 ml. glass~stopperad Pyrex bottle.
Reagents and Specifications

For Preparation Per Liter Total
1, Dimethylglyoxime, C.P. 10 g. 2.5 g.
(CE3)202(NOH)2, C.P.
2, Ethanol
C,H50H, 95%

Preparation

1. Transfer the 2.5 g. of dimethylglyoxime into a 250 ml.
volumetric flask.

2. Add approximately 200 ml. of ethanpl, and dissolve the
dimethylglyoxime.

3. Dilute to volume with ethanol, and mix well.

4, Transfer the solution into a 250 ml. glass-stoppered Pyrex
" bottle for storage. ‘

UNCLASSIFIED
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He W Laboratory Manual Reissued: November, 1948
Laboratory Solutions Status: Standard
By: Wed Mo

FERROUS AMMIONIQM SULFATE
(0,01N)

Safety Precautions
l. Observe general laboratory Safety Rules.

2. (bserve rules pertaining to the handling of strong acids,

Quantity and Container
1000 ml, in & 1 liter glass-stoppered Fyrex bottle,

Reagents and Specifications

For Preparation Per Liter Total
l. Ferrous ammonium sulfate, C.P. 4.0 gs 4e0 ga
(M °
] Fo(1),(50,) .46 0
2, Sulfuric acid, 0.4 1000 ml, 1000 ml.

(Solutions Code: SS=23a)
For Standardization
1. Sulfuric acid, 6N (Solutions Code: SS=23a)
2. Sulfuric acid, silica free, 1 (Sclutions Code: SS=23k)
3. Sodium oxelate, 0.0100H (8olutions Code: SS-1lla)
4. Ceric sulfate, 0,01N (Soluticns Code: SC-6b)
5. Ferroin indicator, 0,0025 M  (Solutions Code: SF=7b)
Preparation

l. Veigh out exactly 4.000 g. of ferrous ammonium sulfate, and
transfer to a 250 ml, beaker,

2., Dissolve in 041N sulfuric acid, and transfer the solution
into a 1 liter volumetric flask.

@
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3. Rinse the becker with several portions of 0,1N sulfurie acid,
and add the rinsings to the volumetric flask.

4« Dilute the solution to the mark with 0,1l sulfuric acid,
end after thorough mixing, transfer into a 1 liter glass=
stoppered Pyrex bottle for storage.

Standardization

The following directions for the stsndardization of the ferrous

-

ammonium sulfate solution are given for the use of wltra-micro
equirment, For certain uses, it is desirable to standardize the
sclution with ordinary micro equipment, and certain adjustments
of the amount of reagents used will have to be made,

A. Determination of the Ceric«Ferrous Equivalence Value '

Run duplicate doterminations until consecutive results within
0«4 A\ are obtained.

1, Add 100 A of 6 N sulfuric scecid to a micro titration dish.

~

2. 4dd 50 A of the 0,01 N ceric sulfate solution to the
titration dish, Rinse the pipot used with 1 N sulfuric
acid, and add the rinsings to the titration dish,

3, Dilute the sclution to cbout 3/4 the capacity of the dish,

Le Add 5 A of the 0,0025 I 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 burect with the ferrous ammonium sul-
fate solution and, aftor noting the zero reading, inser:
the buret tip into the soclution in the titration dish.

7. Titratc the solution to the first appearance of a pink
COIOr. .

8. Noto the finnl burct rcading and convert the number of cm.
of forrous ammonium sulfate sclution used to microliters.

B, Standaordization of thoe Ferrous iAmmonium Sulfate Solution

Run duplicate determinotions until consccutive checks within

0.,0001 ¥ cro obtaincd.
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1. Pipet 100 A of the 6 Y sulfuric acid into a micro
titration dish,

2, A4dd 25 A of the 0,0100 N sodium oxnlate solution to
the titration dish.

3. Add 50 A of the cerie sulfate solution. Rinsc the
pipet uscd to make the addition with 1 N sulfuric acid,
and odd the rinsings to the titrotion dish.

L. Dilute the contents of the dish with distilled wator wntil
their total volumo is cbout 3/4 that of the dish.

5, Insort the stirrer threocd into the solution ond start
the magnctic stirror.

6. Hoat thc solution to 60° C., and allow to cool, while
stirring, for 3 minutos,

7. Add 5 A of thc 0.0025 i Ferroin indicator to the solu-
tion in the titration dish.

8., Fill tho capillary burct with the ferrous cmmonium sul-
fote solution to bo standardized, and after ncting the
zero rocding of tho burct, inscrt the burct tip into
the solution in tho titration dish.

9. Titratc the solution to the first appearcnce of a pink
color,

10. Note the fincl buret reading and convert the number of
cn. of forrous armonium sulfatc solution used into micro=

litcrs.
Calculations
Ho = 25 x 0.01000
f :
i =B

vhere 4 = opount of ferrous cmmonium sulfate soluticn
' (oxprosscd as microliters) used in scction 4
above,
B = onount of forrous ammoniun sulfoato solution
(oxproesced as microlitors) used in scction B
cbove,

Ne norcolity of ferrous comonium sulfato solutien

-3~ R
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H. W. Laboratory Manual Reissued: October, 1948
Laboratory Solutions Status: Standard
By: W.d.M.

FLUORIDE STANDARD

(1.000 mg. F/1.)

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 1 liter glass-stoppered Pyrex bottle.

Reagents and Specifications

For Preparation Per Liter Total
1. Sodium fluoride, C.P, 2.2103 g. 2.,2103 g.
NeF, C.P.

2. WVater, redistilled
(Solution Code: SW-1c)

Preparation
1. Dry 4 g. of sodium fluoride in an oven at 110°C.

2. Weigh out 2,2103 g, of the dried and cooled salt, and trens-
fer intc a 1 liter volumetric flask.

3+ Dissolve the salt with redistilled weter, and dilute the
solution to the mark with redistilled weter.

4. Trensfer the solution after thorough mixing, to a 1 liter
glass~stoppered Pyrex bottle for storage.

Standardization

This solution is prepared to contain exactly 1 mg.F/ml.

UNCLAssFp T O
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H. W. Leboratory Manual Reissued:
Laboratory Solutions Status:
By:

GLYCEROL SOLUTION

(33.3% by Volume)

Safety Precautions

Observe general laboratory Safety Rules.

Quantity and Container

500 ml. in a 500 ml. glass-stoppered Pyrex bottle.

Reagents and Specifications

For Preparation Per Liter
Glycerol, White 333 ml.

Preparation

October, 1948
Standard
' w. J.M. *

Total

167 ml.

l. Using a graduated cylinder deliver 167 ml. of glycerol into
a:500 ml. volumetric flask and dilute to the mark.

2. Trensfer the solution to a 500 ml. glass-stoppered Pyrex

bottle for storage.



H. W. Laboratory Manual Reissued: October, 1948
Laboratory Solutions Status: Standard
By: W.J.M.
GUM ARABIC
(5%)

Safety Precautions

Observe general laboratory Séfety Rules.

Quantity and Container

500 ml.in a 500 ml.glass~-stoppered Pyrex bottle.

Reagents and Specificatlons

For Prepartion Per Liter Total
1. Gum arasbic 50 g. 25 g.
2., Salicylic ecid, U.S.P. 0.10 g. 0.05 g.
Preparation

1. Dissolve 25 g. of gum arabic and 0.05 g. of Salicylic acid
in distilled water in a 500 mi. volumetric flask.

2. Dilute to the mark.
3. Shake and mix well.

L, Transfer to a 500 ml. glass-stoppered Pyrex bottle for
storage.

UNCLASSIFIED
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E. W. Laboratory Manual Reissued: October, 1948
Laboruatory Solutions Status: Standard
By: WOJDMO

HEYDROCHLORIC ACID SOLUTTIONS

Safety Preccuticns

1. Observe general laboratory Safety Rules.

2. . Observe the rules for handling corrosive chemicels, perticu-
larly those pertaining to concentrated hydrochloric acid.

Reagents

For Pveparation

Hydrochloric acid
HC1, 36%

For Stondardization

1. Sodium hydroxide (Solutions Code: SS-8a)

2. Sodium carbonate, C.P.

3. Methyl red indicatcr, 0.1% (Solutions Code: SM-6a)
Alcoholic .
4, Modified methyl red, 0.1% (Solutions Code: SM-6¢)

Srecial Apporctus

Semi-microburet, 10 ml. (Apporatus Code: /B-21a)
Preparation

1. Calculate the volume of concentroted hydrochloric acid re-
quired to malke the desired concentration as follows:

a. For normclity or molarity.
ml, of 36% ECL = 86.2(A x B)

where A = desired normality or molcrity.
B = desired total volume in liters.
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Exomple: A = 0.330 or 0.33M and B = 1.
thus 86.2(0.33 x 1) = 28 ml, of 36% HCl
b. For percentage of HC1,
al. of 367 ECL = (393

desired percentage.

where A
3 desired total volume in ml.

Excmple: A = 15% ond B = 500,
thus (']3:%)500 = 208 ml. of 36% HC1
c. ‘For ports, A
ml. of 36% HC1 - p.(%)
desired total volume jn ml.
dasirec pcrts of acid.,

desired pcrts of acid plus desired parts of
wcter.

o g = I 24
i 15

Example: For 1l:1 vhere A = 500, thena =1 and b = 2.
-1
thus 500('2') = 250 ml. of 36% HCl.

2. By mecns of a graduated cylinder, slowly add the required
amount of concentrated hydochloric acid intc a volumetric
flask of the proper size, which contoins at least 50% of
the total volume of distilled water. This work must be
done in a well ventilcted hood.

3, Mix well and dilute to the mark with distilled water.

L, After the solution is well mixed, store it in a dry, glass-
stoppered Pyrex bottle of the preocer size.

Standardization

One of the mecthods given below will be suitable for standar-
dizing hydrochloric acid solutions used cn this project. It is
important in cccurate work to select a standardizetion using
the same indicator cs will be involved in the subsequent uses
of the solution.

A. Agcinst primary standord sodium carboncte.

1. Place the solution in a 10 ml. semi-microburet and
thoroughly flush the system.

UNCLASSIFIED
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2. Dry esbout lg, of the standard primary sodium carbomate
to constant weight in en oven held between 135 cnd 150°C

3. Cool in a desiccator containirg sticks of potassi i
hydroxids,

4, Obtain the tare weights of threc 100 =i, T.eakers,
Weigh ccourately and transfcoi Jwio thece deakers 2.13
to 0.5 g. of the dried carbonaia,

5. A8d epprovizately 15 mi. of disiillel wever il dissaive

I the sodium carbonate.

6. Add 1 drop of 0.1% alcoholic metayl red indlcator.

7. Titrete witl. the hvdrochloric ~:id 4o the cheractexicwis
ved ond poizi, Add ebout 1 ml. 2xcc3s of z3id., Rec.od
this volume.

8. Cover the beakers and boil the sclution for at least
5 mirstes in order to completely aezpel the ceThou
dioxide. Do not evaporate to dryness,

. 9. Cool to rocm tawpercture and add 1 drop of 0.1%
alconolic methyl red indierctor,

10. Back titrate with standard sodium hydroxide (Remork 1)
to the fiurst yellow tint, using aplit drops es tac end
point is approached. Record this volume,

11. Titrate o knowmamount of the stondard sodium hydroxzide
with the hydrochloric acid, using 0.1% alcoholic metl ..
red indicactor (Calculation °.).

Calculctions
» i, of HCL
N 1. rl., of HCl/ml. of NoOE = 7§ "7 Faom —

2. ml. of BC1 = 4 - (B x ml. of HCI/ml. of NaOH)

wheie A = Voiume of HC1 from Step 7.
B = Volume of NaOh firom Step 10.

¥t. 0f NonCO
3. N of EC1 = 5,553 ¢ ml. of ECL

the N values obtcined from the triplicate scmples shevld
' N not vary more than 0.0002.

-3- e
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B. Agoinst stondard sodium hydroxide with moddfied methyl red
as indicator.

1. Pipet 10 ml. of the hydrochloric acid into a 250 ml.
Erlemmeyer flask. Add 50 ml. of distilled water.

2. £4d 1 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
dstermination, using less indicator.

3. Titrate the solution with standerd sodium hydroxide
(Remark 1) from a 10 ml. semi-microburet. The end point
is reached when the solution goes from red to colorless

or & slight grayish tinge. Addition of excess base turns
the indicator green.

4, The normality of the sodium hydroxide should correspond
to the normality of the hydrochloric acid being prepaied.

Calculaticns
Nof ECL - Np. 2B
- 10
vwhere Ny, - Normality of the sodium hydroxide.
B - ml, of sodiun.hydroxide used,

Standardization should be repeated until 3 consecutive
titrations give N values within 0.0002.

C. OCravimetric standardization using silver nitrate.

1. Pipet 10 ml. of the hydrochlcric 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 - Vo x Ne

- Ns
where Vs = Volume of silver nitrate in ml.
Va = YVolume of hydrochloric =acid.
Na - HNormelity of hydrochloric acid.
Ns - Normelity of silver nitrate.

UNCLASSIFIED
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4, Using a graduated cylindef add the czlculated amount of
silver nitrate to the hydrochloric acid solution.

5. Add & 20% excess of the silver nitrete to insure com-
plete precipitaticn.

6. Heat corefully to gentle boiling. Stir occasionclly
arnd continue heatirg with etirriag until the silver
chlorids precipitat. congulates, leaving a nearly clenr
gupsrnatent solution.

T. Allow the precipitate to ssttle for 5 minutes in a dark
place.

8. Ovtaln the tare welght of e fine sintersd-gleoss cruci-
ble,

9. Decunt the cleer licuid through the gintered-glass
using geatle suctlon and catch toe filtrate in a 25C ml.
Erlenmecyer flask.

10. Quentitetively tronsfer the precipitate left in the
beaker into the sintered-glass.

11. Rinse out the becker with severcl portions of prepered
golutiors ond zud the washings to the sintered-glass.
(Remerk 1)

12. Test the filtrate with a few drops of silver nitrate.
13. If a whits cloudiness cppears rcpect Steps 6,7,9,10,

end 11 uwatil the filtrate rerairs clear upon addition
of sillver nitrcte,

Colculations '
Yo - Ws = 1000
- 143,35 x Vu
where Wa = Normality of the hydrceculoric acid
¥Ws = Welgxt of the siiver cilecride prescipitate
Va = Volune of the hydrochloric acid
Remarks

Owing to the slight solubility of silver chloride it has been
recommended to wash first with water contairing silver uitrate
(0.05 g./l cpproximately) then with 2% sol-w:slon of nitric acid
and fipally twice with redistilled waler.

5 T
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H. W. Laboratory Manusl Relssued: October, 1948
Laboratory Solutions Status: Standard
By: W.J.M.

HYDROGEN PFROXIDE
(5 x 1074N)

Safety Precautions

1. Observe general laboratory Safety Rules,

2. Observe rules pertaining to the handling of strong acids.

Quantity anéd Container

1000 ml, in a 1 liter glass-stoppered Pyrex bottle.

Reagents and Specifications

For Preparation Per Liter Total
Hydrogen Peroxide, C.P. 0.028 g. 0.028 g.
32029 30%

For Standardization

1. Potassium Permenganate, 0.1N (Solution Code: SP-16a)
2. Sulfuric ecid, 6N (Solution Code: SS-23a)

Prenaration

1. Pipet 2 ml. of the 30% peroxide into a 500 ml. volumetric
flask and dilute to the merk witl. distilled water.

2. Shake and mix well.

3. This procedure gives a solution about 0.07N in peroxide.
Standardization

1. Pipet 10 ml. of the approximately 0.0TN peroxide into a
50 ml. beaker.

2. 4dd 10 ml. of water and 10 ml. of €N E;S0).

UNCLASSIFIED
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3.

5.

Te

Remarks

Titrate with the standard .lN potassium permangenate to an
end point that will hold for 30 seconds.

Calculate the normality of the peroxide by the following
formula:

~ Vm x Nm
Fp = Vp
where Np - Normality of the hydrogen peroxide
Vm = Volume of the potassium permanganate
Nm = Normality of the potassium permenganate
Vp = Volume of the hydrogen peroxide

From this normality calculate the volume of hydrogen peroxide
necess to dilute to 1000 ml. to produce a solution of
5 x 107N as follows:

4

Volume hydrogen peroxide needed r 2290 X 5 X 10

Using a Mohr pipet accurately meesure the amount of: hydrogen
peroxide calculated and transfer it into a 1000 ml. volu-
motrie flask.

Dilute to k with water and mix well, This solution should
be 5 x 10°°N in hydrogen peroxide.

This solution must be prepered and standardized each time it is
to be used since it can not - be stored without deteriorating.
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E. W, Laboratory Manual Reissued: October, 1948
Laboratory Solutions Status: Standard
By: W.J.M.

EYDROGEN PEROXIDE SOLUTION
T.5% Superoxol

Safety Precautions

l. Observe general lcboratory Safety Rules.

2. Strong hydrogen peroxide (30%) is a corrosive chemical and
should not be brought in contact with the skin,

Quantity and Contziner

1000 nml, in a liter glass-stoppered amber bottle,

Reagents cnd Specifications

For FPreparction Per Liter Total
Iydrogen peroxide, C.P. 250 mi. 250 ml.
Preparation

l. Using a graduated cylinder transZer the 250 ml. of the
30% hydrogen peroxide solution into a 1 liter volumetric
flask.,

2. Dilute the solution to the mark with distilled water, and
mix thoroughly.

3. Transfer the solution to a 1 liter glass-stoppered cmber
bottle for storage.

UNCLASSIFIED
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H. W. Laborastory Manual Issued: January, 1949
Laboretory Soluti-ms : Status: Standard
| By: W.J.M,

EYDROGEN PEROXIDE
(3%)

Safety Precautions

1. Observe general laboratory Safety Rules.
2. Observe rules for handling hydrogen pefoxide.

Quantity and Container

2000 ml. in a 2 liter glass-stoppered Pyrex bottle,

Reagents and Specifications

For Preparation Per Liter Total
Hydrogen peroxide, C.P. 107 ml. 21k mi.

Preparation

l. Using a gradﬁated cylinder, measure 214 ml, of the hydrogen
percoxide into a 3000 ml. beaker.

2. Add slowly and with constant stirring 1786 ml. of aistilled
water.

3. Transfer into a 2 liter glass-stoppered Pyrex Yottle for
storage.
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By: W.J. M.
8-HYDROXYQUINOLINE
(27 Eicchnlis solution)
Safety Precsritions
Observe genercl laboratory Scfety Fules,
Maootity and Contalaer
25) ml. In a 290 m'.. gleoss-piopperad Iyrex dostle.
Aacgents_cnd Ypecilicasicons
For Prer.uracion Pev Liler Tatcl

1. &-Hydrow wuinoline, T.P. 20 g.
C.E.OF, I.7.
I

2. Erhy) ilschol, CLP. 100 T,
C ".502’ ';E’\'v

Preneration

> 8.

1. Weigih 5.0 g. of *the §-Irdroxsrui-clize on a torrion baluace

ond transfer iato o 250 mi. veluvnctric flosk.

-

n

the etlyl nlzobol,

Dissaclve i~ the e*hyl alcciol aul Ailrce to ihe zack

3. Mix 121l exd trarsfer Joto a 250 L. glusn-stupneied beootle

for vioragi.
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H. W. Laboratory Manual Reissued: November, 1948
Loboratory Solutions . Status: Stondord
By: W.J.M.

IODIIE

(0.2N Soluticn)

Scfety Precoutions

Observe general laborctory Safety Rules,

Literature References

1. Furman, N, H., "Scott's Standard Methods of Analysis", I,
5th Edition, D. Ven Nostrand Co., Inc., 1207 (1939).

2. Griffin, R. C., "Technical Methods of Analysis", McGraw-
Hill Publishing Co., 10-12 (1927).

Quantity and Conteiner

1000 ml. in a 1 liter glass-stopnered Pyrex bottle.

Reagents and Specifications

For Prevaration ‘ Per Liter Total
1. Todine, resublimed ‘ 25.4 g. 25.4 g.
I5, resublimed
2. Potassium iocdide, C.P. 4o g. Lo g.
m, C OP.

For Standardization

1. Arsenous acid, 1N (Solutions Code: SA-18¢;

2. Starch indicator, (Solutions Code: SS-2lca)
stabilized 1.0%

Special Apparatus

Buret, semi-micro, 10 ml, (Apparatus Code: AB-2la)
Preparation

1. Dissolve 40 g. of the potessium iodide in as little distilled
water as possible in a 1 liter volumetric flask.
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2. 2344 25.4 g. of the lodine 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 10 ml. semi-micro buret, sbout 8 ml. of .1N
arsenous acid into a 50 ml. besaker.

2. Add 1 ml. of the 1§ starch indicator.

3. Using a 10 ml, semi-micro buret titrate with the iodine
golution to a light blue end point.

L4, Repeat Steps 1 through 3, using 9 ml. of arsenous..acid.

Calculations
& N, oo e ETe
‘ 1l
where I‘I1 = Normality of the iodine
N2 = Normality of the arsenous acild

v2 = Volume of the ersenous acid

V, = Volume of the iodine

UNCLASS!IFIED
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H. W, Laboratory Manual Reissued: November 1948
Laboratory Solutions Status: Standard
By: HedMe

IODINE LiONCCHLORIDE
(0.005 M)

Sefety Precautions

1. Observe general laboratory Safety Rules,

2. Observe rules pertaining to the handling of strong acids.

Literature References

1. Smith, G, F., "Cerate Oxidimetry", G. F. Smith Chemical Co.,
38 (1942),

2. Oesper, Re E., "Mlewcr liethods of Volumetric inalysis", D. Van
Nostrand COQ, 30 (1938)0 ‘

Quantity and Container

500 ml, in a 500 ml, glass=-stoppered Fyrex bottle,

Reagents and Specifications

For Preparation Per Liter Total

1. Potassium iodide, C.Ps 0.558 ge 0.279 ge
KI, C.P.

2. Potassiwm iodate, C.P. 0.356 ge 0.178 g.
KIO0,, C.P.

3

3. Hydrochloric acid, C.P. 500 ml. 250 ml,
HC1l, 26%

Lo Chioroform, C.P. 10 ml. 10 nl.

CH Cly, C.Pe
Preparation
1, Dissolve 0,279 g. of potassium iodide and 0,178 g. of potassium
jodate in 250 rl, of distilled water contained in a 500 ml,
volumetric flask.

2. 4dd immediately 250 ml. of the hydrochleric acid.

- SR
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3. Adjust to cquivalence of potassium iodide and potassium iodate
by adding 10 nl. of chloroform,

Le Nix well and if the chloroform layer is discolored add drop=-
wisc a very dilutc solution of the iodate until the color
disappears shorply. Then add an equally dilute solution of
the iodide until onc drop restores tho color. If the chloro=

( forn laycr is colorless add dropwise a dillute solution of the

' iodide until the color appearse

5 Dilute to the mark with distilled water.

6., Mix well and transfor to a 500 nl, glass-stoppcred Pyrox
bottle for storagce

o | Erwran
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H. W. Laboratory Manual Reigsued: November, 1948
Laboratory Soluticns Status: Standard
By: W.J.M.

FERRIC NITRATE
————————— O - —
(10 mg. Fe'>/ul.)

Safety Precautions

1. Observe general laboratory Safety Rules.
2. Observe rules pertaining to the handling of strong acids.

Literature References

Coryell, C., D., Hume, D, N,, Ballou, N, E., and Glendenin, L.,
Clinton Secret Report, CL-CDC-4 or 5211 (March 15, 19kk4),

Quantity and Conteainer

1000 ml. in a 1 liter glass=-stoppered Pyrex bottle.

Reagents and Specifications

For Preperstion Per Liter Total
1. TFerric nitrate, C,P. 72 g. T2 8.
Fe(NO3)309H20, C.P,
2. Nitric ecid, C.P. 1 ml. 1 ml,
O3, 70
Preparation

l. Dissolve the 72 g. of the ferric nitrate, weighed cn e
torsion balance, in distilled water in a 1 liter volumetric
flask containing 1 ml. of concentrated nitric acid.

2. Dilute to the mark with aistill=d water,

3. Mix well and transfer into a 1 liter glass-stoppered Pyrex
bottle for storage,
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He W. Loboratory Manual Reissued: November, 1948
Loboratory Solutions Status: Stondard
By: VeJdde

MAGNESTU! URANYL ACETATE

Safety Prccautions
1. Observe gerercl laboratory Scfety Rules.
2. 4cetic acid preduces burns on the skin; avold contact.

Literature Rofercnces

Furnar, M. E., "Scott!s Stonderd tethods of Cheniccol Jinclysis",
5th Ed., I, D. Van Ncstrand Cc., Inc., New York, 880 (1939).

Quantity ond Container
2000 nl, in a 2 liter glass-stoppered amber-cclored bottlc,

Reagents_and Specifications

For Prenmaration Per Liter Total
1, Glceial ccctate acid, C.P. 60 nl, 120 nl,
2. lagnesiwm acctate, C.P. 300 g, 600 g.

3. Uraniuwm acctatc, C.P. 45 ge 20 go
U02(62H302)2.2HZO, C.P.

Prcpcoration

Sclution A

1, Weigh 90 g. of uranium acctatc and transfer into a 2 liter
Erlcemeyer flosk, -

2. Using o groduated cylinder neasure 60 nl. of glacial acctic
acid and add to the contents cf the flosk.

3. 4dd sufficicnt distilled water to the contents of tho flask to
ncke 1 liter (Remerk 1),

4e Yorn the flosk and its eontonts to 70° ¢ ond stir until solu-

tion is carpleto.
- —_—
UNCLASSIFIED
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1. Uecigh 600 g. of mcgnesiun ccetote and transfor into a 2 liter
Erlemcyor flask,

2. Using & groduated cylinder ncasurc 60 ml. of glacicl acctic
acid cnd add to the contents cof the flask,

3, «@d sufficicnt distilled wcter to the contents of the flask to
ncke 1 liter (Remark 1).

Le Wornm the flask cond its coutonts to 70° ¢ ond stir until sclu-
ticn is cenplete.

5. 1lix togcther sclutions 4 and B at 70° C, and then cool to 20° C.

6. Allow the sclution to stand at this tomperaturce for 2 hours
or lorger.

7. Filter the soluticn through filter papcr intc a glass-stop=-
pered 2 liter cober-cclored bottle {Remarks 2 and 3).

Renarks
1. Prior to preparing the sclutien, mark a 2 liter Erlemcyer
flask ot the liter level by ncasuring o volume of weter and
adding to thc flask,
2. Prescrve this rcogent away from direcet sunlight,

3¢ If furthcr precipitation occurs, the scluticn should be fil-
tered agoin before it is used.
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H. W. Laboratory Manual Reissued: November 1948
Leboratory Solutions Status: Standard
By: WJT X

MANGANOUS SULEATE

Y a———x 2]

(1 ml. = .C5) mg, iin)

Safety Precautions
Cbserve gencral laboratory Safety Rulcs.
Litercture Poferenzes

AJPH. L., "Stondard Methods for the Exmaination of Water and
Sowags," A.P.H.A. and A.A.A., 83 (1936),

Quzcntitv anéd Contcincr

Odta—

500 m1, in o 500 ml. glass-stoppered Pyrex bottle,

Reagents cic¢ Spenificoticns

’ For Prcnaration Per Liter Total
1. Potcssium permanganate, Cl.Pe.
KIND,, CoPe 0,1438 g, 0.C719 g.
2. Sodium bisulfitc, C.P.
NQHSOB, C.F. 0.4 ge 002 8e
3. Sulfuric ceid, 1Y 4=6 ml, 2-3 ml,

(Soiutions Codec: SS=23a)
Preparation

l. 4dd 2 = 3 ml, of 1N sulfuric acid to cbout 100 ml. of dis-
tilled water.

2. Dissolve the accurctcly weighed 0.0719 g. of the potassium
permanganate in the acid solution.

3. Add the .2 ge of the sodium bisulfitc to reduce the permon~
gantte.

Le Boil to rcmove the cxecess sulfur dioxide and transfor into
a 500 ml, volumetric flaske

’ 5. Dilutc to tho mark with distilled water cnd mix well,

UNCLASSIFIED
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6. Transfer into a 500 ml. glass-stoppered Pyrex bottle for
storage.

Standardization

The procedure is designed to give a solution containing 50 micro-
grams of menganese per ml.
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H. W, Loboratory ilanunl Reissued: Kovember, 1948
Laboratory Solutions Statuss Standard
By: Ved oMo

MAGEESTUM STAINDARD

(1 ml, = 100 microgroms lig/ml.)

Scfety Procautions
Observe general lcboratory Safety Rules.

Litercture Refcroneces

Sncll, F. D., and Snoll, C, T., "Colorimetric ketheds of Ancly-
sis", I, 2nd Edition, D. Von iostrand Co., Inc., 477 (1943},

Quzntity and Contoincr
1000 ml, in four 250 ml, glass=stoppored Pyrex bottles,

‘ Reagonts and Specifications
( For Proparction | Per Liter  Total
Mognosiur sulfotc, hydratod, C.P. 1e014 g 1.01 g.

L:g SOA"HzO, C ‘P.
|

Ercporation

1. Dissolve tho 1,014 g. of tho magnesium sulfate in distilled
wator in a 1 liter volumctric flask.

2., Dilutc to the mark and mix well,

3. Troansfor into four 250 ml. gloss-stopperod Pyrex bottles.
Standardization

This prcparction is dosigned to give a solution containing 100
ricrograms magnesium per ml,

e UNULA&S&FIF
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By: W.J M,

(0.1%)

Sefety Precautions
Observe general laboratory Safety Rules.

Literature References

Furman, I'. H., "Scoti's Standard Methods of Chemical Analysis,"
II, 5th. Edition, D. Van Nostrand Co., Inc., 2192 (1939)

Quantity and Container
250 ml, in & 250 ml. glass=-stoppered Pyrex bottle.

Reagents and Specificaticns

For Preperation Per Liter Total
liethyl Crange, commercial dye 1.0 g. 0.25 g.
Preparation

1, Dissolve the .25 g. portion of methyl orange in 250 ml, of
water contained in a 250 ml, volumetric flask.

2« Shake and mix well,

>

3+ Transfer into & 250 ml. glass-stcppered Pyrex bottle for
storage,



G | Code: 2i-6e

H. W. Laboratory lanual Reissued: November, 1948
Laboratory Solutions Status: Standard
By: Wedaie

HETHYL RED, ALCGHOLIC
(0.1%)

Sefety Precautions
l. Observe general laboratory Safety Rules.
2. Keep the alcohol away from open flames.

Literature Refercnces

Furman, . H., "“Scott's Standard lethods of Analysis", II, 5th.
Edition, D. Van lostrand Co., Inc., 2192 (1939)

Cuantity and Container

500 ml, in a 5C0 ml, glass=-stoppered Fyrex bottle.

Reagents and Specifications

For Preparation Per Liter Total
1., Hothyl red, ccmmercial dye 1l ¢, 0.5 ge
2., Ethyl alcohol, C.P. 600 ml. 300 ml,
02!15(1-1, C.P,
Preoaration

l. Dissolve the 0.5 g. of the methyl rcd in 300 ml, of the 95%
ethyl alcohol in a 500 ml. volumetric flask,

2« Dilutc to the mark with distilled watcr,
3., Shake and mix well,

4. Transfor into a 500 ml. glass=stoppered Pyrex bottle for
storage.

-1- ———
UNCLASSIFIED
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H. W. Laboratory Hanual Reissued: November, 1948
Laboratory Solutions Status: Standard
By: WeJ .M.

IETHYL RED

(0.1%, % neutralized)

Safety Precautions
Cbserve general laboratory Safety Rules,

Literature References

Kolthoff, I. M., and Iaitinen, H. A,, "pH ond Electro Titraticns,"
John Wiley ond Sons, 28 (19413.

Quantity and Container

10C ml, in a 100 ml. glass=stoppered Fyrex bottle,

Reazents ond Specifications

For Prepcration Per Iiter Total
l. lethyl red, Cormercial Dye 1.0 g. 0.10 g.
2, Sodium hydroxide solution 74 nl, Ted mle
0,05 X

(Solutions Code: SS=-8a)

Preparation

1. Grind to powder 0.10 g. methyl red in on cgote or ullite®
mortor with 7,4 ml. 0,05 N sodiwm hydroxide solution.

‘2. Aafter the indicator is dissolved, tronsfer the solution into
o 100 ml. volumetric flask.

3. Yash out the mortor and pestle well with distilled water add-
ing the washings to the flask,

4e Dilute to the mark with distilled water,

5. lix well and transfer into a 100 ml. glass-stoppered Pyrex
bottle for storcge.

- R
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MERCURIC CHLORILE
(0.35%)
Scfety Precautions
1., Cbserve genercl laborctory Safety Rules,

2, liercuric chloride is extrenely poiscnous, cnd care nust be
exerciscd that it is nct taken internally.

Qucntity cnd Contoiner

1000 nl. in o 1 liter gloss—stoppered Pyrex bottle,
Roagents aond Specifications
For Prevaration Per Liter Tctal

lHercurice chloride, C.P. 35 g, 3.5 ge
HgC].z, C.P. .

Prepcrotion

1. Weigh the 3.500 g. of the mercuric chloride on 2 watch gless
and tronsfer it into a 1 liter volunetric flosk, rinsing the
wotch glass with distilled weter and adding the rinsings to
tho flask.

' 2. 4dd cbout 500 nl, of distilled water to tac flasl.,
3, Shoke the flask until the nercuric chloride is in solution.
Le Dilutc to the mork with distilled water and nix well.,

5, Tronsfor into 2 1 liter glasse~stoppered Iyrox bottle for
storoge.
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H. W. Loboratory Manual Reissueds November, 1948
Laoboratory Solutions Stotus: Stcndard
By.: W.J.M.

MERCURIC CHLORIDE
(Saturated Aqueous)

Safety Precautions
1. Observe general laboratory Safety Rules.
2. lercuric chloride is extrcmely poisonous. Avoid oral contact.

Literature Refercnces

Merck cnd Co., "The lierck Index", 5th Ed., lierck and Co., Inc.,
Rehway, N.J., 1027 (1940).

Quantityr and Containecr

100 ml. in a 125 nl. glass-stoppered Fyrox bottle.

Reocgents and Specifications

For Prcoaration Per liter Total
icrcuric chloride, C.P. 75 8o 7.5 g

HgClz, C.P.
Proporation

1. Weigh 7.5 g. of the mercuric chloride ard transfer into 2
100 nl. volwmotric flask,

2. Dissolve in distilled water and dilute to the mark,

3, Mix well end tronsfer inte o 125 ml. glass-stoppered Pyrex
bottle °
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H. V. Laboratory Manual Reissued: November, 1948
Laboratory Solutions Stotus: Standard
By: Wed M

MOLYBDATE REAGENT

Scfety Precoutions

1. Observe genercl laboratory Safety Rules.
2. Observe rules pertaining to the handling of strong acids.

Literature Refercnces

Snell, F. D., ond Snell, C. T.,"Colorimetric lethods of Anclysis",
I, Sccond Edition, D. Vaon Nositrand Co., 509 (1943).

Quontity ond Container
1000 nl. in a 1 liter glass=stoppered Pyrex bottle.

Reagents and Specifications

For Preparction : Per Liter Total
1., 4momonium molybdete, C.P. 128 A

(NHA)2mOOA, C.P.

2. OSulfuric Acid, 10N 1000 ml, 500 ml.
Solutions Code: SS=23c

Prepcration
1, VYcigh on a torsion balance 64 g. of the .umonim molybdato.

2. Trensfer into o 1000 ml. beaker cnd dissolve in 500 ml. of
distilled wuter.

3, Tronsfer the solution into a 1 liter volmetric flask.

L. Using a graducted cylinder, add slowly tac 500 ml. of the
10 sulfuric acid,

5. Mix woll and trensfer into a 1 liter glass-stoppered fyrex
bottle for storago.

UNCLASSIFIED
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H. W. Laboratory Manual Reissued: November, 1948
Laboratory Solutions Status: Standard
By: Wed e

NESSLER'S SOLUTION

Safety Precautions

1, Observe the general laboratory Safety Rules,

2. Mercuric chloride is a poisonous and corrosive chemical;
avoid any oral contact,

3. Observe the rules pertaining to handling strong acids.

Literature References

Snell, F. D', and Snell’ C. T', "Colorimetric llethods of
Analysis", I, D. Van Nostrand Co., Inc., 653 (1943)

Quantityr and Container

1000 ml, in a 1 liter glass—-stoppered Pyrex bottle,

Reagents and Spoecifications

For Preparation Per Liter Total
l. Potassium iodide, C.P. 50 g. 50 g.
KI, C.P.

2. Mercuric chloride, saturated
aqueous solution (Solutions
Code: M=-10c)

3. Potassium hydroxide, clear 50%
solution (Standards Code: 400 ml, 400 ml,
SG=FP=5bs cmit the standard-
izaticns

4. Redistilled water, ammonia
free (Soluticns Code: SW-le)

a- L
UNCLASSIFIED
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Preporation

1.

~

e

3.

be

Se

7.

Remarks

1,

-Weigh on a torsion balance 50 g, of pctassium iodide,

Transfer the 50 g, of potassium iodide into o 1 liter
volumetric flask.

Add approximately 35 ml, of cold ammonia-free distilled
water and dissolve the potassium iodide, '

Alternately, add the saturated mercuric chloride solution,
and swirl the flask until a very slight, red precipitate
is formed and remcins. '

Using a groduated cylinder, add 400 ml, of the 50% potcssium
hydroxide solution, cnd swirl the flaske.

Dilute to the mark with ammonia-free distilled water, and
nix well by shcking (Remark 1).

Allow the solution to stond for 24 hours and then decant
the clecr solution into a 1 liter glass=-stoppored Pyrex
bottle for storage.

If a heavy precipitate remains, a new lessler's solution
should be nade upe.
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H. W. Laboratory Manual Relssued: November, 1948
Laboratory Solutions ~ Status: Standard
By: WeduMe

NICKEL SOLUTION STANDARD

(1 ml, = 10 microgrems Ki/ml.)

Safety Precautions
Observe general laboratory Safety Rules,

Literature References

1. Snell, F, D, and Snell, C. T., "Colorimetric Methods of
Analysis", I, D. Van Hostrand Cc., Inc., 316 (1943)

Quantity and Container

1., 1000 ml. in four 250 ml. gless—stoppered Pyrex bottles.

Reagents and Specifications

For Preparation Per Liter Total
1, Hickel ammonium sulfate, C.Pe 0.0673 g. 0.C673 g.

Nico, (MH 4) 2.63320, CoPe
Preparation

1. Transfer the 0.0673 g. of nickel ammonium into a sulfate
1000 pnl. volumetric flask, :

2. Add cbout 500 ml, distilled water to the volurmetric flask
and nix until the salt is dissolved,

3. Dilute teo the mark with distilled water and nix well.

Le Store in four 250 ml, glass=-stoppered Pyrex bottles-
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LITRIC ACID SOLUTIONS

Safcty Preocautions

1.
2.

Obscrve gencral labeoratory Safety Rules.

Observe the rules portaining to handling strong cecids.

Recgonts and Specificotions

For Prcoparation

Nitric acid, C.P.
HNO,, 70%

Preparaticn

1,

Colculate as follows the volunmc of conccatrated nitric acid
required to mcke the desired volume ond concentraticn of
dilute acid:
2., Fecr normality or molority:

Vy = 63.2 (Vy x )

vhore V= nl, of 70% nitric acid to be uscd.
Vy = izgifcd total velume in liters of diluto sclu-
Ny = desired normality or molarity of dilute solution.
Exonplo: To nako up 1 liter of O. J HNO,
Vy = 6342 (1 x 0.1) = 6.3 nl. of 70% ENOg

b. For porcentage of HNOB:

= [
vl - (70}v2

vhere Vp = nl. of 70% nitric acid to be usod

II = dosired percentoge
V5 = desired totcl volume in nl.

“1- -



2.

Codc: SN=-0a

Excople: To make up 500 ml, of 15% HNOj

V :I.:.L_i“\‘ > pT
1 Q'zo/ 500 = 107 nl. of 70% KIiOg

c. For parts:

a
V1 ‘(b) Vs

where V) = nl. of 70% HNCb
dosired tetal velume in nl.

desired parts of ccid. .
desired parts of acid plus dosired ports of

V2
a
b

water

to bo used

Exanple: To nmoke up 500 nl, of 1:3 HN03

' -.-(-}:) 500 = 125 nl, 70% HIOg

By nmeans of a graduated cylinder slowly add the required cnount
of concentrataod nitric acid inteo o volimetric flask cof the
proper size containing ot least helf of the tctal veiwme of

distilled water to be used.

ventilated heod,

This wcrk nust be Jdone in e well

kix well and dilute to the mork with distilled water.

Mixz well and tronsfer into a glass=stoppered Pyrex bottle
of the proper size for storage.
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By: W.J.M.

NITRATE SOLUTION STANDARD
(0.01 mgc N/m-l' )

Safety Precautions

Observe general laboratory Safety Rules.,

iterature References

American Public Health Association, "Standard Methods for the
Exominaticn of Weter and Sewage", 8th Edition, A.P.H.A.,
New York, 45 (1936).

Quentity and Conteiner

500 ml. in a 500 ml. glass-stoppered Pyrex bottle.

Resgents and Specifications

For Preporation Per Liter Total
1. Potassium nitrate, C.2. 0.07216 g. 0.7215 g.
KNO,, C.P.
2. Fhenoldisulfphonic acid, C.P. &4 ml. 2 ml.
Prenaration

1. Weigh out exactly 0.7216 g. of the pctassium nitrate, end
transfer into a 1 liter volumetric flask.

2. Dissolve the selt in a little distilled water, then dilute
the sclution to the mark and mix thoroughly.

3. Pipet 50 ml. of this stock solution into = emzll evoporating
dish, and evoporcte it to dryness on o stean bath. Do not
allow the meterioal to spatter.

L. Add 2 ml. of phenoldisulfonic acid to the contents of the
dish, and rub the mixture thoroughly with o glass rod to
insure intimcte contact.

5. Dilute the solution with distilled water, ond trocmsfer it
into a 500 ml. volumetric flask.

6. Dilute the sclution to the mark with distilled water, and
mix thoroughly.

7. Transfer the solution into a 500 ml. glass-stoppere
bottle for storage. «l-
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E. W Laboreto.y Manual Reissued: November, 1948
Laboretory Solutions Status: Standerd
By: W.J.M.
QXALIC ACID

Safety Precauticns

1. Observe general leboratory Safety Rules :
2. Oxelic acid is polsonous end care should be exercised to
prevent taking it intermelly.

Literature Reference

Griffir, 2. 2., "Technicel Methods of Anealysis", McGrew end Hill

o, 5 (1927).

Quantity end Jontainer

1 liter in 1 liter dark bottle.

Reegerts and Specifications

For Preparation Per Liter Total
1. Oxalic axid, eanhydrous, C.P. 4,501 g. 4,501 g.
BpCh0y,, C. P.
or
2. Oxelic ecid, crystelline, C.P, 6,302 g. 6,302 g.

323202*‘2320, CoP
Preparation

1. Welgh accurstly the required emount of oxelic acid and
transfer into a 1C0 nl. beeker.

2. Add sbout 50 ml. of distilled water to dissolve the acid
end transfer into 2 1 liter volumetric flask. Rirse the
becker end add the washings to tae flask..

3. Dilute to the merk with distilled weter, mix well, and
trensfer into a dcrk bottle for storage.

- ———
UNCLASSIFIED
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E. W. Leboratory Manual Relssued: November, 1948
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By: W.J.Mc

OXALIC ACID

- (10%)

Safety Precautions

1. Observe general laboratory Safety Rules.

2. Ozallc ecid 1s poisonous and care should be exercised to avoid
taking it intermally.

Quantity and Ccatainer

500 ml. in 500 ml. soft glass bottle.

Reagents and Specifications

» For Preparation Per Liter Total

Oxalic acid, C.P. 100 g. 50 g.
chaou.mQOD CGPO '

Pregaration

l, Weigh on a torsion balance the required amount of the oxalic
acid.

2. Transfer into a 500 ml. beeker, adding sbout 300 ml. of dis-
tilled water to dissolve tke oxalic acid.

3. Trensfer the solution into a 500 ml., volumwetric flask, dilute
to the mark with distilled water.,

L, Mix well end transfer into a 500 ml. soft glass bottle
for storage.



S gete: spuo

H. W. Loboratory ianual Reissucd: Novenbor, 1948
Laboratory Solutions Status: Stondard
By: Wed e

THENOL DISULFONIC ACID
= ——— —

Safety Prccautions

1. Obscrve general laberatery Safety ules,.
2. Obscrve rules pertaining to hondling strong acids and bascs,

3. The funos fren funing sulfuric ceid ore very irritcting; rix
ceids and phenol undor the hood.

Literaturc Rofcreneos
Ancrican fublic Heclth issociaticon, UStondard iethods for the

Excninction of VWater cnd Sowage", 8th Editicn, A.F.H.A., Now
York 45 (19326)

Quantity and Conteiner
225 nl. in 250 nl, glass-stcppered Fyrex bottle,

Reagente cnd Svpocificaticns

For Precocration For Liter Total
1, PhQnOI, C.P.’ colorless 111 Ee 25 Ee
G6H50H, C.Ps colorloss
20 Sulfurie GCid, CeFoe 667 Dlo 150 nla
H2S80,, 967
3. Funingvsulfuric acid, Toch=
nical grede 333 nl. 75 nl.

H280,, 15% freco S04
Preparction

l. Dissolvc 25 grons of colorless phencl in 150 nl, of purc
coneentrated sulfuric 2eid in a 400 pl, bocker.

2. Add 75 nl. of funing sulfuric acid containing ot loost 15%
frce sulfur trioxide,

3. Stir wecll ond hoat in a flask on a water both for two hours.

- R
UNCLASSIFIED
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Tho reagonts cro then free cf nono= and tri=-sulfonic acids,

4Le Transfcr the rocagent intc a 250 nl, glass-stepporod Fyrex
bottlc for storago,
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H. W. Laboratory Manual Reissued: November, 1948
Laboratory Solutions Status: Stendard
By W.J.M.

POTASSIUM HYDROXIDE, ALCOHOLIC

S (7 E——

Sefety Precautions

1. Observe gencrel laboratory Scfety Rules.

2.. Observe rules pertaining to handling strong bases.

Literaoture References

Furman, N.H., "Scott's Standard Methods of Chemical Analysis",
II, 5th Edition, D. Van Nostrand, New York, 1771 (1939).

Quantity ond Container

1000 ml. in a 1l liter cork-stoppered Pyrex bottle.

Recgents cnd Specifications

For Preparction Per Liter Total
1. Pctassium hydroxide, C.P. 29 g. 29 g.
KOH, C.P.
2, Ethanol, 95%, Purified 1 liter 1 liter

(Solutions Code: SE-21b)

For Standardization

1. Hydrochloric acid (Solutions Code: SH-25a)
0.33%

2. Phggolphthalein indicator (Solutions Code: SP-8e)
la K4

Sveclal Apparatus

Pipet, special calibrations, 25 ml. (Apparatus Code: AP-9a)
Preparction

L
1. Weigh out 29 ' 1.0 g. of C.P, potassium hydrozxide rapidly into
a 750 ml. Pyrex becker on a rough sczle or balance.

UNCLASSIFIED
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2. Dissolve in 500 ml, of 95% purified ethyl alcchol.
3. Allow the solution to settle in a dark place.

L, TFilter through cn asbestos filter,

5. Traonsfer into a 1 liter volumetric flask.

6

. Dilute to the merk with the 95% purified alcohol. Shake and
mix well.

T. Tronsfer into a poraffin-lined cork-stoppered bottle and
store in a dark place.

Standardization

1. Using the calibrated pipet, tromsfer 25 ml. of the solution
to a2 100 ml. Erlemmeyer flask.

2. Add 1 drop of 1.0% phenolphthalein indicator solution.

3. Titrote, using o 50 ml. buret, with standard 0.33N hydro-
chloric acid to a f=int pink color.

L, Duplicate determinction should check within 0,005.

Calculctions
¥ o38N,
1 - v
1
where Nl = Normelity of potassium hydroxide.
V:L = Volume of potassium hydroxide.
NE = Normzlity of 0.33N hydrochloric acid.
V2 = Volume of hydrochloric acid.
Remarks

1. This solution should stond ot least 2k hours before stonderd-
izing. :

2. Restandordize before each determination.
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Laboratecry Solutions Status: Stondard
By W.J.M

PHENOL RED, ALCOEOLIC
(0.1%)

Safety Precoutions

1. Observe jgencrzl laborctory Safety Rules.
2. Do not use clcohol near a flame.

Litercture Referenices

Riemen, W., Neuss, J. D., oad Noimenn, B., "Quentitative Analysis®
McGrew - Eill, 454 (19k2),

Quentity and Corntoiner

500 ml. ir. 50) ml. glass-stoppered Pyrex bottle.

Reegents end S-ecificctions

For Proporction Per Liter Total
1. Pheaol red, commercial dye 1lg. 0.5 &g.
2. Etkyl alcohol, C. P, 10CO0 ml. 500 ml.
c25503, 5%
Preporation

1. Dissolv: 0.5 g. of phenol red crystals in cbout 200 ml. of -
the alcohol in a 6CO ml, beclkasr.

2. Transfer into o 500 ml. volumetric flagk ond dilute to the
merk with the alcohol.

3. Mix thoroughly and transfer intc a 500 ml. glass-stoppered
Pyrcx bYottle for storcge.

UNCLASSIFIED
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SpP-8a

H. W. Laborctory Monual Reissucd:
Laboratory Solutions Status:
By:

BENCLFHTHALEIN INDICATOR
(1.0%)

Sefety Proczutions
1. Obscrve goncral loboratory Safety Rules.
2. Obscrve rulcs for handling alcochol.,

Literature Refercnces

Novenber, 1948
Standard

Wed.M,

Farnen, H. H., "Scott's Standard lictheds of Chonical Analysis'y

II, 5th Edition, D. Van Hostrond Co. 2192 (1939)

Quontity and Centainer

300 nl. in 500 rnl, gicss=stoppored Pyrex bottle.
Roagents ond Specifications
For Precwvcration Per Liter

1. Fhenolphthalein, commereial dye 10 ge
CZCHIA.OA’ comncreial dye

2 Ethyl alCOhOI, C.Ps 1000 i,

CJlsa, 95%

Prenaration

Total

5 Bo

500 o1,

1. CIissolve the 5 g. phenolphthalein in 250 nl, of the cthyl

alecohol in a 500 nl,. volunctric flask.
2, Dilute to the nark with alcochol.

3, Hix wecll oand transfer into a 500 nl. glass-stoppercd Pyrex

bottle for storago.
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Laborctory Solutions Status: Standard
By: W.J.M.

PHENOLPHTHALEIN INDICATOR
(0.50%)

Scfety Precautions

1. Observe general laboratory Safety Rules.
2.  Observe rules pertaining to handling alcchol.

Quantity and Container

100 ml. in 125 ml. glass-stoppered Pyrex bottle.

Reagents end Specifications

For Preparation Per Liter Total
1. Phenolphthalein, Commercial 5.0 g. 0.5 g.
Dye; CogfanOy
2. Ethanol, C.P. 1 liter 100 ml.
C 208, 95%
Prepcration

1. Weigh out 0.50 g. phenolphthalein, and dissolve in cbout
50 ml. of the ethanol in a 100 ml. volumetric flask.

2. Dilute to the mark with ethonol and mix well.

3. Tronsfer solution into a 125 ml. glass-stoppered Pyrex bottle
for storcge. ..

T RGLAS
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By: W.J.M.

PHOSPHATE STANDARD
(250 T Na390u)

Safety Precautions

Observe gercesral laboratory Sefety Rules.

Quantity and Container

1000 ml. in a 1 liter glass-stoppercd Pyrex bottle.

Reegents end Specifications

For Preparation Per Liter Total
Jodivm dihydrogen phosphate, C.P. 2.10 g. 2.10 g.

NaHaPOu-HQO, C.P.
Preparation

l. Weigh 2,10 g. of the sodiun dihydrogen phosphate and trans-
fer to a 1 liter volumetric flask.

2. Dissolve in distilled water, dilute to the mark with distilled
water, and mix well.

3. Pipet 100 ml. of this solution into enother 1 liter volumetric
flask and dilute to the mark with distilled water.

L. Mix well and transfer into a dry 1 liter glass-stoppered
Pyrex flask for storage.



— Code: SP-12e

H. W, Laboratory Manual Reissued: November, 1948
Laboratory Solutions Status: Standard
By: W.J.M.

POTASSIUM CEROMATE
(10%)

Safety Precautions

Observe general laboratory Safety Rules.

Quantity and Container

50 ml., in a 60 ml. dropping bottle.

Reagents and Specifications

For Prevaration Per Liter Totel

Potassium chrcmate, C.P, 100 g. 5 8.
KecrOh, C.Pl

Preparation
1. Weilgh 5 g. of the salt into a €0 ml. beaker.

2. Add 50 ml. of distilled water to the beasker and mix until the
salt is in solution.

3, Transfer the contents of the beaker into a 60 ml. dropping
bottle for storage.

UNCLASSIFIED
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H. W. Laboratory Manual : Reissued: November, 1948
Laboratory Solutions Status: Standard
By: WedoM,

POTASSIUM CHLORIDE
(4% in 0.5% HCL)

Safety Precautions

1. Observe generel leboratory Safety Rules,
2. Observe rules perteining to handling strong acids,

Quantity and Contalner

5000 ml. in a 5 liter glass~stoppered Pyrex bottle.

Reagents end Specifications

For Preparation Per Liter Total
1, Potassiunm chloride, C.P. 40 g. 200 g.
ke, C.P.
2. Hydrochloric zcid, C.P. 5 ml. 25 ml.
BC1, 36%
Preparation

l. Weigh on a torsion balance 200 g. of the potassium chloride
end transfer inte the 5 liter storege bottle containing about
4975 ml, of distilled water.

2. Mix the contents of the bottle, using a stirring assembly,
until the salt is in solution.

3. Acidify the solutlon with concentrated hydrocihloric acid us-
ing litmus paper, then add 25 ml, of concentrated hydrochloric
acid. ‘

L, Mix the soluticn thoroughly aend store for use.



_ Code: SP-lka

H. V. Leboratory Manual Reissued: November, 1948
Laboratory Solutions Status: Standard
By: W.J.M.

POTASSIUM BI-IODATE
(0.025 N)

Safety Precautions

Observe general leboratory Safety Rules.

Literature References

Americen Public Fealth Association, "Standard Methods for the
Examinetion of Water and Sewage", 8th Editiom, A.P.H.A,, 142 (2936).

Quantlty and Container

500 ml. in & 500 ml. gless-stoppered Pyrex bottle.

Reagents and Specifications

For Preparation Per Liter Total

Potassium Bi-iodate, C.P. 0.8124 g. 0.4062 g.
HOS.EO3, C.Pc

Prega.ration

l. Transfer the accurately welghed portion of the potassium bi-
lodate into a Y00 ml. beaker, and dissolve in about 200 ml.
distilled water.

2. Transfer into a 500 ml. volumetric flesk, rinsing the beaker
and adding washings to the flask.

3. Dilute to the mark with distilled water.

L, Mix well end store in a 500 ml. glass~-stoppered Pyrex bottle.

- [
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H. W. Laborastory Manual - Reissued: November, 1548
Leborat.cry Solutionms Status: Standard
By: W.J.M,

POTASSIUM IODIDE
(10%, 20%)

Safety Precautions

Cbserve general lcboratory Safety Rules,

l_(_)ﬁ Solution

Quantity and Container

250 ml. in a 250 nml. glass-stoppared ambsr bottle.

Reagents and Specifications

For Preparation Per Liter Total
Potassium iodide, C.P, 100 g. 25 g.
KT, C.P.

Prepa.ation

1. Trensfer the 25 g. of potassium iodide into a 250 ml
volumetric flask and ada about 150 ml. of distilled
weter,

2. Diesolve the crystals, dilute to 250 ml. with dig-
tilled water, and mix well by shaking.

3. Transfer the solution into a dry, 250 ml. glass-
stoppered amber bottle for storage.

20% Sclution

Guantity and Container

250 ml. in a 250 ml, glass-stopperzd amber bottle.

.ljfieggents and Snecificatiog_i

For Preparation Per Liter Total
Potassium iodide, C.P. 200 g. 50 g.
KI, C.P.



_ Code: SP-15a
Preparation
1. Transfer the 50 g. of potassium iodide into a 250 ml.

2.

volumetric flask and edd sbout 150 ml. of distilled
water.

Dissoclve the crystals, dilute to 250 ml. with distilled
water, and mix well by shaking.

Transfer the solution into a dry, gloss-stoppered amber
bottle for storege.

-
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Code SP-15b

H. W. Laboretory Manucl Reissued: November, 1948
Laboreatory Solutions Status: Standard
By: W.J.M.

POTASSIUM IODIDE, [LLKALINE
(abot 10%)

Safety Precautioas

1. Observe general leboratory Sufety Rules.

~
"

Observe rules pertaining to handling strong bases.

Literatuvre References

American Public Health Association, "Standard Methods for the
Ixamination of Weter wnd Sewoge', oth Bdition, A.P.H.A.,

143(1936) .

Quantity znd Conteiner

100 ml, in 4% oz. rubber-stoppered Pyrex bettle.

Reagents and Specificetions

For Preparction Per liter THtal
1l. Potassiwk iodide, C.P. 150 g. 15 g.
X, C.P. .
2. Potassivm Lydroxide, C.P. 700 g. T0 3.
KOH, C.P.

Pregaration -

L.

Dissolve the 70 g. of potassium hydroxide in 50 ml. of
freshly boiled distilled water in a 250 ml. beaker.

Add the 15 g. of potassium lodide and mix until solution is
complete.

Transfer into a 100 ml. volumetric flesh end dilute to the
merk with distilled water.

Mix well and tronsfer into a 4 oz. rubber-stoppered Pyrex
bottle,

- TR



H. W. Laboratory Manual Reissued: November, 1948
Laboratory Solutions Status: Standard
By: W.J.M.

POT:.35IUM IODINE -- BUFFERED
TAbout 6.5%)

Safety Precautions

Observe general lcboratory Salety Rules.

Quentity and Container

1000 rl. in 1 liter glass-stoppered amber bottle,

Reogents and Specificetions

For Preperation Per Liter Total
1. Potassium iodide, C.P. 65 z. 65 g.
KI, C.P.
2. Armoniuvm calorides, C.P. 2g. 2 8.
N3, Cl, C.P.

Pregaration

1. Dissolve the weighed potassium.icdide and amndonitm. chloride
in 100 ml. of distilled water in a 125 ml. beaker.

2. Transfer to a 1 liter volumetric flask znd dilute to merk
with distilled woter.

3. Mix well and store in & glass-stoppered ember bpottle.

UNCLASSIFIED
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— Code: SP-16e

H. W. Laboratory Menual Reissued: November, 1948
Laboratory Solutions Status: Standard
By: W.J.M,

POTASSIUM PERMANGANATE

{0.1N) '

Safety Precautions

1. Observe generel laboratory Safety Rules.

2. Potassium permanganate 1s a strong oxidizing agent and should
not be allowed to come in contact with reducing agents except
under controlled conditions.

Quentity and Container

1000 ml. in a 1 liter glass-stopperecd Pyrex bottle painted black.

Reagents and Specifications

For Preparation Per Liter Total
Potassium permangenate, C.P. 3.2 g. 3.2 g.
KMnoOy , C.P. .

For Standardization

1. Sulfuric acid, C.P.
B,S0, , 96%

2. Sodium oxalate, C.P.
NaZCEOh’ CQP.

Special Apparatus

Buret, 10 ml. (Apparatus Code: AB-2la)

Pregaration

1. Veigh the 3.2 g. of the potassium permanganate and transfer
into a 1 liter volumetric flask,

2., Dissolve the weighed salt in distilled water and dilute to the
mark with distilled- woter.

3. Transefer to a 2000 ml. beaker and boil the solution vigorously

for 10 minutes.



‘ Code: SP-16a

k., Filter through ignited asbestos and catch the solution in a
1 liter gloss-stoppered clean dork bottle for storage.

5. Allow to age in the dark bottle for several days before
standardizing.

Standardization

1. Dry in o weighing bottle about 1 g. of primory standard sodium
oxalate at 105°C in 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
ond tronsfer into a 250 ml. Erlenmeyer flesk.

4, Dissolve in about 200 ml. of distilled water and add 10 ml.
of 96% sulfuric acid,

5. Cool to room temperzture, transfer into a 250 ml. volumetric
flask and dilute to the mork with distilled water.

6. Pipet 25 ml, of this solution into & 100 ml. becker and heat
to 80 to 90°C, (Remark 1)

T. Using a 10 ml. buret add potassium permanganate solution
dropwise until each drop is decolorized immediately.,(Remark &.)

8. Then add the permangancte rapidly until ebout seven ml. has
been run in,

9. Allow all the color to become discharged and then titrate
dropwise to a 30 second, light pink endpoint.

Calculations

- Vt. Of NQQE Oh g
Normality RMNO, = §.0670 x mi- BVNO),

Duplicate determinations should agree to within 0.0001

Remarks
1. A temperature of 80 to 90°C muat be maintcined throughout the
standardizetion in order to obtain the sharpest possible end
point,
2, -The titration is started by dropwise addition to prevent side
reactions taking place., While this is not cxperienced in this

reaction, it is possible in certaln other permanganate
determinations,

-2 IR,
) UNCLASSIFIED
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’ Code: SP-200

H. W. Laboratory Manual Reissued: November, 1948
Laboratory Solutions - Status: Standard
By: W.J.M,

POTASSTUM ICDATE --
(0.01586N)

Safety Precautions

Observe gereral laboratory Sefety Rules,

Quantity and Container

1000 ml, in a 1 liter glass-stoppered Pyrex bottle.

Reagents and Spezificetions

For Poeparation Per Liter Total
1. Potassium iodate, C.P. 0.5655 g. 0.5655 g.
ICEO3, C.P.
2. Sodium bicarbonate, C.P. 0.25 g. 0.25 g.

Ne.'.-ECO3, C.P.
Preparation
1. Weigh 0.5655 g. of the pctassium iodate and 0.25 g. of the

sodium bicarbonate and transfer into a 1 liter volumetric
flask.

2. Dilute the contents of the volumetric flask to the merk with
distilled water and mix thoroughly.

3. Transfer the solutlion into a 1 liter glass-stoppered Pyrex
bottle for storage.



‘ Code: SP-20c¢

H. W. Laboratory Manual Reissued: November, 1948
Leoboratory Solutions Stabus: Standard
By: ' W.J.M,

POTASSIUM IDDATE AS FRIMARY ST/NDARD IN ACIDIMETRY

Safety Preccutions

Observe general loboratory Safety Rules,

Literature Refercnces

Koltoff, I. M., ond Scndell, E. B., "Quentitative Inorganic
innolysis", Tne Macmillan Co., New York, 550 (1943).

Quantity créd Container

100 ml. in & 125 ml. glass-stoppered Pyrex bottle.
Reagents

For Preparation

Potassium iodate, Primery Standard (Remark 1)
KIO3 » Primery Standard

For Standardizetion

1. Sodium thiosulfate, 0.1N (Solutions Code: S5-18e)

2. Potassium iodide, C.P.
K1, C.P.

3. Methyl red, aleoholic, 0.1% (Solutions Code: SM-6a)

Special. Apparatua: ... -

1. Pipet, 10 ml. calibrated ~ (Apparatus Code: Ap-9a)
2. Buret, 10 ml. semi-micro - (Apparatus Code: AB-2la)
Preparation

1. Weigh the calculated amount of primary standard potassium
iodate to the fourth decimal place, into a 100 ml. beaker
(Remark 2).

- L
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2. Add about 50 ml. of distilied water to the beaker and mix
until the salt is in solution.

3. Transfer the solution into a 100 ml. velumetric 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
dzstilled water, mix thoroughly end transfer the solution into
a 125 ml., glass-stoppered Pyrex bottle for storage.

Standardizetion

1. By means of a celibrated 10 ml. pipet, transfer an aliquot
of the standard potassium jodete solution into a 100 ml,
Erlenmeyer flask.

2. Add 2 ml. of the 1N sodium thiosulfate, 0.17 g, of the po-
tessium iodide crystals, and 1 drop of the 0.1% 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 10 ml. semi-micro
: buret.

4, Repeat steps (1) through (3) until three successive titrations
agree within 0.1%.

Calculations
N, = ToXVo
V1
where Nl = Normality of the hydrochloric acid.

N2 = Normality of the poteasium iodate.
Vl = Volume of the hydrochloric acid.
V2 - Volume of the potassium iodate.

Remorks

1. Calculate the g. of the potassium iodcte required to make the
desired normality and volume as follows:

0. . AXBZXC
g 3 ° PXE



Q Code: SP-20c

where A = 214.02 (M.W. KIO3)
B - Desired normality
C = Desired volume (100 ml.)
D - 6 (H' equivalent)
E - 1000

2. The primcry standord potassium lodate should be dried to
constant weight in a sulfuric acid desiccator. Heating the
salt above 100°C causes decomposition with resultant liber-
ation of iodine. Therecfore, the former means of drying
should be resorted too.

3. Potasslum iodate may be used for the direct standardization of
ccids by mcking use of the reaction:

- - b3
T03 ¢ 517 § €8 - - - 3T, + 380

By adding an excess of neutral alkali iodide and sodium thio-
sulfate to a solution of potassium lodate, hydrogen ions are

removed upon addition of hydrochloric acid, until all of the

icdate has been converted into iodine. The iodine is removed
by the excess sodium thiosulfate:

3

Therefore, the liquid remcins neutral and colorless during
the titration with hydrochloric scid until the end-point is
reached. a8 soon as all of the iodate has been used up, the
solution ‘becomes acid, as indicoted by the color change of
nethyl red.

25,0, + I, - - - S0g} 2"

k. The values given are besed on the use of 0.1N potassium
iodate solution. For other than a 0.1N sclution, vary these
values accordingly.

-3- a—
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— Code: SP-22a

H. W. Laboratory Manucol Reissued: November, 1948
Laboratory Solutions Status: Standard
By: W.J.M.

POTASSIUM SODIUM TARTRATE
P

Safety Precautions

Observe genercl laboratory Safety Rules.

Quantity and Container

100 ml. in 125 ml. gloss-stoppered Pyrex bottle.

Recgents and Specificotions

For Preparation Per Liter Total

Potassium sodium tartrate, C.P. 50 g. 5 8.
KNoC,B), 0448 0 (Rochelle Solts)

PreEa.rat ion

1. Weigh out 5 g. of thec potassium sodium tartrcote, and transfer
the weighed crystals to a 100 ml. volumetric flask,

2. Dissolve the crystcls in o small amount of distilled weter,
and dilute to the mark with distilled wuter.

3. Transfer the solution into a 125 ml. glass-stoppered Pyrex
bottle for storage.
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H. W. Laboratory Manual Reissued: November, 1948
Laboratory Solutions Status: Standard
By: W.J.M.

POTASSTUM PERMANGANATE

( Alkaline Reagent)

Safety Precoutions

Observe the general laboratory Safety Rules.

Literature References

American Public Health .ssociction, "Standard Methods for the
Exomination of Water and Sewoge"”, 8th Edition, /..P.H.A.,
Nev York, 45 (1936).

Quantity and Container

1000 ml. in o 1 liter glass-stoppered amber bottle.

Reogents and Specification

For Preparction Per Liter Totcl
1. Potassium permanganate, C.P. 8 g. 8 g.
mnoh, CoP-
2. Sodium hydroxide, C.P. 180 g. 180 g..
NaOHE, C.P.

Preparation

1. Boil 600 ml. of distilled water in a 1000 ml. becker for
10 minutes.

2. Allow the water to cool, and add 8 g. of the potassium
permonganate. :

3. In 2 separate 600 ml. beaker, dissolve 180 g, of the sodium
hydroxide in 500 ml. of redistilled wunter. Allow the solu-
tion to stond until the insgoluble moterial settles.

L. Pour the permongonate solution into a 2000 ml. becker, and
cdd 400 ml. of the clear supernatont from the sodium hydro-
xide solution prepared in step 3.

5. Add 250 ml. distilled weter.

6. Concentrate the solution to 1 liter by evaporation. Transfer
the cooled solution to a 1 liter glaoss-stoppered amber

U*NCLASS!FF




LUNCLASSIFIED
— \ Code: SP-25a

H. W. Laboratqry Menual Reissued: November, 1948
Laboratory Solutions Status: Standard
By: W.J.M,

POTASSIUM PYROGALLATE

{Alkaline Pyrogaliol)

Safety Precautions

1. Observe general laboratory Safety Rules.

2. Pyrogallic acid is extremely poisonous. Avoid intermal
and extermal contact.

3. Observe rules pertaining to handling strong vases.

Literature References

Welcher, F., "Chemical Solutions", D. Van Nostrand Co., Inc.,
New York, 280 (1942).

Quantity and Container

200 ml, in a 250 ml, glass-stoppered Pyrex bottls.

Reagents and Specifications

For Preparation Per Liter Total
1. Pyrogallol, C.P. 50 g. 10 g.
06}160 , C.P.
2. Potassium hydroxide, C.P. 500 g. 100 g.
KOEH, C.P.
Prevaration

l. Weigh 100 g. of the potassium hydroxid.e into a2 400 ml. Pyrex
beaker.,

2. Add 200 mli of distilled water to the contents of the becker
and mix thoroughly.

3. Weigh out 10 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



— Code: SP-25&a

Remerks

1. This amount of potessium pyrogellete colution is sufficient
for cne determination when used with the Tin Apparatus

Code: AT-9a. A fresh batch should be made up for each
determinction.

2. .The concentration of the potassium pyrogallate is suitable
for mixture of gases containing less then 28% oxygen.

-2- ‘ '
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-_ Code: SR-23b

H. V. Laborctory Monual Reissued: November, 1548
Laboratory Solutions Status: Standerd
By: W.J.M.

RUTHENTUM CHLORIDE
(10 mg. Ru/ml.)

Safety Precautions

Observe general laboratory Safety Rules.

Literature References

Hme, D.N-, Glendenin, I.E.’ Ballow’ N.E. ,' coryell,' CODI, "Ele'
ments of Methods for the Fissicn Product in Plant Process Solu-
tions", Clinton Secret Report CN-1312 or A-30Lk.

Quantity end Container

1000 ml. in a 1 liter glass-stoppered Pyrex bottle.

Rengents and Specificctions

For Preparation Per Liter Total
Ruthenium chloride, C.P. 28 g. 28 g.
Ru013 » C.P.
Preparation )

1. Weigh 28 g. of the ruthenium chloride into o 400 ml. becker
- ond dissolve in about 200 ml. distilled water.

2, Tronsfer into s 1 liter volumetric flask and dilute to the
mark with distilled woter.

3. Tronsfer into a 1 liter glass-stoppered Pyrex bottle for
storage.



‘ Code: SS-la

H. W. Laboratory Mcnucl Reissued; November, 1948
Laboratory Solutions Stotus: Standard
By: ' W.J.M.

SOAP SDLUTION

(1 ml. = 1 mg. CaCO3)

Sefety Preccutions

1. Observe general laborctory Safety Rules.
2. Observe rules pertcining to handling alcohol.

Litercture Pefcrences

American Public Heolth issociction, "Standard Methods for the
Excminction of Water ond Sewsge," A.P.H.A., 60 (1936).

Qucontity and Container

1000 nl. in a 1 liter glcss-stoppered Pyrex bottle.

Recgents ond Specifications

For Precparation Per Liter Total
1. Stock socp solution, 10% 110-125 ml. 110-125 nl.
(Solutions Code: SS-1b)
2. Ethanol, C.P. about 900 ml. cbout 900 nl
023503, 80%

For Standardizotion

Ccleium corbonate solution, 1 ml. - 1 mg. CaCO,.
(Solutions Code: SC-1a) 3

Preparation

l. Using c graducted cylinder mecsure out 110 - 125 ml. of stock
soar solution into a 1000 nl. Erlenmeyer flask.

2. Dilute to about a liter with 80% ethanol.

3. Adjust the solution cccording to the procedurc given under
the standardization.

-1
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Code: SS-le

Standardizetion

A, Determination of Lather Factor

1.

2.

3.

5.

6.

Using a groduated cylinder, measure 50 ml. of distilled
weter into on 8 oz. glass-stoppered bottle.

Add from 2 buret 0.1 to 0.2 ml. of soap sclution and
shake the bottle vigorously.

Let bottle stond on its side until lother fades.

Continue adding socp solution in 0.1 to 0.2 nl. .incre-
nents until s lather lasting 5 ninutes is obtained.

Record the volune of soap solution used as the lather
factor.

Repect steps 1 = 5 until five determinctions agreeing
withing 0.2 nl. ere obtained.

B. .Deternmination of CaCO, Titer

@ L.

2.

Renarks

Place 45 nl, of distilled wcter in an 8 oz. glass-

stopperod bottle and add 5 nml. of the standard CaCO3
solution. o

Titrate with stondord soap solution as above until a 5
ninute lather is obtained.

Deduct the lather factor fron the titration cnd con-
pare the volumes of soap and Ca.COB.

Ldjust the volune of the soap solution until 1 ml., of
soap solution is equivalent to 1 ml, of Co.CO3.
(Remark 1).

1. The lother foctor must be determined ot each adjustment of the
soop solution.



v Code: §5-1b

H. W. Laboratory Manual Relssued: November, 1948
Laboratory Solutions Status: Standard
) Byt . W.J.M,

SOAP_SOLUTION
(10%)

Safety Precautions

Observe general lecboratory Safety Rules.

Literature Reference

A.P.H,A., "Standard Methods for the Examination of Water and
Sewage", A.P.H.A. and A.W.A.A., 60 (1936).

Quantity and Container

1000 ml, in a 1 liter glass-stoppered Pyrex bottle.

Reagents ond Specificatlions

For Prepcration Per Liter Total
1. Castile soap, pure powdered. 100 g. 100 g.
2. Ethanol, C.P. 1000 ml. 1000 ml,
C,H50H, 80%
Preparation

1, Dissolve ebout 100 g. of the socp in cbout 500 ml. of the
80% ethanol in a 1 liter volumetric flask.

2. Dilute to the mork with 80% ethanol mix, and let stand et
least overnight.

3. Decant the clear solution into a 1 liter glass-stoppered
Pyrex bottle for storage.

-1 | ]
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— Code : 8332

E. W. Leboratory Menucl Reissucd: Novemter, J9L8
Lavoratory Solutions Stetucs: Stenderd
By: .J .M.

SODIUM CARBOMATE
(10%)

gofety Precoutions

Obscrve general laboratory Safzty Rules.

Iisercture Reforences

Griffin, B. C., "Technicel Motikods of Analysis”, 2ad Ldition,
McCraw-Eill, 5(1927).

Juontity and Container

500 rml. ia & 500 ml. glass-stoppercd Pyrex bottle.

Reagents cnd Swecifications

Tor Prencrction Por Liter Total
Soéium ccrboncte, C.P,. 1C0 g. 50 g.

NepCO3 s C.P.
Precparction

1. Dissolve 50 g. of the sodivm carboncte in cbout 200 ml. of
distilled woblor in o 500 ml. volumctric flask, eand dilute
to the merk with distilled water.

2. Mix well crd tronsfer into o 500 ml. gloss~-stoppered
Pyrcx botile. '



_ Code: S5-ltb

H. W. Laboratory Mznual Relssued: November, 1948
Laboratory Solutions . Status: Standard
. By: W.J.M,

STANDARD CHLORIDE (STOCEK SOLUTION)
(0.005 g. C1/ml.)

Safety Preccutions

Observe genercl laboratory Safety Rules.

Quantity and Container

500 ml. in 500 ml. glcoss-stoppored Pyrex bottle.

Reagents ond Specificotions

For Preparation Per Liter Total
Sodium chloride, C.P. 8.240 g. 4,120 g.
NaCl, C.P.

Preparation

1. Weigh out exactly 4.120 g. of dry sodium chloride and
dissolve in cbout 200 ml. distilled water in o 400 ml.
beaker,

2. Tronsfer quontitatively into a 500 ml. volumetric flask and
dilute to volume.

3.. Traonsfer into a 500 ml. glcss-stoppered Pyrex bottle for
storage.

UNCLASSIFIED
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— ) Code: SS-bc

H. W. Laboratory Manual Reissued: November, 1948
Leboratory Solutions. Status: Standard
By: W.J.M,

SODIUM CHLORIDE - HYDROCHLORIC ACID

21.6% NaCl)
2,4% HC1)

Safety Precoutions

1.

2.

Observe general laborctory Safety Rules.

Observe rules pertcining to the handling of strong acids.

Quantity and Container

1000 ml. in a 1 liter glass-stoppered Pyrex bottle.

Recgents and Specificctions

For Preparction Per Liter Total
1. Sodiunm chleride, C.P. 16 g. 16 g.
NaCl, C.P.
2. Hydrochloric acid, C.P. 20 ml. 20 ml.
HC1l, 36%

Preparation

1.

Dissolve the weighed sodium chloride in 500 ml, of distilled
water in a 600 ml. beaker,

Add the hydrochloric acid slowly with stirring.

Trensfer into a 1 liter volumetric flask cnd dilute to the
mork with distilled woter.

Mix well and transfer into a 1 liter glcss-stoppered Pyrex
bottle for storage.



UNCLASSIFIED
- Code: Ss-ke

H. E. Labcratory Manual Reissued: November, 1948
Laboratory Solutions Status: Standard
By: W.J.M.

SODIUM CHLORIDE--STANDARD
(L ml. - 5 micrograms)

Safety Precoutions

Observe general laborestory Safety Rules,

Quantity and Contsainer

1000 ml. in a 1 liter glass-stoppered Pyrex bottle.

Reagents and Svecificctions

For Prevaration Per Liter Total
Sé6dium chloride 1l ml. 1 ml.

1ml. = 0.005 g. C1/ml.
(Solutions Code: SS-Lb)

Preparetion

1, Pipret the 1 ml. of the sodium chloride into a 1 liter
volumetric flask,

2. Dilute to mark with chloride-free distilled water.

3. Transfer into a 1 liter glass-stoppcred Pyrcx bottle for
storage.



“. “ Code: sS-6a

H. W. Leboratory Manual Reissued: November, 1548
Leboretory Solutions Status: tenderd
By: W.J .M.

SODIUM DIETHYLDITHIOC,RBAMATE
(0.1%)

Safety Precautions

Observe gencral lecboratory Safety Rules.

Literature Refcrences

' AmericanPublic Hoalth-Associction, "Standard Methods for the
Excminction of Water ond Scwage", AJP.E.L., 25 (1936).

Quantity and Container

1000 @l. in a 1 liter glass-stoppered amber bottle.

. Recgents and Specificetions
For Preparation . Per Liter Total
Sodium diethyldithiocarbamate; C.P.. 1.0 g. 1.0 g.

11(0235)2c52m, Eastmen, C.P.
Preparation

1. Dissolve 1.0 g. of the sodium dethyldithioccrbemate in
cbout 50 ml. distilled water in a 125 ml. beaker.

2. Trensfer into a 1 liter volumetric flask, dilute to the
mark with distilled weter ond mix well.

3. Tilter into a 1 liter gless-stoppercd amber bottle protected
from light for storage.

UNCLASSIFIED
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H. W. Laboratory Manual Reissued: November, 1948
Laboratory Solutions Status: Standard
By: w. J.Ma

SODIUM SULFATE
(0. 2M)

Safety Precautions

Observe general laboratory Safety Rules.

Quantity and Container

250 ml. in a 250 ml. glass-stoppered Pyrex bottle.

Reagents and Specifications

For Preparation Per Liter . Total
Sodiun sulfate, C.P. 28.40 g. 7.1 g.
Haasoh, C.P.
Preparation

1. Welgh out 7.1 g. of the sodium sulfate and.transfer into a
250 ml. volumetric flask.

2. Dilute to the mark with distilled water and mix well.

3. Transfer into a 250 ml. glass-stoppered Pyrcx bottle for
storage.
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— Code: 55-8a

H. W. Leboratory Manual Issued: November, 1948
Leboratory Solutions Stetus: Standard
' By: WnJ ‘Ml

SODIUM HYDROXINE SOLUTIONS

Safety Preceutions

1. Observe general laboratoy Safety Rules.

2., Observe rules pertaining to handling strong beses.

Reagents and Specifications

For Preparation

Sodium hydroxide, 50% solution
(Solutions Code: SS-84)

For Standardization

1, Potassium ecid phthelete, primery ‘standard
KHCaHuOu: primery standard

2. ‘Hydrochloric ecid, 0.33N primary standard or
secondary standerd. (Remark 7)

3. Phenolpthalein indicator, 0.5% (Solutions Code: SP-Sb)

4., Methyl red indicetor, 0.1% (Solutions Cole: SM-6e)

Special Apperatus

Burets, semi-micro, 10 ml. (Apparatus Code: AB-21a).

Preparation

1. Calculete the volume of the sodium hydroxide solution required
to make the desired concentration es follows:

a. For normality or molarity
ml. of 50% sodium hydroxide = 52.6(A x B)

. where' A = Deésired nortality or molarity.
B = Desired total volume in liters.

Example: to make 1 liter of 0.25N sodium hydroxide.

UNCLASSIFIED
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’ Code: ss-8a

ml. of 50% sodium hydroxzide

52.6(0.25 x 1)

13.2 ml. 50% sodium hydroxide.
b. Tor percentage of sodium hydroxide ml. of 50% sodium
hydrozide = (A)B
(50)
where A = Desired percentage
B = Desired totel volume in liters.

Exemple: to meake 500 ml. of 20% sodium hydroxzide

ml. of 5C% sodium hydroxide

(_2_9_)500 = 200 ml.
(50).
of 50% sodium hydroxide,

c. For parts

ml. of 50% sodiun hydroxide

Ala)
(o)

where A = Desired total volume in ml.

a = Desired parts of base.

b

Desired parts of base plus desired parts of
" W&tel‘ '.

Exemple: to make 500 ml., of 1:3 sodi?m hydroxide.
ml. of 50% sodium hydroxide = 500 (%) = 125 ml. sodium
hydroxide. )
2. Slowly add rhe required amount of 50% sodium hydroxide to a
volumetric flask of the proper size, containing at leest 50%
of the total regquired volume of distilled water,

3. Mix well and dilute to the mark with distilled water.

4., Transfer into a dry rubber-stoppercd Pyrex bottle of the
proper size. (Remarks 1,2 and 3)



— Code: ss-8a

Standardization

A great many methods cre available for standerdizing alkall
solutions. Howevcr, ono of tiie methods given bslow will be
found suitable for standardizing sodium hydroxide which is.
intended for any common use on this project. It is important
in ~ccurate work to select a standerdization using the same

- indicotor as will be involved in the subscguent uses of the
solution (Remark 5).

Ageinst Primcory Stonderd Potassium Acid Phthalute

1. Determine the cprroximete weight (in g.) of potassium acid
phthelete semples to be weighed as follows:

g. Potassium acid phthalcte - AxB x C

where . = 0.2
B = Estincted normality of sodium hydroxide.
C .- Desircd volume of alkeli for titration

(approximetely 3/4 burct copacity)

2. Weigh accurcicly to four dceimel places into suitable

titreting conteiners scvercl samples of cbout the above
dctermined size.

3. £dd ebout 50 ml. of distilled water (neoutrel to
phenolphtholein) to cach of the weighed scmples, then cdd
one dron of phenolpnthalein indicator.

4, Titrcte ecch of the phthelate somples with the alkeli
solution to be standerdized to o light pink end-point which
is permenont for 30 seconds.

5. Read the buret and apply temperaturc corrcctions (sce below
~ ond Remcrk 4) to the observed volumes uscd.

Celculations (Remark 6)

Nl a W'\
0.20406 x Vl

where Nl

Nornelity of sodium hydroxide

W3 = Weight of potessium acid phthalate

s SRR
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Agaoinst Standard Hydrochloric Acid

UNCLASSIFIED

Code: SS-8a

This method is appliccble to standerdizotions against elther
primery or sccondery standard hydrochloric acid (Remark 7).

1.

2.

3.

L.

Measure cccuretely from e buret into c 100 ml. becker or
flesk the required amount of hydrochloric ccid standerd,

Dilute with about 30 ml. of distilled wcter which is ncutral
to the indicator to be usecd, .

Add one drop of phenolphthalein or methyl red indiceotor
solution (Remark 5).

Titrate witk the sodium hydroxzide solution to he stendordized,

5. Récord the buret recoding and cpply temperaturc corrcctions to

bota burct recdings if required (Remark 4).

Cclculations (Renmcrk 6)

b=
[
] 1]

SR
' "

Nl = Vr-: b4 N2
Vi

Norzelity of sodium hydrozide
= nl, of sodium hydroxide
Normelity of hydrochloric ccid

= nl. of hydrochloric ccid

Tcmpercturc Corrcctions

Tempercture corrections for stondexrd solutions cre caleculcoted as
follows:

Correction to be cdded (ml.) =V x (e - 2) x (20 --t)

where V

t

o

1]

observed volume (ml.)
temperature of the solution ot time of recding,

Cubiccl co-efficicnt of expansion of glass. For

our purpose an avercge veolue of 0.00002 is appli-
ccble to either soft gloss or Pyrex,

Cubical co-efficient of expansion of the solution
which mcy be obtained for vorious strengths of
sodivm hydroxide solutions from the 'fbllowing table:

- T



Normelity of sodium
hydroxide solution

Code: SS-8a

Cubicel co-effecient of expansion
ml, per ml, per °C.

0.00025
- 0.00027
- 0,00029
0 0.00034
o5 0.00037
0 ¢ 0 .000}*0

Tables of corrections to be applied to solutions heving
normalities between 0.20 and 0,40 and O and 0.20 have been
worked out and will be found in this menual tode: SA - 18a.

Remarks

1.

2.

3.

Te

Solutions of strength greeter than 0.33 N should be stored
in paraffin-lined Pyrex bottles stoppered with corks which
have been soeked in melted pareffin or with rubter stdpperss
which have been boilad in 10% sodium hydroxide solution end
thoroughly weshed with distilled weter..

It is best to allow sodium hydroxide solutions to eage for at
lecst & week with daily shakings before attempting standerd-
ization,

Sodium hydroxide solutions of strength greater then 0.33 N
should not be allowed to stand in a buret as etching of the
buret and freezing of the stopcock will occur,

If the solutions are at the same temperature and of

epproximately the seme strength no temperature corrections
need be applied.

The chief importent difference between the use of methyl red
end phenolphthalein indicators is caused by the prescnce of
small amounts of carbonate in nearly 21l alkali solutions.
When using methyl red .indicator this carbonate is titrated
end included in the normelity of the solution. This yields

a value which is not greatly affected by carbon dioxide. In
using phenolphthalein indicator the velue of the carbonote is
not included in the normality of the solution. Vecriations in
normality ootained using the two indicators will be found to
be in the order of 0.1%.

Duplicate determinations of normality should agree within
0.0002, .

For best results the acid solution should have & strength of

. |
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KA 1O 0 0 A 00 G P



| UNCLASSIFIED - |
” Code: Ss-8a

BT PN

witb.in a factor of 2 of that of the sclution to be
standerdized. Primery standerd 0.33 N hydrochloric acid

refers to material propered directly from constant boiling
hydrochloric acid.



e Code: 55-84

H. W. Laboratory Manual ‘ Reissued: November, 1948
Laboratory Solutions Status: Standard
By: W.J.M.

SODIUM HYDROXIDE
-~ (50% = 19N)

Safety Precautions

1. Observe general laboratory Safety Rules.

2., Observe rules pertaining to handling strong hases

Quantity and Contelner

1000 ml, in 1 liter rﬁbber-s‘boppered wex-lined Pyrex bottle.

Reagents end Specificetions

For Preparation Per Liter Total
Sodium hydroxzide pellets, C. B. 760 g. 760 g.
NelH, C., P. :
Preparation

1. Dissolve the 760 g. of the sodium hydroxide in about 700 ml.
of distilled water in a 1000 ml. bealer and allow to cool.

2. Transfer into a 1 liter volumetric flask, dilute to the mark

with distilled water, mix well and let stand until supernatant
is clear.

L]

3. Deccant of supcrnatant ligquid and transfer into a 1 liter Pyrex
bottle wex-lined for storage.

4. Stopper with & cork previously soekcd in paraffin or a rubber
stopper which was boiled in 10% sodium hydroxide and care-
fully washed in distilled water.

- L
UNCLASSIFIED
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_ Codes SS-4b

H. W. Laboratory Mznual Relssued: November, 1948
Laboratory Solutions . Status: Standard
: By: W.J.M.

STANDARD CHLORIDE (STOCK SOLUTION)
(0.005 g. Cl/ml.)

Safety Preccutions

Observe generzl laboratory Sefety Rules.

Quantity and Contodiner

500 mt. in 500 ml. gloss-stoppored Pyrex bottle.

Reagents cnd Specificotions

For Preparction Per Liter Total

Sodium chloride, C.P. 8.2k0 g. '\ Lk.120p.
2’301, C.Po “\".

Preporation

1. Weigh out exaoctly %.120 g. of dry sodium chiloride .and
dissolve in cbout 200 ml, distilled water in o 400 ml.
beaker.,

2. fTroasfer quontitatively into a 500 ml. volumetric flask and
dilute to volume.

3.' Transfér into a 500 nl. gloss-stoppered Pyrex bottle for
starage.



Q Code: SS-be

H. W. Laboratory Manual Reissued: November, 1948
Leboratory Solutions. Status: Standard
By: Wed .M.

SODIUM CHLORIDE - HYDROCHLORIC ACID

(L.6% NaCl)
(2.4% BC1)

Safety Precautions

1.

2.

Observe generazl laborctory Safety Rules.

Observe rules pertcining to the handling of strong acids.

Quontity and Container

1000 nl. in a 1 liter glass-stoppered Pyrex bottle.

Reogents and Specificetions

For Preparction Per Liter Totol
1. Sodium chloride, C.P. 16 g. 16 g.
NaCl, C.P.
2, Hydrochloric acid, C.P. 20 ml. 20 ml.
HC1, 36%

Preparation

1.

2.

3.

L,

Dissolve the weighed sodium chloride in 500 ml. of distilled
woter in a 600 ml. teaker.

Add the hydrochloric acid slowly with stirring.

Tronsfer into a 1 liter volumetric flask cnd dilute to the
merk with distilled water.

Mix well and tronsfer into a 1 liter gloss-stoppered Pyrex
bottle for storage.

UNCLASSIFIED
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Code: SZ-9¢
H. W. Laboratory Manual Reissued: December, 1948
Laboratory Solutions Status: Standard
By: W.J.M.

ZIRCONTUM NITRATE
(50 mg. Zr' mi. in 3N ENOS)

Safety Precautions

1. Observe general laboratory Safety Rules.

2. Observe rules pertaining to handling strong acidg,

Quantity and Container

2000 ml. in a 2 liter glass-stoppered Pyrex bottle.

Reagents and Specifications

For Preparation Per Liter Total
1. Zirconium nitrate, C.P. 186 g, 372 g.
Zr(NO3) L
2. Nitric acid, C.P. 190 mi, 380 ml,
HN03, 0%
" Preparation

1. Weigh 372 g. of zirconium nitrate and add 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 e 2 liter glass-stoppered
Pyrex bottle for storage.



UNCLASSIFIED
“ Code: S5-ke

H. E. Laboratory Manual Reissued: November, 1948
Laboratory Solutions Status: Standard
By: W.J.M.

SODIUM CHLORIDE--STANDARD
(I ml. - 5 micrograms)

Sefety Preccutions

Observe general leboratory Safety Rules.

Quantity and Container

1000 ml. in a 1 liter glass-stoppered Pyrex bottle.

Reagents and Specificetions

For Preverztion Per Liter Total
So6dium chloride 1l ml, 1l ml.

1ml. = 0.005 g. C1/ml.
(Solutions Code: SS-kb)

Preparation

1, Pipet the 1 ml. of the sodium chloride into & 1 liter
volumetric {lask,

2. Dilute to mark with chloride-free distilled water.

3. Transfer into a 1 liter glass-stoppered Pyrex bottle for
storage.

- R
 «LASSIFIED



' — Code: SS-6a

H. W. Leboratory Menuzl Reissued: November, 1948
Laboratory Solutions Status: Stendcord
By: W.J.M,

SODIUM DIETHYLDITHIOC, RBAMATE
(0.1%)

Safety Precoutions

Obscrve gencral loborztory Scofety Rules.

Literature References

' AmericanPutlic Health-Associotion, '"Standord Mcthods for the
Exominotion of Watoer and Scwage", AJP.E.L., 25 (1536).

Quentity end Container

1000 al. in o 1 liter glass-stoppered amber bottle.

Reagents and Specificotions

For Preparation ~ Per Liter Totel

Sodium dicthyléithiocarbomate; C.P.. 1.0 g. 1.0¢g.
I-I(02H5)2C82Na, Ecstmen, CLP.

PreEaration

1. Dissolve 1.0 g. of the sodium dethyldithiocarbemate in
cbout 50 ml. distilled water in a 125 ml, ‘beaker.

2. Transfer into a 1 liter volumetric flask, dilute to the
mcrk with distilled weter and mix well.

3, TFilter into a 1 liter gless-stoppercd amber bottle proteccted
from lipht for storaoge.

UNCLASSIFIED
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— Code: ' SS-Ta

H. W. T iboratory Manual Reissued: November, 1948
Laboratory Solutlons Status: Standard
' By: wo J.M‘

SODIUM SULFATE
{0.a1)

Safety Precautions

Observe general laboratory Safety Rules.

Quantity and Contaeiner

250 ml, in a 250 ml, glass-stoppered Pyrex bottle,

Reagents and Specifications

For Preparation Per Liter _ Total
Sodiun sulfate, C.P. 28.%0 g. 7.1 g.

I‘Iaasou ’ C.P,

Preparation

l. Welgh out 7.1 g. of the sodium sulfate and.transfer into a
250 ml, volumetric flask.

2. Dilute to the mark with distilled water and mix well.

3. Transfer into & 250 ml. glass-stoppered Pyrcx bottle for
storage.
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— Code: ss-8a.

H. W, Leboratory Manual Issued: November, 1948
Leboratory Solutions Stetus: Standard
' By: W.J .M.

SODIUM HYDROXIDE SOLUTIONS

e
-

Safety Precautions

1. Observe general laboratoy Safety Rules.

2, Observe rules pertaining to handling strong bases.

Reegents and Specifications

For Preparation

Sodium hydroxide, 50% solution
(Solutions Code: 55-84)

For Standardization

1. Potassium ecid phthelete, primary ‘standard
KHCgH ,40 L, Pr imery standard

2. 'Hyérochloric ecid, 0.33N primary standerd or
secondary standard. (Remark 7)

3. Phenolpthalein indicator, 0.5% (Solutions Code: SP-Sb)

4, Methyl red indicator, 0.1% (Solutions Code: SM-6e)

Special Apparatus

Burete, semi-micro, 10 ml. (Apparatus Code: AB-21a),
Preparation

1. Calculete the volume ¢# the sodium hydroxide solution required
to make the desired concentration as follows:

a. For normality or molarity
ml. of 50% sodium hydroxide = 52.6(A x B)

]

where' A z Désired northality or molarity.
B

Desired total volume in liters.

Example: to make 1 liter of 0.25N sodium lhydroxide.

 UNCLASSIFIED
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ml. of 50% sodium hydroxide = 52.6(0.25 x 1)

13.2 ml. 50% sodium hydroxide,

b. For percentage of sodium hydroxide ml. of 50% sodium

hydroxide = (4)B

(50)
where A = Desired percentage
B = Desired totel vclume in liters.

Example: to meke 500 ml. of 20% sodium hydroxide
ml. of 50% sodiwm hydroxide = (20)s509 = 200 ml.
of 50% sodium hydroxide. (0},
c. For parts
ml. of 50% sodium hydroxidc = A{a)

(%)
where A = Desired total volume in ml.

a

Desired parts of base.

b - Desired parts of base plus desired parts of

water.

Exeample: to make 500 ml. of 1:3 sodium hydroxide.
’

ml., of 50% sodium hydroxide

500 (%) = 125 ml. sodium -

hydroxide,

Slowly add rhe required amount of 50% sodium hydrozide to a
volumetric flask of the proper size, containing at lezst 50%
of the total required volume ofAdistilled water,

Mix well and dilute to the mark with distilled water.

Transfer into a dry rubber-stoppercd Pyrex bottle of the
proper gize. (Remerks 1,2 and 3)



UNCLASSIFIED

Standardizotion

A grect many methods are available for standerdizing alkall
solutions. However, one of tlc methods given bolow will be
found suitablc for standerdizing sodium hydroxide which. is..
intended for any common use on this project. It is important
in ~ccurate work to seclect & standerdizetion using the same
indicctor as will be involved in the subseguent uscs of the

- solution (Remark 5).

Ageinst Primory Stonderd Potassium Acid Phthalete

1. Determine thc cpproximete weight (in g.) of potessium acid
phthelete szmples to be weighed as follows:

g. Potassium acid phthalcte = A XB xC

where &~ = 0.2
B = Estincted normality of sodium hydroxide.
C .= Desircd volume of 2lkeli for titrotion

(approximesely 3/4 burct copacity)

2. Weigh accufatcly to four dccimal pleces into suitable
titrating contciners scvercl samples of cbout the above
detormined size,

3. .44 cbout 50 ml. of distilled woter (meutrel to
phenolphthalein) to cach of the weighed scmples, then add
one drop of phenolphthelein indicator,

k, mTitrate ecch of the phthelate somples with the alkell
solution to bc standerdized to o light pink end-point which
is permenont for 30 seconds., :

5. Read thc buret and apply tomperaturc corrcctions (sce below
and Remcrk 4) to the observed volumes uscd.

Cclculations (Remark 6)

Ny = W1
0.20406 = Vq

where Nl

AR}

Nornelity of sodium hydroxide
"Wy

Weight of potassium acid phthalate

Vq = Volume of sodium hydroxide

3 T
UNGLASSFIED
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Against Steondard Hydrochloric Acid

is method is appliccble to standerdizations egainst either
primcery or sccondery standerd hydrochlordc acid (Remork 7).

1. Measure accuretely from & buret into = 100 ml, beaker or
flosk the required cmount of hydrochloric ccid standard.

2. Dilute with about 30 ml, of distilled woter which is ncutral
to the indicotor to be used, '

3. Add one drop of phcnolphthalein or methyl recd indicator
solution (Remark 5).

4, Titrate witk the sodium hydroxide solution to be stcndcordized,

5. Record the buret reading and epply temperaturce corrcctions to
both buret reedings if required (Remork 4).

Cclculations (Remecrk 6)

Nl = vr'-: X N2
Vi

whkere Nl

Norzelity of sodium hydrozide

= nl, of sodium hydroxidec

<
H
[ ]

Normelity of hydrochloric acid

3w
' "

= nl. of hydrochloric ccid

Tcmperoature Corrcctions

Temporature corrections for stonderd solutions cre calculated os
follows:

Correction to bo cdded (ml.) =V x (e - c) x (20 --t)

where V : obscrved volume (ml.)

t = temperature of the solution ot time of recding.,

Cubiccl co-efficicnt of exponsion of glass. For
our purpose an overcge value of 0.00002 is appli-
ccble to either soft glass or Pyrex.,

o

e g Cubical co-efficient of exponsion of the solution
which mcy be obtained for vorious strengths of
sodium hydroxide solutions from the 'fbllowing taoble:

e )
UNCLASSIFIED
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Normality of sodiun
hydroxide solution

UNCLASSIFIED

Code: 85-8a

Cubical co-effecient of expansion
ml, per ml., per °c.

0 - 0.20 0,00025
20 - 0,40 €.00027
4 - 0.60 0.00029
1.0 0.00034
1.5 ‘ 0.00037
2.0 . 0.000k0

Tables of corrections to be applied to solutions heving
normalities between 0.20 and 0.40 end O and 0.20 have been
worked out and will be found in this menual tade: SA - 18a,

Remarks

1.

Te

Solutions of strength greater than 0.33 N should be stored
in paraffin-lined Pyrex botiles stoppered with corks which
have been soaiked in melted varaffin or with rubter stopperss
vhich have been boiled in 10% sodium hydroxide solution and
thoroughly weshed with distilled water,.

It is best to allow sodium hydroxide solutions to egze for at

least e week with deily shakings before attempting standerd-
ization.

Sodium hydroxide solutions of strength greater then 0.33 N
should not be allowed to stand in a buret as etching of the
buret and freezing of the stopcock will occur.

If the solutions are at the same temperature and of

epproximately the same strength no temperature corrections
need bec applied.

The chief importent difference between the use of methyl red
end phenolphthalein indicators is caused by the prescncc of
small amounts of cerbonate in nearly all alkasli solutions.
When using methyl red .indicator this carbonate is titrated
end included in the normality of the solution. This yields

a value which is not greatly affected by carbon dioxide., In
using phenolphthalein indicator the value of the carbonate is
not included in the normality of the solution. Verietions in
normality ootained using the two indicators will be found to
be in the order of 0.1%.

Duplicate determinations of normality should agree within
0.0002, A

For best results the acid solution should have a strength of

5=



— Code: Ss-8a

within a factor of 2 of that of the solution to be
standardized. Primary standerd 0,33 N hydrochloric acid
refers to material prepared directly from constant boiling
hydrochloric acid,

UNCLASSIFIED
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” Code: 55-84

H. W. Laboratory Manual ' Reissued: lovember, 1948
Leboratory Solutions Status: Standard
By: W.J.M,

SODIUM HYDROXIDE
. (50% -z 19N)

Safety Precautions

1. Observe general laboratory Safety Rules.

2. Observe rules pertaining to handling strong bases

Quantity and Conteiner

1000 ml,. in 1 liter rﬁbber-stoppered wex-lined Pyrex botile.

Reegents and Specificetions

For Preparation Per Liter Total
Sodium hydroxide pellets, C. E. 760 g. 760 g.
WelHd, C. P.
Prevaration

1. Dissolve the 760 g, of the sodium hydroxide in about 700 ml.
of distilled water in a 1000 ml., beaker and allow to cool.

2. Transfer into a 1 liter volumetric flask, dilute to the merk

with distilled water, mix well and let stand until supernatant
is clear.

.

3. Decant of supernatant liguid and transfer inte a 1 liter Pyrex
bottle wax-lined for storage.

4. Stopper with & cork previously soeked in peraffin or a rubber
stopoer which was boiled in 10% sodium hydroxide and care-
fully washed in distilled watur.



SRR Cade 35-9a

H. W. Leboretory Menuzl , Reissued: November, 1943
Laboretory Solutions Status: Stendard
By: W.J.M.

SIIVER NITRATE

Safely Precautions

1l. OObserve general laboratory Safety Rules.

2. Silver nit:até is caustic and poisonous. Ccre should be exer-
cised while hkandling the material.

Quentity and Container

1000 ml. in a 1 liter glecss-stoppered dark bottle,

Reegonts end Specificetions

For Preparction Per Liter Totol
Silver aitrate - 17 g. 17 g.

Ag‘N‘OB, C. P.

Pregaration

1. Dissolve 17 g. of the silver nitrate in distilled water inc

1 litor volumetric flask ond dilute to the mark with distilled
water.

2. Transfer into o 1 liter glass-stoppered dark bottle for =
storage.

UNCLASSIFIED
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H. W. Laboratory Menual
Laboratory Solutions

SILVER NITRATE

Code: 55-9d
Reissued: November, 1948
Status: Standard
By: W.J.M.

(L ml. = 0.5 mg. C1)

Safety Precautions

l. Observe general laboratory Safety Rules.

- 2. Silver nitrate is caustic and poisonous.
exercised when handling this selt.

Literature Reference

Care should be

A.P.E.A. "Standard Methods for the Examination of Water and
Sewage", A.P.H.A., 3% (1936).

Quantity and Container

. 1000 ml. in 1 liter gless-stoppered Pyrex bottle painted black.

Reagents end Svecifications

For Preparation

Silver nitrete, C.P.
AgNO3, C.P.

For Standardization

1.

Sedium chloride, .
0.001 g. C1l/uml

Phce);olphthalein indicator,
1.

Methyl orange indicator
0.1%

Sodium carbonate
0.02y

Sodium chromate indicator,

Sulfuric acid, 0.02N

Per Liter Total
2.bh g. 2.4 g,

(Solutions Code:

(Solutions Code:

(Solutions Code:

(Solutions Code:

.(Solutions Code:

(Solutions Code:



Preparation

1. Dissolve 2.4 g. of the silver nitrete in sbout 50 ml, dis-
tilled water in a 125 ml. beaker.

2. Transfer into a 1 liter volumetric flask and dilute to the
mark with distilled water.

3. Sheke and mix well and transfer into a 1 liter glass-stopper-
ed Pyrex bottle, peinted black, for storage.

Standardization

1. Pipet 10 ml. of the standard chloride solution intc a 6-inch
vhite porcelain evaporating dish containing 40 ml. of dis-
tilled water.

2. Add 1 drop of phenolphthalein indicator, and if a red color
appears neutralize with .02N H,50,.

3. A4d4d 1 drop of methyl orange indicator and if & red color
eppears neutralize with .02N Na,CO5.

L, Add 1 ml. of sodium chromate indicator.

5. Titrate with the silver nitrate solution umtil a faint red
coloration is percepteble.

6. Calculate the correction due to variations in volume of the
liquid as follows:

X = 0.003V ¢ 0.02

where X = correction in ml. to be deducted from silver
nitrate volume.

V = volume of solution after titration.

T. 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
that, after application of the correction, 1 ml. silver
nitrate solution is equivalent to 0.5 mg. of chloride radical
(0.5 ml. of standard chloride solution).

Remark

The volume at the start of the titration must be 50 ml. to

UNCLASSIFIED
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SILICL SOLUTION STANDARD

(T ml. « 0.10 mg. 3102T

Safety Precautions

Observe general laboratory Safety Rules.

Quantity and Container

1000 ml, in a 1 liter glass-stoppered Pyrex bottls.
Reagents .

For Preparction ayy

Sodium silicete  commerecial grad:,
510, 28%°

Preparation
1., Solution A

Dissolve 35 g. of the sodium silicote in a 100 ml. volumetric
flask with distilled weter and dilute to the mork with dis=-.
tilled water. Solution A is stable for at least 24 howrs.

2. Solution B

Pipet 10 ml, of solution A into a 1 liter volumetric flask
and dilute to the mork with distilled water, Vork rapidly;
this solution is very unsteble,

3., Solution C

Pipet 100 ml. of solution B into a 1 liter volumetric flask
and dilute to the mork with distilled water, Solution C must
be made within 5 minutes after the preporation of solution B.
Solution C is used for the prepcoreotion of the cclibrotion

curve for use in ennlysing trected water and is stable for
at least 4 hours.

- IR,
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Standardization

1. Pipet tripliccte 25 ml. samples of solution B into platinum

dishes and dctermine silice by Water Methode Code: WS-3a.
Calculate ppm silica in solution B,

Divide ppm silica in solution B by 10 to obtain ppm silica in
solution C.

. UNCLASSIFIED
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SILICA SOLUTION
(Approximately GO ppm)

Safety Precautions

Observe general leboratory Safety Rules,

Quantity and Containrer

1000 ml, in a 1 liter glass-stoppered Pyrex bottle.

Reagents and Specificatlions

For Preparation Per Liter Total
Sodium silicate, commerical grade 1.3 ml. l.3 ml.
510,, 26%
Preparation

1. Dilute 1.3 ml, of 28% commercial sodium silicate to the mark
with distilled water in a 1 liter volumetric flask.

2. Pipet 100 ml. of the solution into another 1 liter volumetric
flask and dilute to the mark with distilled weter.

3. Transfer into a 1 liter gless-stoppered Pyrex bottle for
storage.

Standardization

Approximately 60 ppm sodium silicate. Check by & colorimetric
silica analysis, (Water Methods Code: WS-1b).
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(0.12% Periodate in 11% stQL)

Safety rrecautions

1.

2.

Observe general lcboratory Safety Rules,

Cbserve rules pertaining to handling strong acids.

Quontity and Contciner

About 2000 ml, in ¢ 2 liter glass=stoppered Fyrex bottle,.

Reagents and Specifilcations

For Preparation Per Liter Total
l. Sodium para periodate, C.7s 1.2 g 24 Eo
NazHBIOe, C.PO
2. Sulfuric acid, C.P. 60 ml1, 120 ml.
H,80,, 96%
Preparation
1, Measure out the 120 ml, of the sulfuric acid cnd add it slowly
with stirring to 1500 ml. of distilled water in a 3000 ml.
becker.
2. 4dd 380 ml, distilled water.
3, Add the 2.4 g. of the sodium para periodate to the solutien.
4. Heot to boiling and kecp hot for 30 minutos,
5. Cool and tronsfer into a 2 liter glass-stoppored Fyrox

bottle for storagec.

UNCLASSIFIED
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SODIWM THICSULFATE
(0,1N)

Safety Precautions
1. Observe general laboratory Safety Rules,
‘2« Observe rules for handling strong aclds.

Literature References

1., Trecdwell, ¥, P,, cnd Hall, W, T., "inalytical Chemistry?",
II, John Wiley ¢. Sons, 585-589 (1942) .

2. Hillebrand, W. F., ond Lundell, G. E. F., “Applied Inorganic
Analysis", John Wiley & Sons, 152-15/ (1929)

Guantity and Container

1000 ml. in a 1 liter glass-stoppered Pyrex bottle.
Reagents and Specifications

For Freperction Per Liter Total

1. Sodium thiosulfate, C.P. 25 ge 25 ge

1‘19232030 %20, C.P.

2e BOI‘QK, C.P. 308 e 308 Ee
N&zBAO,?olCHzO, C.P.

For Standardization

1. Potassium iodide sclution,
104 . (Solutions Code: SP-15a)

2. Hydrochloric acid, C.P.
HCl, 36%

3. Potassium permangonate, 0.1N (Solutions Code: SP-16a)
L. Starch solution, 1.0% (Solutions Code: SS-21n)

-1 [ ]



] Code: Ss-18
Special Apparatus
Burets, semi-micro, 10 ml,, two (4pparatus Code: AB-2la)

Preparation

l, Dissolve the 25 g. sodium thiosulfate in ebout 300 ml, dis=
tilled woter in a 1 liter volumetric flask.,

2. Add the 3.8 g, of borox, (Remark 1) '
3¢ Dilute to mork with distilled water and mix well,

Lo If the solution is turbid, filter, and finally tronsfer into
a 1 liter glass-stcppered Pyrex bottle for storage.

Standardization

1, Place in a 100 ml, Erlemmeyer flask 20 ml, of the 10% KI
solution, 20 ml, of distilled woter, and 1 ml, of 36%
HCl., (Remark 2)

2. Moasure accurately from a 10 ml, buret about 8 ml. of
stondard 0,18 KMnOL sclution and add it to the flask.

3. Let stand in the dork for 5 minutes,

Le Titrate slowly with the sodium thiosulfate te a light straw
coler.

5. A4dd 1 ml, of the 1% starch indieater.

6. Continue the titration, using split drops, until the blue
color cf the starch is just destroyed.

7. Run a blank using the same omounts of rcogents but substitut-
ing 8 ml, of water for the KMnOA.

8. Recpeat steps 1 through 7 using 9 ml. of KMnQ4.

Caleulation
Nl = Vg X I‘Tg
1
wherc Ny = normality of scdium thiosulfato

UNCLASSIFIED
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Vy = ml, sodium thiosulfate corrected = ml, in titration -
nl., of blank '

N2 = nornality of 0,1N potassiuz permcnganato
V2 = nl, potassium permangancte usecd.
Rcnarks

1. The borax is used to koep the solution sterile, Deconposi=
tion of thiosulfate solution is duc to bacterial action which
converts thiosulfate into sulfate ond sulfur, If the sclu-
tion is made and kept sterile the titer will not change under
normal conditions.

2. This stondardization should be carricd cut in a diffuscd
light as iodinc is reloased by the cetion of direet sunlight,



H. W. Loboratory Manucl Reissuod: November, 1948
Laboratory Solutions Status: Standard

SODIUM THIISULFATE
(0.0.N)

Safetv Precautions

Obsorve genercl laboratory Safety Ihules,
Quantity and Container
1C00 ml, in a 1 liter glass-stoppercd Fyrcx bottle.

Roogents and Specifications

For Proparation Fer Liter Totzl

Sodium thiosulfate, 0,1 about 100 ml. cbout 100 ml,
(Solutions Code: SS-18a) -

Prcparation

l. From thc exoet normality of th: 0,1N sodium thiosulfate
caleulate the volume necded to mako 1000 ml. of 0,OlN solu=
tion as followss

=l5

Ve
vhere V = volume of 0.,1N sodiun thiosulfatc required.

N = cxact normality of 0,1 sodium thiosulfate.

2., Moasurc out cxactly this cmount of 0,1N standerd sclution
and place in a 1 liter volumetric flask.

3. Dilute to mark with distilled woter and mix well.

4. Tronsfor into a 1 liter glass~stopperod bottle for storage.

UNCLASSIFIED
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He W. Laboratory Manual Reissued: Kovember, 1948
Laboratory Solutions Status: Standard
By: WeJ Mo

SODIUM_ SOLUTION STANDARD

(1 mg. Ne/ml.)

Scfety Precautions
Observe general laboratory Safety Rules.

Quantity and Crntainer

1000 ml, in a 1 liter glass-stoppered Fyrex bottle.

Recgents and Specifications

For Preparation Per Liter Total
Sodium chloride, C.P. 25413 g. 2.5413 g.
NaCl, C.P.
Preparation

l. Dry the sodium chleoride in the 110° ¢ oven for about 30
minutes, then cool in a desiccator,

2. Weigh out exactly 2.5413 g. of dry sodium chloride and
transfer into a 1 liter volumetric flaske.

3, Dilute the contents of the volumetric flask to the mark
with distilled water and mix thoroughly.

Lo Tronsfer into a 1 liter glass-stoppered Fyrex bottle for
storage.
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SIANCH SCLUTIH (HOT STABILIZED)
| (1%

Safoty Precautions

Cbserve general lcboratory Safety Rules.

Litcroture Refercnce

A.PH.A., "Standard Mctheds for the Exanincticn of Wator and
Scwagc“, AoPUH-A., 141 (1936)

Quontity ond Centainor
100 ml, in 100 ml. gloss=-stoppered Pyrex bottle,

Reagents ond Specifications

For Prepcration Per Liter Total
Starch, potato 10 g. 1 g,

Preporation .
l. GCrind 1 gram of the starch in a morter with o little water.
2, Pour the paste into 100 ml. of boiling water.
3. Stir while boiling, and then cllow to settle overnight.

4Ls Decant off the clear supernatant inte a 100 ml. glass-stop=
pered Pyrex bottle for storage.
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H. W. Laboratory Manual Issued: December, 1948
Leboratory Solutions Status: Standard
By: W.J.M.

SULFURIC ACID SOQLUTIONS

Safety Precautions

1. 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-

titles of heat, therefore such additons should be made very
slowly and with constant stirring.

Reagents
For Ereparation

Sulfuric acid, C.P.

For Standardization

1. Sodium hydroxide (Solutions Code: SS-8a)
2. Phenolphthalein indicator, 1% (Solutions Code: SP-8a)

3. Hydrochloric acid, C.P.
HC1, 36%

L. Barium chloride, 10% (Solutions Code: SB-la)

Special Apparatus

1. Buret, semi-micro, 10 ml. (Apparatus Code: A4B;2la)
2. Crucible, Gooch, with asbestos mat (Apparatus Code: AC-18a)

Prevaretion

1. Calculate the volume of 96% sulferic acid required to meke the
degired concentration as follows:



S Codet 55-23a

a. For normality

ml. of 96% H S0, = 27.8(A X B)

where A - Desired normality
B - Desired total volume in liters
Example:

To meke 1 liter of 5N sulfuric acid
ml. of 96% HyS0, - 27.8(5 X 1)

= 139 ml. of 96% E,SO

b. For molarity

ml, of 96% stoh - 55.5(4 X B)

where A - Desired normality
B - Desired total volume in liters
Example:

To make 500 ml. of 3M sulfuric acid
ml. of 96% SO, - 55.5(0.5 X 3)

83.5 ml. 96% EH,S0y

c. For percentage of Hasou

ml. of 966 B,50, - (53-)B

where A = Desired percentage

B Desired total volume in ml,

Example:

To make 1 liter of 20% sulfuric acid
ml, of 96% E,S0), = (.g_g)lOOO

= 20.8 ml. of 96% H_S0),

UNCLASSIFIED
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d. For perts

ml. of 96 B0, = A(Z)

wvhere A Desired total volume in ml,

a = Desired parts of acid

b - Desired parts of acid plus desired parts of
water

Example:
To meke 500 ml. of 1:3 swlfuric acid
ml. of 96% HxS0, = 500(})
= 125 ml. 96% HySOp
2. 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 ventileted hood.

3. Mix well and dilute to the mark with distilled water.

i, After the solution is well mixed tramsfer 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. It is import-
ant in accurate work to select a standerdization using the same
indicator as will be involved in the subsequent uses of the
golution.

A. Against standardized sodium hydroxide, using phenolpthalien
indicator.

1. 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. beeaker.

3. Add 2 drops of the 1% phenolphthalein solution.
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4., Titrate with the standard sodium hydroxide to a faint
pink color.

Calculation:

N _Nx'v’
1"‘2‘\?1—"2“'

&
®
2]
(4]
e ]
"n

Normality of sulfuric acid

Volume of sulfuric acid, ml,

=
()
1] bt

Normelity of sodium hydroxide

Volume of sodium hydroxide , ml.

n
[ R ]

Remarks

If a solution of a certain exact normelity is desired, the
volume may be adjusted after standardization as follows:

Calculation:

Va x N
1
where Vl Total volume to which standerdized solution
must be diluted t- zive exact normality de-
gired

Degired normality

<
(X

Original volume minus sum of aliguots taken for
standardization

N, = Actual normality as foimd by standardization

B. Gravimetric precipitation as barium sulfate.

1. Ignite the Gooch crucible to constant weight and place
in a desiccator until ready for use,

2. Pipet 25 ml. of the sulfuric ecid into a 400 ml. beaker
and add sbout 300 ml. distilled water,

3. Add 4 ml, of the hydrochloric acid and heat to boiling.

L, Add dropwise with stirring 10 ml. of the barium chloride.

= .
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5. Digest on a steam bath for 1 hour.

6, TFilter through the ignited and weighed Gooch crucible,
wash thoroughly and heat to constant weight.

T. After calculation, the volume may be adjusted, if de-
sired, as described under Remarks.

Calculation:
W4 x 1000
N, = _L—_T_
1 25 x 116.7
where Nl = Normelity of the sulfuric acid
Wl - Weight of the barium sulfate



H. W. Laboratory Manual Reissued: December, 1948
Laboratory Solutions Status: Standard
By: W.J.M,

SULFURIC ACID, SILICA FREE
(1N)

Safety Precautions

1. Ovserve general laboratory Safety Rules.
2. Observe rules pertaining to handling strong acids.

Quantity and Container

1000 ml. in a 1 liter cork-stoppered paraffin-lined Pyrex bottle.

Reagents and Specifications

For Preperation Per Liter Total

1. Sulfuric acid, 10N 100 ml., 100 ml.
(Solutions Code: £S5-23a)

2. Redistilled water.
(Solutions Code: SW-la)

Preparation

1. Add slowly 100 ml. sulfuric acid to 900 ml. redistilled water
contained in a 1 liter volumetric flask,.

2. After cooling, dilute to the merk with redistilled water.

« 3. Mix thoroughly and transfer into a 1 liter cork-stoppered
paraffin-lined Pyrex bottle for storage.

UNGLASSIFIED
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Laborctory Solutions Status: Standard
' By: Weddlie

SULFATE SOLUTION
(1 nl. = 100 micrograns SOA)

Safety Prcocoutions
Cbscerve general laboratory Safoty Rulcs.
Quantity ond Container
1000 ml1, in four 250 ml. glass=-stoppered Pyrcx bottles.

Reogents ond Specifications

For Preopcration Por Liter Total
Sulfuric acid, 0.04N 52 nl, 52 nl,

(Solutions Codes: SS=23a)

Preparation

l, Transfer into 2 1 liter volumetric flesk the 52 ml, of
the sulfuriec acid.

2. Dilutec to the nmark with distilled wator and nix well.

3. Tronsfer into four 250 nl. glass=stoppered Pyrox bottles
for storago.

Stondardization

This nethod is designed to give o solution containing 100
nicrograns of S0, = /nl.
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SULFANILIC ACID
6.3

Safety Precautions

1, Observe the general leboratory Safety Rules.
2. Observe rules pertaining to handling strong bases.

Quantity and Container

1000 ml. in a 1 liter glass-stoppered Pyrex bottle.

Recgents and Specifications

For Preparation Per Liter Total
1. Sulfenilic acid, C.P, 57.72 g. 57.72 g.
C6H7SNO3, 99.8%
2. Sodium hydroxide, C.P. About 40 pellets

NaOH, C.P., pellets

For Purification and Assay

1. Sodium hydroxide, - (Solutions Code: SS-8a)
Standard 0,33N

2. Phenol red indicator, 0.1% (Solutions Code: SP-5a)

3. Posdered charcoal
("Nuchar" is satisfactory)

Pregaration

1. Drybabout 60 g. of the sulfanilic acid to constant weight at
135*C.

2. Welgh 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.

UNCLASSIFIED
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L. F1l1l the becker about 3/4 full with distilled water.

5. Heot the beaker gently until the sodium hydroxid.e 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 1 liter wolumetric flask containing
about 400 ml. of cool distilled water. Tcke coare not to lose
any of the solution or crystals.

7. Add another 20 pellets of sodium hydroxide to the beaker zand
agoin £1il1l 3/4 full of distilled water.

8. Heat to obout 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
wvell, adding the rinsings to the flesk.

10, Mix until all of the sulfanilic acid hos dissolved.'
11. Cool the solution to room temperature.
12. Dilute to the mark with distilled water and mix well.

13. Insert a thermometer into the solution and record the tem-
perature at which the dilution was made.

14. Apply temperature correction for O. 330 solutions to the vol-
ume of the flask.

Calculations
Ny o= 17. %18 x V7,
where Nl = Normality of sulfanilic acid.
Wy = Weight of sulfonilic acid used.
Vl = Cecrrected dilution volume in ml,
P - Percentage purity of the sulfanilic acid.
Remerks

1. Unlecss ths assay of the sulfenilic acid is accurately known it
must be determined as outlined below. Material of less than
99.8% purity should be recrystallized before using.
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Purity of Sulfenic Acid

1. Dry a small portion of sulfanilic acid for several hours at
135°C.

2. Weigh accurctely into a 250 ml. beaker 0,50-0.55 g. of the
dried sulfanilic acid.

3. A4dd aobout 100 ml. of distilled water.

4, Mecasure into the beaker from a buret 95% of the calculcted
required amount of 0.33N stondard sodium hydroxide.

5. Boil the sample solution for severzl minutes to expel carbon
dioxide (Remark 1l). "

6. Remove the beaker from the flome and add 2-3 drops of phenol
red indicator.

T. Complete the titretion with stendord sodium hydroxide.
Colculetions

P ': -—Yl pS Nl x 17.318
v
1
wvhere P = Percentoge purity of sulfanilic acid.

ml. of sodium hydroxide used

=
1

N, = Exact normality of sodium hydroxide used.

Welght of sulfonilic acid.

=
2
"

Rermarks

1. Since the end point of the titration occurs at about pE 8, any
carbon dioxide in the water or stondcrd sodium hydroxide will
be neutralized. This corbon dioxide must therefore be removed
by boiling just before the solution goes alkaline.

2. Should the purity of the sulfanilic acid be below 99.8% the
mcoterial should be recrystallized as outlined below.

Purification of Sulfanilie Acid

1. Mecsure into a large becker about 25% morc than the amount of
sulfanilic zeid required.

UNCLASSIFIED



UNCLASSIFIED

— Code: §5-272

?.
10.

Renorks

1.

2.

Add about 20 ml, of distilled water for each g. of sulfanilic
ncid (Remork 1).

Add 1-2 g. of powdered charcoal.

Boil the mixture for 15-30 minutes adding distilled water to
offset evaporation if nccessary.

Filter quickly while bolling hot through a Buchner funnel
contoining two layers of Whetman No. 1 filter paper covered
with about 1 inch of powdered chorcoal. (Remcrks 2 and 3)

Cool the filtrote to 5°C.

Filter off the sulfonilic ocid and wash with a little cold
VC‘.‘tero

Allow to dry at room temperature for several hours and fin-
ally complete the drying at 135°C (Remork 4).

Deternmine purity as above.

The recrystallization may be repeated until o purity of more
then 99.8% is atteined.

This 1s the approximate amount of water needed to form a sat-
urated solution &t 90°C which is desirable.

Boiling water should be poured through the filter to heat it
Just before filtering the sulfenilic acid solution. This will
minimize loss from crystallization in the filter.

A wotceh gless may be placed on top of the charcoal to prevent
it from splattering.

If the wet matericl is placed directly in the oven it will
cake badly.

e R
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SULFANILIC ACID
(1%)

Safety Precautions

1. Observe generzl leboratory Scfety Rules.

2. Observe rules pertaining to hondling acetic acid.

Litercture References

Feigl, F., "Spot Tests", Nordeman, 215 (1939).

Quantity and Container

100 ml. in 125 ml. glass-stoppered Pyrex dropping bottle.

Reagents nnd Svecifications

For Preporation ' Per Liter Total
1. Sulfanilic acid, C.P. 10 g. 1lg.
CgESTO3, C.P.
2. Acetic acid, 30% 1000 ml. 100 ml.

(Solutions Code: SA-lc)

Preparation

1. Weigh out 1.0 g. sulfaonilic acid, ond transfer into a 250
ml. becker containing 100 ml. of 30% acetic acid.

2. Gently warn the solution and stir until all the sulfanilic
acid has dissolved.,

3. Cool sclution and tronsfer into a 125 ml. glass-stoppered
Pyrex dropping bottle for storage.

= e
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SODIUM MAGNESIUM URANYL ACETATE
Soturated in 95% Ethanol)

Snfety Precautions

Observe general laborotory Safety Rules.

Litercture Refercences

Furman, N,H., "Scott's Stonderd Methods of Chemical Analysis”,
5th Ed., I, D. Van Nostrand Co., Inc., New Yorx, 230 (1939).

Quantity and Contciner

1000 nl. in a 1 liter gloss-stoppered Pyrex bottle.

Reagents and Specifications

For Preparation Per Liter Total

l. Magnesium uranyl acetate solution
(Solutions Code: SM-1b)

2. Sodium chloride, C.P. 10 g. 10 g.

"NeCl, C.P.
3. Ethanol, C.P, 1 liter 1 liter
CoHS0H, 95%
Preparation

1. Prepare a 10% solution of sodium chleride by dissolving 10 g.
of C.P. sodium chloride in 100 ml. of distilled water.

2. Add the 10% sodium chloride solution, with stirring in a 1500
ml. beaker containing approximately 1000 ml. of the magnesium
uranyl acetate solution until no further precipitation of
sodium magnesium uranyl acetate occurs,

3. Mix the contents of the beaker thoroughly end allow the pre-
cipitete to settle.

- ——
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4. Decant the supermatant through a Buchner fumnel containing
Whatmen No, 42 filter paper, and finally wash the precipitate
ontc the filter. Rinse the beaker several times with the
supernatant contained in the filtering flask, adding the
rinsings to the funnel.,

5. Dry the preclpitate in e low temperature oven.

€. Dissolve the dried sodium magnesium uranyl acetate in epproxi-
mately 900 ml. of 95% ethanol umtil e saturated solution is
obtained.

7. Filter the saturated alcocholic solution into a 1 liter glass-
stoppered Pyrex bottle for storage.

UNCLASSIFIED
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TELLURIUM SOLUTION
(10 mg, Te/ml)

Safety Precsutions

1. Observe general laboratory Safety Rules.

2. Tellurium compounds are extremely toxic if taken intermsally
and scme are volatile. Use a hood when heating the solutionms.

3. Observe rules pertaining to handling strong acids.

Literature References

Coryell, C.D., Hume, D.N,, Ballow, N.E.,, and Glendenin, I.E.,
"Clinton Secret Report", CL-CDC-4 (March 15, 19kk).

Quentity and Conteiner

1000 ml. in a 1 liter glass-stoppered Pyrex bottle.

Reagents and Specifications

For Preparation Per Liter Total

1. Tellurium metal, C.P. 10 g. 10 g.
Te, C.P.

2. TNitric acid, C.P. 10 mi. 10 ml.
m\ro3, 70% )

3. Eydrochloric acid, C.P. 30 ml. 30 ml.
BCL, 36%

L, Hydrochloric acid solution,3M 1 liter 1 liter

(Solutions Code: SH-25a)

Preparation

1. Place the weighed tellurium metal in a 250 ml. Erlenmeyer
flask.

2. Add 10 ml. of nitric acid and heet gently until no more metal
eppears to dissolve (An insoluble white residue forms).

- R
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Evaporate to a volume of 2 to 3 ml., by swirling over a burner.

Add 10 ml, of concentrated hydrochloric acid and evaporate to
a volume of 2 to 3 ml. (The white residue should dlssolve). °

Repeat Step (4) twice.

Transfer into a 1 liter volumetric flask and dilute to the
mark with 3M hydrochloric acid.

Filter the solution if it is not clear.

Transfer into a 1 liter glass-stoppered Pyrex botile for
storage. :

UNCLASSIFIED
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Laboratory Solutions Stotus: Standard
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THICGLYGOLIQ_EE}ELQNEUTRAtIZEDZ
(1%)
Scfoty Precautions
Cbscrve tho genercl loboratory Safety Rules.
Quentity and Contoincr
1000 nl, in a 1 litor glass=stoppered anber bottle,
Recgents and Spocifications

For Proporation Por Liter Total
1. Thioglycolic acid, C.P, 10 nl, 10 ml,

2., Ammonium hydroxide, C.Ps
M, H, C.P.

Preparation

1., Measure out 10 nl, of the thioglycclic acid into a 1 liter
volunetric flask.

2, 4dd the ermoniwm hydroxide until the solution is neutralized,

then add 1 nl. in excess. It should just turn red litmus
blue,

3, Dilute the solution to the mark with distilled water, and nix
thoroughly. ,

L. Tronsfer the solution into o 1 liter glass-stoppered anber
bottle for storage. ' )



H, W, Loboratory Manual Reissued: November, 1948
Laboratory Solutions , Status: Standard
By: WedMe

TITAN YELLOJ INDICATOR
(0,05%)

Safety Precautions !
Cbscrve generel laboratory Safety Rules,
Quantity and Container .
500 ml. in a 500 nl. glass-stopporod Fyrox bottle,

Reagents and Spocifications

For Preparation Per Liter Total
1, Titan yellow, ccunercial dye 0.50 g. 0.25 g

Preparation

1, Dissolve the 0.25 g. of the titan yellow in 300 nl, of dis-
tilled water in a 500 nl. volwmetric flask.

2. Dilute to the mark with distilled water and traonsfer into
a 500 nl. glass=stoppored Fyrex bottle for storage.
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ORTH CTCLIDINE

(0.1%)

Safcty Precautions

1. Obscrve gencral laboratory Safety Rules.

2., (bscrve rules portaining to handling strong acids.
Quantity and Container

1000 ml, in 1 liter glass=stopporcd Fyrex bottlc.

Recagents and Specifications

For Preparation Por Liter Total
1. o-Tolidinc, C.P. 1lg. 1 ge

' 2. Hydrochloric acid, 1:4 HCL 500 ml, 500 ml,
(Solutions Code: SH-25a)

Preporation

1.. Place 1 g. of o=tolidinc in a large mortar and add 5 ml. of
1:4 hydrochloric acid.

2. Grind to o thin pastc ond add 150 ml, of distilled water.
3. Stir until tho o-tolidinc is dissolvod.

L. Transfcr into a 1 liter groduntod cylinder and dilute with
distilled water to 505 ml,

5, A4dd 495 ml. of i:Z.HCl to make volume 1000 ml.

6. Tronsfor into a 1 liter glass-stoppered Fyrex bottle for
storagc.
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H. W. Laboratory Manual Reissued: November, 1948
Laboratory Solutions . Status: Standard
By: Wed Mo

TURBIDITY SOLUTION STANDARD
(100 pm)

Reagents and Specifications

For Preparation

Standard solution purchased from Eimer and Amend.
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REDISTILLED WATER

Safety Precautions

Observe general laboratory Safety Rules.

Quantity and Container

5000 ml, in a 5 liter glass~-stoppered Pyrex bottle,

Reagents .
For Preperation

Distilled water, ordinary laboratory reagent originally dis-
tilled and condensed in block tin.

Special Apparatus

Glass still (Apparatus Code: AS-19b)

Preparation

1. Fill the boiler of the still ebout 3/4 full with distilled
water.

2. 3Bring the water to a boil with an electric heater or a gas
flame, and distil off about 300 ml. water into a 500 ml.
bsaker.

3. Continue the distillation, collecting the condensate in a §

liter glass-stoppered Pyrex bottle, reserved exclusively for
this purpose,

4. When the boller is nearly dry, refill with distilled water.
Continue the distillation until epproximately 5 liters of
water have been collected.
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H. W. Laboratory Manual Reissued: December, 1¢
Laboratory Solutions Status: Stand:
By: W.J.

REDISTILLED WATER, SILICA FRER
e e

Safety Precautions

Observe general laboratory Safety Rules.

Quantity and Container

5000 ml. in a 5 liter cork-stoppered peraffin-lined Pyrex bottl
Reagents

For Preparation

Distilled water, ordinary laboratory reagent, originally
distilled and condensed in dlock tin.

Special Apparatus

Still, with glass boiler and block tin condensor.

Preparation

1. Fill the boller of the still obout 3/4 full with distilled
mtero

2. DBring the water to a boil with an electric heater or a gas
flame, ond distil off about 300 ml. water into = 500 ml. be

3. Continue the distillation, collecting the condensate in a S
liter, paraffin-lined cork-stoppered Pyrex bottle, reserved
exclugively for this purpose.

k. When the boiler is nearly dry, refill with dilstilled water.
Continue the distillation until approximately 5 liters of w
ex have been collected.

5. Cork the bottle with a cork previously socoked in peraffin,
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Laboratory Apparatus Status: Standard
By: W.J.M,

BECKMAN pH METER MODEL G

Uses
L. 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 Laberatories, Beckman Instruments Division,
South Pasadena, Califoernia.
Adventages
. 1. Simply constructed and designed for rugged use.
2. Smeall and compact censtruction.
3. Semimicro electrodes permit measurements on small volumes of
solution.
L, Simple and rapid in speratien.
Disedvantages
1. . Lacks high accuracy when compared to standard potentiometric
methods of measuring pH.
2., Does not give straight line calibration cver entire range.
3. <Electrode system is relatively fragile.
Discussion
The following parsgrephs are intended only as a guide to the
use of the instrument in the laboratory. A complete discussion
of the theory of electrometric measurements will be found
, \ elsewhere in this manual and in the literature references cited.
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A.’ Measurement of pH

1.

3.

Choice of ZElectrodes

PE measurements on the Beckmen 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
suall volume of liquid.

The glass electrode should be protected from eny shock or
direct physical contact with another object. The glass
buib, or membrane, 1s 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 water at least 12 hours.
Once placed in use, it should be kept in distilled water
vhen not in use. If an electrode is once used and then put
awey for & long storage pericd, i1t should be thoroughly
rinsed with distilled water and ellowed to dry before
storing in a suitable container.

The calomel electrode is much sturdier than the glass
electrode, and is less subject to breakage. It need not
be soakod before use although it should be inserted in
water for 5 to 10 minutes before use. It containes a
saturated potcssium chloride solution which continually,
though very slowly, seeps out of the electrode. It must be
refilled from time to time. Potassium chloride crystals
should always be present in the electrode.

Meszsurement

a.
b'

c.

d.

Put the operating lever in the (1) position.
Set the range switch to "pH".

Set the temperature compensator to the temperature of the
test solution.

Adjust the milliammeter needle to zero by rotating knob
1.

Hold the operating lever in position 2, and adjust the
needle to zero again with the knob 2., (This edjust-
ment must be made each time a change is made in the
temperature compensator. )

“NeassFED e
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f. Allow the operé.ting lever to return to the vertical
position.

g. Fill the test dish with & solution of known pH. A buffer
of pH 7.0 is usually supplied with the Beckman instru-
ments, but any solution with known pH between 3.0 and 9.0
will be satisfectory.

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 down. If the needle deflects from zore, turn-the
"zoro adjuster” with- a small screw driver until 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 and dry lightly with absorbant
tissue.

k. Immerse the electrodes in the solution whose pH is to be
determined. Thissolution may be contained in the test
dish or in another container.

1. Hold down the push button and rotate the slide wire
to zero the needle. Release the button.

n. If the needle does not remain at zero, zero it with
knob 1 and repeat step 1. Read the pH of the solution
directly from the scale.

n. If the pH determined 1s above 9.5 use a type E electrode
and repeat the measursment.

A. Use of the Inst~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 velue in locating the end point of a
potentiometric titration. The instrument is compact, rugged
wod easier to operate than most potentiometers.

1. Choice and Care of Electrodes
The choice of electrode for a potentiometric titration is

entirely dependent uppn the type of titration, In many acid
base titrations the regular glass-calomel setup can be used,

2- E——
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In a large number of other cases a platinum electrode may

be substituted for the glass electrode. A platinum electrode
for use with the jnstrument 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
ebove, 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
end then drawn guickly over a lump of fused sodium mitrite,
Silver electrodes should be dipped in dilute nitric acid
until they ges freely, then rinsed with distilled water,
Yor.more deteils on the care of individual electrodes, mee
the individual apparatus writeups covering them,

2, EM.F. Measurementsg,

a, Connect the two electrodes to the Jjacks in the electrode
compartment, Connect the positive half cell to the
upper Jack,

b, Set the range switch to "+MV",

¢, Carry out the balancing exactly as described under the
measurements of pH but omit steps 7, 8, and 9, The
scale reads 0 to 1.300 volts, the smallest subdivigion
being 0,01 V,

d, If the instrument cannot be balanced, set the range
switch at "-MV", and repeat step 3, If it cannot still
be balenced it indicates the voltage of the cell is
beyond the range of the instrument, In this case, the .
meter is not applicable to the system, and a regular
potentiometer must be substituted for it,

r % nst

Like any fine instrument, the pH meter deserves the best possible
care, It should be protected at all times from fumes and from
electrical and mechanical damege. It contains & 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.

1, Replacement of the Batterieg

The Beckman is equipped with several dry batteries, Failure
of these batiteries is indicated by inability to balance
the instrument with the 1 and 2 knobs, They should be

replaced as follows:? 4= ﬂ
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a.: The A batteries are Burgess Batieries No, 4FH, This or
an equivalent battery should be used for replacement,

b. The B battery is a 22 i/2 Burgess No, 5156,
¢, The C batteries are Burgess No, 5540, 7 1/2 V.
2, cepent t

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. Beplacement of Electrodes

a, The replacerment of the electrodes is a frequently per-
formed, simple operation, New electrodes need only be
inserted when the old electrodes have been physicelly
damaged. Most frequent source of trouble is a small
crack on the glass electrode, This is indicated by .
erratic and drifting pH values, It is most easily
confirmed by meesuring the pH of a known solution,
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H. W, Laboratory Manual Issued: Jannafy, 1949
Laboratory Apparatus Status: Standerd
By: W.J.M.

- INSTRUCTIONS FOR BECKMAN MODEL H, AC OPERATED pH METER

Installing the Electrodes

1. Glass Electrode 3Soak 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 & small porous fiber sealed
into the lower tip. . Replenish the saturated KC1l solution
through the side tube when necessary--LEAVE THIS TUBE OFEN
DURING MEASUREMENTS, Insert the pin terminel in the pin jack
below the glass electrode terminel jack and tighten clomping
screv.,

3. Electrode Assembly' 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 becker or sample container when the holder is lcwered
agoinst the rod support.

Using the pH Meter

L. Warm-up Set the range switch on NEUTRAL end be sure that the
push-botton switch is in the IN position. (Press ond rotate),
Connect the instrument to the power line and allow a five min-
ute warm-up period before proceeding with the measurements.

Whilé range  switch 1s on NEUT. the meter néedle .should. alweys
read exactly 7 pH; if necessary adjust the needle position with
the screw just over the meter pivot.

5. Stenderdization Agoinst Buffer After turning on the instrument
as described in secétion 4, place some fresh buffer in a clean
beaker and immerse the electrodes. Set TEMPERATURE knob to the
temperature of the buffer; switch to proyer ronge and release

push-button. By use of the STANDARDIZATION control set the
meter needle to the pH of the buffer.
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Important: The exact pH of the buffer will depend upon temp-

erature as indicated on the buffer label. Standardization

shguld alwoys be performed with buffer at o temperature within
C of the solutions to be tested.

Lock IN the push-button and set the pointer to mark the posi-
tion of the meter ncedle. If meter reads off scale, switch to
the other range before setting the pointer, Use this range
position vhen subsequently resetting needle to pointer positiam
with standardization control, This procedure is ussd to
correct for cny changes in the amplifier which may occur aub-
sequent to stondardization. (ef. Section 6).

It 1s essentlal to standardize ageinst a buffer solution daily,
For most accurate work, checks should be mode before and after
each series of tests.

6. Mecsuring pE of Somples With the push-button locked IN, spray
the electrodes with distilled water end wipe them with absor-
bent tissue, Clean the beaker and half fill with test sample.
Immerse the electrodes and if necessary use the standardization
control to bring mcter needle into coincidence with the pointer.
Releasc the push-button and the meter will indicate the pH
outomati¢elly., If the meter reads off scale switch to the
other range.

The push-button may be left OUT to read pH as long as the
electrodes are immersed but should preferebly be locked IN when
the electrodes are being hendled or are not immersed. This
procedure will prevent the possibility of polarization of the
glass electrode which will be apparent if the readings drift
for several minutes after rec-immersion.

Operction Suggestions

T. &. When making measurements at tempeoratures much different
from room temperature it is desircble 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 con-
tact of the solution with any metal parts of the elec-
trodes or the electrode holder.,

UNCLASSIFIED
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b, It is very desircble to standordize ‘he mster at a tempera-
ture close to that of the solutions to be tested (at least
within 10°C) because of small potenticls associated with
the electrode which fail to follow exnctly the temperature
correction provided. At a given temperature the effect of
these gmall potentials 1s eliminoted by the'.tse’ of "STAND-
ARDIZATION control in the standerdization procedurs.

¢. When measuring pH of poorly buffered solutions it is
usuelly worthwhile to rinse both the electrodes and beaker
with ibe solution to be tested before finally filling 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-tutton, To avoid this possi-
bility the push-button should normally be left in the IN
position end relecsed only while readings are actually
being made.

Such polarizotion has no permanent harmful effect on the
electrode but temporarily causes the pH recdings to be
high by a few tenths of o pH unit. The effect will dis-
eppear within a few minutes (one to five minutes).deiending
upon: the extent of the polerization ond the temperature of
the electrode. Cold electrodes (below 20°C) are most
ligble to polarization effects while at temperatures above
50°C the effect is virtually absent.

Measuring Oxidation Reduction Potentiels and E.M,F,'s

8. Set the TEMPERATURE comtrol ot 25°C. and the range switch at
T to 0 pH. With the push-button IN, use the STANDARDIZATION
control to bring the meter needle to zero on the milivolt scale,
Insert commections from the source to be measured and release
the push-button. The meter will then recd directly in
milivolts, If the meter reads off scale below zero, the lead
comected to the glass electrode terminal is negative instead
of positive, If this hoppens the ronge switch can be changed
to the 7 to 14 pH position and the recding made without re-
comnecting the terminnls. 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 sccle before releasing the push-button for a
reading,

Since thc TEMPERATURE control affects the scnsitivity of the
instrument it i1s possitle to extend the range of the milivolt

- WD
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scale to approximately 520 milivolts by setting the TEMPERATURE
control to 1000C and multiplying the milivolt reading by S/h
(e.g. 5/% x b1k = 517.5 mv.).

Meintaining The pH Meter and Electrodes

9. a. Electrodes The KCl solution in the calomel electrode

. .Bhould never be cllowed to dry out or become unsaturated.
Separction of the inner coclomel-mercury column should not
effect the accuracy of the mecsurement. When not in use
the electrodes should be immersed in weter. The electrodes
should be kept clean. If the calomel electrode is to be
stored for on extended period, the rubber protector on the
end should be replaced.

b, Fuses The power plug accomodates two, 1 ompere, 3 AG
fuses which are availoble from rodio supply dealers,
cutomobile supply houses, etc. To replace, force the fuse
out from the end witha pencil peint or similar object.

c. Tubes With the exception of the #932 Electrometer Tube,
all tubes are standard and can be obtained from any raodio
supply dsoler. The #932 tube has been specially aged,
processed and selected and is available only from Beclkman

Dcolers or Notional Technical Laboratories, Scuth Pasadens,
California.

- P
UNCLASSIFIED



-

CODE: AB-5b

A2

R et
et N S S e

ORI
2t e ot

" e T2

BECZMAN pH METZR, MODEL ¥



‘
“ Code: AB-12a

H. W, Laboratory Manual Reissued: January, 1949
Laboratory Apparatus Status: Standard
v By: qulMO
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Usesg
This bottle ig used in the determination of dissolved oxygen in
water,

anufact

1, Fisher Scientific Company Catalogue No, 2~926

2, Burrell Technical Supply Company Catalogue No, A83-900
Advantages
1. Cone shaped stopper prevents the entrapment of air below it,

2, TFlared lip gives water seal after filling to prevent air
being drawn into bottle,

Literature References

1. AP, 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 from 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,

Preparation for Use

A bottle of this type may be purchased or can be prepared from an

8 oz, tincture bottles by grinding the bottom of the stopper to
a conieal point,

l. The bottle is filled with sample to the very top as specified

- SRR
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by the A.P.H.A, "Standard Methods of Examination of Water
and Sewage", - '

AB=12a

2, The stopper is carefully inserted, displacing the liquid
: in the neck, thus leaving no air space above the sample,

.
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(1000 ml, capacity)

Uses

Januaxry, 1949
_Siandard
w,J.M.

This bottle is used as reservoir for a 10 ml. semi-micro buret,

Apparatus Code: AB-2la,
Menufacturers

Eck and Krebs,
dvanta

Interchangeable

Description

This Pyrex bottle, of 1000 ml, capacity, is fitted with a ST
29/42 glass joint and may be fitted with glass stopper. It is
interchangeable with the reservoir of 10 ml, semi-micro burets

Apparatus Code: AB-2la,

This bottle is used for the storage of standard solutions as
well as a buret reservoir, Consequently, solutions can be
changed by changing the reservoir and flushing the buret thus

elimineting the transfer of the liquid,



S Code: AB-21a

H, W, Laboratory Manual Reissued: January, 1949
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Uges

This buret is used for the accurate delivery of standard solutions
in volumes of 10 ml, or less,

Manufacturers
Eck and Krebs,
advantageg
1., 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,
Disadventages
1, Fine delivery tube is apt to clog with dust or dirt,
2. Small samples or alliquot samples must be used,
3. Excess reagent retumed to reservolir,
Description '
This buret, as shown in the attached sketch, is of all Pyrex con-
struction 96 cm, in overall length, The graduated portion is
52 cm, long and is calibrates” and accurate at all points to 0,01
ml, or better. The buret is currounded by an evacuated jacket
free of water vapor, A one liter bottile, Apparatue Code: AB-l4a
is supplied as a reservoir, -
Preparation for Uge
1. Fill the reservoir with standard solutien,
2. Turn the stopcock to connect the reservoir and turet,

3. Apply air pressure until the buret is filled sbove the mark,

- SRRy
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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.

Bemarke

Never leave the buret empty or partially empty. Always fill
the buxet to above the zero mark. Almost all chemical solutions
corrode glass to same extent and this corrosion is greatest at
the interface of the liquid, By £illing the buret to above the
zero mark this corrosion is kept above the calibrated portion,



QU_T.ei 30 el

5 - 30 mL.
croduated
in 0.31 mi.



UNCLASS’F’ED
. T Code: R

H, W, Labortory Mamal Reissued: January, 1949
s Laboratory Apparatus Status: Standard
By: W,J.M,

i OV . CELL FOR DH MEASUREMENTO

Useg

The flow cell is used for taking pH of water semples that are
unstable with regard to dissolved gases and therefore to pH.

Meanufacturers
Fabriceted on the plant site,
Advantages
1. Convenient to use,
2, Prevents deviation of the water sample.
o Disadventeges
Relatively fregile,
Rigcugsion
Consistent pH readings can be obtained only when a flow cell of

some type is used, Figure 1 and 2 represents types which have
proven satisfactory over a period of time,

Description

The flow cells are fabricated from ordinary glessware of the
‘dimensions given in the attached drawings, In the cell shown in
Figure 1, the water sample flows into the cell through the

bottom right angle tube end overflows at the top of the cell walls,
In Figure 2, the water sample enters the cell as in Figure 1,

but exits through the side-arm attachment,

Qperation

Use a Beckman Model G or L & N portable pH meter equipped with

standard electrodes and an auxillary flow cell attachment,

Standardize the pH meter by the established method using 0,05M

. 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 phthalate buffer solution and



‘iilllllllll Code s AC-58

determine the temperature, Any temperature between 1°C-and 30°C
may be used, Set the temperature compensator on the instrument at the
temperature of the buffer solution, Ad just the instrument at the
No's 1 and 2 position and use it for determining the proper
setting according to the buffer., AdJust the instrument and use

it for determining the pH of the process water in the usual
manner, Flow process water through the cell until it is thoroughly
washed and set the tempereture compensator at the temperature

of the water to be tested and take the pH. Repeat until duplicate
readings ere obtained, Check the electrodes to make certain

toat the glass electrode is suspended in the solution just

enough to completely cover the bulb, and that the calomel
electrode tip is 1/4 inch beneath the surface of the solution,

After using the pH meter for determining the pH, wash the flow
cell with distilled water and leave filled with distilled water
with the electrodes dipping in the water,

Use as directed in Water Methods Code: WP-la,

UNCLASSIFIED
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H., W. Leboratory Manual Reissued: January, 1949
y Laboratory Apparatus Status: Standard

By: Vv.J.M.

ABSORPTION CELLS
(5 cm. Plastic, ¥ mm, I.D.)

Uses

Used in the Beckmen spectrophotometer to hold the solution whose

transmission is beilng measured. Use only when the volume of the

solution available is less than 10 ml.

Advantages

1. Relatively long length (5 cm.) combined with a very small
volume (0,6 ml.).

2. Interchangcble end windows permit use with most aqueous and
non-aqueous solutions, including those containing hydrofluoric
acid.

‘ 3. Cells ere ecasier to £i11 and handle than corresponding all-
gless cells.

L. Recessed end windows easy to keep clean, and difficult to
damage cexcept by deliberate action.

5. Uses same adapter as other types of cells, notably the 5 cm.
Aminco (AC-21d),

Disadvantages

Windows, held in place mechanically, may be source of leaks.

Literature References

Rosenfels, Kirk, Kitson, Patton and Curtis, CN Report.

Notes on the Care and Use of Capillary Absorption Cells

Cells of this type arc a recent development, and have not been
tested and evaluated thoroughly. In general, the notes on

handling other absorption cells apply (Apparatus Code: AC-21e), ..
The following points will be found useful.

1. The only convenient way to clean the optical faces is to un-
‘ screw the ends and remove the small glass end windows.
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TAYIOR CHLORIMETER
Uses

Used in the rapid determination of free chlorine in such
samples as water, sewage, industrial wastes, etc.

Menufacturer

Distributed by Burrell Technical Supply Co., P ittsburgh, Pa,,
, Cat, No. A 83-600,

Advecteges
1, Compact, simple, and rugged design,
2, Standards nearly permanent,
3. Simple to use,

isadvante
. Standards occasionally not accurate or permanent,
Discusgion
The comparator is shown in the attached cut,
1. Description

The comparator consists of two prineiple parts, 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
rerzents bottles and three small test tubes or cells, The
slide contains & series of solutions in sealed eampules.
Alternate ampules contain water, while the other tubes
contain a colored solution, whose color corresponds to

that developed by definite amounts of free chlorine in

water and/or the tolidine reagent, The slide is built

to cover the range 0,1 to 1.0 ppm free chlorine,



II. ZITheory

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 1/2 ml, of the reagent must 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 developed in the center tube only, however, Then
the slide is moved into position, and the color of the various
solutions viewed through it. When a bdblank position on the
slide is over the center tube, two of the color standards,

one on either side, are over the tubes filled with sample but
without reegent, Thus the light coming through the center
tube is absorbed to scme 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, corresponding to a certain amount of chlerine, and
(c) the color of clear water in the two tubes, Only differ-
ence is thet 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 autcmatically made for the color of the
sample, The position of the slide should be varied until

the color of the unknown is the same as one of the standards,
or between two consecutive standards, The chlorine concen-
tretion is then read from the slide, In the case where the color
lays between, average the two values on either side,

III. Qperation

1, Fill the three cells provided with the instrument to the

merk with the weter sample and place in the slots provided
in the, rack, .

2, To the center.cell, add 0,5 ml, of ortho tolidine,

3. Mix the contents of the center cell well, replace the 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 cne or is between two, of the
standards.

5. Report in ppm of chlorine.the value of the standard
which most nearly matches the sample,

NcLASSIFEp "
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H. W, Laboratory Manual Reissued: January, 1949
Laboratory Apparatus Statua: Standard
By: W.J.M,

QRUCIBLE, GOOCH, WITH ASBESTOS MAT

”ﬁ QQ
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,

Manufecturers
Coors Porcelain Company

Advantages

b

1, Eliminates necessity of burning off paper and correcting
for esh,

2, Provides a control over the filter medium,
Rigadvantazes
The crucible must be prepared for each determination.

+ re enNee !

1, Hillebrand and Lundell “Applied Inorgenic Anelysis®
John Wiley and Son, 91 and 92 (1929),

2, Treadwell and Hall “anslytical Chemistry”, John ¥iley and
gon, 30 and 31 (1942).

DPescription
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.

Ereparstion £ar Usg

1. 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,

UNCLASSIFIED
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3.

Apply a gentle vacuum to the crucible and add the slurry in
small amounts until an even mat is spread over the bottam
of the crucible, If desired, suspensiocns of varying size
of fibers can be prepared and placed in the crucible with
the coarse a hestos on the bottom and the 2ine asbestos

on the top,

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 pai,

Viagh the mat three times with water or until no further
asbestos fibers are carried through in the filtrate,

Suck as dry as possible,

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,

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 f£ill the erucible with liquid unless the
suction is applied in order to prevent floating
the mat with consequent loss of the precipitate,
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H, W, Laboratory Manual Reissued: January, 1949
Laboratory apparatus Status: Standard
Byz W.J.M.
CRUCIBLE, SINTERED QLASS
Uses

These crucibles are used to replace Gooch crucibles where high
temperature ignitions are not necessary,

eTs

Corning Glass Company

vant,

Eliminates asbestos mat,
Digedvantages

1,
2.

3.

Can not be ignited at high temperatures.
Sudden temperature changes must be avoided,
Filter disk is difficult to clean,

Desceriotion

This crucible is composed of a Pyrex glass vessel equipped with
e sintered glass filtering dise, The filter can be obtained

in three degrees of fineness and the disks are fused directly
into the glass walls,

1.,

2,

Wash and dry the crucible in the same menner to be used in
the analysis,

This crucible is used in the same manner as & Gooch crucible,
except in regard to excesaive heating,



4R Godes AC=18¢

Cleaning

The cleaning of sintered glass erucibles is of especial
importance, 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 increesing the porosity of the disk,

- UNCLAS SiFj pimmmmmmmy
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ST Code: _ AC-21a
- H, W. Laboratory Manual Reisgsued: January, 1949
Laeboratory Appaeretus Status: Standard
By: w-JoMu

MATCHED CUVETTES, 19 MM,

Uses

Used in the Coleman spectrophotometer to hold the solution whose
transmission is being measured.

Manufacturers

Wilkens~-Anderson Co., Chicago, Ill.
Advanteges

1. Low cost

2. Easy to use‘

Disadventages

1. Difficult to match accurately.

2., ZEasily scratched and marked. Such marks céuse poor, inaccurate
readings.

Literature References

Manufacturer's Technical Literature

Discussion

I. Procedure for Matching Cuvettes

The cuvettes can be obtained from the manufacturer in matched
pairs, but the high cost of these cuvettes mekes a cheaper

substitute desirable. Unmatched cuvettes may be obtained .fram
the manufacturer at a fraction of the cost of the matched ones

They are reedily grouped into matched sets by the following
procedure.

1. 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 necessary. Rinse the
cuvettes thoroughly, then immerse them in warm cleaning



10.

11,

12,

i3.

Code: AC-2la

solution, rinse thoroughly, first under the tap and then
with distilled water.

Dry the outside of each cuvette with absorbent tiasus.

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 1 M sulfuric acid.

Inssrt the water-filled cuvette into the spectrophotometer,
which has previously been prepared for operation (use a
wave length setting of U430 mu? Ad just the spectrophoto-
meter to read about 98 percent with the cuvette in the
light path. Slowly rotate the cuvette until a meximum
transmission reading is obtained. Mark the cuvette with

e wax pencil to indicate the center of the range of
maximum transmission. It is most convenient to make e
vertical mark on the side of the cuvette facing the oper-
ator,

Read Just the specttrophotometer, so that the blank, aligned
to give its meximum reading, reads 100 percent.

Insort each of the potassium dichromate-filled cuvettes
into the spectrophotometer in turn. Slowly rotate the
cuvettes in the holder until their position of maximum
tronsmission 18 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.

Repeat Steps 5, 6, and T twice, using different operators
each time, so that three transmission values, each by a
different operator, are obtained for each cuvette.
Aversge the transmission values for each cuvette.

Selact e set of eight tubes having meximum trensmission

valuos within ¢ 0,05%, This set of cuvettes may be con-
sidered matched.

Replece the wax pencil. mark with a permenent mark made
with a diomond tipped glass marker. Mark the set so that
it can be distinguished readily.

Repenat Steps 10 and 11, choosing as many sets of cuvettes
as desired or possible.

Store the remaining cuvettes retaining the original nume
bers and data for future reference.

& AR,
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14, Clean and dry the selected matched cuvettes. They are now
regady for use.

II. Notes on the Care and Use of Absorption Cells

In the use of these cuvettes, observe the general precautions
for handling all absorption cells.

1. Never touch the optical faces with ‘the bare fingers or
with any harsh tools such as tongs. Finger marks are
difficult to remove from the faces, and scratches cannot
be removed.

2. ‘Always cleon and dry the cell thoroughly immedintely after
use. Never allow any liquid except distilled water to
remain in contact with the cells for longer time than is
necessaXy to make the desired measurements.

3. Rever use absorption cells with corrosive solutions, par-
ticularly those containing hydrofluoric acid.

If the cells bocome dirty, they may be cleaned as follows:

1. Immerse the cell briefly in warm dichromate cleening
solution. (Warm sulfuric acid elone if the cells are to
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 moy be dried by rinsing in alcochol and ether
(provided traces of these materials do not interfere with
the cclor next to be maasured), but they should never be
dried by 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 place.
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H. W. Laboretory Manual Reissued: January, 1949
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ABSORPTION CELIS
(5 cm. Square Coleman)

Uses

Used in the Colemen Model 11 spectrophotometer to hold the soluticn
whose transmission is being meesured.

Manufacturer

Wilkens-Anderson Co., Chicago, Ill.

Disadvantages

1. Large volume
2. Difficult to handle

Literature References

Manufacturer's Technical Literature

Discussion

Refer to notes given in Apparatus Code: AC=-2la.
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H. W. Laboratory Manual Reissued:
Laboratory Apparatus Status:
By:

ABSORPTION CELLS
(5 cm. Aminco!

Uses

January, 1949
Standard
W.J.M.

Used in a spectrophotometer to hold the solution whose transmis<' -

sion is being measured.

Manufacturer

American Instrument Co,, Silver Springs, Maryland

Advantages

Relatively long length (5 cm) combined with small volume (7.5 ml.).

Disadvantages

1. EHigh 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 spectrcphotometer.

Literature References

Manufacturer's Technical Literaturs

Discussion

Refer to notes given in Apparatus Code: AC-2la.

-lﬂ
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ABSORPTION CELLS
(5 em. Gless, T mm, I.D.)

Uses
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 10 ml.

Manufacturers

American Instrument Co., Silver Springs, Maryland.

Advantages

?elative}y long length (5 cm.) combined with & very small volume
0.6 m.),

Disadvantages

1. Need special adapter for use in the Beckman Spectrophotometer.

2. Small size requires careful handling and £illing techniques.

Literature References

Rosenfels, Kirk, Kitson, Patton, and Curtis, CN Report.
Discussion
Refer to notes given in Apperatus Code:; AC-2la.

Cells of this size require special hendling and f£illing techniques
as compared to conventional sized absorption cells.

1. 1In £illing the cells, it is necessary to transfer the liquid

to the cell with e small pipet. After f£illing, the cell must
be kept level.

2. The cell is most conveniently emptied by using the same pipet
used to £111 it. '

Cells of this type are most conveniently stored by immersing them
in a small bottle of distilled water. Before use, they must be



Gy Codes _ AC-2le

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
cclls, however, if this is desired or preferred.

UNCLASSiFiED
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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.

. The cells ere best stored in a clean end 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 4t mm., I.D. glass cells.

In using these cells, it is important that the same cells be
used for the analysis as were used for preparing the calibra-
tion curve, that the same cells are used for blank and sample,
and that the same end of the cell always 1s in the same posi-
tion in the optical path.

. Always keep the rotational position of the cells in the holder

the same.” It.ls most convenient to keep the ports vertical.
A speclal spectrophotometer adapter 1s necessary for these

cells., Use the same edapter as for the Aminco glass cells,
Apparatus Code: AC-214. -
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Laboratory Apparatus Status: Standard
By: v.J.M,

SINTERED GLASS FILTER

Uses

Used in the filtration of chemical precipitates, where glass
filters and a micro scale are desired.:

Manufacturers

Fabricated on the plant site from materiels from Corning Glass Co.,
Corning, New York.

Advantages
1. Permits ropid suction filtering.

2. Femits ready removal of precif:ito.te , elther chemically or
mechanically.

Disadvantages

Readily contaminated end difficult to decontaminate.

Discussion

The filter is made as follows: Draw off one end of a pyrex sealing
tube (Corning 10 F) and blow & test tube bottom on it. This should
be done as ¢lose to the filter as possible. In the bottom of the
test tube, blow & small hole and attach a picce 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 filter may be mede from other porosities or other 0.D. sealing
tubes, 1f desired.
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H. W. Leboratory Manual Issued: January, 1949
Laboratory Apparatus Status: Tentative
By: W.J.M,

KLETT FLUORIMETER

Uses

To measure fluorescence.

Manufacturer

Klett Manufacturing Co., New York, N.Y.
Advantages
1. High sensitivity.

2. Two photo-cell construction minimizes line-voltage fluctua-
tions.

‘ | 3. Rapid e.naljsis ;

Disadvantages

1. Requires a transformer and a galvanometer with transformer.
2. Bulky.

Literature References

Photo-stat copy: "Klett Fluorimeter, Model 2070",

Descrigtion

A more detailed description is given in the photostatted copy.
See also, the diagram,

1. Lamphouse holds & type H-4 high pressure mercury lamp.

2. Housing at right contains the reference photo cell , the green
(Corning 4080/ light filter, and an adjustable diaphragm.

3. Housing at left contains the measuring photocell, the condenser
lenses, the lamp filter (i5970), the photo cell filter
® (#3389), the cuvetts holder, and the shutter.

UNCLASSIFIED
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4., Galvenometer switch has three positions: low sensitivity when
the handle is in the "L" position; high, in the "H" position;
and off when the handlce points up.

5. Potentiometer is a precision, linear-wound one with a 360
division linear scale.

6. Photo cells are of the barrier-layer type and respond to light
of wave length from 4OOO A° to 6600 AC,

Operation

1. Plug irn the fluorimeter lamp at least 5 mimtes before reud-
ings are made.

2, Fill the cuvette with a standard of fluorescence and place it
in the instrument.

3. Set the potentiometer at some value between 100 and 300.

L. Open the shutter.

il.
12,
13.
1L,

Move the galvanomoter switch to "L" and adjust the varieble
8lit until the galvanometer is "zeroed" in the middle of the
scale,

Repeat with the switch at "H".

Close the shutter.

Replace the cuvette with one containing the unknown, the
fluorescence of which is to be measured.

Open the shutter.

Move the galvanometer switch to "L" and turn the potentiometer
until the galvanometer beem is brought back to "zero", °

Ropeat with the switch at "H",
Turn the switch off,

Close the shutter.

The ratio of the potentiometer scale reading to that of the
standord (which was set between 100 and 300) gives the ratio
of the fluorescences of the unkmown to that of the standard.



l‘ — Code: AF-12e

15. The concentration of the standard and the potentiometer setting
for it should be so chossen that a deflection of 1 mm. of the

gelvenometer is obtained per 2 or 3 division move of the
potentiometer.

UNCLASSIFIED > -



Cecda:

® -

.:H ....yh. .

-
Z=i=50

Jor

]

orawr Lot o

[ X ]



FISHER NEFLOUOEO - PHOTOMETER




_ Code: AH-1a

H. W. Laboratory Manual Reissued: January, 1949
(‘ Laboratory Apparatus Status: Standard
\ By: W . J ] M.

Uses

RADIANT HEATER

Used for evaporating solutions, drying precipitatos and for gen-
ercl laboretory use.

Monufacturer

General Electric Supply Co.

Advantagcs

1.

2,

3.
L,

Construction assurcs long life and cfficicmey because funes
cannot reoach the enclosed roflector,

Evaporation is more rapid beccouse the light rays travel -
directly to the solution and penetratec it.

Bunping and spattering nminimized.

Chars filter poper rapidly without danger of paper firing.

Description

The radiant heater consists of a single 250 watt infra-red reoflec-
tor drying lomp. The lamp is ottoched to an ordinary ring stand

for adjustable heights as required in the leboratory,

- S
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H. W, Laboratory Manual Reissued: January, 1949
Laboratory Apparatus Status: Standard
By: W.J.M,

COLEMAN MODEL 11l SPECTROPHOTQMETER

Uses

Used in the colorimeiric determina.ion of numerous ions throughtout‘the
entire process,

Manufacwurer
Coleman Elecirical Company, Maywood, Illinois ‘
Advantages

1. Low Cost

2. Ruggedness

3. Low cost of absorption

4. Ease of manipulation
Disadvantages

1. Poor resolution by monochromator

2, Insensitive measuring’system

3 Limited applicability
Liseravure Refernces
Technical Litverature, Coleman Electrical-Company Maywood, Illinois.
Discussion
The optical and elecirical circuits of this épectrophotcmeter, and its
appl.cation in analysis, have been described elsewhere in this manual,
The following instruciions are intended to aid in the care and use of the
spectrophotometer. They inclued instructions for the preliminary set-

up of the .nstrument its operation and-celibration, replacement of
expended parts and other miscelleneous information.

I. Prelioinary Set-Up

=l-

R
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1,

2,

3.

Remove the new instrument from its box, and set upon a firm
level table, Place the sponge rubber pads beneath each
comer, These will serve to minimize extermal vibrations
which would otherwise obviate the results.

Connect the two rubber~covered leads from the instrument to
the "Cutput poles of the transformer. To the -Input poles,
connect the ends of the light cord which accompanies the
transformer, In either case, the polearity is emmaterial.

Check the wavelength calibration, and the setting of the

absorption cell carrier as described under sections III and
VII of these directions.

Cover the snstrument with a standard cover or with some
material which is relatively impoervious to dust. Dust and
dirt in the optic and electrical parts of any instrument
are & major source of difficulty.

I. Operation of the Instrumenty
1.

Dircct Reading Method

‘This meihod or measuring transmission with the Coleman spec-
trophotometer is more rapid and as accurate and precise as
the null-point method It will be used in all determinations
unless otherwise specified, Measurements made by the two
methods canno’ be compared, since they may not agree even
when taken from the same instirument.

; Set the drum dial, seen through the window in the right
hand side of the top panel, to about 3 on the back scale.
Turn the main switch to "Galv.", and adjust the galvan -
ometer recading on tlie ccale in the upper left hend
co:mer of the pancl to approximately zero by adjusting
whe " Adjus+ Zero'"knob - Complete the: zero-adjustment

by moving the drum dial slightly., When the adjustment
in comple.e, the reading (black scale) on the drum

scale shoudl no. be more than 5 If it is grea er, 1t
should be returned to 3, and he galvanometer reset with
vhe "Adjust Zero knob The setiing of the galvanome.er
is reasonably constant, but although it seldom changes,
it should be checked occasionally

b. Turn ~he ma«n switch Lo the "On posii.ion and allow

the ins rumen o warm up for ayproximately five min-
utes, :

¢. While the ins'rument .s warming up, check to see that
the correct absorption cell carried is in place. If
the tes tube .ype cella are used tihe vert.cal carried
should be inserted hrough the top of the panel,
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A onall light guard, which slides with tho carrior und
prevents stray light from entering the sample chambor,
must also be in pluca. If the horizontal cclls arc to
be uscd, tho horizontal ccll holdor, togoticr with tho
nccossary adapted, sgould be inso:ted through the small
door on tho right hand sido of tho instrument.  In thc
lattor case, tho opcning in tho pancl must be une-
tircly closaod by & suitablo light guurd.

Boforo making mcasuromonts, insort tho proper filtor
for the rogion to bo measurod into tho slot bohind the
samplo chumbor. The slot opons nsoar tho hinged cnd of
the sido door to th: samplc chambor., Tho propor fil-
tora for thc vurious wavolongths arcs 350-400 mu,
PC~6; 400-650, PC-4mus 650-800, PC~5,.

Adjust the wavelongth to tho dosircd valuo by turning
the wavolength knobe Turn tho "Fluer™ knove to its most
countcrclockwiso position.

aftor tho nocessary warm-up poried, insert the alsorption
coells, fillcd with tho liquid whosc tronsmigsion is
dosired, and « blank, into tho cull holdsr. Position

the luttor so thut the blunk-containing coll is in the
light pathi

By varying thc p sition of thu "Gelv. Coarsn" knob, ad-
just the gulvunometor reuding to approzimuately 100 per
cunt. adjust it cxuctly to this wvuluos by varying the
position of thc "Galve Finc" knob..

Insort into the light puth the ubsorption eull contuining
the unknown, und wien the galvunometor couwcs to rost,
roud tho purcontuge trunsmission dirsetly off the sculo.

Repcut stops g wad h until 4 rosding on ono ubsorption
c2ll have b en mude. avorugo thoe four vulusc.

Tilhen through with the instrumont, turn tho muin switch
"0ff", romove tho ubsorption cells and cloan if ncees-

BLIrye

%, -=Null~Point Mothod

Qe

Sct tho drum dianl, socn through thc window in tho right
hund sidc of ths top puncl to zecroe. Turn the main
switch to "Galv", and adjust the gulvunomotui rcuding
on the scale in the uppor left hand corner of the

pancl to zcro by moving thc "Adjust Zoro" kmob,

- SR
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~ Turn tho muin switch to thc "On" position, and ullow

the instrumcnt to wurm up for approximutely 5 minutns.

Whilo the instrument is warming up, ch:ck to s.c thut

the corroct absorption ccll ecarrior is in pluce. Kt the
test tube typo cclls arc used, t v vertical curricr should
be insorted through tho top of the puncl, a4 smull light
guurd, which slidus with the currier and provents stray
light from cn.oring tho sumplc chumber, must i so be in
pluco. If tho horizentul cclls uro to bo used. tho hori-
zontul cocll holder, togot cer with tho nucessury wdaupter,
should bo insertcd through the smnll door on the right
hund sido of thc instrument. .In tho luttar cuse, tho
opcning in the top puncl must bo ontircly closecd by u
suitublo light guurd,

Beforo making mecausurcmonts. inscrt tho proper filter
for tho rogion to be moasurod in tc tho slot behing the
sumple chamber. Tho slot opens noar thn hinged cnd of
the sido door to the sumple chumber. The propor fil-
tors for the vurious vavelengths urc: 350=400 mu,
PC-6; 400-650 mu, PC=43 650~800 mu, PC~mu,

adjust the wuvolongth to the desired wvulue by turning
the wavelongth knob. Trun the "Flur" knob to its most
counterclockwiso position,

Aftor tho ncccssary w.rm=up porion, inscrt thc ubsorption
colls, fillod with tho 1i uid whose transmission is
desired, and a blunk, into tho coll holder. Position

tho luttor so that the blunkecéntaining:ecll is.in tho
light paths

Set the drum diel, by mcens of the "Bul" knob on the
right hand sidec of tho instrumcnt, to 100 purcent
trunsmission.

Vury the position of the "Gulv Coursc" knob.until tho
gulvenom:ter rowsds upproximutely zoro. Complcte tho
udjustmont to zero with tho "Golv Fine" knove If tho
gulvunometor cannot be brought on tho scule with thses
adjustments, vary the position of the "Flour" knob until
on approximato zero is ubruinod, and agoin complctoc the
adjustmont with tho "Galv Fino" knob,

ofm
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i. 1Insert into the light path the absorption cell containing
the unknovm, and readjust the galvonometer 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 rendirgs onone absorptiom
cell hage been made. Average the four values,

k. Any number of readirgs moy now be made. The 100 percent
setting of the blenk should be checked before each reading,
however,

1. When through with the instrument, turn the main switch
"off", remove the absorption cells, and clean if necessary.

III, Celibration of Wavelength with Didymium Filter

It 1is occasionnlly desirshle to check the wevelength setting. This
should alwcys be done when & now instrument 1s received and when
o neow exciter lamp is insteolled.

1, Turn tho mein switch "On" and allow the instrument to warm up
for five nminutos;.

2, Insert the filter PC-7 in the filter holder.

3. Set the wovelength scale at the volue stemped on filter
(usually 587 mu, but ocansionally different).

k. Set the "Fluor" knob to its oxtremo counterclosckwisc position.

5. After the nccessary warm-up period, turn the "Galv, Coarsc"
knob until the galvanometer reads 80 to 100 percent.

6. Slowly rotate the wovelength scale until a minimum transmission
volue is ohtoined., If this volue is less than 80 percent,
read just "Galv. Cocrso" knob so the reading is betweon 80 and
100 percent and rclocote the point of minimum transmission.

‘T. The wavelength of minimum transmission should be that wave-
length morked on the filter ¥ 2 mu, If the volue falls within
this rongo, the sotting moy be assumed to be correct. If the
velue doss not foll within this rango, proceed cs follows:

8. Set the wavelength scale ot the correct value marked on the
filter.

9. Remove tho screon from tho back of the instrument.

~
’
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(\‘ 10. Loosen slightly, through the hole in the bottom of the

instrument case, the clamp scrow on the bottonm of the larp
arm.

11, AdJjust the hendless screw in the side of the lomp arm, by
ncans of a long screw driver inscrted through the screen
opening, until the galvanomecter reads o ninimum. This
should not be more then a fraction of o turn. It may be
necessary, if the screw turms stiffly, to loosen the rosin

lock with a drop of alechol,
12, Tighten the clamp screw (see step 10).

13, Check wavelength setting agoin, and, if correct, replace
the scroen.

IV. Replaccrent of the Exciter Lamp

The excitor lamp is an 8.5 volt, 36 watt profocused coiled
line filoment lomp. These lanmps have o life expactancy of 300
hours, and should be replaced as follows upon failure,

1. Renove the screon from the back of the instrunent.

' 2, Looscn the knurled bokelite binding post which holds the
spoghettl covered lomp lead, Remove the lead,

3. Grasp the excitor bulb and turn counter clockwise (looking
down/, then pull straight up and remove from the instrument.

L, Insert new bulb, after wiping cleoan cnd after throoding
the lood through the hole in the lomp arm.

5. Reverse directions 2 and 3, Avoid touching the side of
the bulb toword which the filament faces.

6. Before replacing screen, check the wovelength calibration
e as described in above. More often than not, some adjust-
nent will have to be nmade,

V. Replocement of the Galvenoneter Lamp

The galvanometer lemp 18 a 6 to 8 V, 6 cp, doublecontact baymet
base, automobile type bulb, Replace this bulb as follows: '

l. Remove the screen from the back of the instrument,

2, Remove one screw and loosen the other in the clamp which
holds the galvenometer lamp in place.,

° - - SR
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3. Remove the bulb and socket Prom the holder, and remove
the buld from its socket.

k. Insert a new bulb into the socket, Wipe bulb free of
finger marks,

5. Replace socket in clamp. Rescrew clamp so that socket
- and bulb can be moved vertically, but will not do so of
thelr own weight.

6. Set the main switch of the instrument et "Galv." and ad-
Just the height of the bulb and socket until a sharp, clear
image is obtained on the galvanometer scale.

T. Tighten the clamp, and replace the wire screen.

Replecement of Slide Wire Battery

A swall Burgess 4 FJ 1% V battery is mounted inside the instru-
ment. Roplacement is seldem necessary unless the instrument

is extensively used for fluorimetric work. Replaco as

followse - '

1. Rcmove the six screws around the oxtrome edge of the top
pancl, Loosen the set screw holding the "Bal" Imob and
removo tho lmob and its spring washer., Set tho instrumoent
on 1ts front odgo. Push the transformer ceble back several
inches into the hole by which it cmorges from the bottom
of the box, Pull forward on the cdge of the panel farthest
from the drum disl until thec rheostats, etc, on the undor
sido of the panel clecar the side of the box. Then slide
sideways to discngage the drum dial shaft from the box,
and finally pull the panol forward ond laoy it on its face
on the table,

2., Disconnect the battory leads.

3. Rcmove the battery hold-down strap.

4. Remove the bettory, and rcplace with & new one,

5. Replace bettery clamp, and draw down screws snugly.

6. Conncct the battory loads, red to the positive or center
terminnl, black to the negative terminal.

T. Replace pancl by roeversing the directions in 1 above,

- - R
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VII.

Contering of the Vortical (ST-10-C) Absorption Cell Carrier

The Model 1l Universal Spectrophotometer is provided with stop
screws located at either end of the rectangular panel slot
through which the cuvette carrier is inserted. These scrows
serve to position the carrier accurately in cither extrome of
its travel and thereby insurc thet the respective cuvettos
occupy exactly the same vosition in the monochromatic light
bean, o condition that is particularly important when round
cuvettes are used,

When an ST-10-C cuvotte carricr 1s ordored together with the
Spectrophotometer, these locating scrows have been adjusted
ot the factory and ths corresponding cuvette carrier then en-
graved with the serial number of the particulor instrument
adjusted for its use. However, when the ST-10-C carrier is
purchased scporotely, these stop scrow adjustments must be
conpleted by the operator before oxact spoctrophotometric
neasurcnents are underteken., Failure to obgerve this fact will
nullify the inhorcont precision of the instrunent and of the
nost corcfully notched cuvettes.  When nocessary proceed with
the adjustuont as follows:

1, Turn the instrunent switch to "On", adjust wavelength dicl
to about 550 mu., remove the photocell filter and cbserve
that the projected light bean is centered on the sensitive
surface of the photocell., Now it will be apparent that if
o cylindrical cuvette is insertod squarely in the axis of
this bean, tho bean will remain straight, but if the
cuvette is off conter the bean will be bent and will no
longer properly center on the photocell. Tho object of
the following procedure is to so adjust the cuvette carrier
locating scrows that tho interposed cuvettes cause the
ninirunm bean doviction and thot the effect be exnctly
the sane in either extreme cuvetto position.

2. Check for gross misadjustment of the locating screws by
noving the carrier first to one and then to the other
extrome position with filled cuvettes in place. Notice
if there occurs any shift in the position of the illumiated
spot on the photocell surface. (This is best cbsorved by
inscrting the cuvette carrier without its light guard

slider, the photocell surface then being visible past the
cdge of tho carrier).

3. Adjust the locating screws until there is no perceptible
shift in tho position of the 1lluninated spot at the ex-
trene positions of the carrier and the bean is properly
centered on the photocell, (Use thoe f£illed round cuvettes

for this test also),
8- A
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4, Turn the drun dial to 100 by neans of the "Bal" knob and
then turn the "Fluor" knob to tho extrene counterclockwise
position. Insort the PC-4 filter,

5. Adjust the "Galv. Coorse" knob until tho galvanometer -
reods between 80 and 90 with o £illed cuvette in tho side
of the carricr intercepting the boom. NOTE THIS READING,

6. Now slide the cuvetto carrier to the opposite oxtreme
position and transfer the sane cuvotte to the opposite
cavity so that it agoin intercopts the light becn, being
particularly carcful to insort in the sanc angular posi-
tion as before and to avoid finger prints on the surfaces
exposed to the light, Tho galvanoneter should now recad
the scne value as at (5) if the stop scrows are fully
adjusted. However, the two recadings may possibly fall to
agrec, in which instonce procecd as follows:

T. First noto if noving the carricr slightly awny fron the
odjacent stop scrow brings the second golvancneter read-
ing to botter or worse accord with (5). Adjust the ad-
Jacent stop screw accordingly, until the readings exactly
agree, If nore thon one~holf turn of the stop screw is
necessary for agrocnent, turn the scrow one-holf turn,
transfer the cuvette to the other side of the carrier and
conplete cdjustment in the same monner with the other
stop scrow. Return the carrior to the originpl position,
tronsfor tho cuvette end check agein for ogrecment, which
should be prectically within the linit of reading of the
instrunent,

8. Finnlly, ogain chock visually, to be sure that the cuvette
is properly centered in the bean.

VIII. Rcnote Control Equipnent

In some of the applications of this instrument, it is necessary
for the operator to remain at some distance from the solutions
boing analyzed, becouse of the unusual hazords in these solu-
tions., For this purposc, certain cquipnent has been developed,

ond is shown in the photograph attached to this discussion ami
to that of AS-16b, ‘

1. (Cuvettc Shield In the back row, center and right, of the
photograph at the end of this method, is shown a cuvette
shield, to be used when the cuvettos are being ploced in
or token fron the holder., The right hand view shows the
apparatus cut awny, and containing o stonderd cuvette
corrier, Two small metol posts push the cuvettes up out

-5- .
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of the carrier enough to permlt gresping with tongs. In
operation, the empty carrier 1s put in the shield, and
then each cuvette, filled in another plece, is placed in
the carrier with tongs. The whole carrier is then lifted
up, the cuvettes dropping into position. For removal of
the cuvettes, the procedure is merely reversed.

See University of Chicago, Metallurgical Laboratory Draw-
ing No. CAN-11k for constructional details.

Absorption Cell Adepter and Carrier In order to use the
5 em., Aminco (AC-21d/ absarption cells inthe Colemen
spectrophotometer, an adapter is neceded. 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
tho carrier beforc f£illing, or lowered in with tongs after
filling. The whole carrier can then be set in the sido
door of the instrument, the door closed, measurements made
in the usual fashion, the holder and cclls removed, etc,

See Univorsity of Chicago, Motallurgical Laboratory Drew-
ing No, CAN-155 for constructional details.
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H., W, Laboratory Manual Roissued: Jonuary, 1949
Laboratory Apparatus Status: Standard
' By: WeduoMe

DISTILIATION APPARATUS, ALL-CLASS WITH FRIEDRICES CONDENSER

Uses
Used in the distillotlon of many liquids whero freodon of rubber
contacts in the distillation apparatus is essontial to the
purity of the final product.

Monufacturecr

Corning Glass Co,, Corning, N.Y,
Advantogos
1, Simplo to asserblo.
2. Roqulres less desk spaco thon nmost nodols.

3. Gives maxirun protoction agalnst carry over of the liquid
boing distillcd,

Disadvantages
Must bo disassaembled to £1l11 the boiler,

Discussion

1, Mount the apparatus over o large eloctric hot plate, and
connect it firmly to a ring stand,

2. Two or morc stills may be set up and arranged to deliver their
output to the samo receivor, thus saving additionol dosk space.

3. A fow boiling chips, glass beads, or o debumping rod should be
insorted in tho boiler to prevent bumping.

1
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Code: AT-2a
E. W. Laboratory Manual Issueds December, 1948
Laboratory Apparatus Status: Standard
By: W.J M,

DIRECTIONS FOR REUNITING THE MERCURY IN THERMOMETERS

Thermometers should not be rejected because the mercury column has be-
come separated. In shipment it 1s almost inevitoble that the mercury
thread in o thermometer should become separated. This is especially
true with gas filled thermometers and with those hoving a reservoir in
the top., Such thermometers should not be condemned as it is not diffi-
cult in most cases to reunite the thrend. Surface tension makes it
practically impossible to jar the parts together or to moke 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 ore givens

(l) Imnerse the buld of tho thermometer in o freezing mixture until
all of the mercury has been drawn into the bulb by its contraction.
Tap the thermomoter to dislodgo gaos bubbles in the bulb, This
treatment is usually effoctive cnd is not likely to result in
brecking the thermomcter.

‘ (2) If the thormomoter has ¢ reservoir in the top, either of the follow-
ing mothods mey be used:

a. If the caplllary is fairly large, invert the thermometer and
by jarring, stort tho mercury thread troveling down., Once
started, it will usually flow until the reservoir is 2ull.
This causes the two parts to flow together in the reservoir.
Turn the thermomoter over end by jarring ogain, start the
mercury troveling toward the bubl, Usually it will continue
until the column stands at the normal height,

b, Hold the thermomoter at & considerable hoight over o low
flome cnd by moving 1t back and forth, apply heat gently until
the brokon place in the thread has moved upwerd into the reser-
voir. Usunlly on cooling, the morcury will remoin united.
Coution! This method is more likely to rosult in breckoge and
extreme carse should be used.

(3) By holding the thermometer ot orm's longth in o horizontal position
and rapidly (but not suddenly swinging the arm down in a circular
motion, centrifugal force moy.cause the upper port of the broken
thread to unite with the lower. Be careful not to "snap" the arm
vhen starting the motion os the thermometer may sncp off.

-1 | IR,
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(5)

If a proper centrifugal arrangement 1s availcble, the thermometer
can be placed in it, bulb outward, ond whirled. 4 simple arrange-
ment for producing the same result is to tie o string in the ring
ot the top, stort whirling slowly and grcdually increase the speed.
Be careful not to Jjerk the thermometer os the small ring may break
off.

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
prefercnce to discarding the thermometer. Holding the thermometer
in o slanting position with the bulb upwerd, very gently and
cautiously heat the upper end of the detached part of the mercury
threcd, making sure that the glass is gently heated over a suffi-
cient portion on cach side to avoid breaknge. Be cereful not to
heat sufficiently to soften tho glass, If this 1s done carefully,
the morcury can be distilled from the detached thread and may be
driven upward to unite with the main portion of the mercury
column,

2  ——
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laboratory Apparatus Status: Standard
By: W.J.M,

FILTPATION TUBE

Uses

Used es an adapter for filtering directly into a 10 ml. volumetric
flask.

Manufacturer

1, TFebricated on the plant site,
2. Stopcock A H. Thomas Co., Cat. No. 9289.
Advantages

1. Affords rapid, controlled means of collecting filtrates.

2. Compact

3. ZEesily manipulated

Descrigtion

The unit consists of a regular 5 inch Pyrex side-arm test tube
modified to fit & 10 ml., volumetric flask by cutting off the
bottom of the tube and sealing to it a short length of glass tubi
(about 2-3 cm.). A No. 1 Pyrex stopcock (1 mm, bore, 6 mm. tubi
is fused to the test tube extension,!

Operation

A 3 ml. fritted-glass filtering funnel is @quipped with a No, O
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 10 ml., volumetric flask.
With the stopcock closed, the solution is poured into the filter,
end vacuum is gpplied 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 maey be conveniently connected through &
manifold to the vacuum system. A bleeder line should be inserted
in each vacuum connection so that the filter tube may be drained
without discommecting any conmections. L

-l

FINCLASSIFIED



UNCLASSIFIED]

Code:

—-. & TR AR
M. R ]

—

AT=-20¢c

Use

Use es directed in Weter Methods Code: WS-lla.
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H. W. Laboratory Manual Relssued: January, 1949
Laboratory Apparatus Status: Standard
By W.JM.
. SBMOMETER
ASTM EI (-20 C to 150 C)
Uses

For general use in A.S.T.M, tests.

Manufacturers

1. Central Scientific Co., Chicago, I1l. ' (Gat. No. 19270)

2. Fisher Scientific Co., Pittsburgh, Pa,  (Cat. No. 15-166-G1)

Descrigtion

Ordinary mercury thermometer, calibrated and made according to
A.S5.T.M. specifications, Use according to specific instructions
accompanying each method.
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|
Laboratory Apparatus Status: Standerd ‘i
By: W.J.M, \
THERMOMETER
ASTM E1 (-5 G %o 300°C)
Uses
_ For general use in A.S.T.M. tests.,
Manufacturers
1. Central Scientific Co., Chicago, Ill. (Cat. No. 19270)

2, Fischer Scientific Co,, Pitisburgh, Pa. (Cat. No. 15-166-63)

Description

Ordinory mercury thermometer, calibrated and mede eccording to

A.S.T.M. specificotions, Use according to specific instructions
eccompanying each method. :
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